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Drawings,  Indexing  and  Filing (127)  609 

Dredge,    Hvdraullc.   Output (100)  4S6 

Di-edge   Sieves.   Rubber,   Rope   Mat  Re- 
inforcement      (Si')  399 

Dredges,   Sea-Going  Hopper,  Operation, 

New  Yorlt   Harbor (21)  69 

Dredging,    Method    of    Assembling    and 

Handling    Floating    Pipe (SI)  391 

Dredging,  New  York  State  Barge  Canal 

(9^)  40i 

Dredging  Operations,   Bonus  for. . .  (12S)  5S6 
Dredging,  Shallow,  Some  Data  on..  (92)  402 
Drifting  and    Slow    Sand   Filters,    Com- 
parative Costs    (38)  138 

Drill     Sharpening     Shop,     Theory     and 

Practice     (77)  387 

Drill  Steel.    Breakage  and  Heat  Treat- 
ment of   (136)  r>94 

Drill  Steel,  Ideal (139)  r,97 

Drill    Steel    Problem (15)  385 

Drill    Steel.    Sharpening (77)  387 

Dry  Kilns.   Construction   of (13)  S5 

Dry  Sand,  Economy  of.  in  Concrete. (42)  334 

Duct  Dines.  Portable  Mixing  Plant.  (62)  234 

Dynamite,    Ditching    (92)  374 


Earth     Drilling,     Frozen.     With     Steam 

Jet    (23)     71 

Easement  Curve,  Extent  of  Use  of. (110)  496 
Economic    Science.    Preventing    Cycles 

of    Trade    Depression (3)   -'95 

Edison's  Intelligence  Tests .(99)   485 

Edison's  Test  of  Education (12b)   568 

Education.    Relation    of    Highway    and 

Motor    Transport    Movement    to.. 

(124)  454 

Efliciency.    Return    of (54)   198 

Einstein's   Theory  of   Relativity (52)   272 

Elevating  Grader.  Cost  of  Gradmg.(5)  53 
Electric      Outfit.       Self-Contained      for 

Thawing  Services   (l3)     37 

Electric   Railway.   Conclusion   and  Fed- 

eral    Commission    (44)  168 

Electric    Railway     and     Labor      Saving  ^ 

Devices    (89)   ,i99 

Electric  Railways.  Technical  Graduates 

E'ectric  Traction.  Effect  on  Economies 

of  Railway  Location (65)   JSl 

Electrically  Welded  Steel  Frame  Euilrt- 

ing    (H)   306 

E'ectrification  of  French  Railway .  (124)  .';S2 
Electrolysis,  Measurement  of  Water. (4)   0.10 

Electrolysis.    Notes   on (41)   141 

Embankments,   Subsidence  and  Shrink- 

age    (90)   400 

Employment      Relations,      Construction 

Industry     (41)   165 

Emplovment    Service,    Railway,    Func- 

tions  of    (13S)    ;i96 

Engineer  Among  the  Poets. .......  (117)   327 

Engineer  at    .Architectural   Exhibit. (62)   282 

Engineer  and  Banking (iJOl   ..SS 

Engineer.    English   Language.. (124)   606 

Engineer.  .Industrial    Waste. ......  .(37)  185 

Engineer  as  Political  Economist (73)  407 

Engineer    and    Public (4)  296 

Engineer  and   Public    Service (104)  434 

Engineer.     Relation    to    Public    Health 

Works    (84)   366 

Engineer.    Trend   Toward (28)   170 

Engineering    and    Contracting,    Binding 

and   Preserving    (10)     10 

Engineering  Practice,  Cost  Factors  on. 

(9)     81 

"Engineering    English."     Should    Mean 

Good   English    (124)  606 

Engineering    Promotion    Work.    Chance 

for    (126)  557 

E'ngineering   Reports    (26)   12C 

Engineering  Reports,   Writing (16)     Ns 

Engineering    Service.    Need    of    Better 

Pay    for     (121)451 

Engineering.     Structural    Proposed    In- 
vestigations in    (102)  512 

Engineering,  True  Spirit  of (131)   53:; 

Engineering  Work  of  the  Government. 

(101)   487 

Engineers  and  Chambers  of  Commerce 

(2)       2 

Engineers   and    Civilization (3)   629 

Engineer's  Licenses.  Examinations  for. 

(21)     93 

Engineer  and   Politicians '  .(1)     73 

Engineet's,   Practicing,   Fees  and  Serv- 
ices     (13)     3i 

Eosin-Methylene    Blue    Agar,    Observa- 
tions   on    (23)     4- 

Equipment  for  Asphalt  Paving (109)  4'i!i 

Estimates    of    Cost    for    Highway    Con- 
struction     (69)   213 

Estimates,     Preparation    for     Highway 

Work    (43)   11.' 

Evaporation   Loss  from   Storage  Reser- 
voirs      (87)  36;* 

Examination     Requirements    for    Engi- 
neer's  Licenses    (21)     i' " 

Excavation    With    Steam    Shovel,    Costs 

of    (115)  501 

Excavation  for  Substructure,  New  York 

County    Court    House (4)     5J 

Excess  Lift  in  Highway  Transportation. 

Excessive   Fees   for   Chicago   Appraisal 

Experts,  Investigation  of.... (142)   6i") 


Excessive  Fees  Paid  to  Chicago  Ap- 
praisal Experts   (102)  432 

Existing  Macadam  in  Base,  Bituminous 

Pavement    (11)     11 

Expansion  Joint.  Transverse,  Reinforced 

Concrete    Building    (68)   288 

Expansion  Roller.^,  Roosevelt  Road  Via- 
duct     (64)  284 

Experience    and     Study    Go    Hand    in 

Hand     (100)  510 

Experiments.  Parabolic  Weirs  in  Pur- 
due     (65)  237 

Expert  Fee   Scandal,   Chicago  Voters.. 

(122)  580 

Expert  Witnesses,  Should  Courts  Se- 
lect?     (50)  246 

Extension  of  Water  Mains,  Basis  for.. 

(96)   378 

F 

Factory,  Construction  for (Ill)  521 

Factory  and  Farm,  Co-ordinating  of. . . 

(98)   508 

Factory    Floor,    Concrete,    Construction 

by  Road  Methods (36)   184 

Fair  Rentals,  E.stimates    (26)  174 

Fallacy      of      Competition,      Regulated 

Monopoly     (113)   499 

Falsework.  Massive,  for  Carrying  Large 

Reinforced   Concrete   Trusses. (92)  426 

Fares.    Street   Railway (71)   267 

Farm,    Factory.    Co-ordinating    of..  (98)  508 

Federal  Aid   Road   Construction (56)   200 

Federal  Aid  Road  Tvpe (151)  553 

Federal    Aid    Road    Work (5)       5 

Federal  Electric  Railway  Commission, 
Conclusions  and  Recommenda- 
tions     (44)  168 

Federal     Legislation     for     Stimulating 

Construction    (92)  426 

Feeders   for   Railroad (7)     55 

Fees.  Excessive.  Paid  to  Chicago  Ap- 
praisal  Experts    (102)  432 

Fees   for  Practicing    Engineers (13)     37 

Freight.  Intensive  Development  of.  (132)  590 

Fertilizer.    Use   of   Sludge   as (6)   298 

Field  Men,  Instructions,  Aberthaw  Con- 
struction   Co (19)     67 

Filing  Drawings.   S.vstems  for (127)  609 

Filtered  Water,  Residual  Alumni  in. (79)  361 

Filters,    Drifting.    Toronto (38)   138 

Filters,   Slow  Sand.  Toronto (38)   138 

Filtration.     Mechanical     Improvements 

in    (41)  333 

Filtration   Plant,   Palm   Beach (63)   235 

Fire  Tests  on  Building  Columns. ..  (110)  510 
Floating  Pipe  Lines  for  Dredging.  .(81)  391 
Flood      Flows.      Controlling      Drainage 

Ditches   by  Low  Dams (64)  236 

Flooded    Districts.    Sanitation    in...  (69)   241 
Floodlights    on    Steam    Shovels.    Oper- 
ating   by    Locomotive    Headlight 

Turbines    (129)  587 

Floods.  Pueblo.  Colo (125)  555 

Floors.  Concrete,  for  Foudries (12)     84 

Flow    Meter,    New (72)   244 

Flumes.  Irrigation  Scrubber  for  Clean- 
ing  (11)     35 

Flumes.     Metal     Irrigation,     Coal     Tar 

Coating    '. (16)     40 

Fluorescein.  Use  in  Tracing  Water  Un- 
derground      (^^)   377 

Forest     Lands.     Additional.     Movement 

for    (101)  459 

Forms,  Columns.  Design (118)  528 

Forms.      New      System      for      Concrete 

Housing    (36)   328 

Forms.  Suggestions  on  Designing. .  (59)  279 
Formula.      Predicting     Average     Wage 

Rates     (50)   270 

Foundation.    Design    and    Construction. 

Highway  Bridges    (113)   523 

Foundation.    Highway.  Design  of . .  (113)  52.3 

Foundation    Types,    Selecting (52)   248 

Foundation  AVork.    Recording  Progress. 

Caisson    Sinking    (13)     61 

Foundations,    New   York   County  Court 

House     (3)     75 

Foundations  for  Radio  Mast (15)     87 

Foundations.  Road.  Rigid  or  Elastic. (3)  295 
Foundations.   Should  Road  Be  Rigid  or 

Elastic    (3)  295 

Foundations.  Types  of -^  (^^'  ^74 

Foundries.  Constructing  Concrete  Floors 

for     (12)     84 

Frame.  Rigid,  for  Factory. .........  (Ill)  521 

France.  Railroad  Reconstruction. .  .(59)  25o 
Freedom.  Industrial.  Demand  for. .  (122)  604 
Freight    Tprniinals.   Intensive   City    De- 

velopmenl  of  (132)  590 

Freight  Tunnel,  as  Terminal  Distribu- 
tion ,\gency (126)  584 

French  Rail   Sections (141)  599 

Fuel    Conservation    (10)     34 

Fuel  Oil  Tanks,   Concrete  Block   Lining 

for    (29)   3-1 


Garbage    Collection,    Cost    of,    Disposal  ^^^ 

Garbage"  bi's'posai    in    Leading    U-     S 

Cities    U^?.-'  *^^ 

Garbage    Reduction    Plant     for    Balti- 

more    (114)   4/., 


Gate  Valve,  Effect  on  Pressure...   (IS)     42 

Gcco   Trap   and    the   Union (97)  507 

Geelong   Sewer  System,   Concrete   Pipe 

for    (40)  332 

Germantown.      Hydraulic      Fill      Dam. 

Method   of  Topping (52)   224 

Georgia    Form    of    Road    Construction, 

Contract     (122)   452 

(Jillette's   Price   Formula,   Actual   Price 

Charges     (2)     26 

Gold  Supply,  Sophistical  Arguments  for 

Increasing    (2)       2 

Good    Road     Construction,     Corner     in 

(78)  336 

"Gopher    Holes,"    Method    of    Loading 

(22)     70 

Grade  Crossings,  Protection  by  Humps 

(17)     65 

Grading,    Cost,   with   Elevating   Grader 

(5)     53 

Grafters  in  Building  Trades (98/   508 

Granite    Block    on    Asphalt    Macadam 

Base    (85)  343 

Graphical   Method  for  Determining   the 

Proportions      of      Reinforced      T- 

Beams    (8)   635 

Gravel     Base    for    Asphaltic    Concrete 

(15)     15 

Gravel    Haul    170    Miles (IS)     18 

Gravel,    Pit    Run.    Concrete   Aggregate 

(2)       2 

Gravel    in    Pits.    Mechanical    Handling 

(90)  348 

Gravel  Road  Construction  in   Two   2-in 

Courses    (50)  122 

Gravel    Road.    Recent    Prices,    Pacific 

Northwest     (141)  543 

Gravel   Street.    Maintenance   Cost..  (23)     23 
Gravel  Streets.  Cost  Maintenance..    (23)     23 

Gravel   Washing,    Device    for (137)  595 

Cii-avity  Water  Mains,   Air   in (87)  369 

Great     Western     Railway     Method     of 

Lengthening    Tunnel    on (5)  631 

Ground  Water  Level,  Action  Tile  Drains 

on    (57)   229 

Ground-Water    Supplies,    Depletion    of 

(97)  379 

Guard    Rails,   Where    to    Use (147)  549 

Guide  Posts.  Reinforced  Concrete.  .(90)  348 

Guild,    Builders'     (34)182 

Gypsum,    Plastic    (138)  620 

H 

Harbor    Development    Toronto (62)   25S 

Hauling,  Road   Gravel.   170  Miles...  (IS)     18 
Hay    Screen    for    Filtering    Boiler   Feed 

Water  (US)  504 

Health  Administration  at  U.  S.  Pub- 
lic Health  Service's  Model  Vil- 
lage      (140)  570 

Heat   Treatment  of  Drill   Steel (136)  594 

High    Tension    Steel,    Tests    of (27)  653 

Highway     Bonds     and     Payment     Life 

Highvpay     Bonus    and     Payment     Life 

(54)   19s 

Highway.    California.    Criticism    of.  (61)   205 

Highway   Clearing,    Use    of   Explosives 

in" (1371  539 

Highway    Construction    Preparation    of 

Estimates     (69)  213 

Highway    Construction    Progress,    lUi- 

no"is  1920    (148)  550 

Highway      Construction.       Special. 

Through    Rice    Field (85)  343 

Highway  Construction,   Various   States 

..■. (28)  100 

Highway  Contractors,  Why  They  Lose 

Money     (74)  218 

Highway   Crossing   Steel   Plate (93)  403 

Highway    Engineers,     Need     of    Better 

Pay   for    (121)  451 

Highway.  Fundamental  Economic  Con- 
siderations in  Locating (1061   436 

Highway.    Justifiable    First    Cost...  (92)  350 

Highway.  Impact  Forces.  Motor  Trucks 

on     (49)   121 

Highway  Improvements.  Financing.  (66)   210 

Highway     Maintenance     Cost,     Illinois 

..'. (36)   108 

Highway  Maintenance   Cost.   Iowa. (36)  108 

Highway  Movement.  Relation  to  Edu- 
cation      (124)  454 

Highway  Problems.  National   (56)  200 

Highway  Research.  Field  to  be  Cov- 
ered      (19)     19 

Highway   Snow   Removal    (13)     13 

Highway    Suberade.    Drainage    System 

..: (68)   212 

Highwav  Subgradc,  Effect  of  Capillary 

Moisture     (134)  536 

Highway   Surfacing,   Crushed   Stone  or 

Gravel    (141)  B43 

Highway  Traffic  Records   (55)  199 

Highway    Transiiortation,    Excess    Lift 

as   a   Factor    (21)     21 

Highway  Work,  Preparation  for.  Esti- 
mates      (43)   115 

Highway  Work.  Relations  Between  En- 
gineers and   Contractors illl)   441 

Highway  Work.  Relations  with  Engi- 
neers      (Ill)   441 

Highways.  California,  Average  Con- 
tract  Prices    (128)  458 
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IllRlnvn.vM   and   Common   Carriers.  .(97)  4SS 

MlKhwnyH   unci    Railway (97)  48.1 

lll.slory    <if    Solcnce.    KeadlnKH    In.. (77)   411 

Hlstor>'     rnsclrntinif (2G)   173 

lloosnc     TuiiiK'l,     Dvcrliend     tionstruc- 

tlon    (43)   1C7 

IIoovit'x   Aiipolntment  as  Secretary   of 

Commi'rci-     (C7)  239 

House  (7onNtriirtIf)n.   (-'oncrete,   Rccom- 

mondi'tl  I'ractico   (.t8»  278 

House   Con.ilrurtlon,    Concrete,    System 

of    Form.s    for (3(i)  328 

House    CoMNtruetlon.    ("'oncrete,    Valley 

View   llevclopnuMt   (17)     89 

House    Krec'iiiin    on    Quantity    Produc- 
tion   Hasis    (13(1)  (lis 

Houses.   Small.   Comparative  Cost. (119)   .129 
Housing.    Concrete.    Inh-ersoll-Rand    Co. 

(17)     89 

HousInK       r>evelopments,      Walkerville. 

Ont (136)  CI8 

Housing.   Industrial   Imp>jrtancc  of  Site 

riannluK    In    (83)417 

Housing    Prolilem,    Solving (7)     79 

HousInK    Shorlaiie.    r.    S (75)   409 

Hudson    River  Veldile  Tunnel (fiC)  262 

Humldilv.     Instrument    for    Automatic 

Contrnl    of    (21)     93 

H.vdraulle  HrldEe   Output (100)   486 

Hydraulic  Fill  Dams.  (Compression  and 
Seepage  Tests  on  Core  Materials 

,,     ,    ••• (43)   143 

Hydrnulle    Fill    Pani.    Method    of    Top- 

plnit,    Germaiitown     (.12)   224 

Hydraulle    T'lant    for   Sui/plylng   Aggre- 
gates for  Road   .Tob ((i.l)   209 

Hydro-Kleclrir    Plant    Operation.    Riv- 
er   Flow    Maintenance    (.S)     32 

Hydrogen   Ion   Concentration   of  Water 

(89)   371 

I 

lee     lnvir.-iiim     Works,     St.     Lawrence 

River    Power    Co (21)  4.1 

Incentive    for   Greater   I'roductlon. .  (7.1>  3S5 

"Idea."   Reward  for (130)  533 

Illinois.     Highway    Construction    Prog- 
ress.    1920 (I4S)  r.oO 

Illinois    rtllity    Bill,    New (134)  599 

Imhoff    Tanks,    Operating    Valu(;. . .  (86)  368 
Immorality      Among    State    Legislature 

,           ■■■  Li (77)  359 

Impact     Tests.     Motor     Trucks,     IT      s 

Rureau   of   Public   Roads (82)  340 

Impact    Tests   V.    S.    Bureau   of   Public 

Roads    (49)  |21 

Indexing.   Filing  Drawings '.'. .  .'(l'>1)  609 

Index   Numbers.    Wholesale  Prices    (59)  279 

(^4)  403 

Indiana  Public  Water  Supplies,   Classi- 

tlention    of    (92)  374 

Industrial  Controversies,  Facts. .!!  (103)  461 
Industrial    Crucifixions.    Let    Us    Stop 

Indu.strlal    Decay  "aiid'  Labor" Unions 

,     ,      .••,■•,■•,-; (123)605 

Iniliiserlnl   Freedom,   D.m.nnd    for.    (122)  604 
Indusrr.al   Housing.  Importance  of  Site 

Planning    (.<i3)  ^^-j 

tndu"(rinl    Waste.    Engineer . . ! '  (37)   185 

Indu  trial   Wastes.   Chicago   Stockyards 

Final    Renort   on    Disposal..    (14'>)   572 

Industrv.    Public   Control   of (SO)  338 

Ingers-oll-Rand  Concrete  Plan  of  House 

Construrtion    (17)     89 

Inspections,    Preliminary,    for   Roadwav 

Improvements     (135)  537 

Institute    of   Phvsirs     New.  (2)  S^O 

Instnietfons    for    Field    Men.    Aberthaw 

T„.   ,,,'^"'"'""-    Companv     (]9)     67 

Intellicence    Tests.    Edison's (99)  4S5 

Interstate  Commerce  Commission.  Uind 

and  Rieht  of  Way  Valuation. (64)   2B0 

Invention   and    I^ibor (D  ro- 

Tnventlons.    New,    Opposition    to,.!  1(34)  660 
Invesllgnllons.     Proposed     Engineering 

■•, (102)512 

Iowa  Ciiv  Water  Co,.  Valuation. ...  (12)     36 
Irrigation    Canal.    Cost    of    Rock    Dror/ 

Irrlgaf  .n    Plumes!  "coaV'Tar    Coating 

,     ,      .•.■••••. (16)     40 

Irrigation  Flumes.  Scrubber  for  Cleir- 

,     ,     '"'f    - f">     35 

irrigation    "^ '"nnveyance    I^.sses. 

,     ,      }}'"'  (112)  470 

Irnenilot.  iJ300,OOO.nnO)..    (41;)  uu 

I"'''  Net   Duty  of 710S)  466 

'•'*"'  ng.      Sewage      Disposal 

,.    ,    ,  ••'■    (28)  128 

Italy       I  ..m:i;unlstlc    Experiment.    Fall- 

'"■    of  (24)  316 
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Kerekhoff  Dam.  I  >i  .■'ign  and  Construc- 
tion  Featuns    (135) 

Kuller's  Coelllclent  Determination  in 
.30-Inch    Concrete   Tile (47) 


Labor.    Conslructivo    Attitude   of (3)     51 

I.abor.    Influence    Upon    Sclentlllc    De- 
velopment      (1)  627 

I^bor  and    Invention    (1)   627 

Lalmr.    Railway.    Present    Methods    of 

Retaining    (45)  169 

I.abor    Saving    Devices,    Electric    Rail- 
way     (89)  3i)9 

I<al)or's  Share  in    Building  Cost (65)   2..5 

Ijibor    I'nion.    British,    Restriction    of 

Output    bv    (1)293 

Labor.  I'nion.  Uses  in  Building  Service 

(129)   611 

l^bor    Unions    and     Industrial    Decay 

(123)  605 

Labor   TTnionism   and   Prosperity,  .(100)  486 

Labor.   Wages   of    (1)       1 

Labors.    Organized.    Experiment    In    Co- 
operative Building   (13)     85 

Land.      Vn'uation      Methods     Interstate 

("*ommerce   Commission    (64)  260 

Lane.   Franklin  K (124)  582 

Large   Reinforced   Concrete,   Falsework 

for    -. (92)   426 

Lattice    Girder    Bridge.    Reconstruction 

of  Reinforced    Concrete (7)  299 

I^aAV.      .Supply      and      Demand.      Never 

"Ceases    to    Operate" (26)  174 

Lead  Poison.  Water  Supply (41)  333 

Lead    Poisoning.    Test    for (IS)   644 

Lead  Poisoning  and  Water  Supply.  (6)  632 
Leather  Mats  for  Cold  Car  Floors..  (SO)  390 
Lehigh   Valley.   Method  of  I_/aving   New 

Rails   (21)     69 

Lengthening  on  Great  Western  Railway 

(5)  631 

Level    Rod,    Self-Computing.- (42)114 

Library  OfTice,  Importance  of (102)   432 

Licensed,  Building    (8)     90 

Licenses   for    Engineers,    Examinations 

for    (21)     93 

Tylcenses.    Motor    Vehicles.   TT.    S (91)  349 

Licensing  Waterworks   Operators    Tex- 
as      (140)  570 

Life   of  Highway   Bonds (54)   198 

Lime  Softening.  Water  Supply (71)  243 

Limestone.    Broken    Voidage (3)       3 

T,imestone.    Broken    Weight (3)       3 

I/iquid    Chlorine.    Experiences    in    Flori- 
da    (6S)   240 

Lithographic    Printing    of   Charts.    New- 
Method     (147)   577 

Tyiving.   Cost  of (100)  3.S2 

Load      Dispersion.      Stone      and      Brick 

Piers    (18)  644 

Loading,  New  Rotary  Mechanical  Shov- 
el      (135)   593 

local    Significance.   Design  of (45)   117 

Location      of     H'=:hwavs.    Fundamental 

Economic  Considerations    ...(106)   436 
Location  of  Railway.  Effects  of  Electric 

Traction   on    (65)   261 

locomotive   Cranp,   Rail    I-iving. . .  ,(69)   265 
Locomotive  Headlight  Turbines  for  Op- 
erating     Floodlights      on      Steam 

Shovels  (l'!9)  587 

Locomotive.    Modern    Counterbalancing 

in    (133)  .191 

T  ocarithms.  How  Nanier  Tn^ented.  (Si)  419 
1  ogginfr  Tarder.  Portab'e  i'^Ieetric.  (35)  1.19 
Loss  of  Creosote  from  Evaporation.  (15)     87 
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Macadam  Existing  in  Base  Bituminous 

Pavement    (11)     11 

Macadam    Surfaee    Treatment (IIS)  44S 

Macadam,    Resurfacing (US)   44S 

Macadam    Roads,    Utilization    of (51)  123 

Machine  Cleaning,  Methods  of.  Advan- 
tages      (47)  119 

Machine  Handling.  Concrete  Road  Ma- 
terials     (4R)  120 

Magnetic    Analves  for  St»o'    Ralls. (39)  163 
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Motor  Trucks.  Impact  Force  on  High- 
way     (49)   121 
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Pavement.  Maintenance  on  Car  Tracks 

(Ill)  497 

Pavement    Removal    With    Compressed 

Air    Operated    Machines (143)   545 
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Pipe,     Reinforced     Concrete,     Australia 

Sewer    System    (40)   332 

Pipeline.    Gas-Welded ■. (94)   376 

Pipe   Lines.    Dredge,    Welded    Pontoons 

for     (104)  490 

Plant,  Contractor's,  for  Reinforced  (:;on- 
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Fre-War   Price    Levels,    Court   Decision 

on     (50)  246 
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Prices,     High,     Effect    on    Waterworks 

(4)     28 

Prices,    Retail,    Changes (71)  291 
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Pumps  for  Grade  Crossings (17)     65 
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Railway  Mileage.  World (65)   251 

Railway,    New    Construction,    1920..  (26)   150 
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Thin     Reinforced    Concrete     Slab 

(104)  434 
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Roads,  Macadam.  Resurfacing.  ...  (118)  448 
Roads.  Utilization  of  Old  Macadam.  (51)  123 
Roadway,     Formulas    for    Determining 
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Roadway,  Widths  of I (138)   540 

Rock  Asphalt.  Surfacing. (4)       4 

Eock,    Blasting,    Built-up    Sections. .  (7)     55 
Rock-Drill,   Breakage  and  Heat  Treat- 
ment      (136)   594 

Rock    Drop,    Cost,    for    Alberta    Irriga- 
tion  Canal    (34)  134 

Roof  Construction  by  Cement  Gun. (90)  424 
Roof,    Reconstruction    by    Cement-(3un 

Method   (90)  424 

Rollers.      Expansion     Under     Concrete 

Girders     -. (84)  284 

Rope       Mat      Reinforcement,       Rubber 

Dredge   Sleeves    (89)   399 

Rouge  River  E.xpansion  Joints (70)  290 

Rubber  Dredge  Sleeves,  Rope  Mat  Re- 
inforcement     (89)   399 

Rubber.    For    Street    Paving (14)   641 

Rubbish      Incinerator      Plants,      Balti- 
more     (114)  472 

Run-Oft  Experiments.  Muck  Soil... (81)  363 
Run-Off    and    Rainfall,     Miami    Valley 

(134)  564 

Run-Off.    Underdiained   Land (57)  229 

Rural      Pavements.      Relative      Service 

Value   of    (38)   110 

Rural  Road  Problems  in  England.  .(32)  658 
Rusting  of  Steel  Containing  Copijer.  (37)  329 


St.     Lawrence    River    Power    Co.,    Ice 

Diversion    Works    (21)     45 

St.  I^awrence  River  Power  Develop- 
ment      (71)  243 

St.  Lawrence  River  Power  Project. (63)  235 

Salaries,  Fancy,  Railway  Officers.  .(183)  581 
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Sand    Pumping,   New   Method (35)  327 

Sanil,   Tests  for  Organic  Impurities   in 

(136)  618 

Sanitation  in  Flooded  District (69)  241 

San    Francisco   Bay,    Marine   Borers   in 

(65)  261 

San   Francisco  &  Spring  Valley  Water 

Co (1)     25 

Scandal,   Construction    (98)  484 

Science,  History  of (77)  411 

Science,    Ignorance   of    (3)     51 

Science.   I'opularizing   (103)  433 

Scientific    and     Engineering    Work    of 

Government     (101)  487 

Scientific  Research,  Bell  Telephone  Co. 

(73)  383 

Scientist  Writes  on  Unscientific  History 

(25)  173 

Sea-Going    Hopper,     Operations,     New 

York    Harbor    (21)     69 

Sea  Water  Action   on   Concrete. ..  .(75)  409 

(72)  290.. (Ifi)     88 

Season    Cracking,    Metals ( IC)   042 

Secretary  Wallace  and  New  Price  Lev- 
els      (50)  270 

Self-Computing    Level    Road (42)   114 

Self-Feeding  Bucket  Loader (72)  292 

Selling    Construction    to    Labor (ID)     91 

Service    Value,     Relative    of     Different 

Types    of    Rural    Pavements.  .  (38)  110 

Severn    Tidal   Power   Scheme (5)  297 

Sevt-rn   Tidal  Power  Development. .  (34)   326 

Sewage    Clarified,    Exi)eriences (54)   226 

Sewage  Digesting  Tank.  Design  of.  (78)   360 
Sewage     Disposal.     General     Principles 

About   Africa    (12)   304 

Sewage     1-^isposal.     London (20)   646 

Sewage  Disposal.   New  Hampshire  Sys- 
tem   for    Isolated    Dwellings. .  (2S)   128 
.Sewage    Disposal.     Simple     System    for 

Isolated    Dwellings (28)   128 

Sewer    Construction,    Cost,    Providence 

(3)     27 

Sewer     Tunnel,      Chicago,      Pneumatic 

Hammer    (94)  404 

Sewerage     Disposal,     Activated     Sluge 

Process    (7) 

Sheet    Piles.    Reinforced    Concrete    for 

Quay  Wall  Construction (26)  318 

Ship  Construction,  Reinforced  Concrete 

for    (Ill)   638 

Short-Haul  Traffic  and  Fares (127)   585 

Short -Haul  Traffic,   Graphical  Study  of 

(127)   585 

Short  Reports,  Value  of.. (75)  409 

Shovel,    New   Rotary   for  Tunnel   Work 

(135)  593 

Shrinkage    of    Embankments (90)400 

Sidewalks,    Width    of (138)540 

Silt    Deposit.    Prevention    of (42)  142 

Siphon.   True.  Operation  on  Main  Sup- 
ply  Pipe    (17)     41 

Site    Planning.    Importance,    Industrial 

House    Planning    (83)417 

16,000-Ton    Trainload (127)  585 

Skids.   Specially     Designed     for     Drag- 
line  (93)  403 

Slabs.    Concrete.   Experience   With.(G9)  289 
Slabs.    Reinforced    Concrete,    Test    Re- 
sults     (7)   633 

Slides.    Method    of  Preventing   in    Clay 

Soil    (S3)   393 

Slip    Railway,    Method    of    Remedying 

(29)  ■!21 

Sludge.  Used  as  Fertilizer (6)   298 

Sludge.    Utilization    of (4)296 

Small     Tools,     Payment    for,     on     Cost 

Plus  (62)  282 

Smoke    (74)  408 

Snow    Falls,    Records,    How    to    Obtain 

(29)  655 

Snow  Loading  Machine,  New (71)  215 

Snow.   Mechanical  Loading  of (94)   350 

Snow    Removal.    Akron.    Ohio (37)   109 

Snow  Removal  in   American  Cities.  (11)     11 

Snow  Removal.   Highway (13)     13 

Snow   Removal   on   Electrified   Railway 

(42)   166 

.Snow   Removal,    Mechanical   Apparatus 

for    (16) 

Snow  Removal  With  Mechanical  Appa- 
ratus.    New     York (24) 

Snow    Removal.    New   Y'ork    City... (16) 
Snow  Remo\'al  by  Traction  Companies 

(16) 

Socialistic   Labor  Party,   Great   Britain 

• (2)  294 

Soils.   Adobe.   Physical   Properties. (110)  440 
Soils.    Bearing   Value,   Am.    Soc.    C.    E. 

Progress  Report    (78)   412 

Soil.   Muck,  Run-Off  Experiments. .  (81)  363 

Soils.   Permeability  of.    Wells (20)   312 

South  Africa,  .Sewage  Disposal  Methods 

(12)   304 

Specifications    for   Chemicals,    for   Wa- 
ter   Purifications    (132)562 

Spoken    Word,    Attention   Value   of.  (25)     97 
Spring    Valley    Water    Co..    Commercial 

Features    of    Operation, (33)   133 

Spring  Valley  Water  Co.,  Purchase  for 

San    Francisco (1)     25 

Stack,    Steel,    Erected    in    One    Section 

(82)  416 

Standard    Parts,    Design    of., (48)   196 

Standardization      of      Building      Codes 

(140)   622 
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Standardization  of  Disinfectants  with 
Special  Reference  to  the  Chemi- 
cal  Sterilization  of  Water (10)  637 

Standpipes,  Steel,  Cost  of  Cleaning  and 

I'ainting    (93)  375 

State    Highway   Construction    1920-1921 

(28)   100 

State  Highway,   Calif.,  Study  by   U.   S. 

Bureau  of  Public  Roads (86)   344 

State   Legislature.    Immorality   Among, 

(77)   359 

State    Legislature,    Missouri (49)  245 

State  Owned  Cement  Plant,  Estimat- 
ed  Cost    (94)   352 

State  Road  Work  by  County (130)  532 

State  Supervision  for  Waterworks  Op- 
erations         (109)467 

Steam    Jet    for    Drilling   Frozen    Earth 

(23)     71 

Steam  Shovel  Illumination  by  Locomo- 
tive Head  Lights    (129)   587 

Steam     Shovel    Mining    Costs,    Nevada 

Con.solidated  Copper  Co (115)  501 

Steam    Shovel,    Replacing    of    Derailed 

(95)  405 

Steel  Erection,  Instructions  to  Foremen 

(108)  518 

Steel     Erection,      Self-Feeding     Bucket 

Loader   (72)   292 

Steel  Forms,  Standard,  for  Culvert  (79)  337 
Steel      Frame      Building,      Electrically 

Welded    (14)306 

Steel,  Graphical  Method  of  Determining 

Quantity    for    Steel    Beams...  (8)   635 
Steel,    High    Tension    Tests    for    Rein- 
forced   Concrete    Design     ....(27)   653 
Steel    Pillars,    Diagram    for    Designing 

(27)  319 

.Steel  Price  Comparison  (112)  522 

Steel  Prices   (75)  409 

Steel   Rails   for   Magnetic   Analyses   for 

(39)  163 

Steel  for  Reinforcing    (37)   329 

Steel,  Rusting   of    (37)   329 

.Steel  Scraper,  Tractor  Drawn,  for  Road 

Grading    (105)435 

Steel     Stacks,     Encasing     in     Concrete 

(137)   619 

Steel  Stack  Erected  in  One  Section  (82)  416 
Steel    Temperature,      Effect      of      Sun's 

Rays   on    (96)430 

Steel  Work,  Stresses  in  (33)  659 

Stone  Ballast.   New  Specification. ..  (IS)     66 
Storage    Plant.      Bituminous      Material. 

Bergen  County  (89)   347 

Storage    Reservoirs,    Evaporation    Loss 

(87)   369 

Storage.    Temporary    Building    (58)  254 

Stream  Flow.  Comparison  at  Two  Sep- 
arate   Stations    (133)   563 

Stream  Pollution  in  Wisconsin    (85)  367 

Street     Cleaning,     Amount     of     Water 

Used    for     (23)     47 

Street  Cleaning,    Cost,   Cincinnati    (138)  540 

Street  Cleaning   Costs    (42)  142 

Street  Car  Operation,  One  Man  Car  (2)     50 

Street  Cars,   Repainting  Old   (141)   599 

Street  Maintenance       Methods,       Small 

Cities    (113)  443 

Street  Names    (101)431 

Street  Paving,     Rubber.       Experiments 

(14)   641 

Street      Railway     Fares,     Increase     in 

1913-1919    (31)   267 

Street  Railway,     "Jitneyizing"     ..(122)  5S0 
Street  Railway     Operation     and     Short 

Haul    Traffic    (127)585 

Street  Railway  Problems,  U.  S.  Cham- 
ber of  Commerce  (30)  154 

Street  Railway,       Reducing       Payment 

(Ill)  497 

Street  Railways     and     Snow     Removal 

(16)     64 

Stresses.    Structural    Members    Exami- 
nation  with   Polarized   Lights    (3)   629 
Structural   Engineers,   Proposed   Inves- 
tigations in    (102)   512 

Structural   Iron   Workers,   Accidents  to 

(105)  516 

Structural  Members,  Stresses  in.  Ex- 
amination   with    Polarized    Light 

(3)   629 

Stucco      Construction,      Shrinkage      of 

Portland  Cement  Mortars  ..(39)  187 
Subgrade,  Capillary  Moisture  on  (134)  536 
Subgrade  Condition.   Drainage   Systems 

for  (68)  212 

Subsidence  of  Embankments   (90)  400 

Substructure.       Concrete,      New      Y'ork 

County   Court   House    (3)     75 

Substructure,   New  York  County  Court 

House   (4)     52 

Subway  System,  Freight,  Chicago  (126)  584 
Sump   Pit.    Concrete,   Pumping   Station 

(62)  234 

Superpower     Survey,     Progress    Report 

(86)  396 

Surface    Blasting,    Safeguard    for    (131)  589 
Surface    Treatment   of    Concrete    ..(63)   283 

Surface   Treating  Macadam    (118)  448 

Survey,    Superpower,    Progress    Report 

(86)  396 

Surveyor.    Work    of    (16)  308 

Surveys,  Preliminary  in  Aeroplane  (129)  559 
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Tackle,    for    Raising    Transmission  ^for  ^^^ 

Tally    Sheet! '  Traffic   Census    ......(59)  203 

Tanks,  Fuel  Oil,  Concrete  Block  Lmi^ns  ^^^ 

Tank.Sewase  Digesting,' Design  o(  (78)  360 
Tank,,  tor  Safeguarding  Surface  Blast-   ^^^ 

Tapping  Water '  Mains,     Arc     Welding 

Outfit   for    (""'   ^°' 

Taylorville  Works,   Cost  ol    ■:  ■ -s  ■■ki'-fP   ^^^ 

T-Beams,  Reinforced.  Graphical  Meth- 
od of  Determining  the  Propor- 
tions  v,rr--i,  *V  ^^^ 

Technical     Graduates.     Electric     Rail- 

ways  ;v--i2'>  ^^^ 

Technical  Men,  Underpayment  by  Gov- 

eminent    '■/•>>  1''° 

Technical  Programs,  Suggestion  to  Au- 
thors  of  ■  •  ■ ;   ^^  ,  '  ^ 

Telephone    Cahle    Conduits      Made     liy 

Thrust-Boring  (19)  6''5 

Temperature,   Effect   of   Sun's  Rays  <3n  ^^^ 

Terminal"  Raiiway,'     Automatic,     New 

York    (105)  491 

Terminals,   Railway    : (15)     63 

Tests,  Density  of  Concrete (Z ()     as 

Tests.   Impact,  U.   S.   Bureau  of  Public 

Roads   (49)  121 

Texas.    Railway    Building    Uo)   14U 

Text  Books,   Professors  and   Engineers 

(S4)  418 

Thawing  Services.  Electric  Outfit  ..(1.!)     37 

Theory  of  Relativity,  Einstein's (52)  272 

Thru.st-Boring  Method  of  Driving  Con- 
duits        (19)   645 

Tidal  Power  Development,   Severn    (34)   326 

Tidal  Power,  Limits  of   (80)   362 

Tidal  Power  Scheme,  Severn (5)  297 

Tie,  Railroad,  New  Reinforced  Con- 
crete        (40)   164 

Tie  Renewals,  Relation  to  Average  Lite 

(55)  251 

Tie  Tamping,   Determining  Cost   ..(76)  386 

Ties,    Pacific    Coast    (34)   158 

Ties,    Standard    Specification    (59)   255 

Tile,    Action    on    Ground    Water   Level 

(57)   229 

Tile,     Determination     of    Kutter's     Co- 

efBcient  for   (47)   147 

Tile   Drains,   Action   on  Ground   Water 

Level    (57)   227 

Timber  as  Reinforced  Concrete   ....(0)  632 

Tire.s,  Motor  Truck   (142)  544 

Torsion  on  Rectangular  Sections  (81)  415 
Towers,    Transmission     Line,     Raising 

Tackle  for    (24)   316 

Town  Planning,  Suggestions  on    ....(9)   636 

Track,  New  Method  of  Laying   (21)     69 

Track  Pavement,  Concrete  Birming- 
ham       (140)   542 

Track  Laying  Machine    (143)  600 

Trackless   Trolley,    Foreign   Experience 

-      --^    X.3CL)-353 

Trackmen,    i^uw    to   Increase   the   Etn- 

ciency  of    (133)  591 

Traction  Wheel,  Steering ' (93)  405 

Tractor    DraAvn    Wheel   Scraper    Outfits 

for  Road  Grading   (105)  435 

Tractor  Sled  Haulage  in  Alaska  . .  (118)  504 
Trade    Depression,     Economic     Science 

(3)  295 

Trade  Waster,  Treatment  by  Activated 

Sludge    Process    (32)324 

Traffic  Censuses,  Results  on  Pennsyl- 
vania   Highway    (47)  119 

Trafnc  Records,  Highway    (55)   199 

Trafiic  Requirements  and  Road  Widths 

(29)   65.0 

Train  Loads,    16,000-ton    (127)   5S5 

Transformer  Cost  Data   (39)  1S9 

Transmission     Line     Towers,     Raising 

Tackle  for   (24)  316 

Transportation,    Highway,    Excess    Lift 

(21)     21 

Trench  Excavation,   "New  Steam"  Hoe 

for    (133)  4S1 

Trench.  Method  of  Sheeting  in  Run- 
ning Sand    (71)  2C7 

Triangulation       Work,       New       Signal 

Lamp     (22)     70 

Trolleys,  Trackless,  Foreign  Experi- 
ence        (36)   ir>|i 

Truck,  11,4-Ton,  Cost  of  Operation  (133)  535 
Truck  Impact.  How  and  Why  of  (49)  131 
Truck  Tire  Expense,  Reducing  ...(142)  544 
True  Siphon  on  Main  Supply  Pipe  (17)  41 
"Trust"  Control  of  Prices,  Price  Curves 

(78)   326 

Tunnel,   Connaught,    Method   of  Lining 

(83)   3S3 

Tunnel    Construction,    Great    Northern 

Railway,    England    (11)   30:! 

Tunnel  Driving,  Cost  1916-1920 (85)   3Sr. 

Tunnel     Driving,     Pneumatic    Hammer 

(94)  401 


Tunnel   Driving   Through  Water   Bear- 
ing Tunnel    (7)299 

Tunnel,    Hudson   River   Vehicular. .  (66)  262  . 

Tunnel  Lining,  Method,  Connaught  (S3)   393 

Tunnel,     Method    of    Widening    Double 

Track    (S7)   397' 

Tunnel,   Ponsbourne,    Construction    (11)  303 

Tunnel,   River  Dee,  Method  of  Driving 

(7j  299 

Tunnel,  Spiral'.'  'cio.st  o!  ........... .  (85)  395 

Tunnel  Ventilation,      (^o-operative      In- 
vestigations   on    (69)   265 

Tunneling,  Method         Through  Soft 

Ground    (125)582 

Tunnel  Work,     Mechanical    Shovel    for 

(135)   595 

Tunnel  Woric,    Portalile    Air    Compres- 
sors  in (117)   503 

234     Ft.     Span    Concrete    Bridge. .  (101)  511 

Typhoid  Fever  Epidemic,  Cost  of  ..(95)  377 
U 

ITnattainable  Approaching  (77)   359 

Undertaker,    Commissioner     of     Public 

Health    (74)  408 

Underpinning.  Skillful,  Prevents  Ware- 
house Collapse  (19)     91 

Unemployment,   Building  Industry,  Re- 
ducing        (126)   608 

Unemployment,     Reducing,     Plan     for 

(126)  608 

Union,  British    Labor    and    Restriction 

of  Output  (1)  29S 

Union  Labor    Abuses.    Building    Indus- 
try        (129)   611 

Unmetered  Water      for      Public      Use, 

Rochester      (23)     47 

V.  S.  Bureau    of   Public    Roads    Motor 

Truck  Impact  Tests  of   (82)  340 

U.   S.  Chamber  of  Commerce  on   Street 

Railw.-iy  Problems   (30)  154 

Use  of  Easement  Curb    (110)  496 

Utility    Service    Rates,       "Value"      vs. 

"Investment"    Basis    for    (29)   129 


Valley  View       Development,       Concrete 

House   Construction    (17)     89 

Valuation,    Iowa    City   Water    Co.. (12)     36 

"Value"   vs.    "Investment"    as  a  Basis 

for    Utility    Service    Rates    ..(29)   129 

Vehicular   Tunnel,    Hudson    River..  (66)  262 

Viaducts,  Plate  Girder,  Economic  Pro- 
portions      (125)   607 

Virginian    Railway    Tunnel,      Widening 

(87)   397 

Voices  of  Optimism    (98)  484 
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Wage  Advances  in  Building  Trades  (94)  42S 

Wage  Rates.    Average,    Formula    . .  (50)  270 

Wages,  Building  Trades   (107)  517 

Wages,  Construction,  Future  of  ....(25)  125 

Wages,  Cost,    Commodity    Prices    (141)  623 

■Waees,    How  Low   WiU.  Thfiy  Fall?..(l>         1 

Wages.  Living    Costs    and    Commodity 

Prices     (141)   623 

Wages,  Prospective  Changes  in (74)   384 

Wagon  Loaders  for  Handling  Aggregate 

(68)  212 

Walker-Weston  System  of  Reinforce- 
ment for  Concrete  Road    (38)   317 

Walkerville,  Ont.,  Housing  Develop- 
ments       (136)   618 

Wall,  Retaining,  Application  of  Rein- 
forced Concrete    (22)   314 

Walls,  Retaining,    Toronto    (62)  258 

Wanted — Scientific    Rating    of    Profits 

(102)    160 

Vv'arehouse,  (Comparative  Bidding  Prices 

on    (32)   ISO 

Warehouse     Underpinning   (19)     91 

Avarrington,  Reinforced  Concrete  Bridge 

(33)  325 

Vv'ashing  Gravel  in  Bins,  Device..    (137)   595 

Waste,  Elimination  in  Building  Indus- 
try        (88)   423 

Wastes,  Industrial,  Disposal  of  Chi- 
cago   Stockyards    (142)  572 

Water  Bills,  How  to  Get  Out  Prompt- 
ly        (141)  571 

Water,  Chemical  Sterilization  of..    (10)   637 

Water  Consumption,     Maximum     Rates 

(51)  223 

Water  Consumption,      Various       Cities 

(50)  222 

Water,  Conveyance    Losses,    Irrigation 

(112)  470 

Water  Construction,  Metropolitan  Dis- 
trict     (132)  562 

Water,   Cost   of   in   29   American   Cities 

(146)   576 

Water,    Filtered,    Residual   Alumina    in 

(79)  361 

Water  Filters  Effluents,  Residual  Alum- 
inum Compounds  in    (115)  473 

Water,  Hydrogen    Iron,     Concentration 

of     (89)   371 


Water,  Irrigation,    Duty    of    (108)  466 

Water  Level  Recorder,    New (72)  244 

.Water  Mains,  Basis  for  Extension  (96)  378 

Water  Mains,   Gravity  Air   in (87)  369 

Water  Mains,     Tapping,     Arc    Welding 

Outtit  tor    (65)  237 

Water  Measurement      by      Electrolysis 

(4)  630 

Water,  Municipal    Use    of,    Springfield 

(126)  557 

Waterworks  Operator,    Licensing    Tex- 
as       (140)  570 

Water  Power      Development,       Stifling 

Through  Inaction   (51)  223 

\\'ater  Power.    Reinforced    Concrete,    2- 

compart  ment    (10)   302 

Water  Power,    Some    Observations    on 

(60)  232 

Water  Purification,     Use     of     Chlorine 

Gas  in  British  Army   (39)  331 

Water  Rates,  Small  Cities  and  Villages 

(36)   136 

Water  Sales    Department,    Spring   Val- 
ley  Water    Company    (40)  140i 

AVater  Service,    Effect   of   High   Prices 

on    (4)     2S 

Water  Services,    Thawing     (13)     37 

Water  Sterilization,   Chlorine   Gas    (39)  331 

Water  Supply,    Lead   Poisoning    (6)  632 

Water  Supply,    Wells    as    a    Source    of 
'  (30)  322 

Water  Supplies,  Ground,  Completion  of 

*  (97)   379 

Water  Supplies,   Indiana,    Classification 

►  (92)   374 

Water  Supplies,    Lead    Poison    in.. (41)  333 

iWater  Supplies,  Results  of  Lime   Sott- 

f  ening  (71)  243 

Water.  Tracing        Underground        with 

*  Fluorescein     (95)  377 

Water,  Used       for       Street      Cleaning, 

►  Rochester    (23)     47 

.Water  Waste,    Detecting    with    Dionic 

»  Tester    (50)  222 

Water  Waste  Preventions,   Suggestions 
!'  (4)  630 

Waterworks.  Operation,         Commercial 
^  Features   -. (33)   133 

Waterworks  Operations     in     American 

1'  Cities    (146)  576 

.Waterworks.  Profit   and   Loss   Account 

I  (132)  562 

Waterworks  Report,  What  They  Should 
"  Contain    (139)  569 

Waterworks  Operation,      Under      State 

►  Supervision    (109)467 

Weed   Burner,    High   Power    (126)  584 

Weir  Formulas,   Simplified   Assumption 

for   (78)   360   (46)  146 

Weirs,    Parabolic    (65)  237 

Welded  Joints.   Steel  Pipe  Line    (6)     30 

Welded,  Pipeline,  Midway  Gas  Co.. (94)   376 
Welding,  Electric,    Steel    Frame    Build- 
ing          (14)  306 

Welding  Rail  Bonds,  Outfit  for   (70)  266 

Well,  Completion   of    (97)  379 

Well  Pits,  Concrete,  Lowering  by  Cais- 
son Methods   (32)   132 

Well,  Construction    in   a   Sand    or    Sand 

and  Gravel  Formation   (146)  576 

Wells  Outline    of    History     (25)   173 

Wells,  Permeability    of   Soils    (20)  312 
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How  Low  Will  Wages  Fall? 

Since  1913  wages  have  risen  on  the  average  about  80  per 
cent  in  America.  Wholesale  commodity  prices  in  November 
averaged  107  per  Cent  above  the  1913  level.  During  our  civil 
war  wages  rose  but  slightly,  averaging  in  1865  only  10  per 
cent  above  the  level  of  1860,  whereas  wholesale  commodity 
prices  rose  90  per  cent  during  the  same  period.  But  in  1867 
average  wages  had  risen  10  per  cent  above  the  level  of  1865, 
whereas  commodity  prices  had  fallen  24  per  cent.  Although 
commodity  prices  continued  to  fall  after  1867  at  the  rate  of 
about  4  per  cent  a  year,  wages  continued  to  rise  at  the  rate 
of  5  per  cent  yearly.  In  the  year  1872  wages  had  risen  to 
a  level  of  156  compared  with  100  in  1860,  or  56  per  cent 
rise,  whereas  wholesale  commodity  prices  had  fallen  to  a 
level  of  122,  or  22%  above  the  level  of  1860.  Then  came  the 
panic  of  1873,  the  effect  of  which  was  very  slight  upon  whole- 
sale commodity  prices  but  quite  severe  upon  wages.  By  1873 
wages  had  fallen  from  the  156  level  of  1872  to  a  level  of  134, 
a  drop  of  about  15%.  During  the  same  period  wholesale  com- 
modity prices  dropped  to  a  level  of  114,  a  decrease  of  only 
7%  during  the  four  years  of  "hard  times." 

To  anyone  who  is  interested  in  the  probable  future  of  wage 
changes,  the  facts  just  given  will  be  significant.  It  is  being 
commonly  said  that  because  commodity  prices  are  falling, 
wages  must  necessarily  fall.  Yet  it  is  evident  that  no  such 
thing  happened  during  the  seven  years  that  followed  the  close 
of  our  Civil  War.  One  reason  for  the  great  "rise  in  wages 
immediately  after  the  Civil  War  is  to  be  found  in  the  fact 
that  wages  had  risen  but  slightly  (10%,)  during  the  war, 
whereas  commodity  prices  had  risen  enormously  (90%). 
The  revival  of  industry  following  the  post-war  depression, 
created  a  demand  for  labor  that  caused  a  rise  in  wages. 
Relative  to  the  prices  charged  for  commodities,  workers  were 
underpaid  until  1870,  when  wages  and  commodity  prices  both 
stood  at  a  level  of  136,  or  36%  above  the  level  of  1860.  which 
was  also  the  per  capita  increase  in  money  in  circulation. 

Since  wages  in  this  country  are  now  at  a  level  of  180  com- 
pared with  a  level  of  100  in  1913,  whereas  commodity  prices 
are  at  a  level  of  about  200,  it  is  evident  that  commodity  prices 


must  fall  another  10%  before  wages  and  commodity  prices 
will  again  be  on  a  parity.  The  per  capita  money  in  circula- 
tion is  now  about  70%  in  e.xcess  of  the  amount  in  1913,  and  is 
likely  to  decrease  relatively  little  in  the  next  few  years.  For 
reasons  given  at  great  length  in  our  issue  of  April  7,  com- 
modity prices  always  increase  fully  as  much  as  per  capita 
money  increases;  hence,  one  may  look  for  an  average  price 
level  of  about  170  as  compared  with  100  in  1913.  This  will 
mean  a  further  recession  of  about  15%  from  the  present  level, 
which  will  probably  occur  within  the  next  three  months.  To 
descend  to  this  "new  plateau  of  prices,"  present  average 
wages  now  would  have  to  drop  only  6%.  Bear  in  mind  that 
the  great  panic  of  1873  caused  a  wage  drop  of  only  15%,  and 
that  it  took  three  years  to  effect  that  decrease. 

In  the  textile  and  metal  trades  the  rise  in  w^ges  during  our 
recent  war  greatly  exceeded  the  average  rise.  Textile  and 
steel  workers  secured  increases  that  averaged  about  120%. 
They  will  now  probably  suffer  a  decrease  of  about  20%  to 
bring  them  back  to  the  general  level  of  wages.  In  fact, 
such  decreases  have  already  been  accepted  by  some  of  the 
workers  in  those  two  trades. 

The  wages  of  railway  employes  are  about  80%  above  the 
pre-war  level,  and  freight  rates  have  been  increased  about 
75%.  There  Is  little  likelihood  that  either  railway  wages  or 
freight  rates  will  be  lowered  for  many  years. 

Skilled  labor  wages  in  the  construction  field  now  average 
less  than  80%  above  the  pre-war  level,  but  common  labor 
averages  about  120%,  above  the  pre-war  level.  It  is  prob- 
able that  common  labor  will  have  to  accept  a  reduction  of 
20%,  this  spring,  hut  that  skilled  labor  will  not  be  reduced 
more  than  10%,  if  it  is  reduced  at  all. 

Summing  up,  it  is  probable  that  a  "new  plateau  of  prices," 
about  70%  above  those  of  1913,  will  soon  be  in  effect,  and 
that  both  wages  and  prices  of  materials  will  take  this  new 
level.  Whether  prices  and  wages  recede  further  from  this 
"plateau"  will  depend  mainly  upon  whether  our  per  capita 
money  decreases  and  our  average  efficiency  of  production  in- 
creases. Those  two  fact6rs  are  likely  to  change  but  slowly. 
Their  combined  effect  will  probably  not  lower  the  price  level 
more  than  5%  yearly. 


(1) 


Lni-jun<:i  nil)  and  (  inilracling  for  January  3,  1921. 


A  Chance  for  Knj^ineers  to  Address 
Chambers  of  Commerce 

For  rpaiionB  Htutfil  In  niiother  (Mlltorliil.  II  Is  proliiiblc  that 
botoni  hiKhwny  work  IjukIiih  this  siirliiK.  bolli  prifes  and 
waK«'ii  will  iiuvo  roiodod  to  the  now  "platmiii  of  piicos,"  and 
thai  thiT.an.r  tmv  fiirlluT  reccKslori  will  lie  very  slow. 
Ilonro  ■  should   plan  to  let  contracts  as  early 

Id  till.  .lai'llcablo.     Moreover,  they  should  be- 

come l.-iiderH  111  ptilillc  opinion  In  matters  relating  to  con- 
Blrucllon.  To  ihln  end  they  should  study  the  causes  that 
nffeit  prire  levels  and  bo  prepared  to  demonstrate  the  cor- 
roctm-TiH  of  their  conclusions. 

lleKlnnlMK  in  our  Issuo  of  Apr.  7  we  have  published  a 
nCrles  of  articles  on  "price  levels,"  bond  interest  rates  and 
wnge.M,  from  which  any  enRlneer  can  secure  enough  data 
to  make  propnosticntlon  within  narrow  limits  reasonably 
certain. 

The  editor  has  addressed  several  chambers  of  commerce 
on  the  topic  of  price  levels,  and  has  found  that  business 
men  are  not  only  keenly  interested  in  the  subject  but  densely 
Ignorant  of  the  causes  of  changes  in  price  levels.  II'  in 
every  city  some  engineer  would  undertake  to  deliver  a  course 
of,  say,  three  lectures  on  commodity  prices,  wages  and  in- 
terest rates,  a  long  step  would  be  taken  toward  convincing 
lue  public  that  engineers  are  not  merely  engineering  econ- 
orolsts  but  political  economists.  This  alone  would  be  help- 
ful even  If  no  other  result  were  immediately  secured.  But 
tbe  editor  believes  that  In  many  communities  the  business 
men  would  decide  that  the  lime  is  at  hand  to  resume  "busi- 
ness as  usual." 

For  such  a  lecture,  a  few  large  charts  should  be  prepared 
to  show  average  wages,  conimodlty  prices,  and  bond  inter- 
est yields  for  each  of  the  past  fiO  years.  The  editor  has  also 
used  a  chart  (enlarged  from  that  given  in  our  issue  of 
Apr.  7)  showing  the  steady  rise  in  per  capita  productivity 
In  America  from  1869  to  1909,  and  the  subsequent  stationary 
productivity.  This  "curve"  of  productivity  overlaps  the 
"curve"  of  average  "real  wages,"  showing  that,  contrary  to 
the  claims  of  many  workers,  the  average  worker  has  re- 
celvtNl  increases  in  "real  wages"  exactly  proportional  to  the 
Increa.'tes  in  average  per  capita  productivity. 

It  should  be  explained  to  an  audience,  that  "real  wages" 
for  any  year  can  be  calculated  by  dividing  "money  wages"  by 
the  wholesale  commodity  index  price  of  that  year.  Few 
business  men  know  what  an  "index  price"  is,  or  that  the 
Bureau  of  Labor  publishes  such  prices  in  its  monthly  maga- 
zine. But  the  usefulness  of  such  a  standard  is  readily  ex- 
plained. 

There  Is  no  subject  of  greater  interest  today  than  the 
subject  of  price  and  wage  changes;  hence  an  audience  of 
business  men  can  be  easily  secured  for  any  speaker  who 
profesHes  to  have  studied  the  subject. 


Sophistical  Arguments  in  Favor  of 
Increasing  the  Gold  Supply 


The 

Hi 

K. 


two   leading   mining   journals    persist    in    urging    the 

f  Increasing  the  world's  stock  of  gold,  in  spite  of 

•  the  world  Is  already  surfeited  with  money.    The 
■•  '  ^'ilng  Journal  says: 

10   so  hich.  according  to  the   opinion  of  a 

■iilsts.  Including  several 

•  undertake  to  educate 

Is   that   we   have   so 

>\  States   has  doubled 

111   200   per  cent   since 

't  Uiv  more  the  sold  the  cheaper 

Mrt    fi>qf    ,-f>inino,lfty    prires    rise. 

vastly 

■   away 

■""'    ' '    "111    lai;,      r^o   runs    the 


lu  buy  a  uiiiik, 
are  so  high  thr.t 


Hc'ie  is  an  excellent  example  of  the  "straw  man"  species 
or  urgumont,  for  the  fact  is  that  no  modern  economist  claims 
that  commodity  prices  are  inversely  proportional  to  the 
rpiantity  of  gold.  On  the  contrary,  It  is  held  that  the  entire 
volume  of  money  (whether  paper,  silver  or  gold)  affects 
commodity  prices;  so  that  when  the  editor  of  the  Engineering 
and  Mining  Journal  cites  prices  in  Austria  and  Germany  in 
proof  of  the  fad  that  paper  money  inflation  has  increased 
prices,  he  fails  to  shake  the  existing  theory.     He  adds: 

The  real  dctirniining  factor  as  regards  the  relation  between 
cheap  money  and  liigh  prioe.s  is  evident,  and  was  pointed  out  in  a 
previous  editori.'il.  It  is  true  that  abundant  money  produces  high 
prices  for  commodities,  but  in  the  world  today — the  whole  world 
prr^ctlcallv — lln-  'heap  mone.v  is  mainly  paper.  I^rices  of  com- 
modities will  t(  n<l  to  decrease  as  the  ratio  of  paper  to  gold  reserve 
or  "cover"  decrea.ses;  and  this  can  be  accomplished  by  reducing 
the  paper,  or  increasing  the  underlying  gold  security,  or  both. 
The  most  expeditious  way  is  to  do  both;  in  fact,  for  countries  like 
I-'rance  and  Jtaiy,  which  are  in  a  desperate  condition  of  inflation, 
the  double  remedy  is  imperative,  and  is  being  eagerly  sought  by 
the  countries  in  question. 

The  second  sentence  of  the  last  quotation  is  true,  hut  the 
third  is  not.  It  has  never  been  shown  that  the  "ratio  of  paper 
to  gold  reserve"  is  a  factor  that  affects  commodity  prices. 
except  in  extreme  cases  where  confidence  in  the  paper  money 
has  almost,  if  not  completely,  vanished.  In  America  there  is 
perfect  confidence  in  the  soundness  of  our  currency,  and 
commodity  prices  are  high  not  merely  because  the  stock  of 
gold  lias  increased  50%  since  1913,  but,  primarily,  because 
our  entire  money  in  circulation  is  70%  greater  per  capita 
than  in  1913.  Our  political  problem  consists  not  in  increasing 
our  gold  reserves,  which  are  ample,  but  in  decreasing  our 
total  currency.  It  might  be  wise  gradually  to  ship  back  to 
livurope  the  billion  dollars  of  gold  that  Europe  shipped  to  us 
during  the  war,  and  coincidently  to  reduce  our  paper  cur- 
rency. Of  the  eleven  billion  dollars  that  our  allies  owed  us. 
only  one  billion  has  been  paid  to  us,  and  that  payment  has 
proved  to  be  a  curse,  because  it  greatly  Inflated  our  cur- 
rency and  thus  increased  commodity  prices.  If  we  were  to 
return  the  bilfion  dollars  worth  of  gold  to  our  allies  and  then 
accept  eleven  billion  dollars  worth  of  long  term  bonds  for 
their  entire  debt,  we  would  not  only  reduce  our  present  price 
level  to  the  pre-war  level,  but  we  would  hasten  the  restoration 
of  normal  exchange  rates  with  our  allies.  This  also  would 
bring  about  the  resumption  of  gold  mining  in  America;  for  all 
that  is  needed  to  accomplish  that  is  the  restoration  of  pre-war 
prices. 

There  is  little  likelihood  that  such  a  plan  will  be  adopted, 
because  our  national  legislature  is  composed,  mainly,  of  men 
who  are  not  trained  to  solve  economic  problems.  , 


Proportioning  Concrete  Aggregates 

When  Unscreened  or  Pit  Run 

Gravel  Is  Used 

To  the  Editor:  The  article  in  your  Dec.  1,  1920,  issue.  "Pro- 
portioning Concrete  Aggregates  When  Unscreened  or  Pit 
Run  (iravel  Is  Used,"  is  well  worked  out  for  convenience  in 
determining  the  quantity  of  cement  required  to  insure  the 
same  sand-cement  ratio,  but  the  application  of  the  method  to 
actual  production  of  concrete  in  the  field  is  an  entirely  differ- 
ent matter. 

As  the  author  says,  specifications  usually  state  definite  ar- 
bitrary proportions  which  are  to  be  used,  but  the  aim  in  any 
case  is  to  aid  in  producing  a  concrete  which  will  have  some 
definite  strength.  While  not  usually  justified  by  test  data, 
speciflcation.s  generally  associate  a  1:2:4  proportion  with  a 
concrete  which  it  is  hoped  will  attain  a  strength  of  2,000  lb. 
at  2S  days.  Incidentally  lack  of  field  tests  is  responsible  for 
its  remaining  nothing  but  a  hope  and  often  failing  to  become 
a  reality.  Presumably  the  method  outlined  in  the  article  is 
intended  to  result  in  concretes  of  definite  or  equal  qualities 
when  more  than  the  usual  proportion  of  sand  is  present,  al- 
though this  strength  relation  is  not  definitely  stated. 

As  a  basis  of  the  outlined  scheme,  the  assumption  is  ap- 
parently made,  unsupported  by  test  data,  that  concretes  of 
equal  strength  will  be  obtained,  so  long  as  the  cement-fine  ag- 
gregate ratio  is  a  constant.  For  example,  from  Table  1,  where 
the  percentage  is  .33  approximately  4.8  bags  of  cement  are 
required  for  a  1:2:4  concrete,  while  in  case  all  of  the  pit  run 
material  is  classed  as  sand,  14.5  bags  of  cement  are  required. 
\o  tests  should  be  needed  to  demonstrate  the  absurdity  of 


(2) 


Engineering  and  Contrncting  for  January  5,  1921. 


such  relations  for  concretes  of  equal  strength.  For  equal 
flowabilities  a  mortar  of  14.5  bags  of  cement  and  1  yd.  of 
sand  mav  be  as  much  as  100  per  cent  stronger  than  a  1:2:4 
concrete  in  which  only  4.S  bags  of  cement  are  used  per  yard 
of  aggregate.  ,     .  , 

Such  a  scheme  as  advocated  for  the  use  of  pit-run  materials 
onh  adds  to  the  weight  of  evidence  which  discredits  the 
method  in  common  use  ot  arbitrarily  specifying  concrete  pro- 
portions. As  a  labor  saving  device  in  computing  quantities 
these  tables  insure  definite  volume  relations  for  the  mate- 
rials before  mixing  water  is  added,  but  instead  of  assuring  con- 
crf  tes  ot  equal  strengths,  as  seems  to  be  erroneously  assumed, 
they  will  result  in  concretes  differing  widely  in  strength.  If 
a  concrete  having  the  usual  2:4  sand  gravel  relation  will  have 
the  required  designed  strength,  the  high  sanded  aggregates 
will  have  excess  strengths  varying  directly,  but  not  neces- 
sarily proportionally,  with  the  sand  content. 

More  attention  to  the  testing  of  concrete  as  it  is  actually 
made  and  placed  in  the  worH  will  assist  in  emphasizing  the 
fact  that  verv  often  the  strengths  obtained  in  practice  fall 
considerably  short  of  the  ultimate  strength  values  used  in  de- 
sign. Until  this  fact  can  be  impressed  upon  engineers  and 
designers,  little  progress  will  be  made  in  the  elimination  of 
arbitrary  proportions  from  specifications. 

To  efficiently  use  pit  run  materials  on  smaller  jobs  where 
.the  quantities  needed  do  not  warrant  the  separation  into  sand 
and  gravel  a  method  outlined  in  detail  by  R.  W.  Crum  in  the 
1919  proceedings  of  the  American  Society  for  Testing  Ma- 
terials and  later  reprinted  in  Engineering  and  Contracting  of 
July  2,  191!),  has  been  found  accurate  so  far  as  tested.  This 
method  of  proportioning  is  properly  based  on  a  decrease  of 
the  cement-sand  ratio  as  the  percentage  of  sand  in  pit  run 
aggregate  increases  and  will  result  in  concretes  of  approxi- 
mately constant  or  equal  strengths. 

To  insure  concretes  equal  in  quality  to  those  considered 
in  design,  definite  minimum  strength  values  should  be  speci- 
fied and  checked  during  the  progress  of  the  work  hy  syste- 
matic testing  of  the  concrete  as  placed.  On  work  of  any  con- 
siderable size,  better  control  and  a  more  uniform  product 
will  result  from  the  use  of  sand  and  gravel  rather  than  pit 
run  material.  A  short  series  of  tests  will  determine  the  most 
satisfactory  sand-coarse  aggregate  ratio,  and  additional  tests 
of  concretes  using  the  predetermined  aggregate  ratio  with 
various  proportions  of  cement  tor  the  ranges  of  flowabilities 
commonly  used  in  practice  will  permit  of  definite  conclu- 
sions as  to  the  cement  content  needed  for  any  necessary 
flowability  and  specified  strength.  Allowances  must  be  made 
for  the  greater  variations  in  quality  ot  field  concretes  due  to 
unavoidable  variations  from  batch  to  batch  in  proportions, 
water  content  and  quality  of  cement  itself  from  time  to  time. 
For  .eiven  aggregates  a  definite  strength  requirement  alone 
is  all  that  need  be  contained  in  the  specification  together  with 
the  outlined  scheme  for  sampling  and  testing,  but  a  series 
of  tests  as  described  above,  after  once  being  made,  will  be 
of  great  assistance  in  estimating  in  advance  the  quantities  of 
cement  required. 

The  diagrams  presented  by  Mr.  Doan  involve  only  volume 
relations  of  cement,  fine  aggregate  and  coarse  aggregate  to 
.  insure  concretes  which  before  mixing  water  is  added,  have 
constant  cement-fine  aggregate  ratios.  Mathematically  the 
curves  are  correct  and  prove  the  authenticity  of  the  equations, 
which  are  included,  but  practically  they  offer  no  assistance 
in  proportioning  aggregates  so  as  to  obtain  concretes  of  equal 
strengths  on  the  job.  G.   M.  WILLIAMS, 

Professor  of  Civil  Engineering, 
University  ot  Saskatchewan. 
Saskatoon,  Canada. 


Iowa  Engineering  Society  Annual  Meeting. — The  annual 
meeting  of  the  Iowa  Engineering  Society  will  be  held  at  the 
Chamberlain  Hotel  in  Des  Moines  on  Jan.  18-19  and  20. 
Bvery  indication  points  toward  a  very  successful  meeting. 
A  feature  of  the  occasion  outside  of  the  usual  technical 
and  social  program  will  be  the  manufacturers'  exhibits.  Spe- 
cial attention  is  being  given  to  the  planning  of  these  ex- 
hibits with  a  view  toward  making  them  interesting  and 
profitable.  There  are  now  approximately  1200  registered  en- 
gineers in  the  State  of  Iowa.  This  fact  coupled  with  the 
fact  that  the  state  legislature  meets  in  Des  Moines  in  Janu- 
ary is  arousing  unusual  interest  in  this  meeting.  Lloyd  A. 
Canfield,  406  Flynn  Bldg.,  Des  Moines,  la.,  is  chairman  pub- 
licity  committee. 


Voidage  and  Weight  of  Broken 
Limestone 

The  U.  S.  Bureau  ot  Standards  has  compiled  a  paper  on 
(ho  weight  per  cubic  foot  ot  broken  limestone  and  its  depend- 
ence upon  the  specific  grsvity  ot  the  solid  material  and  the 
percentage  of  voids.  The  paper,  which  is  reprinted  below, 
;i,lso  gives  the  voidage  ot  various  kinds  of  loose  materials, 
suclr  as  sand,  gravel  and  stone. 

The  weight  of  a  cubic  foot  ot  limestone,  or  any  similar 
material,   depends   primarily   upon   two  factors: 

1.  The  percentage  of  vacant  spaces  or  "voids"  between  the 
particles.  This  varies  with  the  amount  of  packing  or  ram- 
ming, moisture  content,  solid  impurities,  shape  of  the  par- 
ticles, and  relative  size  including  uniformity  of  size  or  mix- 
ture of  miscellaneous  sizes. 

2.  Specific  gravity  ot  the  individual  particles  of  the  ma- 
terial.    This  varies  considerably  with  locality. 

Voidage. — Frye's  Civil  Engineers'  Pocket  Book,  p.  416, 
states: 

The  voids  in  sand  amount  generally  to  about  33  or  34  per  cent 
ot  the  gross  bulk;  in  gravel,  to  about  the  same;  in  broken  sand- 
stone, to  about  40  to  42  per  cent;  in  broken  trap  (diabase  or 
basalt),  to  about  45  to  50  per  cent.  Generally  the  percentage  of 
voids  is  greater  in  the  freshly  broken,  hard,  flint-like  rocks,  with 
less  in  the  softer  rock,  which  leave  the  crusher  with  less-deflned 
edges.  With  gravel,  where  the  edges  have  worn  away,  the  per- 
centage of  voids  is  the  least,  hence  gravel  is  the  most  economical 
aggregate  to  use  for  concrete  because  less  cement,  or  mortar,  is 
required.  For  the  same  reason,  basalt  or  trap  'S  the  most  expen- 
sive, although  tar  superior  for  many  purposes. 

The  same  handbook,  on  page  911,  also  gives  the  following 
vrJues  for  the  voidage  (but  which  appear  to  be  a  little  lower 
than  the  other  values  given  herein) : 
Crushed  limestone,  sandstone  and  softer  rocks,  run  of  crusher,. 39% 

Limestone,  crushi;d  to  fine  grains,  loose  35% 

Trautwine's  Civil  Engineers'  Pocket  Book  (p.  213)  states 
that  for  "limestones  and  marbles  quarried  in  irregular  frag- 
ments, 1  cu.  yd.  solid  makes  about  1.9  cu.  yd.  perfectly  loose; 
or  about  1%  cu.  yd.  piled.  In  this  last  case  0.571  of  the  pile 
is  solid;  and  the  remaining  0.429  part  of  it  is  voids." 

Merriman's  Civil  Engineers'  Handbook  (4th  edition,  p 
501)   states: 

Voids  in  coarse  aggregates  will  range  from  30  to  55  per  cent 
depsnding  upon  the  uniformity  ot  the  stone,  its  shape  and  degree 
of  compactness.  Voids  in  loose  broken  stone,  crusher-run,  with 
the  fine  material  screened  out,  wiU  generally  measure  from-  43 
to  4S  per  cent.  It  well  shaken  or  rammed,  as  in  the  placing  of 
•i-oncrete,  thus  reducing  the  voids  to  from  37  to  42  per  cent, 
respectively.  Stone  screened  to  a  uniform  size  will  contain  from 
50  to  55  per  cent  of  voids.  Gravel  of  the  same  size  as  broken 
stone  will  contain  less  voids,  as  it  packs  more  readily.  With  the 
sand  screened  out  it  win  generally  contain  from  35  to  40  per  cent 
voids. 

Merriman  also  quotes  (p.  501)  results  of  I.  O.  Baker  from 
Bui.  No.  23,  University  of  111.  Eng.  Exp.  Sta.,  1908,  as  to  the 
voids  in  loose  limestone  from  three  localities;  the  voidage 
was  determined  by  two  methods,  viz.,  first,  by  pouring 
in  water;  second,  by  weighings  and  use  of  specific  gravity 
of  solid  stone.     Mr.  Baker's  results  are: 

Per  cent  of  voids. 

Pouring        Specific 

Locality.  Size  of  stone.  water.         gravity. 

Chester    %    in.    screenings 

Chester    %    in.    screenings 

Chester    2  in.  to  %  in 

Chester 3  in.  to  2  in 

.Toliet   V2  in.  screenings   , 

Joliet 2  in.  to  V2  in 

Joliet   3  in.  to  2  in 

Kankakee    

Kankakee --   . 

Kankakee    2%  m.  to  %  in. 

Kankakee    2%  in.  to  1>4  m. 


water. 

.  .  40.9  46. S 

. .  43.0  45.6 

.  .  46.6  46.6 

.  .  46.1  45.1 

.  .  42.2  47.1 

..  47.9  46.2 

,.  47.5  46.1 

in.   screenings   39.6  46.1 

.114  in.  to  %  in 45.7  44.7 


44.3 
46.2 


42.9 
43.4 


The  work  of  five  other  authorities  is  also  quoted  by  Mer- 
riman   (p.   501)    and   is    summarized   as   follows: 

Voidage  for  gravel,  3  values  :54.1  to  36.5  per  cent;  Green 
River  limestone,  21/2  in.  and  smaller,  dust  screened  out,  1 
value  of  4S  per  cent;  sandstone,  2  values  of  43.3  and  45.3 
per  cent;   trap,  6  values  45.0  to  54.5  per  cent. 

Density  of  Solid  Stone.— The  density  or  weight  per  cubic 
toot  ot  the  solid  material  varies  considerably  with  the  local- 
ity.. The  values  given  in  the  following  table  are  taken  from 
various  handbooks  as  follows:  Frye's  Civil  Engineers'  Pocket 
Book  (2iid  edition),  Kidder's  Architects'  and  Builders'  Pocket 
Book  (16th  edition),  Haswell's  Mechanics'  and  Engineers' 
Pocket    Book    (57th    edition),   Trautwine's     Civil     Engineers' 
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Pooknt  nook  (2'ilh  pdltlon).  and  Merrlman's  Civil  Engineers' 
I'ockit  Book  (4th  <'(lllion). 

WEIOHT  OK  LIMKSTONB  (80MD)  PER  CUBIC  FOOT. 
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Weight  of  Loose  Stone. — From  the  preceding  quotations,  a 
Jpcltlon  rnn  hr>  mnde  ns  to  the  voidage  of  the  stone  under 
oot      ■  ■  .  nnd  a8  to  the  densit.v  (weight  per  cubic  foot) 

of  mnferlnl.     With   these,   there  can   be  obtained 

frntTi  n,,.  r.'llowlDg  table  the  weleht  per  cubic  foot  of  the 
loone  ptone  for  the  corresponding  values  of  voidage  and 
wrlRht  por  ruble  foot  of  solid  material.  The  table  also  in- 
cUid"!'  the  specific  gravity  of  the  material,  and  the  relative 
Toliime  of  the  loose  stone  as  compared  to  what  the  volume 
hnd  boon.  If  the  loose  stone  had  been  obtained  by  breaking 
"!'   "  'V  of  solid  stone.     For  example,*  if  a 

'"■'  gravity  of  2.7  or  weighs  168.6  lb.  per 

<■"  lis  weight  when  broken  with  voidage  of 

^"  I'J-  per  cubic  foot,  and  its  volume  is  1.818 
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•-V   H.15   Bigaest  Year  In  1920.— Despite 

■he  motor  truck   ludustn.-   in 

•'     ntl9  production  of  motor 

■  cles.  giving  a  total  1920 
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ilmost   exactly 


Resurfacing  Road  Without  Detour- 
ing  or  Obstructing  Traffic 

An  interesting  method  of  resurfacing  a  road  without  de- 
touring  or  obstructing  traffic  was  used  by  H.  S.  Perry,  Main- 
tenance Engineer  of  the  State  Highway  Department  of  Ohio, 
in  the  reconstruction  of  the  Logan- Athens  road  in  Hocking 
County,  Ohio. 

The  highway  is  the  only  connecting  link  between  Logan, 
the  county  seal,  ;ind  Athens,  a  coal  mining  town.     It  carries 
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Rolling  200   Ft.   Strip   of   Rock   Asphalt   Surfacing   on    Logan-Athens 
Road,    Hocking    County. 

an  unusually  heavy  traflBc,  the  entire  coal  supply  for  Logan 
being  transported  over  the  roads  in  trucks  and  wagons.  The 
hilly  character  of  the  country  not  only  precluded  a  detour 
but  made  it  impossible  to  turn  traffic  off  to  the  side  of  the 
wearing  surface. 

Originally  the  Logan-Athens  road  was  surfaced  with  gravel. 
About  two  years  ago  2  in,  of  compacted  stone  was  added  and 
the  surface  treated  with  tar.  This  construction  would  not 
carry  the  heavy  traffic,  however,  and  last  year  (1920)  a  2-in. 
wearing  surface  of  Kentucky  rock  asphalt  was  applied.  First, 
the  wearing  surface  was  widened  4  ft.;  the  old  surface  was 
14  ft.     F:ight  inches  of  compacted  slag  was  used  as  a  base 
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Rock   Asphalt   Surfacing   on    Logan-Athens    Road,    Hocking    County, 

Ohio. 

in  the  new  construction.  Voids  were  filled  with  screenings 
to  within  a  short  distance  of  the  top  and  the  entire  mass  was 
waterbound.  The  voids  near  the  top  were  left  open  to  afford 
bettor  anchorage  for  the  asphalt  surface. 

The  old  surface  was  carefully  swept  with  wire  hand  brooms. 
Depressions  in  the  old  macadam  were  filled  with  fresh  stone 
and  tamped.  A  paint  coat  was  then  applied  and  the  road  was 
surf.iced  with  Kentucky  rock  asphalt. 

The  Kentucky  rock  asphalt  was  applied  cold  and  raked  to 
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a  depth  of  3  in.  First  one  side  of  the  road  was  surfaced  for 
a  distance  of  200  ft.  and  then  the  traffic  was  turned  over  the 
fresh  asphalt  surface,  while  the  asphalt  was  spread  on  the 
other  side  of  the  road.  Usually  the  asphalt  had  but  one  roll- 
ing before  being  thrown  open  to  the  heavily  laden  trucks  and 
steel  tired  wagons. 

In  spite  of  the  many  difficulties  and  annoyances  during  con- 
struction, the  finished  asphalt  surface  is  remarkably  smooth. 
At  periods  during  the  day  the  traffic  was  so  heavy  that  the 
workmen  had  to  be  on  the  alert  to  avoid  being  struck  by  the 
trucks  and  rapidly  moving  pleasure  cars. 

The  Kentucky  rock  asphalt  bonded  perfectly  where  it  was 
joined  in  the  center  of  the  road  and  after  one  day's  traffic  it 
was  impossible  to  distinguish  the  joint.  The  work  was  done 
by  the  Maintenance  Department  of  the  state  and  was  under 
the  supervision  of  Emerson  Graham,  Inspector,  and  Rush 
Wolf,  foreman  The  only  equipment  was  a  10-ton  3-wheel 
roller,  rakes  and  shovels. 


Cost    of    Repairing  Asphalt  Pavement  of 
Los  Angeles 

The  repairing  of  all  asphalt  and  other  bituminous  pave- 
ments and  macadam,  in  Los  Angeles,  Calif.,  except  the  re- 
placing of  excavations,  is  in  charge  of  the  Department  of 
Maintenance  of  Paved  Streets,  a  branch  of  the  City  Engi- 
neer's office.  The  following  particulars  of  the  work  the  de- 
partment for  the  year  ended  June  30.  last,  are  abstracted 
from  the  annual  report  of  John  A.  Griffin,  City  Engineer: 

During  the  year  the  force,  which  consists  of  one  superin- 
tendent, three  foremen,  five  enginemen,  fourteen  asphalt 
workers,  twenty-seven  laborers,  nine  5-ton  dump  trucks  and 
one  2-ton  dump  truck,  was  divided  into  three  gangs,  (part 
of  the  time  into  four  gangs)  one  with  Lutz  surface  heaters, 
one  in  San  Fernando  Valley  on  cover  work,  and  the  others 
on  patch  and  reconstruction  work. 

The  maintenance  of  paved  streets  is  carried  on  by  three 
methods,  viz.:  Lutz  heater  resurfacing,  cover  work  process, 
and  patchwork.  With  the  Lutz  surface  heaters,  two  ma- 
chines were  operated,  but  seven  months  of  this  year,  on  ac- 
count of  a  lack  of  finances.  The  city  is  in  possession  of  four  of 
these  machines,  which  should  be  kept  in  operation  the  eptire 
year,  as  many  streets  are  in  need  of  resurfacing.  The  work  is 
performed  by  heating  and  removing  a  sufficient  depth  to  allow 
addition  of  at  least  one  in.  of  new  finished  surface,  thereby 
saving  two-thirds  of  the  old  asphalt  layer,  using  it  as  a 
binder  course.  During  the  past  year  these  machines  were 
used  on  both  sheet  asphalt  and  warrenite  with  equal  suc- 
cess. A  great  amount  of  work  is  carried  on  in  this  depart- 
ment by  the  cover  process,  which  method  was  initiated  by 
this  department.  Repairing  by  this  method  is  done  by  spray- 
ing the  section  to  be  repaired  with  liquid  asphalt,  adding  the 
new  mixture  on  the  surface  of  the  old  pavement,  burning 
the  joints  with  a  hot  smoother  and  rolling  with  either  a  gas 
or  a  steam  roller.  This  work  has  been  very  effective  and  is 
done  at  less  cost  per  unit  of  surface  repaired  than  by  the 
patch  work  process,  which  is  to  cut  out  worn  areas  and  re-fill 
with  new  mixture. 

The   following   table    indicates   the   area   of   each   class   of 

work  placed,  and  the  cost  per  square  foot; 

Per  sa-  ft. 

Repairing  by  patch  work  273.957  sq.  ft $0.0860 

Repairing  by  cover  work  1,237,701  sq.  ft 0557 

Resurfaoins  part  of  Sherman  Wav.  two  layers,  75,957  sq.  ft.     .1051 

Resurfacing  by  heater  work  799,470  sq.  ft 0711 

Surfacing  bridges,   41,100  sq.  ft 0892 

The  following  material  was  supplied  by  the  municipal  as- 
phalt plant: 

Cost. 

21,010  cu.  ft.  of  bituminous  base  and  binder  mixture $  3,230 

164,8 lO  cu.  ft.  of  .-urface  mixture 32,361 

33,150  cu.  ft.  of  Warrenite  mixture  6,983 

141,590  cu.  ft.  of  Topeka  mixture 24,890 

L.   Miller  is  superintendent  maintenance  of  paved  streets. 


"Super-elevation  and  Widening  of  Curves  on  Minnesota 
State  Highways." — In  the  article  with  the  above  title  in  our 
Dec.  1  issue  the  captions  of  the  cuts  were  transposed.  Fig- 
ure 1  should  be  changed  to  Fig.  2,  and  should  read  as  follows: 
"Figure  2 — Plan  and  Section  of  Pavement  at  Curves,  Show- 
ing Ring  Method  of  Widening."  Figure  2  should  be  changed 
to  Fig.  1,  and  should  read  as  follows:  "Figure  1 — Plan  and 
Section  of  Pavement  at  Curves,  Showing  Lune  Method  of 
Widening." 


Federal  Aid  Road  Work  in  1919-20 

During  the  fiscal  year  ended  June  30,  1920,  a  total  of  1,670 
Federal  Aid  project  statements  submitted  by  the  states  were 
approved  by  the  U.  S.  Bureau  of  Public  Roads,  as  compared 
with  1,310  projects  approved  from  1916  up  to  the  beginning  of 
the  last  fiscal  year.  The  projects  approved  involve  16,673 
miles  of  road,  as  compared  with  the  12,720  miles  which  had 
been  previously  approved;  and  the  Federal  Aid  requisite  on 
these  roads  amounted  to '$109,830,366,  which  was  more  than 
twice  as  great  as  the  total  amount  of  $54,714  219  requested 
during  the  three  years  1917,  1918  and  1919.  The  above  facts 
are  taken  from  the  annual  report  of  Thos.  H.  MacDonald,  Chief 
of  Bureau  of  Public  Roads,  covering  the  fiscal  year  ended  June 
30  last.  The  report  was  made  public  on  Dec.  14.  An  abstract 
of  it  follows : 

Labor  and  Material  Conditions  During  the  Year. — During 
the  fiscal  year  1920  the  execution  of  all  classes  of  construction 
work  has  been  greatly  delayed  by  the  most  disadvantageous 
economic  conditions  which  this  country  has  faced  in  many 
decades. 

Railroad  congestion,  strikes,  and  labor  and  material  short- 
ages, resulting  in  high  prices  of  these  essentials  of  construc- 
tion, have  combined  throughout  the  country  to  delay  work 
which  had  been  undertaken,  and  to  discourage  the  undertak- 
ing of  any  but  the  most  important  new  projects.  The  high 
prices  of  labor  and  material  have  sent  construction  costs  sky- 
ward, and  the  work  which  has  been  launched  in  spite  of  con- 
ditions has  necessarily  been  curtailed  to  the  limit  of  the  funds 
available. 

Highway  construction  has  perhaps  been  more  adversely  af- 
fected than  any  other  class  of  work.  After  the  war  there  was 
a  great  public  demand  for  the  improvement  of  roads,  which 
had  been  seriously  damaged  in  many  instances  by  the  aug- 
mented traffic  incident  to  the  prosecution  of  the  war.  It  ap- 
peared that  the  release  of  labor  from  war  activities  and  the 
return  of  men  from  the  military  service  would  provide  an 
abundance  of  labor.  Indeed,  it  was  thought,  for  a  time,  that 
highway  work  should  be  increased  to  provide  employment 
for  returned  soldiers,  if  not  for  no  other  reason.  Highway 
programs  were  accordingly  greatly  expanded,  and  in  accom- 
plishing this  result  the  appropriation  by  Congress  of  the  addi- 
tional sum  of  $200,000,000  for  Federal  Aid  in  February,  1919, 
played  an  important  part. 

The  army  of  laborers  which  was  expected  to  apply  for  the 
work  did  not  materialize.  On  the  contrary,  there  has  been  at 
all  times  a  distinct  shortage  of  labor  to  carry  out  the  work 
planned,  and  wages  during  the  past  fiscal  year  have  reached 
the  highest  levels  attained  in  the  history  of  the  country. 
Whereas,  in  1917,  competent  labor  could  be  secured  in  vari- 
ous parts  of  the  country  for  from  $1.50  to  $3  per  day.  the  cor- 
responding wages  this  fiscal  year  were  from  $3  to  $5  for  a 
shorter  day's  work. 

In  proportion  to  the  demand  there  was  also  a  pronounced 
scarcity  of  the  materials  of  construction.  Sand,  gravel,  stone, 
and  cement,  materials  commonly  used  in  road  work,  increased 
in  price  between  1917  and  1920  by  from  50  to  100  per  cent. 
Naturally,  these  increases  in  the  costs  of  the  essentials  of 
construction  have  been  reflected  in  the  prices  paid  to  contrac- 
tors for  road  work.  A  comparison  of  the  costs  of  several  of 
the  common  types  of  roadways  in  the  fiscal  years  1917  and 
1920,  shows  an  average  increase  in  the  cost  of  earth  roads 
from  $2,160  to  $4,100  per  mile;  sand-clay  roads  which  in  1917 
cost  $2,460  per  mile  on  the  average,  this  year  have  cost  $4,685. 
Gravel  roads  have  increased  from  $4,535  to  $7,250  per  mile; 
concrete  from  a  cost  of  $21,165  to  upwards  of  $40,000  per 
mile;  and  a  brick  road  which  now  costs  $55,000  per  mile  could 
have  been  built  in  1917  for  $33,000. 

In  view  of  the  fact  that  the  funds  available  for  road  con- 
struction are  largely  limited  by  statute  or  by  the  returns  from 
taxation,  and  on  account  of  the  high  prices  prevailing,  a  ma- 
jority of  the  states  this  year  have  deliberately  withheld  work, 
the  plans  for  which  have  been  completed,  until  such  time  as 
they  could  obtain  a  greater  return  upon  the  expenditure. 

No  small  part  of  the  reason  for  the  hi.eh  contract  prices  is 
attributable  to  the  uncertainty  of  rail  deliveries  of  material. 
Contractors  who  have  been  induced  to  enter  the  highway 
field  in  larger  numbers  than  ever  before,  and  who  have  in- 
vested large  capital  in  plant  and  equipment  designed  to  ex- 
pedite construction,  have  lost  heavily  by  reason  of  the  failure 
of  the  railroads  to  make  deliveries  of  material  in  accordance 
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wiih  :iiiic  ipatod  schocliiU's;  iiiid  ihcy  hnvr  advniice"!  their 
price*  on  HiibBt-qufiit  ronlmctH  In  llii'  altpnipt  to  recoup  their 
prfvldUH  lohHKM  iiml  to  pr.ivlilc  ugiilnKl  biaiilar  conlluecncles 
In  tlio  fiilurfl. 

HoiinrlH  r.-iolvo<l  irom  the  dlBtrlct  enRlneiTS  of  the  bureau 
fit  th«'  ••nd  ot  thi'  n«rnl  >riir  show  that  us  afiainat  141  Federal 
Aid  proJi'ftM  which  worr-  reRUlarly  reiolvlng  shipments  ot 
xnnd  ord-r.'d.  thoro  wore  fiS  proJptt.H  which  wore  seriously 
hanrllcapiM'd  by  doliiy  In  the  receipt  of  this  miiterial.  As  coi* 
pnnd  with  r.'S  projcctg  which  wore  rncclvlnR  orders  of  gravel 
re|rularl>.  there  were  KtS  which  were  held  up  by  failure  to 
rocp|\p  It  according  to  Hohedulo;  and  though  167  projects 
were  gotling  prompt  deliveries  of  cement,  there  were  172 
which  were  delnyod  by  the  Inability  to  get  shipments  ot  this 
Important  materlnl  on  time. 

Ill  the  spring  of  i:tl!'  many  thousands  ot  open-top  cars  stood 
Idle.  Ah  the  season  advanci'd,  however,  and  highway  work 
got  under  way  car  shortages  developed  here  and  there  almost 
coiillnur-UMly.  and  several  times  during  the  season  this  con- 
illtlon  vas  general.  Road  \vork  was  very  seriously  hampered, 
and  many  projects  which  could  easily  have  been  completed 
had  materials  been  available  were  carried  over  to  the  1920 
construction  season  solely  because  of  the  delays  incident  to 
lnad<nuati>  rail  transportation  service.  In  our  endeavor  to 
secure  the  maximum  service  from  the  available  equipment, 
and  to  continue  as  much  construction  work  under  way  as  pos- 
Hible.  close  contact  has  betn  maintained  with  the  Public  Serv- 
ice nivlslon  and  Car  Service  Section  of  the  United  States 
Ilallroad  Adiiilnlslration.  Much  has  been  accomplished 
through  this  cooperation. 

With  a  view  to  making  use  of  the  open-top  cars  which  ordi- 
narily stand  Idle  during  the  early  spring  months,  the  state 
highway  departments  were  advised  to  let  construction  con- 
tracts early,  and  contractors  were  urged  to  make  early  ship- 
ments, storing  the  materials  for  future  use.  This  effort  un- 
doubtedly contributed  to  the  fact  that  In  the  spring  of  1920 
there  was  little  if  any  surplus  of  open-top  car  equipment. 
whereas  In  the  spring  of  1919  upwards  of  250,000  open-top  cars 
stood  Idle  for  a  number  of  weeks. 

With  tbi'  return  of  the  railroads  to  private  control  co-opera- 
tive relations  were  established  with  the  Interstate  Commerce 
CommlsBlon  and  the  Car  Service  Division  of  the  American 
Railroad  Association.  In  order  to  continue  the  work  which  had 
been  carried  on  with  the  Railroad  Administration.  Everything 
possible  has  been  done  to  assist  the  state  highway  departments 
In  meting  their  rail  transportation  difficulties.  It  is  apparent 
that  for  several  years  the  transportation  of  road  building  ma- 
terials Is  golnir  to  be  the  limiting  factor  in  our  highway  im- 
provement program.  It  Is  imperative  that  the  maximum  pos- 
•  sible  service  be  secured  from  the  available  equipment.  To 
cccompllsh  this  result  the  cooperation  of  the  shipper,  the  con- 
tractor, the  state  highway  departments,  the  Interstate  Com- 
merce (""ommission,  the  railroads,  and  this  bureau  is  neces- 
sar>'  The  bureau  is  shaping  its  organization  so  that  it  will 
b'  'n  the  future  to  render  greater  service  in  this  con- 

II'  II  it  has  been  able  to  in  the  past. 

Improvements    In    Methods   of   Administration    to    Expedite 

W"-'-      ■'■' '■■■•el -trative  work  connected  with  the  approval 

'•  IS.  and  estimates,  and  the  checking  and 

1  I-  for  Federal  Aid  work  performed  became 

>  I  he  year  that  every  effort  had  to  be  made  to 

'I  .,.,..|>t  administrative  methods  calculated  to  facili- 

t  rk. 

of  the  year  several  administrative  ar- 
r  !i  introduced  which  have  much  improved 

'  law  and  made  possible  a  degree  of  bar 
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■  llstrlcts,  numberod  1,  2,  3,  11,  12  and  13  for  the  purpose  of  improv- 
ini{  the  administration  of  the  act. 

6.  Arrangements  have  been  made  for  the  use  of  preliminary 
construction  surveys  coverine  heavy  items  of  construction  which 
may  be  approved  by  the  bureau  before  complete  plans  fi*r  the 
details  of  the  work  are  prepared.  This  arrangement  enables  the 
state  to  begin  construction  at  an  earlier  date  than  would  otherwise 
be  possible. 

C.  After  con-3ultation  with  the  Solicitor  of  Agriculture,  It  has 
bi!fn  found  possible  In  many  cases  to  draft  project  agreements  and 
submit  them  to  the  state  already  signed  by  the  Secretar.v  of  Agri- 
culture. This  makes  It  unnecessary  to  return  the  papers  to  Wash- 
ington for  s'gnature,  and  was  done  to  enable  the  states  to  submit 
cla'ms  and  receive  payments  of  Federal  aid  promptly. 

7.  A  separate  division  of  the  engineering  force  in  'he  Wash- 
ington office  was  organied  to  handle  the  Federal-aid  vouchers  sub- 
mitted. The  number  some  months  rises  as  high  as  'lOO.  and  each 
one  of  them  involves  the  usual  monthly  estimate  of  construction, 
often  very  long  and  requiring  tlie  most  careful  checlting  and  .scru- 
tiny. I-arg©  possibilities  of  delay  existed  in  doing  this  work,  and 
every  effort  has  been  mode  to  expedite  it. 

$.  By  an  understanding  with  the  states,  claims  for  Federal 
aid  are  not  submitted  for  amounts  less  than  $1,000.  By  this  ar- 
rangement the  number  of  vouchers  has  been  reduced  about  30  per 
cent  below  what  they  otherwise  would  be  and  the  work  of  handling 
vouchers  proportionately  expedited. 

9.  Owing  to  the  large  number  oi"  incorrect  claims  for  very 
small  amounts,  numerical  errors  in  the  pro  rata  and  other  purely 
technical  details  in  vouchers  which  would  ordinarily  necessitate  the 
return  of  thg  voucher  to  the  state  for  correction,  the  practice  has 
been  adopted  of  using  the  5  per  cent  retent  uniformly  made  against 
the  states  to  cover  as  many  of  these  defects  as  possible. 

Federal  Aid  Progress. — In  spite  of  the  untoward  economic 
conditions,  and  attributable  in  no  small  degree  to  the  improve- 
ments in  methods  of  administration  effected  during  the  year, 
the  amount  of  Federal  Aid  business  handled,  as  represented 
by  numbers  of  projects,  was  appro.ximately  2.t  per  cent 
greater  during  the  single  year  than  all  previous  work  done 
under  the  act  since  1916.  An  average  of  139  new  projects 
were  received  and  approved  monthly. 

The  amount  ot  the  appropriations  made  by  the  Congress 
which  became  available  at  the  beginning  ot  the  fiscal  year 
was  $9.5,000,000,  ?20,000,00n  of  which  was  derived  from  the  act 
of  ,Tuly  11,  1916,  and  $75,000,000  from  the  Post  Office  appro- 
priation act  of  February  2S,  1919  (H.  H.  IIS.SOS).  From  this 
there  was  deducted  the  :;  per  cent  allowed  by  law-  for  admin- 
istrative purposes,  and  the  remainder,  or  $92,150,000,  was  ap- 
portioned among  the  several  states.  This  amount  was  in 
addition  to  the  $77,600,000  previously  apportioned  for  the  lis-  * 
cal  years  1917  to  1919,  inclusive,  so  that  tlie  total  amount 
which  has  been  apportioned  up  to  and  including  tliis  fiscal 
year  is  $169,750,000. 

Agreements  with  state  highway  departments  were  executed 
during  the  fiscal  year  to  cover  1.2Sfi  projects,  almost  three 
times  the  largest  number  executed  previously  in  any  one  fiscal 
year,  and  nearly  twice  the  total  number  executed  prior  to 
the  beginning  ot  the  year.  The  estimated  cost  of  the  projects 
covered  by  these  agreements  amounted  to  $197,571,626,  of 
which  amount  there  was  set  aside  in  the  Treasury  $S5, 906,556 
as  Federal  Aid.  At  the  close  ot  the  fiscal  year  1919  there 
had  been  executed  677  of  such  agreements,  involving  an  esti- 
mated cost  ot  $56,418,763  and  an  allowance  of  Federal  Aid 
amounting  to  $23,931,618.  Thus,  at  the  cIo.se  of  the  fiscal 
year  1920  a  total  of  1,963  bad  been  executed  to' cover  projects 
involving  15,178  miles,  at  a  total  estimated  cost  of  $253,990,- 
3S9,  including  $109,838,174  ot  Federal  Aid.  Of  the  funds  ap- 
portioned, therefore,  there  remained  at  the  end  of  the  fiscal 
year  an  unallotted  balance  of  $59,911,826. 

Under  the  terms  of  the  Federal  Aid  road  act  the  apportion- 
ments to  the  states  for  each  fiscal  year  remain  available  for 
expenditure  until  the  close  of  the  succeeding  fiscal  year,  but 
it  is  construed  that  funds  covered  by  agreements  are  ex- 
pended within  the  meaning  of  the  law.  Each  state  had  a 
suflficient  amount  of  funds  under  agreement  at  the  close  of 
the  fiscal  year  to  prevent  its  losing  any  part  of  the  funds  ap- 
portioned to  it. 

The  fact  that  nearly  $86,000,000  ot  Federal  Aid  was  allotted 
this  year  indicates  that  it  is  only  necessary  to  maintain  the 
present  rate  to  assure  the  allotment  of  the  entire  unallotted 
balance  ot  $156,911,826  before  the  end  of  the  fiscal  year  1922, 
which  is  the  date  on  which  the  last  of  the  appropriations  will 
lapse. 

At  the  end  ot  the  fiscal  year  there  were  1.835  projects  un- 
der construction,  involving  14,940  miles  and  Federal  Aid  to 
the  amount  of  $103,925,094.     These  projects  were  in  varloui 
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Bt;if;es  of  completion.  The  Federal  aid  allotted  for  the  com- 
pleted work  amounted  to  $31,174,732.  Many  of  the  projects 
were  more  than  90  per  cent  complete;  the  average  project 
was  .".0  per  cent  complete,  the  work  done  on  them  being 
roughly  equivalent  to  the  work  required  to  entirely  complete 
4,500  miles. 

In  addition  to  this  work  done  on  projects  still  under  con- 
struction at  the  end  of  the  year,  there  were  202  projects,  in- 
volving 1,677  miles  and  $8,920,353  of  Federal  Aid,  which  had 
been  entirely  completed.  Including  the  projects  under  con- 
struction and  completed  at  the  end  of  the  year,  there  were 
16,617  mile.s  of  Federal  Aid  road  which  had  been  placed  un- 
der contract,  a  mileage  which  exceeded  the  aggregate  length 
of  the  projects  for  which  formal  agreements  had  been  exe- 
cuted by  1,<139  miles.  This  condition  results  from  the  ruling 
of  the  Secretary  of  Agriculture,  which  permits  projects  to  be 
placed  under  contract  as  soon  as  the  plans,  specifications,  and 
estimates  have  been  approved  in  order  to  expedite  the  work. 

Including  the  Federal  Aid  allotted  for  completed  portions  of 
projects  under  construction  and  to  projects  entirely  com- 
pleted, the  Federal  money  allotted  for  completed  work  up  to 
the  end  of  the  year  amounted  to  $40,095,085.  At  the  end  of 
the  fiscal  year  1919  the  amount  allotted  for  completed  work 
was  only  $4,658,749,  so  that  the  Federal  Aid  allotted  to  work 
completed  during  the  year  was  $35,436,336.  These  figures  do 
not  represent  actual  vouchers  paid.  They  are  compiled  from 
the  reports  of  the  district  engineers  on  completed  work  and 
represent  the  value  of  the  finished  work  more  accurately  than 
the  sum  of  the  vouchers  paid,  because  of  the  lag  which  exists 
between  the  completion  of  the  work  and  the  payment  of  Fed- 
eral Aid.  The  total  cost  of  the  work  completed  during  the 
year,  includin.g  the  amount  paid  by  the  states,  was  approx- 
imately $80,000,000. 

The  rate  of  expenditure  is  increasing  rapidly  from  month  to 
mouth  as  more  and  more  of  the  projects  which  have  passed 
through  the  preliminary  stages  go  under  construction.  The 
expenditure  of  $80,000,000  for  the  year  will  be  greatly  ex- 
ceeded next  year,  but  even  this  rate  goes  far  beyond  the  rate 
of  expenditure  in  the  construction  of  the  Panama  Canal.  The 
performance  of  the  Government  in  the  construction  of  the 
canal  has  been  regarded  the  world  over  as  a  record-breaking 
achievement  in  respect  to  the  dispatch  with  which  it  was  car- 
ried out.  The  cost  of  that  work,  however,  was  only  $373,000,- 
noo.  and  ten  years  were  required  to  complete  it,  the  average 
rate  of  expenditure  being  therefore  only  $37,000,000  per  year 
or  less  than  halt  as  great  as  the  rate  of  expenditure  on  Federal 
Aid  roads  this  year. 

Comparing  the  magnitude  of  the  Federal  Aid  program  with 
the  entire  highway  program  of  the  United  States,  the  sig- 
nificance of  Federal  Aid  is  indicated  by  the  fact  that  the 
amount  of  Federal  money  allotted  to  projects  actually  under 
construction  at  the  end  of  this  fiscal  year,  namely,  $103,925,- 
094.  was  only  slightly  less  than  the  total  expenditure  of  $106,- 
861.0.'',3  from  state  funds  for  highway  construction  during  the 
calendar  year  1919  as  reported  to  this  bureau  by  the  states.* 
The  estimated  total  cost  of  these  projects  was  greater  than 
the  whole  expenditure  during  1919  by  states  and  local  gov- 
ernments. 

Location  and  Character  of  Federal  Aid  Roads—The  Fed- 
eral Aid  road  act  as  amended  requires  that  any  road  to  re- 
ceive Federal  aid  must  be  a  rural  post  road,  defined  as  any 
public  road  a  major  portion  of  which  is  now  used,  or  can  be 
used,  or  forms  a  connecting  link,  not  to  exceed  10  miles  in 
length  of  any  road  or  roads  now  or  hereafter  used  for  the 
transportation  of  the  United  States  mails. 

In  addition  to  seeing  that  the  roads  for  which  aid  has  been 
requested  by  the  states  comply  with  this  statutory  require- 
ment, the  bureau  has  also  made  an  investigation  in  connec- 
tion with  each  project  submitted  to  ascertain  that  the  road 
in  question  is  of  sufficient  general  importance  to  warrant  the 
expenditure  of  Federal  Aid  funds  in  its  construction. 

The  Federal  Aid  funds  will  not  be  expended  entirely  for  so- 
called  national  roads.  A  large  part  of  the  money  will  be  ex- 
pended in  improving  the  roads  which  radiate  from  market 
and  shipping  points  into  the  surrounding  agricultural  coun- 
try, the  class  of  roads  which  in  the  last  analysis  are  most 
closely  identified  with  the  development  of  the  country. 

In  many  of  the  states,  particularly  those  of  the  East,  which 
have  highway  departments  of  long  standing,  the  majority  of 
the  trunk-line  roads  have  already  been  improved.     In  these 
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■Hates  Federal  aid  is  given  to  assist  in  filling  the  gaps  which 
remain  in  the  trunk  systems,  and  for  the  construction  of  the 
more  important  lateral  roads.  On  the  other  hand,  there  is  a 
decided  tendency  in  the  younger  states  of  the  West  to  utilize 
their  apportionments  of  Federal  Aid  on  trunk-line  highways 
of  national  importance.  As  an  indication  of  the  extent  to 
which  this  policy  governs,  there  was  at  the  end  of  the  fiscal 
year  a  total  of  8,620  miles  of  Federal  Aid  road  which  had 
been  approved,  and  which  constituted  parts  of  the  several 
transcontinental  trails,  such  as  the  Lincoln  Highway,  the 
Bankhead  Highway,  the  Dixie  Highway,  the  Jackson  High- 
way, and  others.  This  mileage  represented  30  per  cent  of 
the  aggregate  length  of  all  Federal  Aid  roads  approved,  and 
S58,745,359,  or  36  per  cent,  of  all  the  Federal  Aid  approved. 
Eighty  per  cent  of  the  mileage  in  Indiana  is  included  in  one 
of  these  marked  roads,  86  per  cent  in  Nevada,  54  per  cent  in 
Arizona,  50  per  cent  in  Washington,  while  in  Pennsylvania 
and  New  York,  which  have  already  constructed  most  of  the 
roads  of  this  category,  the  mileage  represents  15  and  17  per 
cent,  respectively,  of  the  whole  mileage  of  Federal  Aid  roads. 
In  thus  referring  to  the  mileage  of  our  roads  which  is  in- 
cluded in  these  selected  routes,  it  is  not  intended  to  convey 
the  impression  that  such  routes  constitute  a  desirable  or  com- 
plete system  of  national  roatls.  Indeed,  it  is  safe  to  say  that 
no  one  of  such  roads  is  laid  down  at  all  points  in  the  most 
suitable  location.  In  many  instances  we  believe  that  sec- 
tions of  our  roads  which  do  not  fall  on  the  lines  of  these 
routes,  will  better  serve  the  transcontinental  traveler  than 
the  selected  routes,  but  in  the  main  these  widely  advertised 
roads  do  follow  the  natural  lines  of  travel. 

In  order  to  provide  a  more  rational  basis  for  co-ordinated 
work  on  the  part  of  the  states,  the  bureau,  in  conference  with 
the  advisory  committee  of  state  highway  officials,  has  initi- 
ated plans  for  a  nation-wide  survery  of  the  roads  of  the  coun- 
try, and  a  classification  of  all  highways  in  respect  to  their 
importance  and  character  of  service.  The  survey  when  com- 
pleted will  doubtless  furnish  the  necessary  data  for  the  estab- 
lishment of  a  classified  system  of  highways  similar  to  the 
French  system. 

Already  the  bureau  is  co-operating  with  the  War  Plans  Divi- 
sion of  the  General  Staff  and  the  Corps  of  Engineers  of  the 
War  Department  in  a  study  the  purpose  of  which  is  the  se- 
lection of  those  highways  which  are  important  from  a  mili- 
tary standpoint,  though  at  the  outset  it  is  recognized  that  the 
highways  which  are  required  for  commerce  and  national  de- 
velopment are  in  general  identical  with  those  required  for 
military  purposes.  This  work,  which  has  been  undertaken 
by  the  War  Department  at  the  suggestion  of  the  bureau,  is 
being  assisted  in  every  way  possible.  The  detailed  studies 
are  being  conducted  by  the  department  commanders,  and  the 
bureau  is  supplying  maps  and  necessary  information  relative 
to  highways  under  consideration. 

The  recommendations  of  the  several  department  command- 
ers will  be  co-ordinated  under  the  direction  of  the  General 
!~tali:  and  furnished  to  the  bureau  as  a  complete  report  cover- 
ing the  highways  of  importance  from  a  military  standpoint 
in  the  United  States.  When  received  the  recommendations 
in  this  report  will  be  given  careful  consideration  and  will  be 
taken  up  in  conference  with  the  state  highway  departments 
with  a  view  to  expeditin.g  the  improvement  of  these  highways 
as  a  part  of  the  Federal  Aid  program. 

Considerations  in  Determining  Adequacy  of  Federal  Aid 
Projects. — The  requirement  of  the  act  that  the  construction 
of  Federal  Aid  roads  must  be  of  a  substantial  type  must  ap- 
ply with  equal  force  in  the  desert  of  Nevada  and  the  densely 
populated  areas  of  New  England,  New  York  and  Pennsyl- 
vania. In  considering  types  of  construction  which  may  be 
approved  for  Federal  Aid  it  has  been  impossible  to  apply  fixed 
•ind  definite  standards  because  no  standards  can  be  found 
which  will  meet  the  variety  of  conditions  presented  through- 
out the  country. 

Without,  therefore,  setting  up  definite  requirements  of  con- 
struction or  stipulating  that  roads  of  a  certain  type  or  types 
only  shall  be  constructed,  it  has  been  necessary  to  apply  more 
fundamentai  considerations  to  determine  the  adequacy  of 
roads  proposcil  by  the  states  as  Federal  Aid  projects.  The 
considerations  applied  in  determining  whether  a  particular 
project  is  adociuate  and  of  a  substantial  type  may  be  grouped 
under  four  general  classes. 

The  first  class  refers  to  traffic,  and  under  this  heading  each 
project  is  considered  with  respect  to — 

(a)  The  amount  of  trafl^c  at  present  using  the  road. 


(7) 
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(b)  Th"  imiurc.  of  itii-  preBent  tralllc,  wllli  Bpocial  reference 
to  the  amount  of  lu'iivy  truckliiK. 

10  Tho  probable  future  tramc  which  will  use  the  roafl 
nflop  Improveni-nt.  „     ,      ,     . 

A  coiiBltliruilon  of  the  lost  Item  above  naturally  leads  to 
the  »i'con.l  Kroiip  of  'I'll'i  wh'^h  Ib  considered  In  approving  a 
project.     ThlH  Kroup  has  to  do  with— 

(a)  Tho  type  of  ailjacfnt  roads. 

(b)  The  relation  of  the   proposed   road  to   the  state  road 

RVHtOm. 

■il  and  adequate  improvement  of  adjacent  or  con- 
,,,  ,,|H  fr.'Muenlly  asBlstB  in  determinine  what  type  will 

b..  a.l.'.,i.;.t..  under  trafllc  lilteiy  to  develop:  and  the  part 
which  th.-  new  road  will  pliiy  In  the  general  state  system  Is 
furlhrr  Indiratlon  of  the  probable  future  traffic. 

n.'cuuBo  of  abnormal  conditions  in  the  materials  market 
durlnK  the  past  year  and  the  difflrulty  of  securinp  transporta- 
tion facllitloB.  many  projects  have  been  affected;  but  entirely 
anldn  from  these  abnormal  conditions,  which  temporarily  af- 
fect malorlalB  and  methods  of  construction,  a  third  group  of 
considi-nitions  is  applied  In  determining  the  adequacy  of  Fed- 
eral Aid  projects.     The  elements  of  this  group  are — 

(a)  Tho  quality  and  kind  of  local  materials  available  for 
construction. 

(b)  reciillur  loc.il  conditions  affecting  construction. 

(c)  Prevailing  practice  in  highway  construction  in  the  state 
or  locality. 

It  Is  frequently  found  that  suitable  local  materials  are  so 
much  less  costly  than  better  materials  imported  from  a  dis- 
tonce  that  the  construction  of  a  lower  type  of  work  with  the 
local  material  is  Justinable.  and  as  It  is  important  to  develop 
moterial  sources  throughout  the  country  on  as  large  a  scale 
ns  possible,  approval  of  the  use  of  local  materials  is  not  in- 
frequently made  for  the  purpose  of  encouraging  local  produc- 
tion. There  are  also  occasional  peculiar  conditions  affecting 
the  methods  of  construction.  For  instance,  in  parts  of  the 
far  West  the  entire  absence  of  water  along  a  right  of  way  and 
tho  expense  of  piping  an  adequate  supply  for  20  or  30  miles 
makes  the  construction  of  any  type  requiring  large  quantities 
of  water  uneconomical,  and  under  these  conditions  other 
types  are  approved  which  can  be  constructed  without  the  use 
of  large  quantities  of  water.     The  local  practice  must  occa- 

si'MaMart  of  milks  and  types  of  roads  for  which 
puans    epktifir.vtions  .and  rstimatrs  have  been 
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sionuUy  be  considered,  because  of  the  difficulty  of  securing 
contractors  vben  unusual  or  strange  requirements  regarding 
the  worlv  are  insisted  upon.  For  this  reason  the  prevailing 
practices  of  the  state  in  certain  details  of  construction  are 
admitted  as  affecting  the  design  and  type  of  work. 

The  last  group  of  considerations  is  of  a  more  technical  na- 
ture and  is  at  the  present  time  confined  to  the  results  of  ex- 
periments and  studies  made  by  the  bureau  and  believed  to  be 
applicable  to  a  greater  or  less  extent  in  determining  the  sub- 
stantial nature  of  proposed  pavements.  These  experiments 
have  to  do  with  tlie  resistance  of  the  commoner  types  of  pave- 
ment construction  to  impact  and  to  the  effects  of  heavy  motor 
truck  traffic.  Studies  of  soil  conditions  in  progress  under  the 
direction  of  the  bureau  likewise  furnish  additional  informa- 
tion which  can  be  applied  in  determining  whether  the  designs 
for  bases  and  sub-bases  of  pavements  are  adequate. 

With  these  several  considerations  in  mind  the  initial  de- 
cision as  to  the  type  of  a  particular  road  is  made  by  the  state 
highway  department.  Its  decision  is  reviewed  by  the  bureau 
after  an  independent  study  of  the  conditions,  and  the  type  of 
road  finally  decided  upon  is  that  type  which  in  the  judgment 
of  the  engineers  of  the  state  department  and  of  this  bureau 
is  the  most  suitable  under  the  circumstances. 

The  types  of  road  selected  and  constructed  in  this  manner 
have  included  practically  all  the  well  known  forms  of  con- 
struction from  unsurfaced  earth  roads  to  high  class  concrete, 
brick,  and  bituminous  concrete  roads.  In  point  of  mileage 
the  low  types  of  earth,  sand  clay,  and  gravel  represent  about 
GG  per  cent  of  all  the  roads  constructed;  the  intermediate 
types  of  water-bound  macadam  and  bituminous  macadam, 
etc.,  constitute  only  about  7  per  cent;  and  the  high  types  of 
concrete,  brick,  bituminous  concrete,  etc.  (including  a  consid- 
erable mileage  the  type  of  which  has  not  been  definitely  de- 
cided, but  which  will  be  surfaced  with  one  of  the  higher  types 
of  pavement),  involve  about  24  per  cent  of  the  total  mileage. 
A  hasty  conclusion  drawn  from  these  statistics  might  make 
it  appear  that  the  Federal  funds  are  being  spent  to  too  great 
an  extent  on  roads  of  relatively  unsubstantial  character.  On 
the  contrary,  the  bulk  of  the  money  is  being  expended  for 
roads  of  the  high  and  intermedite  type — 60  per  cent  for  the 
former  and  !)  per  cent  for  the  latter — and  only  about  one-quar- 
ter of  the  money  allotted  has  gone  for  the  roads  of  the  lower 
type,  which  constitute  66  per  cent  of  the  mileage.  Not  only, 
however,  is  the  major  portion  of  the  Federal  money  expended 
for  roads  of  the  higher  type,  but  the  roads  themselves  are  of 
distinctly  higher  type,  in  the  average,  than  the  roads  con- 
structed by  the  state  highway  departments. 

The  following  table  shows  the  classified  mileage  of  roads 
supervised  by  the  state  highway  departments  during  the  cal- 
endar year  1919,  as  reported  to  the  bureau  by  the  several  de- 
partments. In  the  parallel  columns  the  mileage  of  the  types 
of  Federal  Aid  road  is  repeated  for  purposes  of  comparison. 
Percentages  of  each  type  and  each  class  are  shown  for  the 
Federal  and  state  roads.  It  will  be  clear  from  an  examina- 
tion of  this  table  that  the  Fedral  Aid  roads  are  relatively 
more  substantial  in  the  average  than  the  roads  built  under 
state  supervision  alone. 
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$      224.717 

5,658.458 

18,048.442 

S5.906.556 

As  projects  are 
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Mechanical  Loader   Cuts  Road 
Concreting  Crew  to  13  Men 

A  mechanical  loader  which  picks  up  the  aggregate  from 
ground  storage  piles,  measures  it  to  correct  proportion  and 
conveys  it  to  the  mixer,  was  the  outstanding  feature  of  a 
road  job  at  Carrollville,  Wis.,  on  which  the  Jacobus  &  Wind- 
ing Construction  Co.  of  Milwaukee  was  the  contractor.  By 
the  use  of  this  machine  the  crew  was  reduced  to  13  men. 
nearly  all  of  whom  were  skilled  workers,  the  manual  labor 
in  connection  with  the  work  being  almost  entirely  dispensed 
with   by  the   loader. 

The  roadway  was  20  ft.  wide  7  in.  and  8  in.  concrete, 
1:2:3^^  mix,  reinforced  with  wire  mesh.  A  2-bag  mixer  was 
used.  The  work  was  carried  on  under  conditions  which 
proved  about  as  bad  as  any  ever  encountered  in  road  con- 
struction. A  large  part  of  it  was  through  deep  cuts  and  the 
subgrade  was  in  exceptionally  bad  condition  as  a  result  of 


F^ 
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Construction  View  of  Carrollville,  Wis.,   Road  Job. 

continued  rain  and  poor  drainage.  The  necessity  for  com- 
pletion of  this  work  before  cold  weather  set  in,  compelled 
the  work  to  go  on  in  spite  of  these  adverse  conditions.  Due  to 
the  absence  of  any  manual  labor  in  shoveling  or  wheeling 
over  a  muddy  subgrade,  it  was  possible  to  carry  on  con- 
struction work  in  spite  of  the  fact  that  the  rain  interrupted 
the  work  every  few  days.  It  was  found  that  the  machine 
could  operate  regardless  of  sub-soil  conditions  and  nothing 
but  actual  rain  could  stop  the  progress  of  the  work. 

The  mixer  loader  used,  consists  of  a  long  framework 
mounted  on  self-propelled  trucks  which  carries  a  rubber  belt 
conveyor  which  discharges  the  material  through  a  chute  into 
the  mixer  skip.  On  the  top  of  this  framework  a  bucket  ele- 
vator is  mounted  so  as  to  move  back  and  forth  along  the 
frame  to  adjust  it  into  working  relation  to  the  piles  of  sand 
and  stone  adjacent  to  the  loader.  Underneath  this  elevator 
and  above  the  belt  conveyor  a  hopper  Is  mounted  which  is 
divided  Into  a  number  of  compartments  and  is  movable  along 


the  frame  so  that  anyone  of  these  compartments 
may  be  placed  in  position  for  the  elevator  to  discharge 
into  it.  In  operation  the  elevator  first  fills  a  series  of  sand 
hoppers  sufficient  for  eight  batches  and  then  moves  into  po- 
sition to  elevate  stone,  for  which  two  hoppers  are  provided. 
When  the  elevator  fills  a  stone  hopper  it  is  discharged,  to- 
gether with  a  sand  hopper,  onto  the  belt  and  carried  to  the 
mixer.  When  the  last  sand  hopper  is  discharged,  the  ele- 
vator is  moved  to  the  sand  pile  and  in  less  than  two  min- 
utes will  refill  the  eight  sand  compartments.  During  this 
time  the  two  compartments  of  stone  are  ready  for  delivery 
to  the  mixer  so  that  no  delay  results  in  changing  the  eleva- 
tor from  one  pile  to  the  other. 

The  elevator  is  built  in  the  form  of  a  separate  unit  and  is 
operated  by  a  four  cylinder  motor.  The  belt  conveyor,  the 
traction,  and  the  hopper  are  driven  by  a  second  engine  lo- 
cated at  the  rear  of  the  framework.  The  two  power  plants 
are  identical. 

The  material  is  spouted  into  the  mixer  skip  by  means  of 
a  nwivel  chute  pivoted  at  the  end  of  the  framework.  The 
purpose  of  this  chute  i.s  to  enable  the  material  to  be  spouted 
well  toward  the  inside  of  the  skip  and  also  to  allow  consid- 
erable variation  between  the  mixer  and  loader  so  that  exact 
alignment  is  unnecessary.  This  proves  to  be  a  considerable 
lime  saver  in  moving. 

The  material  was  spotted  in  piles  at  one  side  of  the  road. 
It  wag  delivered  by  trucks  and  four  piles  were  made  in  50 
ft. — sand  and  stone  were  placed  alternately.  The  range  of 
the  elevator  being  a  little  over  50  ft.  enables  it  'to  work  on 
any  one  of  four  piles  with  one  setting  of  the  machine.  Con- 
siderable additional  range  is  provided  by  the  swivel  chute 
which  can  be  extended  either  forward  or  backward  to  dis- 
charge the  material  into  the  mixer  skip.  In  this  way  a  total 
variation  of  70  ft.  is  possible  in  the  piles. 

By  placing  material  on  one  side  of  the  road  the  other 
side  was  left  open  for  bringing  up  additional  material  and 
cement.  On  this  job  sufficient  room  was  left  between  the 
loader  and  the  foi-ms  to  bring  up  cement  in  wagon  loads  and 
pile  it  within  20  ft.  of  the  mixer.  The  piles  of  sand  and  stone 
were  approximately  12  ft.  wide,  two  to  three  truck  loads  be- 
ing dumped  on  each  pile.  These  were  almost  completely 
picked  up  by  the  elevator,  only  one  man  being  required  for 
cleaning  up.  This  man  was  able  to  clean  the  material  up 
thoroughly  enough  so  that  the  loss  of  material  was  negligible. 
On  one  side,  forms  were  set  several  hundred  feet  in  ad- 
vance of  the  mixer  and  on  the  other  side  they  were  set  as 
far  as  the  piles  of  material  permitted.  The  inclined  section 
of  the  conveyor  extends  to  a  height  of  about  12  ft.  and  per- 
mits a  length  of  about  30  ft.  between  the  skip  of  the  mixer 
and  the  wheels  of  the  loader  for  finish  grading  with  suffi- 
cient head-room  for  men  to  work  without  danger.  As  pre- 
viously stated,  although  the  subgrade  was  in  exceptionally 
bad  condition  and  needed  considerable  trimming,  still  this 
30  ft.  of  working  space  was  all  that  was  ever  required. 
The  crew  consisted  of  13  men,  placed  as  follows: 

1  finisher.  .  ... 

2  men  spreading-  mixed  concrete  and  laymg'  remtorcmg. 
1  mixer    engineer. 

1  fireman  (helper  on  loader  chute). 

2  cement  men. 

2  men  for  preparing  the  grade. 
1  loader  engi.ieer. 
1  man  operating  hoppers  on  loader. 
1  man  cleaning  up  material  piles. 
1  form  setter. 

This  crew  required  considerably  less  supervision  than  the 
ordinary  mixer  crew,  chiefly  because  only  halt  as  many  men 
were  required  and  most  of  these  were  skilled  workmen  who 
in  turn  set  the  pace  for  the  laborers.  Considerable  economy 
was  effected  outside  of  the  direct  saving  in  wages  by  such 
a  reduction  of  the  crew.  Labor  turn-over  was  almost  re- 
duced to  nil,  most  of  the  men  being  old  and  steady  employes. 

The  crew  was  transported  to  the  job  from  Milwaukee,  a 
distance  of  15  miles,  by  three  of  the  men  who  owned  Fords, 
the  contractor  paying  these  men  the  equivalent  of  the  train 
fare  for  transportation. 

Weather  conditions  and  other  delays  beyond  the  control 
of  the  contractor  and  later  freezing  weather,  interrupted 
progress  of  the  job  to  such  an  extent  that  accurate  data  re- 
garding average  production  would  mean  very  little.  The  aver- 
age progress  of  the  work  was  approximately  on  the  basis  of 
30  ft.  per  hour. 
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Shippinji  and  Storinji  Road  Huiiding 

Materials  During  Winter 

and  Early  Spring 

Ttic<  roiid  bulUllnn  Hcason  In  th«  Northern  Slutt>8  Is  from 
Mny  Id  Novfiiihor,  iiboiit  six  iiioiiHiH.  TUe  average  contrac- 
tor, howi-vcr.  IB  alili'  to  Imlld  roads  only  about  half  this  time, 
for  ho  had  to  contt'nd  with  rainy  weather,  some  of  his  men 
may  fall  to  show  up  for  work  some  mornings,  a  piece  of  equip- 
ment may  go  wrong,  ho  may  not  have  material,  etc.,  etc. 
Th€<re  nro  a  hundred  and  one  thluKs  that  may  happen  on  a 
road  Job  to  delay  It,  and  as  a  result,  the  end  of  the  se.-ison 
Onds  the  contractor  with  only  75  to  100  actual  working  days 
to  hl!<  credit.  The  contractor  Is  constantly  trying  to  antici- 
pate and  prevent  these  delays.  He  adopts  methods  and  plans 
his  work  to  overcome  as  far  as  possible  delays  because  of 
rains.  To  ellmlnalo  lalmr  trouble  he  buys  modern  machinery 
that  does  work  formerly  done  by  hand.  But  his  biggest  de- 
lays have  been  because  the  railroads  have  not  delivered  ma- 
terial to  him  regularly  during  the  construction  season.  In  an 
effort  to  remedy  this  condition  The  Lakewood  Engineering 
Co.  sent  letters  to  contractors,  highway  engineers,  banks. 
ehamben  of  commerce,  railway  officials  and  others  interested 
or  concerned  with  the  country's  highway  program,  pointing 
out  that:  If  road  materials  are  transported  and  stored  dur- 
ing the  winter  and  early  spring  months  when  open-top  cars 
are  more  available  than  they  are  during  the  construction  sea- 
son, the  contractors  could  proceed  with  considerable  less  in- 
terruption a'nd  their  working  season  would  be  increased  ac- 
cordingly. 

Many  replies  were  received  to  these  letters.  Most  of  them 
are  In  hearty  accord  with  the  plan  suggested  and  offer  help  in 
mrking  It  a  success.  Several  letters  tellSvhat  has  already 
been  done  along  this  Hue.  For  instjince,  at  Ogden,  Utah,  ma- 
terials for  20  miles  of  road  were  shipped  in  last  winter,  and 
this  road  was  completed  during  the  past  season  in  record 
time.  The  state  of  Delaware  has  followed  this  practice  for 
three  years.  The  Board  of  Freeholders  of  Passaic  county, 
New  Jersey,  have  acquired  a  central  storage  yard  for  stock- 
piling road  materials  this  winter.  An  Illinois  city,  Belle- 
ville, has  already  stored  cement  for  next  season's  work. 

It  Is  surprising  that  the  idea  is  apparently  new  to  many. 
It  was  strongly  urged  last  year  by  several  state  highway  de- 
partments, as  well  as  the  U.  S.  Office  of  Public  Roads.  Nev- 
ertheless, many  of  the  letters  Indicate  that  the  idea  is  a  new 
one  In  many  parts  of  the  country'-  The  arguments  for  the  de- 
livery of  highway  materials  in  winter,  in  brief,  are  set  forth 
as  follows: 

In  g'Mieral  there  Is  a  surplus  of  open-top  cars  in  winter, 
which  should  be  utilized. 

Payment  by  states  for  materials  when  delivered  is  possible 
In  -'S  slates,  but  It  not  po.'^sible  In  ten  under  present  laws. 

Prices  of  materials  will  probably  not  fall  by  spring,  there- 
fore It  Is  just  as  well  to  buy  now,  borrowing  the  money  if  nec- 
essary. 

Krozcn  road  materials  are  not  diflicult  to  unload  and  can  be 
handled  In  the  winter  far  better  than  a  road  can  be  laid  late 
In  the  fall,  due  to  delayed  deliveries  In  the  summer. 

If  ihore  Is  an  active  market,  quarries  will  continue  opera- 
tions In  tho  winter  to  meet  the  demand,  possibly  remaining 
open  ihf  year  round. 


Insuring  Proper  Contour  at  Street  Intersections.— Con- 
struction of  a  wi  ion  at  Ganier.  la.,  was 
»lint>!i|!.-d  hv  tt,r  iicrete  pavement  blocks, 
'"'■'  wliiili  iho  remaining  concrete  was 
'"  ■HLordIng  to  Concrete  Highway 
'^'  '  rms  on  which  the  workmen 
"'"                                                   ■   'ho   pavement.     In  addition, 

lb  corners,  which  other- 

ii    desirable.     One   week 

pUced,  the  "platforms"  were 

cpTiff-r  line  of  the  narrower 

of  the  area  wihin 

'   '.vhlch  th;?  riehnd 


Jo  I 

In' 

th«.ii'i'Uk;i.i_> 


edges   o(   the 
t  the  concrete 
'Ue  frooh  concrete. 


Binding  and  Preserving  Files  of 
Engineering  and  Contracting 

BY  ROBERT  S.  STOCKTON. 

The  readers  of  technical  magazines  who  are  permanently 
stationed  outside  the  cities  can  well  afford  to  keep  files  of 
magazines  which  have  helpful  articles  on  nearly  every  subject 
of  interest  to  engineers.  The  use  made  of  such  magazines 
depends  on  having  them  conveniently  bound  and  indexed. 
The  writer  has  made  a  practice  of  removing  the  advertising 
matter,  and  sewing  the  sections,  but  this  Involves  too  much 
labor. 

For  individual  and  office  use,  it  is  not  necessary  to  have 
these  volumes  of  the  magazine  bound  by  a  regular  book- 
binder, or  in  permanent  form,  as  is  desirable  for  a  library, 
but  some  form  of  binding  the  magazines  after  removing  the 
large  bulk  of  advertising  pages,  is  necessary  for  convenient 
handling  and  use  and  so  that  they  may  be  stored  in  a  small 
space. 

The  clipping  and  filing  of  articles  under  certain  heads  may 
answer  the  requirements  of  some  engineers;  but  it  fre- 
quently happens  that  the  thing  most  wanted  is  not  saved,  and 
besides  hunting  through  a  filing  system  is  less  effective  than 
going  through  the  index  of  several  volumes  of  Engineering 
ana  Contracting. 

Most  engineers  also  desire  to  keep  up  with  matters  outside 
their  specialty,  as  they  never  know  when  their  interests  may 
lead  to  another  line  of  work,  which  is  another  reason  for 
saving  complete  files  of  important  technical   publications. 

The  method  now  used  by  the  writer  for  binding  the  volumes 
of  magazines  that  are  worth  saving  is  as  follows: 

First  remove  the  metal  clips  used  by  the  bindery,  and  strip 
oil  the  paper  cover  and  advertising  sections.  This  process  is 
facilitated  if  the  printer  will  arrange  his  sheets  so  that  the 
printed  matter  is  folded  together  in  one  or  two  sections,  so 
that  it  separates  from  the  advertising  matter  without  liaving 
to  cut  the  pages  containing  advertisements  away  from  the 
printed  matter  sections. 

In  any  event,  separate  the  printed  matter  and  arrange  it 
in  order  with  the  index  and  fly  leaves  if  desired.  The  sim- 
plest cover  is  made  from  two  of  the  outside  covers  of  the 
magazines.  Since  the  volume  to  be  bound  is  much  thicker 
than  a  single  magazine,  the  covers  will  not  reach  clear  around 
from  edge  to  edge,  but  the  front  cover  can  be  be  placed  last 
so  it  will,  for  the  front  or  top  cover  of  the  volume,  present  to 
the  eye,  the  front  magazine  cover  selected,  showing  the 
proper  year,  volume  number,  and  name  of  the  magazine  being 
bouiiQ.  In  the  case  of  Engineering  and  Contracting,  if  you 
are  principally  interested  iir  Water  Works  and  Hydraulics, 
take  a  cover  bearing  that  headline.  The  iuterlapping  covers 
can  later  be  pasted  together  it  desired  or  a  heavier  cover 
can  be  built  up. 

Next  take  two  smooth  pieces  of  board  about  18  in.  long 
and  3  in.  wide.  Near  each  end  bore  holes  and  put  through  a 
%  in.  X  4  in.  bolt  with  a  square  head.  Over  each  bolt  head, 
nail  a  block  with  a  square  hole  dapped  in  to  fit  the  head  and 
prevent  the  bolt  turning.  Use  two  w-ing  nuts  about  ^  in. 
long  and  you  have  a  convenient  clamp  that  can  be  used  for 
binding  a  variety  of  papers.  Three  holes  3/16  in.  diameter 
are  bored  about  %  in.  from  one  edge  and  spaced  4  in.  apart, 
which  is  suitable  for  binding  letter  size  paper  or  anything 
not  much  larger.  Other  holes  may  be  used  with  a  different 
spacing  if  desired  for  binding  odd  sizes  of  paper. 

Now  for  the  binding.  Place  the  volume  as  prepared  in  the 
clamp,  keeping  the  back  as  straight  as  possible;  tighten  the 
wing  nuts  so  the  volume  is  held  firmly  as  it  is  to  be  bound. 
Next  take  an  ordinary  3/16  in.  machinist's  drill  in  a  carper- 
ter's  brace,  or  better,  a  machinist's  breast  drill,  and  bore 
three  holes  straight  through  the  volume  at  the  desired  dis- 
tance from  the  edge  and  guided  by  the  three  holes  in  the 
wooden  clamp. 

After  the  holes  are  bored,  remove  the  volume  carefully  from 
the  clamp  and  at  once  insert  three  heavy  brass  paper  clips 
of  the  proper  length  and  weight.  When  these  clips  are  turned 
down  and  fastened,  the  volume  will  be  neatly  and  securely 
bound  and  will  last  indefinitely  with  careful  use 

The  clamps  are  simple  and  inexpensive,  and  the  breast 
drill  will  be  found  in  most  any  shop,  or  an  outfit  can  be  pur- 
chased and  will  be  of  use  as  long  as  wanted. 

This  system  of  binding  is  in  use  in  our  oflace  to  bind  type- 
writtca  reports,  etc.,  sometimes  with  a  cover  of  blueprint 
tracing  cloth,  or  ordinary  detail  paper.     The  method  has  been 
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found  so  simple  and  useful  that  it  is  described  as  a  suggestion 
to  otliers  who  may  be  interested. 


Snow  Removal  in  American  Cities 

The  importance  of  keeping  at  least  the  main  municipal  ar- 
teries of  travel  free  from  snow  is  growing  rapidly  as  a  result 
of  the  increasing  use  of  the  motor  vehicle  for  municipal  and 
bu^^iness  purposes.  The  solution  of  the  snow  removal  prob- 
lem in  cities  is.  therefore,  of  prime  importance.  In  order  to 
make  available  to  municipal  officials  complete  and  up-to-date 
information  about  snow  removal  methods  in  American  cities, 
the  kind  of  apparatus  now  used  and  the  suggestions  and  opin- 
ions of  experts  and  others  who  have  studied  the  subject,  the 
New  York  State  Bureau  of  Municipal  Information  has  sought 
reports  from  American  cities  and  has  summarized  all  printed 
material  it  has  been  able  to  find  on  the  subject.  These  data 
are  given  in  a  report  of  the  Bureau  issued  on  Nov.  20,  which 
summarizes  the  information  as  follows: 

The  heavy  investments  in  motor  trucks  for  cartage  and 
transportation,  the  motorizing  of  municipal  police,  fire  and 
public  works  equipment  and  the  increasing  use  of  pleasure 
cars  during  the  winter,  make  the  use  of  motor  vehicles  the 
entire  year  a  matter  of  municipal  concern.  Already  many 
city  administrations  have  recognized  this  changed  condition, 
and  it  is  the  general  belief  that  within  a  very  short  time  all 
m\inicipalities  will  appreciate  the  need  of  snow  removal,  and 
act  accordiiigly.  In  a  recent  article  Harry  R.  Hayes,  former 
Commissioner  of  Public  Works  of  Utica,  says:  "Today  any 
slight  street  congestion  caused  by  snow  conditions  not  only 
retards  transportation  in  the  commercial  and  manufacturing 
fields  but  also  seriously  ah°ects  the  efficient  operation  of  mo- 
torized fire  equipment  and  disrupts  the  important  work  of 
garbage  and  refuse  collection  and  removal.  There  is  need  for 
extended  snow  removal  work  to  afford  parking  spaces  for 
passenger  vehicles.  The  business  men  in  the  store  districts 
show  a  strong  desire  to  have  the  streets  kept  cleared  of  snow 
for  business  reasons.  They  realize  the  necessity  more  each 
year  for  clean  and  uncongested  streets  both  in  summer  and 
winter.  It  is  also  generally  recognized  that  the  more  work 
that  is  directed  on  snow  removal,  the  less  ice  there  will  be  to 
remove,  and  the  less  amount  of  street  cleaning  there  will  be 
to  do  in  the  spring.  It  will  also  affect  the  cost  of  fire  fight- 
ing and  garbage  and  ash  collection." 

There  are  three  distinct  methods  of  attacking  the  problem: 

(1)  Clearing  streets  tor  traffic. 

(2)  Snow  removal. 

(3)  Snow  fighting. ' 

Keports  from  New  York  State  cities  show  that  in  the 
smaller  communities  and  even  in  some  of  the  large  ones,  the 
snow  is  either  packed  down  or  cleared  to  one  part  of  the  road- 
way. If  this  accumulation  becomes  too  great,  a  part  or  all  of 
It  is  carted  away.  In  some  cities  all  of  the  snow  is  removed 
in  the  congested  district  and  the  streets  in  the  residential 
districts  are  simply  cleared  for  traffic. 

Until  recent  years  it  was  the  custom  in  all  cities  to  wait 
until  the  storm  ceased  before  beginning  snow  removal.  Sev- 
eral cities  now  recognize  the  efficacy  of  beginning  work  while 
the  snow  is  falling.  These  cities  have  a  snow  alarm  which 
sounds  whenever  indications  point  to  a  heavy  fall  of  snow  or 
when  a  certain  amount  has  fallen. 

Efficient  snow  fighting  methods  involve  three  things: 

(1)  Preparedness. 

(2)  Organization. 

(3)  Equipment. 

It  is  generally  agreed  that  a  city  which  removes  snow  in 
at  least  its  main  arteries  of  travel,  should  start  work  before 
the  snow  becomes  too  deep.  When  the  snow  fall  is  allowed 
to  accumulate  or  to  freeze,  the  problem  becomes  serious. 

All  who  have  been  interested  in  the  subject  emphasize 
the  importance  of  preparedness  and  thorough  organization. 
Some  of  the   cities  have  very   comprehensive   organizations. 

The  consensus  of  opinion  is  that  wherever  possible  effective 
machinery  should  be  used  and  thereby  reduce  to  a  minimum 
dependence  on  labor.  It  is  pointed  out,  however,  that  care 
should  be  exercised  in  investments  for  equipment,  as  ma- 
cbinery  used  exclusively  tor  snow  fighting  is  idle  so  much 
of  the  time  that  every  effort  should  be  made  to  use  such  avail- 
able apparatus  that  the  city  has  and  that  can  be  temporarily 
converted  into  use  for  snow  fighting.  In  the  spring,  summer 
and  fall  this  apparatus  can  be  used  for  other  municipal  service. 
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Utilization   of   Existing   Macadam 

as  Base  for  Bituminous 

Pavements* 

By  JULIUS  ABLER, 
Technical  Engineer,   The  Atlantic  Refining.  Co. 

The  following  advantages  have  been  claimed  for  the  use 
of  macadam  as  a  foundation  under  asphalt  pavements  of 
various  kinds: 

Economy  in  utilizing  existing  macadam  pavements. 

Lower  cost  (depending  upon  available  materials,  labor 
rates,  etc.)  of  construction  of  new  macadam  base  as  compared 
to  Portland  cement  concrete. 

Freedom  from  the  transverse  cracks  that  develop  in  bitumi- 
nous surfaces  on  Portland  cement  concrete  due  to  the  con- 
traction and  cracking  of  that  type  of  oase. 

Slight  resiliency  of  the  macadam  base,  which  reduces  the 
hammering  or  anvil  effect  produced  upon  an  asphalt  surface 
laid  on  unyielding  base. 

As  an  illustration  of  opinions  from  disinterested  sources,  a 
city  engineer  of  a  southern  town  states  that  bitulithic  stays 
put  on  a  macadam  base  very  much  better  than  on  concrete; 
that  a  properly  prepared  macadam  foundation  is  quite  elastic, 
absorbing  a  considerable  portion  of  the  shock  of  hervy  auto 
trucks  and  in  throwing  the  entire  burden  of  impact  upon  the 
wearing  surface.  Numerous  similar  views  held  by  engineers 
could  be  cited. 

In  contrast  to  this  viewpoint  is  the  growing  tendency  in 
some  localities  to  disregard  the  possible  value  of  macadam 
road  as  a  base,  usually  because  it  is  considered  inadequate 
under  all  year  round  heavy  motor  truck  traffic.  This  opinion 
is  supported  by  reports  from  a  number  of  localities  of  serious 
damage  to  both  macadam  roads  proper  and  macadam  based 
types  during  the  winter  of  1919-1920.  In  view  of  the  wide 
variations  in  climatic  and  other  local  conditions,  in  volume 
and  weight  of  traffic,  broad  statements  in  regard  to  either  the 
merit  or  lack  of  merit  of  such  construction  should  be  ac- 
cepted with  caution  since  success  or  failure  in  any  particular 
case  may  be  attributed  to  strictly  local  conditions. 

Supporting  Power  of  Factors  Affecting  Macadam  Base. — 
To  determine  the  limitations  of  a  given  type  of  paving  con- 
struction it  is  necessary  first  to  establish  the  factors  affect- 
ing the  strength  and  durability  and,  second,  the  application 
of  these  factors  to  a  specific  case.  For  the  type  under  con- 
sideration, the  factors  are: 

1.  Strength  of  base. 

2.  Variation  in  supporting  power  of  the  earth  subgrade. 

3.  Volume  and  weight  of  traffic. 

Under  this  heading  come  such  elements  as  the  total  depth 
and  degree  of  consolidation  of  the  base,  the  size  of  the  units 
used  as  aggregate,  and  the  strength  and  durability  of  the 
aggregate.  Other  things  being  equal,  the  greater  the  depth 
of  base,  the  greater  the  area  of  sub-base  over  which  the  road 
is  transmitted. 

Consolidation  refers  to  the  thoroughness  with  which  the 
pieces  of  aggregate  have  been  forced  into  place  during  con- 
struction and  by  the  action  of  traffic;  it  being  generally  con- 
ceded that  traffic  affects  this  more  reliably  than  rolling  alone. 

Under  size  of  aggregate  units  must  be  considered  the  rela- 
tive value  in  the  base  of  stone  1%  in.  in  diameter  or  less, 
ballast-size  stone  and  large  pieces  such  as  used  for  Telford 
base,  respectively.  Results  in  general  point  very  closely  to 
the  greater  value  of  the  base  employing  the  largest  possible 
size  of  aggregate,  which  affords  greater  stability,  better  dis- 
tribution of  loads,  freer  drainage  and  less  disturbance  by 
frost. 

Strength  and  durability  refer  to  the  quality  of  the  aggre- 
gate material,  whether  soft,  shaley,  porous  or  dense  and 
tough.  It  is  generally  well  established  that  base  material 
does  not' need  to  be  so  hard  and  tough  as  that  in  the  wearing 
surface. 

Variation  in  supporting  power  of  the  earth  surface  is  a 
factor  which  causes  the  most  serious  damage.  The  sup- 
porting power  is  affected  primarily  by  the  character  of  the 
soil,  natural  and  artificial  provisions  for  drainage,  and  cli- 
matic conditions  such  as  amount  of  rain  and  snow  fall,  depth 
of  frost  action  and  likelihood  of  alternate  freezing  and 
thawing. 

Under  the  light  traffic  of  years  ago  a  macadam  road  de- 
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v..|<)|»cil  II  KiirprlHlDK  bi'iiin  Htn-nKlh,  but  wilh  present  truck  jond  the  edge  of  the  pavement  laid  upon   it.     This  will  fur- 

iriilllc  bi'iini  Btr<-nKib  muHt  bi-  conHld.Ti'd  as  nearly  negligible  nish  much  greater  resistance  to  the  thrust  on  the  foundation 

uiiil  there  niUMt   be   ronHoniiblo  usHurunce  of  nearly   uniform  I'rora  heavy  loads  travelling  slowly  on  the  sides  of  the  road 

HUpport  by  tho  .H»b»;rade  Itaelf.     On  free  draining  soils,  gen-  than   Is   now   encountered;    provided,   however,   that   the    im- 

oriilly  Bandy  or  Kravelly,  very  light  macadam  base  has  carried  proved  road  is  not  so  narrow  that  heavy  trafflc  is  constantly 

conHlderable    trulllo    with    entire    success.      Where    natural  cutting  oft  and  on  It. 

urnlnage    Is   poor,   arllflclal  drainage   is  absolutely  essential.  As  a  further  improvement,  the  shoulders  should  be  water- 

Kveryone  Heetiis  to  realize  this  but  comparatively  few  carry  proof  and  support  furnished  at  the  edges  of  the  bituminous 

out  the  Ideas  In   practice.     Thoro  will  undoubtedly  be  some  pavement.      Cases   have   been    noted    where   the   existence   of 

condlllons  such  as  heavy  clay  soil  In  Hat  sections  subject  to  an  old  macadam  shoulder,  even  though  rather  thin,  has  been 

Hevpre  frost  action  where  no  prevailing  method  of  drainage  of  material  benefit.     Well  built  stone  block  or  rubble  gutters 

will  give  the  Hiibsoll  snillcient  slrengtii.  and  headers  produce  a  similar  result.     If  no  better  provision 

Alii-rnate  freezing  and  thawing  are  especially  detrimental.  can  be  made,  stone  removed  from  the  old  surface  can  be  used 

Numerous  conditions  can  be  cited  where  the  temperature  re-  to  harden  the  shoulders  and  additional  aggregate  brought  in 

mains   \inirormly    low    enough    In   winter   to   keep   the    earth  where  required. 

frozen  continuously  and  prevent  the  percolation  of  water  into  One  of  the  best  practices  for  country  roads  is  the  construc- 

tho  soil  during  this  period,  where  the  roads  have  stood  up  tion  of  bituminous  macadam  wings  3  or  more  feet  wide  which 

HUcceHsfully.      The    critical    time    under    such    conditions    is  provide  waterproofing  and   lateral  support  to   the   pavement 

when  the  frost  leaves  the  ground  In  the  spring.  and  at  the  same  time  furnish  a  hardened  surface  capable  of 

For  macadam  base,  probably  the  most  important  point  in  carrying  occasional  loads.  At  least  there  should  be  on  each 
connection  with  trattlc  Is  that  of  the  likelihood  of  the  use  of  edge  a  strip  of  hardened  surface  18  to  24  in.  wide  like  the 
the  road  by  heavy  concentrated  roads  during  the  winter  and  base  previously  referred  to.  This  may  be  criticized  as  calling 
tho  spring.  In  sections  where  tralllc  practically  disappears  tor  a  greater  width  of  road  and  consequent  cost  than  would 
through  the  winter  and  does  not  reappear  In  quantity  until  be  required  if  some  other  type  of  construction  were  used,  but 
tho  subgrade  Is  pretty  well  dried  out  In  the  spring,  the  dam-  in  its  support  it  may  be  said  that  the  change  from  the  ap- 
age  by  heavy  tralllc  may  be  relatively  slight.  In  general,  the  proved  width  of  15  ft.  of  a  few  years  ago  to  the  present  de- 
most  severe  damage  Is  found  in  localities  where  heavy  motor  ^  niand  for  20  ft.  as  being  desirable,  points  unmistakably  to 
trucks  use  the  roads  throughout  the  year  and  especially  dur-  the  necessity  for  providing  ample  width  at  the  outset.  Also 
Ing  February,  March  and  April.  roads  of  other  types  built  16  to  18  ft.  wide  will  eventually 

Assuming  the  above  to  be  a  correct  analysis  of  the  factors  need  protecting  wings  for  the  preservation  of  the  pavement. 

In  tho  supporting  power  of  macadam,  the  problem   remains  inasmuch  as  a  iudden  drop  off  from  a  hardened  surface  to  a 

of  applying  those  to  Individual  cases  and  attempting  to  de-  soft    earth    or   clay    shoulder    is    objectionable    from    several 

tormlne  In  advance  which  ones  w^ould  be  apt  to  shorten  the  standpoints.     It  too  close  to  the   edge  of  a  pavement,   open 

life  of  the  foundation  and   the  overlying  pavement.  ditches  allow  moisture  to  get  under  the  base  and  reduce  the 

Improvements  to  Old  Macadam  Base  Preparatory  to  BItumI-  support,   while   if   far   away,   leaving  a   wide   unwaterproofed 

nous  Work.— Recent  recommendations  for  this  type  of  base  shoulder,  there  is  too  much  opportunity  for  the  entrance  of 

vary  from  4  to  12  in.  depending  on  Individual  opinion  as  well  water    through    the    surface,    especially    when    it    is    heavily 

aa  soil  and  drainage  conditions.     There  has  been  a  tendency  blanketed  with  snow  or  ice.     For  country  roads  a  shoulder  of 

to  overestimate  the  depth  of  existing  macadam  arising  largely  about  5  or  6  ft.  wide  is  recommended,  waterproof  between  the 

from  failure  to  realize  that,  while  additional  stone  has  been  edge  of  the  road  and  a  point  near  the  edge  of  the  ditch. 

added  year  by  year  to  the  surface,  an  equal  or  even  greater 

amount  may  be  worn  off  meantime  by  traffic.  Ii/u     l          l       d    •            'XT               K 

Uefore  using  an   old   road,  the  depth   at  numerous   points  WllOlesale    rriCeS    in   JNOVemDer 

should  be  determined  by  test  holes,  which  also  will  indicate  The  downward  trend  of  wholesale  prices  which   began  in 

the  character  of  the  existing  aggregate.     In  general  it  is  be-  June  of  the  present  year  became  more  pronounced  in  Novem- 

lleved   that  where  an  old   road   contains  6  or  8  in.  of  com-  her,  according  to  information  collected  in  representative  mar- 

pacted  stone  it  is  well  worth   saving.     But  no  radical  view  kcts  by  the  Bureau  of  Labor  Statistics  of  the  TJ.  S.  Depart- 

should  be  adopted  as  to  the  minimum  thickness  of  base  that  ment  of  Labor.   Measured  by  changes  in  the  Bureau's  weighted 

will  support  a  proposed  pavement.  index  number,  which  assigns  to  each  commodity  an  influence 

The  writer  believes,  however,   that  4   to  6  in.  is  not  sut-  proportionate  to  its  importance  in  the  country's  markets,  the 

llclent  In  the  northeastern  section  of  the  country,  especially  November  price  level  was  S  per  cent  below  that  of  October 

neor  large  cities.     Even  where  ample  depth   is  found,   it  is  and  24  per  cent  below  the  high  peak  reached  in  May. 

usually  desirable  to  add  a  uniform   layer  of  ballast-size  ag-  Building  materials  showed  the  largest  price  recessions  in 

gregate,  llrst  scarifying  the  surface,  the  new  aggregate  serv-  November,  the  decline  from  the  level  of  the  previous  month 

Ing  to  elevate  the  proposed  bituminous  pavement  above  the  being  12%   per  cent.     Farm   products  followed   next  with  a 

old  base  which,  owing  to  the  large  amount  of  dust  and  fine  drop  of  over  914  per  cent  from  the  October  levels.   Cloths  and 

mulerlal  usually  contained,  is  very  apt  to  hold  considerable  clothing  decrease  approximately  9  per  cent  and  fuel  and  light- 

mol.Mture  at  certain  periods  of  the  year.     While  this  disturbs  ing  materials  SVo  per  cent,  while  metals  and  metal  products 

J*,  l"*"  M."'"  ^  '"•  °'  *•""  "'''  ^°"s°"«la'ed  road,  an  old  road  register  a  decrease  of  more  than  7%  per  cent  in  comparison 

which  will  not  stand  disturbance  for  this  depth  will  generally  with  October  prices 

not  have  depth  adequate  for  use  as  a  foundation  in  any  case.  of  326  commodities  or  price  quotations  included  in  the  corn- 
Moreover,    the   greater   regularity  of   contour   of   a   base   to  parison  for  October  and  November,  198  showed  a  decrease  and 

.he   hlnri/^^'"'              .            "  .k""  """  ""^t  '"  '^Z  '"'  °'  °"'>-  "1  showed  an  increase.     In  S7  cases,  no  change  in  price 

Mi^ht IvT             "■'^'•'"^"'  /""--f   'han   enough    to   offset  the  ,vas   recorded.     Of  these,   a   majoritv   belong   in   the   groups 

'XL  ■       ';r t^is  ''Ju  fre.^r aiimiK  .^^d r ;i  ^^  tt  ^°?  ^"T'-  '^f  ^^^f  "^'^*'°^'  ^^^"'^ 

I                                               ,.J,  »!,„  „„,..!       1       J         mimiume  and  metal  products,   and  buildmg  materials. 

::r  matri:;  •'co^'tl^ouJatfo^nTan  t  .^TilVr.rrV'''  '"''^^  numbers  of  wholesale  prices  in 

the  United  States,  by  groups  of  commodities,  as  computed  by 

.UtU^^  macadam  as  a  base,  at  least  as  much  l''^  ^"?''"  °^  ^^^°'"  statistics  for  the  month  named.     The 

for  drainage  as  though  an  entirely  f  ^"''®^.  ^°'"  '^^  '^^*  "'^'"^'^  '"°"*'>  ^'"«  preliminary  and  subject 

•    being  built.     Too  frequentty  this  is  .     revision.     The  base  used  in  computing  these  index  num- 

.  ditches  too  close  to  the  Im-  ^*'''^  *^  ^^^  average  for  the  calendar  year  1913. 

ring  special  drainage    etc     are  I^'I5K>^  NF:mbers  OF  ■\'siiolesat.e  prices,  by  GROUPS  OF 

e         ..>..,   01c  COMMODITIES. 

"•  (1913  equals  100.) 

l-im  bnse  has  been  the  squeez-  •.                                                      i^iS-                   i9-0- 

IP  fn  a  nr.in>.<nc»<„«  „»  -r-   "''""P-  ,     ,                                           November.  October.  November, 

le  10  a  comomation  of       Farm   products    240  182  165 

■  rs.  the  softening  of      Sf .'i' ^*'^U ' VVv.'- •     219  204  195 

ment  due  to  the  ^^l^S'\ii^^^::-::::::::-::::  ^        ill        m 

1  rrrr.i'T.ha  that      M^*,^,''^  ami  metal  products 164  184  170 

■  entr,]  '  -'tcrials  236  313  274 

■/^'^•^'  n.l   drugs     176  216  207 

■d  base  isiung  goods  299  S7i  359 

•i8to24in.be-  AircoroS^ies-:::::::;:::::::::;:::  li?        ii        i?? 
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Handling  the  Highway  Snow 
Problem 

An  interesting  resume  of  tlie  methods  employed  by  higliway 
departments  of  various  states  for  liandling  the  snow  problem 
is  given  by  Mr.  J.  L.  Harrison,  Senior  Highway  Engineer,  U.  S. 
Bureau  of  Fublic  Roads,  in  a  recent  issue  of  Public  Roads,  a 
publication  of  the  bureau.  We  quote  from  the  contents  as  fol- 
lows: 

The  actual  work  of  snow  removal  that  will  be  done  this  win- 
ter is  handled  in  pretty  much  the  same  fashion  by  all  of  the 
States.  It  is  the  common  and  the  logical  practice  to  turn  this 
work  over  to  the  maintenance  department.  In  most  states 
the  maintenance  depai-tments  are  now  well  organized,  and 
the  addition  of  snow-removal  work  to  the  previously  assigned 
duties  of  the  maintenance  department  has  the  advantage  of 
making  what,  for  the  lower  grades  of  employes,  has  been  a 
seasonal  occupation  into  a  full-time  position.  In  the  long  run 
this  will  have  a  very  beneficial  effect,  for  it  will  make  it  pos- 
sible to  obtain  and  to  keep  a  better  grade  of  men. 

The  methods  used  in  handling  this  snow  problem  are  also 
similar  in  all  of  the  states.  Indeed,  they  resolve  themselves 
into  two  distinct  groups  of  activities: 

(1)  The  removal  of  snow  from  the  highways  and 

(2)  Preventive  methods  tending  to  keep  it  from  blowing 
into  the  highways  in  objectionable  quantity. 

These  naturally  go  hand  in  hand,  but  as  the  expense  of  re- 
moving snow  is  apt  to  be  greater  than  the  expense  of  prevent- 
ing it  from  accumulating  on  the  roads,  the  preventive  meth- 
ods will  be  treated  at  the  greater  length. 

Preventive  Measures. — Snow,  of  course,  falls  uniformly  and 
sometimes  lies  as  it  falls.  More  generally,  however,  there  is 
some  wind  in  connection  with  a  snowfall,  and  when  this  is 
the  case  there  is.  depending  on  the  velocity  of  the  wind  and 
the  character  of  the  snowflakes,  more  or  less  drifting.  Snow- 
flakes  are  carried  alorig  by  air  currents  just  as  sand  and  silt 
are  caried  by  water  currents.  Moreover,  the  greater  the  ve- 
locity of  a  wind  current  the  more  snow  it  can  carry.  And 
herein  lies  the  cause  of  drifting,  for  wherever  an  air  current 
that  is  carrying  snowflakes  is  checked  some  of  the  snowflakes 
are,  perforce,  dropped,  and  as  this  continues  a  drift  is  formed, 
the  whole  process  being  quite  the  same  as  that  by  which  sand 
bars  are  formed  in  water  currents. 

It  should  be' noted,  however,  that  in  general  the  snow  that 
is  moved  about  by  the  wind  is  not  raised  very  far  above  the 
surface  of  the  ground.  The  distance  that  it  is  raised  de- 
pends, of  course,  on  the  velocity  of  the  wind,  but  it  is  only  in 
exceptional  cases  that  the  wind  is  so  high  that  the  snow  is 
caried  at  an  elevation  which  prevents  the  control  of  the  area 
in  which  it  will  be  deposited. 

Snowdrifts  are  formed  on  the  lee  side  of  obstructions.  This 
naturally  follows  from  the  fact  that  back  of  such  obstruc- 
tions there  is  a  body  of  relatively  quiet  air.  Indeed,  the  ve- 
locity of  an  air  current  may  be  affected  for  as  much  as  10 
times  the  height  of  such  low  obstructions  as  fences,  hedges, 
etc.  From  this  it  naturally  follows  that  where  snow  is  being 
carried  by  wind,  low  obstructions  will  clear  the  air  current  of 
snow  by  causing  it  to  be  deposited  in  a  relatively  quiet  space 
back  of  these  obstructions. 

This  matter  has  been  treated  at  some  length  because  of  its 
relation  to  all  of  the  means  that  must  be  adopted  for  pre- 
^-enting  the  formation  of  drifts.  These  begin  with  the  re- 
moval from  the  right  of  way  of  everything  that  can  cause 
drifting.  Weeds  are  the  most  common  source  of.  trouble. 
These  should  be  carefully  cut  down  and  removed,  for  a  growth 
of  weeds  or  high  grass,  even  if  no  more  than  a  foot  or  two 
high,  will  cause  drifting  whenever  the  wind  is  ri.ght.  More- 
over, this  applies  even  to  such  places  as  the  tops  of  rills  that 
would  otherwise  blow  clear.  Too  much  emphasis  can  hardly 
be  placed  on  this  matter,  for  more  drifting  is  caused  by  weeds 
and  brush  "allowed  to  accumulate  along  the  roadway  than  In 
any  other  way.  The  weeds  should,  of  course,  be  kept  down 
by  constant  trimming,  but  if  this  has  not  been  done  they 
should  at  least  be  cleared  away  in  the  autumn  and  the  right 
of  way  left  unobstructed  during  the  winter  months. 

Hedges,  Fences,  and  Trees.— Next  in  order  of  importance  as 
causes  of  drifts  on  the  highways  are  the  hedges.  These 
should  be  removed  wherever  experience  has  shown  that  they 
cause  trouble.  A  hedge  will,  of  course,  cause  drifting  when- 
ever the  wind  is  right,  but  there  are  many  regions  where  the 
winds  that  Carry  snow  are  so  constantly  from  one  direction 


that  only  a  relatively  small  fraction  of  the  hedges  need  to  be 
removed  to  correct  practically  all  of  the  trouble  originating 
from  tills  cause. 

Stone  fences,  rail  fences,  picket  fences,  indeed,  all  of  the 
tight  fences,  can  and  often  do  cause  drifting.  To  reduce 
drifting  to  a  minimum,  such  fences  should  therefore  be  taken 
out  and  wire  fences  erected  in  their  places,  for  wire  fences, 
being  open,  offer  no  obstruction  to  the  wind  and  so  do  not 
create  a  condition  under  which  snow  will  be  deposited. 

Rows  of  trees  sometimes  cause  drifts  to  form.  Where  this 
is  tha  case  it  will  generally  suflice  to  trim  the  branches  well 
above  the  ground.  Sometimes,  however,  this  is  not  sufficient, 
and  the  trees  themselves  must  be  taken  out.  At  this  point 
measures  of  snow  removal  come  into  conflict  with  roadside 
beautification  and  home  or  town  improvement  and  a  prob- 
lem is  created  that  can  not  be  solved  with  the  snow  problem 
solely  in  mind.  Indeed,  this  same  applies  to  some  extent  to 
the  removal  of  fences  and  hedges,  and,  in  practice,  it  will  be 
found  that  in  spite  of  the  obvious  advantage  of  removing  such 
obstructions  there  may  arise  even  more  patent  disadvantages 
which  will  prevent  the  complete  elimination  of  all  of  these 
sources  of  trouble. 

Besides  the  above  causes  of  drifting  there  are  conditions 
lying  in  the  topography  of  the  country  and  in  the  manner  in 
which  roads  have  been  built  that  tend  to  cause  drifting.  A 
hill  may  affect  the  air  currents  a  good  deal.  A  cut  may  be  so 
placed  that  it  catches  the  flying  snow.  Matters  of  this  kind 
can  not  be  corrected  by  eliminating  the  cause  of  the  drifting, 
however,  a  good  deal  can  be  done  by  erecting  snow  fences. 
As  has  been  stated  above,  the  snow  that  is  carried  by  the 
wind  is  usually  carried  near  the  ground.  Where  cuts  drift 
full,  or  where  the  general  contour  of  the  country  causes  drift- 
ing, snow  fences  may  be  so  placed  that  the  air  currents  will 
be  cleared  of  snow  before  they  pass  over  the  road. 

To  accomplish  this,  such  fences  should  be  erected  on  the 
windward  side  of  the  road  and  from  50  to  60  ft.  distant.  These 
fences  may  be  either  permanent  or  portable,  but  as  rural 
highways  quite  generally  run  through  land  that  is  used  for 
agricultural  purposes,  the  portable  fences  have  the  wider 
adaptability  in  highway  work,  for  they  can  be  set  up  after  all 
crops  are  removed  from  the  land  and  removed  in  the  spring 
before  the  land  must  be  worked  for  the  next  year's  crop. 

Snow  fences  are  generally  either  of  the  "board  fence"  type 
or  of  the  picket  type.  The  permanent  fences  are  generally  of 
the  board  type.  Eight  6-in.  boards,  separated  from  2  to  4  in. 
on  the  nailing  strips,  make  a  very  satisfactory  fence  for  this 
purpose,  the  portable  fence  of  this  type  differing  from  the  per- 
manent installation  only  in  that  it  is  made  up  in  sections  of 
convenient  length  and  held  in  place  by  stakes  or  driven  posts 
rather  than  by  set  posts. 

Picket  fences  are  often  used  where  a  portable  fence  is  re- 
quired. The  best  fence  of  this  kind  is  one  made  of  light  pick- 
ets held  in  place  by  a  number  of  strands  of  heavy  wire.  Such 
fences  can  be  readily  erected  on  driven  posts  and  when  out  of 
use  rolled  up  and  stacked  where  they  will  be  out  of  the  way. 
Where  Preventive  Measures  Fail.— After  all  of  these  pre- 
ventive measures  have  been  resorted  to,  there  will  still  re- 
main to  be  handled  all  of  the  snow  that  lies  as  it  falls  and 
such  minor  drifting  as  can  not  be  economically  handled  by 
the  erection  of  fences  and  this  may  amount  to  a  good  deal. 
for,  ranging  from  little  or  nothing  in  the  southern  part  of  the 
country,  the  normal  snowfall  increases  to  the  north,  until  in 
many  parts  of  the  northeastern,  northwestern,  and  northern 
Lake  regions  it  exceeds  100  in.  a  year.  Indeed,  in  the  re- 
gions where  there  are  heavy  snowfalls  the  problem  of  keep- 
ing the  highways  clear  is  a  serious  one  even  after  all  pre- 
ventable drifting  has  been  eliminated,  and  it  is  not  an  easy 
one  to  handle  though  the  snowfall  is  only  moderate. 

There  are  really  only  two  methods  of  keeping  roads  open 
to  traffic  where  the  snow  is  heavy— the  compaction  method 
and  the  removal  method. 

Opening  Roads  by  Compacting  the  Snow.— Solving  the  snow 
problem  bv  compaction  consists  of  rolling  the  road  after 
every  snowfall  with  a  roller  6  or  8  ft.  in  diameter  and  from 
10  to  12  ft.  long.  To  insure  that  the  roller  shall  work  well, 
the  ends  must  be  closed.  Two  widths  should  be  rolled  so 
that  vehicles  can  pass  without  either  one  getting  off  of  the 
compacted  snow. 

This  method  does  very  well  where  the  traflac  is  light  and  is 
composed  principally  of  horse-drawn  vehicles  and  possibly  a 
few   light  automobiles.     It  is   not,  however,   satisfactory  for 
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It  Bhonld  not.  however,  be  aHSumed  that  these  snow  ruts  are 
fnrn.ed  only  when  the  snow  Is  compacted.  At  a  matter  of 
fact  M..y  are  still  more  readily  formed  where  nothing  at  all 
1,  done  to«ard  dealInK  with  the  snow.  Indeed,  one  of  the 
bc-t  reasons  for  .en.ovlns  the  snow  from  the  high«^ays  lies 
in  the  furt  that  where  this  Is  not  done,  if  the  traffic  Is  of 
much  volun.e.  snow  ruts  are  formed,  and  the  damage  thereby 
done  the  highways  Is  often  much  greater  than  the  cost  of 
rouiovlng  the  snow  would  have  been. 

■  Removal  Necessary  on  Some  Roads.-  -Where  the  roads 
must  be  kept  clear  and  the  traflic  is  such  that  compacting  the 
snow  Is  not  aulliclent.  there  remains  nothing  but  the  removal 
of  the  -(now.  This  may  be  accomplished  by  the  use  ot  plows 
or  by  hand.  Sometimes  rotary  plows  are  used,  but  as  yet 
they  have  not  been  commonly  adopted  for  this  work  m  this 
rountrv  I'ltlmatelv.  the  writer  believes,  the  heavier  snow- 
falls will  bo  handled  by  some  form  of  apparatus  resembling 
the  modern  elevator  grader.  Such  a  machine  might  be  read- 
ily detuned  to  cle;,r  the  full  width  of  the  highway  at  a  single 
cut  and  bv  using  a  fast-moving  belt,  to  discharge  the  snow 
well  away' from  the  line  of  travel  and  where  it  would  tend 
to  prevent  rather  than  to  stimulate  further  drifting. 

The  present  practice  in  snow  removal  is.  however,  to  push 
the  Fnow  off  the  highway  by  means  of  blades  similar  to  those 
used  on  road  graders.  Indeed,  road  graders  are  frequently 
used  for  this  work,  though  the  more  common  practice  now  is 
to  fa-ilen  a  henvv  blade  ahead  of  a  heavy  truck  and  to  use  the 
powerful  drivin:;  force  of  the  truck  to  push  the  snow  off  of 
the  highway.  Sometimes,  and  this  applies  particularly  where 
th<  full  of  snow  is  heavy,  a  second  truck  is  used,  this  truck 
being  bitched  ahead  of  the  truck  that  carries  the  plow.  In 
this  way  a  heavier  plow  can  be  used  and  the  deeper  snow 
thrown  aside.. 

Operating  In  this  fashion,  all  equipment  must  be  kept  avail- 
nble  at  all  times  and  must  be  set  in  operation  whenever  the 
•  .Hess  of  the  day  or  the  hour.  The  pres- 
work  as  soon  as  from  2  to  -I  in.  of  snow 
n  an. I  1...  .-..iitinue  operations  as  long  as  the  fall  con- 
tinues. The  snow  may  be  removed  from  the  center  to  both 
sides,  but  In  order  to  prevent  drifting  it  is  better  to  move  all 
of  the  snow  to  the  leeward  side  of  the  road.  Even  then  some 
,lr  .lit  from  piling  up  the  snow,  but  much  less 
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the  truck  must  be  kept  in  constant  operation  as  long  as  the 
storm  continues  if  the  final  result  is  to  be  an  open  road. 
However,  if  the  trucks  are  set  to  work  early  and  kept  at  work 
regardless  of  the  weather,  it  will  not  often  happen  that  other 
methods  have  to  be  resorted  to. 

On  the  other  hand,  occasion  will  arise  when,  due  to  high 
winds  and  the  failure  to  provide  proper  snow  fences,  cuts  will 
drift  full  in  spite  of  all  that  the  trucks  can  do;  or,  possibly. 
It  might  be  more  correct  to  say  that,  because  cuts  are  rela- 
tively narrow  it  the  snow  drifts  into  them  rapidly,  the  trucks 
will  often  be  unable  to  find  the  space  to  store  the  snow  that 
must  be  handled  it  such  cuts  are  to  be  kept  clear.  When 
this  happens,  as  it  will  from  time  to  time,  the  usual  method 
is  to  put  men  in  with  shovels  and  clear  away  the  drift  by 
hand.  Work  ot  this  kind  is  expensive,  so  the  temptation  to 
clear  a  minimum  width  is  strong,  but  the  most  economical 
width  is  not  necessarily  the  minimum  that  will  serve  the  traf- 
fic. If  the  major  portion  of  snow  removal  is  being  handled 
by  (he  trucks,  in  which  case  any  further  snow  falling  on  the 
road  must  be  pushed  to  one  side  as  it  talis,  the  cleared  width 
should  be  w^ide  enough  to  give  the  trucks  a  chance  to  handle 
the  later  falls  when  they  come.  Otherwise  the  cuts  will  be 
blocked  almost  at  once  and  hand  shoveling  must  be  resorted 
to  whenever  there  is  a  snowfall. 

Snow  Removal  by  Hand. — When  snow  must  be  removed  by 
hand,  it  is  important  that  the  laborers  be  furnished  with  large 
scoops  and  that  even  at  some  additional  first  cost  the  snow 
be  so  piled  that  it  will  hinder  rather  than  assist  the  refilling 
of  the  locations  that  have  been  cleared.  It  is  not  generally 
advisable  to  load  the  snow  in  trucks  and  remove  it  entirely, 
but  this  is  sometimes  done,  and,  indeed,  when  the  cuts  that 
have  to  be  made  are  both  wide  and  deep  this  may  be  cheaper 
than  casting  to  one  side.  Snow  so  removed  can  generally  be 
disposed  of  by  the  simple  process  ot  dumping  it  over  the  edge 
ot  the  nearest  high  fill. 

The  most  expensive  item  in  snow  removal  is  the  excava- 
tion by  hand  ot  the  drifts  that  have  gotten  beyond  the  ca- 
pacity ot  the  snowplows.  For  such  work  as  this  there  are 
now  manufactured  rotary  plows  that  will  cut  out  these  drifts 
and  cast  the  snow  considerable  distances  to  the  side  ot  the 
out  which  they  make.  As  yet  these  rotary  plows  have  not 
come  into  very  general  use.  largely,  it  is  thought,  because 
the  removal  of  snow  from  the  highways  is  a  comparatively 
new  thing.  Their  use  is.  however,  bound  to  increase,  for  it 
is  not  at  all  likely  even  after  all  of  the  preventative  measures 
noted  above  have  been  taken  that  drifting  will  be  so  thor- 
oughly eliminated  that  the  snowplows  operated  by  the  mod- 
ern trucks  can  fully  cope  with  the  situation.  Rather,  it  seems 
to  the  writer,  that  it  will  prove  advisable  to  supplement  the 
present  equipment  in  most  states  by  the  addition  of  enough 
heavy  plows  so  that  a  working  space  can  be  kept  clear  even 
through  the  cuts  that  are  known  to  drift  full  during  severe 
storms,  thereby  insuring  that  fiill  efficiency  can  be  had  from 
the  other  equipment. 

Just  how  rapidly  this  change  in  snow-removal  equipment 
will  be  made  will  depend  on  the  development  of  satisfactory 
rotar^  plows,  but  it  can  hardly  be  put  off  much  longer,  for  the 
cost  of  shoveling  out  deep  drifts  is  very  expensive. 


Coct  of  Repairing  Pavement  Cuts  at  Los  Angeles. — During 
the  fiscal  year  ended  June  30  last,  the  street  replacing  de- 
partment of  the  city  engineer's  office  of  Los  Angeles,  made 
1.016.354  sq.  ft.  of  pavement  cut  replacements.  The  cost,  ac- 
cording to  the  annual  report  of  John  A.  Griffin,  City  Engi- 
neer, was  as  follows: 

Per  sq.  ft. 

Asphalt.  128.722  sq.  ft JO. 3933 

MACidam.  63,669  sq.  ft 2592 

Brick.  1,919  sq.  ft 4263 

Gr.inite  block.    1.651  so.   f r 2689 

Sii'.ewalk.    22.312   sq.   ft...  2802 

Concrete  street.  3.950  .sq.  "  2764 

Concrete  onlv.  42  sq.  ft. .  2647 

Asphalt  only,   9,465  sq.   ft 1243 

Oiled  STsvel.  484,153  sq.   ft 1034 

Dirt,   ?.00..'530  sq.   ft 0014 

The  working  force  of  the  department  varies  according  to  the 
amount  ot  work  on  hand.  On  June  30  it  consisted  of  one 
superintendent,  two  clerks,  two  foremen,  three  asphalt  gangs 
each  consisting  of  one  5-ton  truck  and  tour  men:  three  con- 
crete gangs  ot  four  men  and  one  5-ton  truck  each:  the  con- 
crete and  asphalt  gangs  being  under  the  direction  of  one 
foreman;  and  the  oiled  gravel  force  consisting  ot  five  5-ton. 
trucks  and  ten  laborers,  undr  the  direction  ot  one  foreman. 
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Asphaltic  Concrete  Wearing  Sur- 
face on  Gravel  Base 

By  L.  W.  MASHBURN, 
Consulting  Engineer,   Clarksdale,   Miss. 

In  Coahoma  county,  Mississippi,  upon  completion  of  pres- 
ent ecntracts,  there  will  be  gravel  roads,  covering  practically 
the  entire  county,  and  varying  in  age  from  about  12  years  to 
those  being  constructed  at  the  present  time. 

Those  roads  have  answered  the  purpose  for  which  they 
were  built  in  that  they  have  made  it  possible  for  traffic  to 
continue  at  all  seasons,  whereas  at  certain  seasons,  with  the 
old  dirt  roads,  traffic  was  practically  stopped.     But     due  to 


base  Is  already  laid,  the  preparation  of  the  sub-grade  will  not 
properly  come  Into  this  article.  However,  some  cases  were 
found  where  it  was  necessary  to  provide  new  means  of  sub- 
drainage  and  this  was  done  by  use  of  lines  of  tile  laid  with 
open  joints.  In  all  cases  care  was  taken  to  see  that  the  side 
ditches  were  of  proper  size  and  grade  to  take  care  of  surface 
water,  so  that  none  would  stand  long  enough  to  wet  the  sub- 
grade. 

Preparation  of  Base. — The  construction  proper  began  with 
the  preparation  of  the  gravel  base  and  on  this  preparation  de- 
pends to  a  great  extent  the  life  of  the  road.  The  old  gravel 
road  was  14  ft.  in  width  and  orginally  about  8  in.  thick  and  of 
good  quality,  cementing  road  gravel.  Except  in  case  of  ex- 
cessive wear,  the  cross-section  of  the  gravel  surface  was  not 


Asphalt  Plant  of  the   Murray  Construction  Co.  Where  Material  Was 

Mixed  for  the  Building  of  Asphaltic  Concrete  Roads  in 

Coahoma  County,   Mississippi. 

lack  of  proper  mainenance  and  the  natural  wear  from  traffic, 
some  of  them  have  deteriorated  to  such  an  extent  that  they 
must  be  practically  rebuilt. 

Modern  motor  traffic  has  shortened  very  materially  the  life 
of  a  gravel  road  and  there  is  a  tendency  toward  the  construc- 
tion of  more  permanent  roads.  However,  many  thousands 
of  dollars  had  been  expended  in  the  construction  of  the  gravel 
roads  and  it  would  not  be  practical  to  consider  abandoning 
these  roads  for  the  construction  of  the  more  permanent  ones: 
hence  it  became  a  question  of  finding  a  means  by  which  the 


Asphaltic    Concrete    Pavement    Built    by    the    Murray    Construction 
Co.    in    Coahoma   County,    Mississippi. 

materially  changed,  but  the  holes  and  irregularities  made  it 
uneconomical  to  attempt  to  apply  the  asphaltic  concrete  wear- 
ing surface  without  first  bringing  the  gravel  base  to  a  regular 
surface  of  the  same  cross-section  as  desired  for  the  finished 
pavement. 

To  accomplish  this  result  two  methods  were  used,  depend- 
ing on  the  condition  of  the  gravel  base.  Under  the  first 
method  the  gravel  road  was  brought  to  the  proper  cross-sec- 
tion by  filling  the  holes  with  new  gravel,  preferably  of  the 
same  kind  of  which  the  road  was  built.  As  most  of  the  holes 
were  shallow,  it  was  impossible  to  secure  a  bond  between  the 
thin  layer  of  the  new  gravel  and  the  compact  surface  of  the 


Laying    Asphaltic   Concrete    Pavement   on    Sherard    Road,    Coahoma 
County,   Mississippi. 

present  gravel  roads  could  be  improved  to  such  an  extent  that 
they  will  compare  favorably  with  the  more  permanent  types 
and  thereby  save  as  nearly  as  possible  the  money  already 
expended. 

After  a  careful  study  of  the  question  it  was  decided  that 
this  condition  could  be  met  by  the  construction  of  a  wearing 
surface  of  asphaltic  concrete,  applied  directly  on  the  gravel 
as  a  base  and  a  contract  was  let  for  10  miles  of  this  type  of 
construction  as  an  experiment.  The  general  conditions  to  be 
met  and  the  methods  of  construction  will  be  given  below. 

Sub-gr?de. — As  this  is  a  type  of  construction  in  which  the 
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Heavy    Traffic    Over    Asphaltic    Concrete    Pavement     in     Coahoma 
County,   Mississippi. 

old  gravel.  This  condition  was  met  and  properly  taken  care 
of  as  follows:  The  old  gravel  was  cleaned  of  all  foreign  ma- 
terial and  then  scarified  to  a  depth  of  about  2  in.,  care  being 
taken  not  to  break  through  to  the  sub-grade  at  any  point.  To 
this  wa.s  added  a  suflScient  quantity  of  new  gravel  to  bring 
the  surface  to  the  proper  crass-section,  and  then  the  whole 
was  thoroughly  rolled.  Any  holes  or  irregularities  which 
developed  under  rolling  were  immediately  filled  with  addi- 
tional gravel  and  the  entire  surface  rolled  until  it  was  thor- 
oughly bound  and  conformed  to  the  regular  cross-section.  All 
new  gravel  which  was  used  was  small  gravel  screenings,  and 
all  large   stones  which  were  loosened  by  the  scarifier  were 
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ihfdwn  out,  «o  Ihiit  tho  bane  was  made  as  dense  and  (■oinpa<  t 

UH    poHNlblO. 

Tlu'  chli'f  objpotlon  to  thiH  mntliod  Ugh  In  the  fact  that  It 
waH  noccHsary  to  br<'iik  Iho  surfaro  which  had  boen  thor 
ouKhly  bondfd  by  tratllc  diirInK  tho  llfo  of  the  Kravel  and  was 
found  to  b<'  practically  IniporvlouB.  Ilowevor,  In  cases  where 
tb«(  Kravol  wan  boilly  worn,  It  waH  the  only  practical  solution 
nnd  with  caroful  construction  and  proper  rolllnB  very  good 
rosultN  were  obtained. 

All  a  rulo  falliirH  of  a  Rrayt-l  road  Is  the  result  of  wearlnt? 
of  holeji  nillwr  than  Rrnoral  wear  of  tho  entire  surface.  On 
roailH  whi-ro  this  »a»  the  case  an<l  the  holes  were  not  so  nu- 
infrotiH,  another  nii'thod  of  preparation  was  tried.  In  this 
method  the  old  gravel  surface  was  cleaned  of  all  foreign  ma- 
terial and  swept  until  it  was  free  from  all  loose  gravel  and 
dnsl.  and  tho  exisllng  surface  brought  to  the  proper  cross- 
section  by  adding  clean  gravel  or  broken  stone,  mi.xed  with  a 
small  quantity  of  asphaltic  cement.  Tho  entire  surface  was 
taken  Afterwards,  the  whole  was  rolled  and  new  material 
added  where  needed,  until  It  conformed  to  the  required  cross- 
section  and  was  thoroughly  compacted  and  bonded.  This 
n)f!tho<I  was  used  on  some  roads,  but  it  is  doubtful  if  it  would 
be  eccmonilcal  where  the  old  gravel  was  worn  to  a  consid- 
erable extent. 

In  either  method,  It  Is  desired  to  have  a  well  bonded  and 
compact  base,  but  at  the  same  time,  the  surface  should  be 
left  as  rough  as  possible  to  Insure  a  bond  between  the  base 
and  the  wearing  surface. 

An  this  type  of  construction  Is  practically  in  its  infancy 
It  would  not  be  wise  to  draw  any  definite  conclusion  as  to 
conditions  under  which  each  method  should  be  used  or  to 
make  any  deflnlte  statements  as  to  the  most  economical 
method.  However,  It  Is  safe  to  say  that  in  cases  where  the 
road  Is  very  badly  worn,  the  first  method  is  practically  the 
only   economical   solution. 

Wearing  Surface. — After  the  gravel  base  had  been  brought 
to  the  priijier  cross-section  and  thoroughly  prepared,  the 
wearing  surface  was  applied.  Great  care  was  taken  to  keep 
the  base  clean  and  free  from  all  foreign  matter,  and  the 
roller  was  used  again  ahead  of  the  wearing  surface  to  in- 
sure a  well-bonded  base.  It  was  also  Important  that  the 
l)a8e  bo  thoroughly  dry  and  warm.  If  the  base  is  damp,  the 
application  of  the  asphaltic  concrete  at  a  high  temperature 
will  create  steam  pockets  which  will  prevent  a  perfect  bond 
between  tho  base  and  the  wearing  surface.  If  the  base  is 
cold  the  asphaltic  concrete  will  be  cooled  too  suddenly,  be- 
fore It  can  be  properly  placed. 

To  Insure  the  success  of  the  pavement,  no  work  was  done 
when  the  weather  conditions  were  not  highly  favorable. 

Tho  finished  wearing  surface  was  built  14  ft.  wide,  2  in. 
thick,  and  Is  composed  of  crushed  stone,  sand,  and  asphalt 
cement,  nil  of  which  were  required  to  pass  the  specifications. 

Coit  of  Wearing  Surface. — The  cost  of  the  asphaltic  con- 
crete wearing  surface  was  $1.73%  Per  square  yard  for  fin- 
ished pavement.  The  cost  of  the  preparation  of  the  base 
varied  materially,  with  the  condition  of  the  old  gravel  road, 
the  amount  of  new  material  to  be  added  and  the  distance 
which  this  material  was  hauled. 

It  should  be  stated  that  th<>  price  per  square  yard  for  wear- 
ing surface  Included  all  items  of  preparation  except  furnish- 
In''  new  material.  The  cost  for  this  will  have 
•"  r  each  section  of  road,  hence  cost  data  for 
■"  r  work  would  be  of  no  value.  However,  the 
''''  thl-i  type  of  construction  should  not  exceed  $2 
P^f  ^  '  of  road  improved.  It  will  be  readily  seen 
""**  '^  •  ruction  proves  successful  it  may  be  used 
'*"  's  well  as  resurfacing  old  gravel  roads 
•iz  gravel  base  would  be  considerable 
'e  base  which  has  been  used 
■  I   construction. 

the  work  done 

'ruction.    How- 
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Mechanical  Apparatus  Used  in 
Snow  Removal  Work 

In  lifjliting  the  blizzard  of  1920  almost  every  conceivable 
type  of  mechanical  apparatus  was  used.  Auto  trucks  with 
plows  attached  in  front  were  successful  in  some  cities.  Trac- 
tors were  employed  to  push  plows  or  drag  graders,  scrapers 
?nd  scarifiers.  Rotary  plows  attached  to  tractors  or  to  elec- 
tric street  cars  proved  successful  in  clearing  portions  of  the 
street  for  traffic.  In  New  York  a  flame  thrower  was  devised 
and  attached  to  the  front  of  a  motor  truck.  Locomotive 
cranes  with  huge  buckets  and  also  steam  shovels  were  found 
effective  in  Boston  and  New  York.  Snow  melters  were  tried 
in  other  cities.  The  following  brief  descriptons  of  the  various 
types  of  mechanical  apparatus  used  are  taken  from  a  report, 
"Snow  Removal  in  American  Cities,"  of  the  New  York  State 
Bureau  of  Municipal  Information,  issued  on  Nov.  20: 

Friedman  Snow  Tank. — During  last  winter  successful  dem- 
onstrations were  made  in  the  streets  of  New  York  City,  of 
the  operation  by  two  men,  of  a  machine  handling  snow  at  the 
rate  of  50  cu.  yd.  per  minute,  or  ice  at  the  rate  of  25  yd.  per 
minute,  clearing  a  path  9%  ft.  wide  at  the  rate  of  8  miles 
per  hour  for  a  Gin.  snowfall  and  delivering  the  snow  or  Ice 
continuously  to  trucks  or  cars  alongside  or  depositing  it  in 
piles,  thus  eliminating  a  large  amount  of  hand  labor  and  pro- 
viding for  a  rapid  opening  of  street  for  traffic  obstructed  by 
snow. 

The  machine,  called  a  Friedman  snow  tank,  is  26  ft.  long, 
014  ft.  wide  and  12%  ft.  high,  weighing  22  tons.  It  has  a 
steel  frame  tank  mounted  on  a  Christie  4-wheel  drive  truck 
with  a  special  frame.  Over  the  rear  wheels  of  the  truck  is 
mounted  a  150-H.P.,  6-cylinder  Sterling  marine  engine  5%-in. 
bore  and  6%-in.  stroke  which  is  started  electrically  from  the 
rear  platform.  This  engine  operates  an  inclined  conveyor 
having  two  parallel  sets  of  steel  buckets  with  heavy  cutting 
edges  mounted  on  endless  chains  and  acting  as  shovels  that 
cut  and  scoop  up  the  snow  and  ice  and  elevate  it,  in  a  closed 
box,  into  the  receiving  hopper  as  the  machine  advances  under 
its  own  power  like  an  ordinary  automobile  truck.  The  con- 
tents of  the  hopper  can  be  discharged  continuously,  clear  of 
one  side  of  the  machines  by  a  transverse  conveyor  thus  form- 
ing a  bank  alongside  th«!  cleared  space,  or  it  can  be  discharged 
intermittently  by  opening  the  side  door  in  the  hopper  and 
operating  a  lever  that  empties  the  contents  in  a  separate 
heap  on  the  ground  or  delivers  it  to  the  car  or  truck  along- 
side. When  not  excavating,  the  machine  has  a  maximum 
speed  of  10  miles  per  hour,  with  four  speeds  ahead  and  one 
speed  reverse.  It  can  excavate  at  the  rate  of  8  miles  per  hour 
in  snow  C  in.  deep  to  2  miles  an  hour  in  snow  24  in.  deep, 
loading  flat  cars  at  the  rate  of  25  or  50  yd.  per  hour  according 
to  the  consistency  of  the  material  handled.  An  S-yd.  truck 
can  be  loaded  in  from  1  to  1%  minutes. 

The  machine  can  be  operated  continuously  day  and  night 
except  for  reasonable  allowance  of  say  two  hours  per  diem  for 
oiling,  cleaning,  fuel  supply,  change  of  shifts,  etc..  thus  afford- 
ing 22  working  hours  in  which  time  it  is  capable  of  loading 
1,300  8-yd.  trucks.  It  is  operated'  by  2  men,  the  truck  driver 
and  the  mechanic  who  stands  on  the  rear  platform  and  op- 
erates the  motor  underneath  the  levers  controlling  the  load- 
ing slide.  In  a  speed  demonstration,  held  Friday,  March  19, 
for  the  New  York  City  authorities,  four  5-ton  trucks  were 
filled  with  ice  in  less  than  three  minutes. 

Allowing  an  extra  man,  three  in  all,  for  the  operation  of 
the  machine  and  assuming  it  to  require  5  gal.  of  gas  and  oil 
per  hour  with  $25  per  day  for  wear  and  tear  and  $50  per  day 
for  overhead,  the  total  cost  of  excavating  and  loading  at  the 
rate  of  one  truck  load  per  minute  is  .$0.20  .ts  compared  with 
$2.66  for  loading  with  an  S-man  gang  in  20  minutes.  Adding 
to  this  $1  for  the  average  cost  of  an  auto  truck  carting  the 
enow  and  returning  in  15  minutes,  the  cost  of  the  machine 
work  is  $1.20  and  by  hand  is  $3.66.  The  total  cost  to  the  city, 
allowing  for  expansion  of  snow  in  the  trucks,  and  for  piling, 
loading  and  carting,  is  estimated  at  $6.12  for  8  cu.  yd.  for 
hand  work,  while  the  corresponding  cost  for  machine  work 
is  only  64  ct,  thus  affecting,  according  to  the  promoter's  fig- 
ures, a  saving  of  $5.48  for  large  truck  loads  or  about  $.68  per 
yard  of  snow  and  Ice.  They  also  estimate  that  a  fleet  of  50 
=■  these  machines  would  clean  the  streets  of  New  York  In 
:  im  1  to  3  days,  depending  on  the  size  of  the  snow  fall,  and 
■i>  ould  require  a  large  number  of  automobile  trucks  systematl- 
(16) 


Engineering  and  Contracting  for  January  5,  1921. 


17 


cally  operated  to  be  in  constant  attendance  on  each  machine 
and  to  move  uninterrupted  back  and  forth  between  it  and  the 
dumping  grounds. 

Steam  Shovels. — Steam  shovels  gave  effective  service  in 
several  eastern  cities.  In  Springfield,  Mass.,  Keystone  trac- 
tion steam  shovels,  used  on  snow  removal  work,  were  rim 
in  12-hour  shifts  right  through  the  24  hours.  The  same  type 
shovel  also  was  used  in  New  York  City.  In  the  latter  city  the 
Anorac  Engineering  &  Contracting  Corporation,  which  with 
other  organizations  was  impressed  into  the  service  of  the 
city  in  its  snow  removal  emergency,  moved  its  Keystone 
grader  from  an  uptown  excavation  job  into  the  business  dis- 
trict and  placed  it  at  work  loading  snow  into  trucks.  The 
first  day  it  was  impossible  to  get  an  adequate  supply  of  fuel 
for  the  grader,  the  hauling  conditions  were  so  bad.  It  also 
was  impossible  to  keep  the  grader  supplied  with  trucks  fast 
enough  to  keep  it  busy,  so  that  the  first  day  it  was  idle  about 
half  the  time,  but  nevertheless  removed  about  272  yd.  (city 
measurement)  of  snow.  Traveling  conditions  did  not  improve 
the  second  day  and  while  the  number  of  trucks  was  increased 
the  grader  still  was  not  working  to  capacity.  As  the  snow 
was  gradually  removed  and  hauling  conditions  improved,  the 
output  of  the  grader  was  correspondingly  increased,  until 
Feb.  14,  when  a  maximum  output  of  439  yd.  (city  measure- 
ment) was  reached.  The  measurement  by  the  city  of  trucks 
for  the  snow  removal  allowed  what  is  called  a  heap  measure- 
ment of  6  ft.  over  the  top  area  of  the  truck.  Most  of  the 
trucks  have  been  filled  at  least  2  ft.  over  the  top  area,  for 
which  no  allowance  is  made  in  this  measurement  by  the  city. 
The  contractors  consider  that  the  grader  took  the  place  of 
at  least  .50  laborers  during  this  entire  work  for  snow  removal, 
even  considering  the  time  lost  through  unforeseen  difficulties. 

Rotary  Snow  Plow. — A  power  operated  rotary  snow  plow 
hauler;  by  horses  is  a  new  development  in  snow  removing 
machinery  for  cities.  This  machine  is  being  used  on  some 
streets  in  Canadian  cities  with  satisfactory  results.  A  rotary 
plow  conisting  of  four  blades.  22  in.  in  diameter,  driven  by 
a  60-H.P.  gasoline  engine,  is  mounted  on  sleds  and  drawn  by 
horse.;.  The  cutters  or  blades  are  driven  at  a  speed  of  500 
revolutions  per  minute,  and  discharge  the  snow  through  de- 
flecting hoods  on  one  or  both  sides  of  the  machine,  according 
as  desired.  These  deflectors  are  adjustable  to  enable  the 
snow  to  be  thrown  either  3  or  4  ft.  or  40  to  50  ft.;  it  cuts  a 
path  5%  ft.  wide.  Four  or  six  horses  are  used  to  draw  the 
machine  but  the  machine  can  also  be  attached  to  a  motor 
truck.  It  will  work  in  snow  up  to  6  ft.  deep  and  leaves  a  bed 
of  C  in.  of  snow  for  sleigh  traffic.  In  Westmount  and  Outre- 
mount,  where  these  are  being  used,  it  was  estimated  that  the 
machines  could  remove  snow  for  a  cut  5  ft.  wide,  4  ft.  deep,  a 
mile  long,  for  $20.79.  In  three  days  the  machine  cleared  a 
10-ft  path  of  snow,  21  in.  deep  for  a  distance  of  6,775  ft.  at  a 
cost  of  $.072  per  linear  yard,  or  $.037  cents  per  cubic  yard; 
this  included  fixed  charges  for  repairs,  interest  and  deprecia- 
tion. Shoveling  the  same  amount  of  snow  by  hand  cost  $.237 
per  linear  yard  or  12  ct.  per  cubic  yard.  Such  a  machine  ap- 
pears to  be  very  useful  for  opening  up  traffic  where  there  is 
sufficient  room  in  the  street  to  permit  the  snow  to  remain 
adjacent;  but  where  the  snow  must  be  removed  the  expense 
would  bo  greatly  increased. 

Snow  Melting. — Various  methods  have  been  tried  for  melt- 
ing snow.  This  has  included  the  use  of  electricity,  steam, 
hot  water,  oil  burners  and  flame  throwers.  According  to  E. 
P.  Folwell,  removal  by  melting  is  theoretically  practical  at  a 
cost  of  29  or  30  ct.  per  cubic  yard  of  snow.  But  according  to 
the  reports  from  the  few  cities  which  have  tried  this  it  has 
not  been  successful.  Mr.  J.  F.  Fetherston  by  actual  tests 
showed  that  1  lb.  of  anthracite  coal  would  melt  a  little  over 
1  cu.  ft.  of  loose  snow  at  29'^  ct.  per  cubic  yard  as  compared 
with  24  ct.  for  truck  hauling  and  12  ct.  by  the  use  of  truck  and 
sewers.  It  would  require  70  h.p.  boilers  working  24  hours  a 
day  for  6  days  to  remove  a  6-in.  snow  storm.  If  electricity  is 
used  it  requires  about  35  k.w.h.  per  cubic  foot  to  melt  snow 
which  weighs  35  lb.  per  cubic  foot  of  an  equivalent  of  1  k.w.h. 
for  each  25  lb.  of  snow. 

Oil  Burning  Snow  Melter. — The  heavy  snowfall  in  eastern 
cities  resulted  in  the  trying  out  of  several  new  types  of  snow 
removal  apparatus.  One  of  these  consisted  of  an  oil  burning 
flame  projector.  This  device  was  invented  by  L.  V.  Stevens, 
a  Canadian  engineer,  and  has  been  used  on  the  Canadian  Pa- 
cific R.  R.  The  truck  carries  an  1.800-gal.  tank  of  crude  oil 
and   travels   at   the   rate   of   5   miles   per   hour.     The   device 


throws  an  incandescent  flame  some  10  ft.  ahead.  The  oil 
and  air  are  both  forced  ahead  under  compression  through  a 
rnixer  or  carburetter,  in  a  manner  similar  to  the  practices  es- 
tablished in  the  case  of  blast  furnaces  and  oil  burning  loco- 
motives. 

Snow  Melting  Machine  Used  in  Finnish  Cities.— A  snow 
in(;lting  machine,  which  is  stated  to  have  effected  a  60  per 
cent  reduction  in  the  cost  of  snow  removal  from  streets,  is 
used  by  the  city  of  Helsingfors,  Finland.  The  machine  is  de- 
scribed as  follows  in  a  recent  daily  U.  S.  Commerce  Report: 

"The  melting  capacity  of  the  machine  is  26  or  more  cubic 
yards  per  hour,  depending  upon  the  size  of  the  machine  and  the 
kind  01  fuel  used.  Cheap  fuel,  such  as  wood,  coke,  coal,  kerosene 
and  crude  oil,  may  be  used.  The  smallest  apparatus,  weigh- 
ing 500  lb.  and  requiring  four  men  to  keep  it  supplied  with 
snow  and  fuel,  uses,  when  fired  with  coke,  200  lb.  of  fuel  and 
melts  32  cu.  yd.  of  snow  per  hour.  The  machine  utilizes  90 
per  cent  of  the  heat  developed.  The  apparatus  consists  of  an 
iron  furnace,  water-jacketed  all  around;  a  snow  receiver,  or 
hopper;  surrounding  the  upper  part  of  the  furnace  a  system 
of  ducts  by  means  of  which  the  water  from  the  melting  snow 
is  again  forced  into  the  snow,  thus  increasing  the  melting,  and 
a  high-pressure  fan  driven  by  a  small  electric  motor  for  cre- 
ating a  strong  artificial  draft  and  driving  the  heat  developed 
out  through  the  snow.  The  cooling  of  the  furnace  walls  is  ac- 
complished by  leading  the  snow  water  through  the  water 
jacket  from  which  it  is  forced  out  again  through  jets  into  the 
snow.  The  apparatus  melts  snow  and  ice.  The  dirt  and 
gravel  in  the  snow  is  automatically  separated  from  the  water 
outside  the  machine  to  avoid  clogging  drains  or  gutters.  The 
machinf  is  used  in  Finland  by  street  cleaning  departments, 
banks,  public  buildings  and  property  owners." 


New  1,850  yd.  Iroquois  Stationary  Asphalt 
Mixing  Plant 

A  number  of  new  features  are  embodied  in  a  1,850-yd. 
straight  lino  stationary  asphalt  mixing  plant  produced  by  the 
Iroquois  Works  of  The  Barber  Asphalt  Paving  Co.  during  the 


1,850  Yd.   straight   Line   Plant   Built  for  Detroit  Asphalt   Paving  Co. 

last  year.  The  new  plant  is  notable  chiefly  because  of  the 
compact  arrangement  of  all  parts  on  the  steel  frame.  Al- 
though designed  primarily  as  a  stationary  plant,  it  can  be 
moved  from  one  operation  to  another  with  comparative  ease. 
Low  first  cost,  due  to  the  compact  arrangement,  is  an  impor- 
tant advantage  claimed  for  this  new  mixer.  Low  cost  of  op- 
eration is  another  feature,  since  fewer  men  are  required  to 
operate  the  plant.  FVom  the  mixer  platform  one  man  can 
reach  all  levers,  and  thus  control  every  stage  of  the  loading, 
mixing  and  discharging  operations.  The  plant  is  easy  to  erect, 
and  the  cost  of  erection  is  low.  With  the  whole  plant  on  a 
single  frame,  all  shafts,  gears  and  other  units  stay  in  line. 
There  is  no  need  for  careful  lining  up  after  erection.  Either 
a  portable  boiler  and  engine  or  an  electric  motor  can  be  used 
to  operate  the  plant.  Fuel  oil  burners  are  regular  equipment 
for  the  heating  drum,  but  coal  can  be  used  if  desired.  The 
plant  is  elevated  to  a  height  of  S  ft.  or  more  above  the  ground 
level,  and  supported  on  three  columns  or  piers.  Thus  ample 
room  for  teams  or  motor  truck  to  load  Is  assured. 
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Engineering  and  Co)itrarting  far  .hinnaiy  5,    /.'>;.'/. 


Road  Gravel  Hauled  170  Miles  by 
Rail  in  Side  Dump  Cars 

By  iitili/iiiK  air  (hniip  cars  tor  loiiK  distance  hauling  of 
road  surfacing  material  the  Crittenden-Ozark  Road  Project 
in  Arliansas  was  able  to  keep  its  work  going  at  a  time  when 
highway  construction  generally  was  being  held  up  because  of 
the    prevailing    shortage    of    gon<iola    and    open-top    cars 

This  project  covers  the  improvement  of  some  50  miles 
of  roads  in  Crittenden  and  Poinsett  Counties,  Arkan- 
sas,    and     re(|nires     287,400     tons     of    gravel     for     surfacing. 


Gravel    Train    of 


Western    20-Yd.    Air    Dump    Cars    Discharging    Its 
Load    at    Stockpile. 


The  nearest  gravel  of  the  desired  quality  is  at  Witten- 
berg, Mo.,  L70  miles  away,  on  the  Frisco  R.  R.  Ordinarily 
its  delivery  would  be  a  mere  detail  of  railroad  operation 
In  fact,  all  arrangements  had  been  made  to  handle  the 
gravel  in  the  usual  way  in  gondola  and  open  top  railroad 
cars  unloaded  by  crane,  when  the  railroad  commission 
handed  down  its  ruling  that  open-top  railroad  cars  were 
needed  for  carrying  coal  and  must  not  be  used  for  car- 
rying road  material.  It  became  a  question  of  shutting 
down  the  road  work  or  finding  a  substitute  for  railroad 
cars  and  the  Morgan  Engineering  Co.,  the  engineers  for 
the    district,    chose    the    latter    course. 

It  happened  at  this  time  that  the  Federal  Government 
was  offering  for  sale  a  large  number  of  air  dump  cars, 
which  had  been  built  for  war  purposes.  Most  of  them 
were  the  "U.  S.  A."  type  of  Western  dump  cars, 
made  especially  for  the  War  Department  by  the  West- 
ern Wheeled  Scraper  Co.  and  had  never  been  used,  the 
war  ending  before  they  could  be  shipped  across.  The 
District  bought  105  of  these  Government  cars  and  arranged 
with  the  Frisco  R.  R.  for  their  hauling. 

The  gravel  pit  is  about  .'iO  miles  from  Chaffee,  Mo.,  a  division 
point  on  the  Frisco  Railroad.     The  cars  are  loaded  by  steam 


Gravel   Storage   Pile    at  Turrell,   Ark.     Crane   at   Far   End    Is   Load- 
Ing  Wagons. 

shovel  at  the  pit  by  the  pit  owners,  the  Silica  Real  Estate  Co.. 
which  has  its  own  shovel  and  locomotives.  The  cars  are  loaded 
with  about  37  tons  of  material  each  and  taken  to  Chaffee,  the 
locomotive  returning  to  the  pit  with  a  train  of  empties.  From 
Chaffee  there  is  a  direct  haul  to  the  road  district,  over  a  sin 
gle  railroad   division. 

The  loaded  cars  usually  are  run  in  solid  trains  of  about  30 
«ars  each,  for  which  service  the  railroad  receives  more  than 


$."i0  a  car,  returning  the  empties  in  mixed  trains  without  fur- 
ther charge.  A  sinall  rental  for  the  use  of  the  cars  is  paid  to 
the  road  district,  amounting  to  six-tenths  of  a  cent  per  mile. 

One  train  a  day  is  operated  leaving  the  pit  about  (5  o'clock 
evening  and  Chaffee,  about  midnight,  and  arriving  at  its  des- 
tination the  following  morning,  usually  between  !)  and  10 
o'clock.  The  work  of  switching  and  dumping  takes  in  the 
neighborhood  of  two  hours,  and  then  the  empties  are  sent 
back  at  the  first  opportunity.  A  trip  of  170  miles  and  return, 
including  the  time  consumed  in  loading,  switching  and  dump- 
ing, is  made  in  three  days.  During  the  last  week  in  November. 
217  cars  were  unloaded.  Every  one  of  these  dump  cars  made 
two  round  trips,  and  soine  of  them  made  three. 

The  Industrial  Track  Construction  Co.  of  St.  Louis,  which 
had  been  building  various  unloading  tracks  tor  the  district, 
entered  into  a  contract  to  maintain  the  tracks  at  three  loca- 
tions and  unload  the  dump  cars,  for  20  ct.  a  ton  of  material. 
The  three  locations  under  this  contract  are  two  at  Turrell 
;>nd  one  at  Menasha.  At  the  present  writing,  there  are  35,000 
more  tons  of  gravel  to  be  unloaded  under  this  contract,  after 
which  stock-piles  at  other  locations  will  be  established,  the 
work  of  accumulation  continuing  through  the  winter. 

i^everal  methods  have  been  tried  of  S'jrming  the  storage 
Ijiles.  At  the  start  the  Morgan  Engineering  Co.  undertook  to 
'lump  from  a  permanent  track  at  Clarkdale  and  then  lift  the 
material  by  crane  to  a  stock  pile.  After  the  unloading 
was  let  by  contract,  the  pile  at  first  was  formed  in  this  way: 
A  fill  about  10  ft.  high  was  made  by  jacking  up  the  track  and 
working  the  dumped  material  beneath.  The  fill  then  was  ex- 
tended in  the  usual  way,  across  the  full  width  of  the  pro- 
posed stock  pile.  Another  fill  was  thrown  up  there  and 
widened  back,  and  so  on.  This  method  has  been  abandoned 
and  now  the  fill  is  built  up  to  the  full  height  desired,  by  jack- 
ing up  the  track,  before  widening  across.  The  track  is  shifted 
by  a  gang  of  about  14  men,  under  a  very  competent  foreman 
The  far  end  of  the  pile  is  made  from  20  to  30  ft.  high,  or  as 
'ajgh  as  the  grade  will  permit.  The  locomotive  used  tor 
switching  must  be  able  to  push  10  loaded  cars  up  the  grade, 
from  10  to  12  cars  being  dumped  at  one  time.  The  storage 
piles  are  made  about  SOO  ft.  long. 

For  a  time  motor  trucks  were  used  in  hauling  from  the  piles, 
but  the  road,  district  is  reiving  on  farmers,  this  winter,  the 
average  haul  being  about  2  miles.  There  is  a  maximum  haul 
of  'J  miles.  At  the  present  time,  plenty  of  teams  are  offered 
for  this  hauling,  material  being  carried  in  ordinary  stick- 
wagons,  loaded  by  an  Erie  crane.  The  district  owns  10  of 
these  Erie  cranes.  In  the  spring  when  hauling  begins  and  the 
haul  lengthens,  some  other  means  of  hauling  will  have  to  be 
found.     It  will  take  all  of  next  year  to  finish  the  work. 

We  are  indebted  to  the  Earth  Mover  for  the  information 
given  above. 


State  Highway  Construction  in  Pennsylvania  in  1920. — The 

State  Highway  Department  of  Pennsylvania  durin.g  the  1920 
construction  season  has  built  approximately  410  miles  of  con- 
crete roadway  IS  ft.  in  width.  In  1919  the  Pennsylvania  High- 
way Department  completed  253  miles  of  concrete  roadway. 
The  maintenance  forces  of  the  State  Highway  Department 
during  1920  have  entirely  resurfaced  377  miles  of  macadam 
highway  and  surface  treated  1,480  miles  of  the  same  type  of 
thoroughfare.  In  all,  the  forces  of  this  department  maintain 
:i,.''03  miles  of  roadway.  Of  this  mileage  463  miles  were  in 
boroughs  and  on  state-aid  roads.  The  department  now  has 
under  construction  approximately  350  miles  of  concrete,  the 
;'ompletion  of  which  will  be  impossible  this  year  because  of 
the  lateness  of  the  season.  The  Department  plans  the  award- 
ing of  contracts  for  an  additional  350  miles  of  concrete  road- 
way early  in  1921  and  hopes  to  be  able  to  complete  not  less 
than  600  miles  of  highway  in  that  year. 


Short  Course  in  Highway  Engineering  at  University  of 
Pennsylvania. — The  Civil  Engineering  Department  of  the  Uni- 
versity of  Pennsylvania  has  arranged  for  a  brief  course  in 
highway  engineering,  to  be  given  from  Jan.  24,  to  Feb.  11, 
1921.  The  first  two  weeks  of  the  course  will  be  devoted  to 
intensive  instruction  in  highway  engineering,  a  study  of  en- 
gineering materials,  the  design  and  construction  of  highway 
structures  and  the  testing  of  materials  used  in  road  construc- 
tion. The  third  week  of  the  course  will  be  devoted  to  a  High- 
way Engineering  Conference,  at  w-hich  papers  will  be  given 
i)y  specialists  on  all  the  phases  of  the  design  and  construc- 
tion of  roads. 
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Outline  of  Field  to  Be  Covered 
By  Highway  Research* 

By  A.  N.  JOHNSON, 
Deaii  of  College  of  Engineering,  University  of  Mary'and. 
The  ne>9d  for  highway  research  is  becoming  more  and  more 
apparent  .is  our  highway  program  develops.  At  the  recent 
convention  of  land-grant  colleges  held  at  Springfield,  Mass., 
the  subject  at  highway  research  was  discussed  by  Mr.  Thomas 
H.  MacDonald.  Chief  of  the  United  States  Bureau  of  Public 
Roads,  who  pointed  out  that  one  of  the  largest  fields  in  engi- 
neering endeavor  during  the  next  25  years  will  be  the  devel- 


named  as  suggestive  of  those  to  be  included  under  the  vari' 
ous  factor  headings. 

As  various  work  programs  are  developed  and  data  accumu- 
lated a  comprehensive  outline  becomes  useful  as  a  guide  to 
disclose  whether  the  work  programs  are  balanced,  and  if  not, 
to  point  to  those  subjects  about  which  more  information 
should  be  gathered. 

The  data  that  may  be  developed  by  a  given  work  program, 
it  is  evident,  may  be  useful  from  a  number  of  viewpoints. 
Thus  a  traffic  study  may  furnish  not  only  information  as  to 
the  weights  or  loads  for  which  to  design  our  highways,  it  may 
serve  also  as  an  index  of  the  economic  value  of  the  roads,  and 
it  may  also  be  taken  as  a  basis  from  which  to  determine  op- 


A    TKNTATIVE    OOTLINE    FOR    A    COMPREHENSIVE    PROGRAM    OF    INVESTIGATIOIsr    OF    PROBLEMS    RELATING    TO    THE 

DESIGN.    OPERATION   AND   ECONOMIC   VALUE   OF   HIGHWAYS. 


Investigation  of  the  effect  on  road  con- 
struction and  maintenance  of: 

1.  Physical  geographic  conditions — 

Climate. 

Topograpliy. 

Geology. 

2.  Subgrade — 

Character  of  soil. 

Moisture. 

Preparation. 

3.  Shoulders — 

Width. 

Character. 

Roadside  vegetation,  trees,  etc. 

4.  Drainage — 

Bridges,  culverts,  etc. 

5.  Type  of  pavement — 

Materials. 
Construction  methods. 

6.  Loads  imposed  by  traffic — 

Total  weight  of  vehicle. 
Distribution  of  weight — 

On  wheels. 

Sprung  and  unsprung. 
Tires. 
Speed. 
Wear. 

7.  Density  of  trafHc — 

Width  of  pavement. 


Investigations     of     the     effect     on 
economics  of  road  operation  of: 

1.  Road  planning — 

Financing. 
Environment — 

Farms. 

Mines. 

Timber  lands. 

Manufacturing  centers. 
Other  transportation  systems — 

Railways. 

Ocean,  rivers,  canals. 

Airplane  terminals. 
Roadside  treatment. 

2.  Grade. 

3.  Surface. 

4.  Alignment. 

5.  Traffic  movement — ■ 

Regulations. 
Grade  separations. 

6.  Highway  transport — 

Vehicles — 

Weights. 

Number  of  units. 
Routing. 
Terminals. 
Financing. 

7.  Franchises^ 

Street  railways — 

Motor,  freight  and  bus  lines. 
Pipe  lines. 
Conduits. 
Telegraph  and  telephone. 


Weights  per 
vehicle;  per 
wheel;  per 
inch  of  tread. 


the        Investigations  of  the  effect  on  the  economic  value 
of  highways  to  a  community  of: 

1.  Highway  traffic — 

Distribution  of  traffic —  ? 

Geographical — 
Relation  to  environment. 
,  Seasonal — 

^,  Time  of  year. 

Daily — 

Day  of  week  and  month. 
Hourly — 

Hourly  variation. 

Character  of  traffic — 

Passenger. .  (  Horse  drawn 

(  Motor 

t  Horse  drawn 

Freight \  Motor 

Relation  to  other  transportation  systems 
Rail. 
Water. 
Air. 

2.  Highway  costs — ■ 
Construction  costs. 
Maintenance  costs. 
Operation  costs. 

3.  Financing  highway  improvements^ 
Methods — 

Direct  taxation. 
Bond  issues. 

Vehicle  taxes  and  licenses. 
Tolls. 
Distribution  of  cost — 

To  Federal  Government — 

State. 

County. 

Local  subdivisions. 

Property  owner. 


opment  of  our  highways  and  highway  transportation.  We 
can  not  too  soon  begin  these  investigations,  the  results  of 
which  should  be  at  hand  if  economical  and  scientific  progress 
is  to  be  insured  and  the  largest  return  made  to  the  public, 
which  has  provided  so  abundantly  the  funds  for  this  great 
undertaking.  In  the  discussions  before  various  engineering 
and  technical  bodies  the  lack  of  needful  data  by  which  in- 
telligently to  plan  and  build  our  highways  has  repeatedly 
been  remarked. 

It  is  unnecessary  to  develop  further  the  argument  tor  the 
need  of  highway  research.  Time  and  space  will  be  more 
profitably  employed  in  the  discussion  of  highway  research 
itself.  It  seems  proper,  therefore,  at  first  to  present  a  gen- 
eral outline  of  the  field  to  be  covered,  as  a  survey  of  this 
field  should  prove  helpful.  An  attempt  has  therefore  been 
made  to  present  such  an  outline,  which  was  prepared  in  Sep- 
tember, at  the  suggestion  of  Mr.  MacDonald,  by  Charles  J. 
Tilden,  professor  of  engineering  mechanics  at  Yale  Univer- 
sity, A.  T.  Goldbeck.  testing  engineer  of  the  United  States 
Bureau  of  Roads,  and  the  writer. 

The  arrangement,  as  well  as  the  subjects  themselves,  as 
here  presented  for  investigation,  should  be  considered  more 
as  a  general  view  of  the  field,  rather  than  a  work  program. 
Three  general  divisions  have  been  named:  (1)  Investigations 
affecting  road  construction  and  maintenance  or  road  design; 
(2)  investigations  affecting  the  economics  of  road  operation 
or  the  use  of  the  road;  (3)  investigations  affecting  the  eco- 
nomic value  of  highways  to  a  community. 

Under  each  of  these  headings  are  listed  the  principal  fac- 
tors   involved.     In    turn,    a    number    of    subjects    have    been 


eration  costs.  In  fact,  it  may  be  remarked  that  traflSc  data 
underlie  much  of  the  information  needed  to  plan  and  expend 
wisely  for  highway  improvements. 

Little  further  explanation  of  the  analysis  of  the  highway  re- 
search field  here  presented  is  thought  necessary  other  than 
to  point  out  that  it  is  to  be  regarded  as  tentative.  As  more 
study  is  given  to  the  subject  it  doubtless  will  be  possible  in 
the  near  future  to  present  a  considerably  more  detailed  out- 
line which  will  be  of  greater  assistance  in  outlining  work 
programs. 


*From  Public  Roads. 


Cost  of  Heating  and  Spreading  Road  Oil. — The  city  of 
Los  Angeles,  Calif.,  has  been  operating  an  oil  heating  plant 
since  .July,  1918.  During  the  fiscal  year  ended  June  30, 
1920,  the  plant  heated  and  distributed  29,675  bbl.  of  hot  oil, 
the  cost,  according  to  the  annual  report  of  John  A.  Griffln, 
city  engineer,  being  as  follows: 

Per  bbl. 

Oil  F.  O.  3.  tank  cars  at  plant $2.01 

Heating    36 

Spraying  on  streets   34 

Total    $2.71 

The  above  is  the  cost  per  barrel  of  42  gal.  spread  on  the 
street,  or  delivered  to  the  department's  oil  and  gravel  mix- 
ing plants,  as  the  case  may  be.  The  heating  plant  is  operated 
by  one  man  regardless  of  the  quantity  of  oil  handled.  It  uses 
steam  from  the  same  boiler  which  serves  the  asphalt  plant 
with  no  additional  labor  expense  for  producing  the  steam.  For  ■ 
the  distribution  of  this  oil  the  engineering  department  owns 
three  5-ton  oil  spreading  trucks,  each  equipped  with  a  1000 
gal.  capacity  oil  tank  and  spraying  apparatus. 
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Work  Started   in  280  Mile  Road 
Contract 

Actual  concreting  on  tlie  first  stretch  of  the  largest  road 
job  ever  let  to  one  contractor  was  begun  Nov.  12.  The  con- 
tract calls  for  the  construction  of  2S0  miles  of  concrete  road 
for  Maricopa  Count.v,  Arizona.  Twohy  Brothers  are  the  con- 
tractors. Two  mixers  operating  from  what  is  known  as  the 
Fowler  setup  will  lay  the  first  41  miles  of  IG-tt.  road  before 
the  material  trestle  and  cement  shed  are  moved.  One  mixer 
is  seven  miles  from  the  material  plant,  the  other,  two  miles. 

A  second  plant  has  been  installed  at  Chandler,  identical 
with  the  one  at  Fow'ler.  The  Chandler  plant  will  begin  opera- 
tions about  Jan.  1.  With  the  two  plants  Twohy  Bros,  expect 
to  build  280  miles  of  16-ft.  road  in  three  years  from  eight 
setups. 

Materials  are  delivered  in  bottom  dump  railroad  cars.  The 
cars  are  shunted  on  top  of  a  material  trestle  and  dumped  di- 
rect Into  bunkers  under  the  trestle  from  which  the  tip-over 
batch  boxes  are  loaded  by  gravity. 


Highway  Education  Committee  Appoints 
C.  J.  Tilden  of  Yale,  Director 

C.  J  Tilden,  professor  of  engineering  mechanics  at  Yale 
University,  has  been  granted  leave  of  absence  lor  a  year  to 
accept  the  position  of  director  of  the  Highway  and  Highway 
Transport  Education  Committee,  of  which  Dr.  P.  P.  Claxton, 
United  States  Commissioner  of  Education,  Is  chairman. 

The  committee,  which  was  formed  last  May  at  the  invita- 
tion of  the  Commissioner  of  Education,  in  addition  to  Dr. 
Claxton,  includes  Thomas  H.  McDonald.  Chief  of  the  Bureau 
of  Public  Roads,  United  States  Department  of  Agriculture; 
Col.  Mason  M.  Patrick,  Corps  of  Engineers,  U.  S.  A.;  Roy  D. 
Chapin,  President  of  the  Hudson  Motor  Car  Co.;  W.  S.  Kel- 
ler. President  of  the  American  Association  of  State  Highway 
Oflicials;  H.  S.  B'irestone.  of  the  Firestone  Tire  Co.;  Dean 
Bishop,  of  the  University  of  Pittsburgh,  and  Professor  Tilden. 

The  membership  of  the  committee  is  designed  to  include 
representatives  of  all  governmental,  educational,  and  indus- 
trial groups'  interested  in  the  advancement  of  education  in 
highway  and  highway  transport  engineering. 


Map   of   Maricopa   County    Road   Work,   Showing    Roads   to    Be   Improved.    Location   of   Sand   and   Gravel    Deposits  and    Points 

from   Which    Paving   Outfits   Will   Work. 


Sand  and  gravel  are  obtained  from  Tempe,  where  Twohy 
Bros,  have  installed  a  washing  and  screening  plant  having  a 
capacity  of  1,500  yd.  per  day.  Cement  is  received  in  bulk  and 
unloaded  by  means  of  a  Dracco  vacuum  plant  arranged  and 
furnished  tor  this  job  by  the  Lakewood  Engineering  Co.  From 
the  time  it  is  loaded  into  railroad  cars,  the  material  does  not 
touch  the  ground  until  placed  on  the  road  as  concrete.  The 
most  modern  methods  are  used  in  every  operation.  The  equip 
ment,  representinc;  an  investment  of  nearly  $500,000  includes 
four  14-E  Lakewood  gasoline  pavers  with  batch  transfers,  18 
miles  of  narrow  gage  road  track,  12  6-ton  gasoline  locomo- 
tives. 21G  Lakewood  road  cars  complete  with  batch  boxes  and 
cement  compartments,  S  double  truck  cars.  4  finishing  ma- 
chines, and  subgraders,  2  bulk  cement  handling  plants  each 
having  a  capacity  of  900  bbl.  per  day,  8  scarifiers  and  1  clam- 
shell bucket. 


Wisconsin  Road  School. — The  annual  road  school  and 
meeting  of  county  highway  commissioners  of  Wisconsin  will 
be  held  at  Madison,  Wis.,  beginning  Jan.  31.  The  meetings 
will  be  under  the  auspices  of  the  State  Highway  Com- 
mission. 


The  formation  of  the  committee  last  May  was  the  first  step 
in  a  nation-wide  undertaking  on  the  part  of  these  groups,  and 
it  is  expected  to  lead  to  better  training  of  larger  numbers  of 
highway  and  highway  transport  engineers  to  fill  numerous  po- 
sitions which  will  be  available  for  them  in  the  near  future. 

The  new  director  will  take  charge  immediately  of  the  work 
planned  by  the  committee,  which  includes  the  compilation  of 
oconomic,  scientific  and  engineering  data  relative  to  highway 
construction  and  highway  transport,  and  the  distribution  of 
these  data  to  educational  institutions.  Because  of  recent  de- 
velopment in  the  science  of  road  construction  as  it  is  now 
practiced,  and  the  still  later  development  of  automotive  and 
transport  engineering,  there  are  no  up-to-date  textbooks  for 
use  In  colleges  and  technical  schools.  Several  large  govern- 
mental and  industrial  agencies  have  agreed  to  supply  data 
for  such  books  from  their  experience. 

It  is  expected  that  Professor  Tilden's  work  ultimately  will 
lead  to  the  formation  of  a  comprehensive  program  of  educa- 
tion for  highway  and  highway  transport  engineers  which  will 
insure  an  adequate  supply  of  technically  trained  young  men 
to  fill  the  ranks  of  the  growing  branches  of  the  engineering 
profession. 

(20) 
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Excess  Lift  as  a  Factor  in  Highway 
Transportation 

By   ROBERT    C.   BARNETT, 
Economic  Engineer,  Kansas  City,  Mo. 

One  of  the  important  details  connected  with  the  general 
problem  o£  arriving  at  the  economic  balance  of  the  factors 
affecting  the  cost  of  highway  transportation  is  that  of  de- 
termining the  "economic  excess  lift"  for  a  particular  set  of 
road  conditions  and  the  annual  tonnage  to  be  transported. 
As  a  means  for  ascertaining  this  critical  excess  lift,  there 
is  now  presented  a  method  which  follows  the  line  of  thought 
set  up  in  previous  contributions*  touching  the  general  prob- 
lem. Let  us  first  consider  those  basic  conditions  which 
govern  the  solution. 

The  movement  of  a  certain  annual  tonnage  over  a  given 


Fig.   1. 


highway  from  point  of  origin  to  destination  involves  an  ex- 
penditure of  a  definite  amount  of  energy.  This  energy  is 
expended  in  overcoming  the  tractive  resistance  of  the  road 
surface  throughout  its  length,  in  lifting  the  load  through  a 
vertical  distance,  in  overcoming  the  resistance  of  the  air 
and  also  the  friction  of  the  motor  and  transmission  gearing. 

The  lifting  of  the  load  through  a  vertical  distance  is  ne- 
cessitated by  the  difference  in  altitude  of  the  termini  and 
by  the  intervening  rise  and  fall  of  the  grade  line.  As  may 
be  readily  seen  from  the  diagram,  Pig.  1,  the  total  lift  is  the 
sum  of  the  several  lifts.  That  is,  if  Si,  s,,  Sj,  etc.,  represent 
the  elevations  of  the  several  summits  and  if  v„  v.,  Vj,  etc., 
similarly  rep'resent  the  elevations  of  the  several  sags,  then 
the  total  lift  that  must  be  given  the  load  during  its  passage 
from  Vi  to  s,  is  given  by  the  expression 

Total  lift  =   (Si  — vj  -f  (Sj  — V,)  +  (s,  — V3)  -+-  (S4  — v<) 
—    Si  +  s.  -I-  S3  +  s.  —  Vi  —  V,  —  Vs  —  V( 

The  difference  In  altitude  between  the  points  A  and  B  is 
84  —  Vj.  As  it  is  generally  impracticable  to  change  the  ele- 
vation of  either  terminus,  the  difference  in  altitude  may  very 
properly  be  considered  as  fixed.  The  intervening  summits 
and  sags  are  usually  susceptible  of  modification,  so  their 
elevations  may  be  treated  as  variables  for  any  particular 
location  of  the  road.  It  is  these  with  which  we  are  pri- 
marily  concerned. 

If  the  difference  in  altitude  be   subtracted  from  the   total 


Fig.    2 — Cross   Section    at    Summit. 

lift,  there  remains  a  residual,  or  excess,  lift  which  may  also 
be  treated  as  a  variable  in  our  analysis.  By  performing  the 
subtraction,   we  have 

Excess   Lift    =   Si  -|-  s,  +  S3  —  V;  —  V3  —  Vj 

As,  has  been  explained  in  previous  articles,  the  oppor- 
tunity for  utilizing  momentum  of  the  moving  vehicle  is  ex- 
tremely limited;  it  will  not  be  considered  in  the  present  dis- 
cussion. Hence  as  new  energy  must  be  spent  in  overcom- 
ing this  excess  lift,  its  reduction  leads  to  greater  economy  of 
operation.  However,  any  reduction  in  the  excess  lift  means 
an  increased  expenditure  for  grading,  assuming  the  location 
of  the  road  as  fixed,  and  consequently  a  larger  annual  interest 
charge  on  construction.  To  strike  a  balance  between  ex- 
penditure for  power  and  the  interest  charge  such  that  the 
greatest  economy  will  result  is  the  desideratum. 

For  this  purpose,  let  us  suppose  that  a  certain  depth  of 
cut  of  y  feet  be  made  at  each  summit  and  the  excavated 
material  be  used  to  make  the  fills  in  the  adjoining  sags.  Also 
let  z,,  Zj,  etc.,  represent  the  depths  of  the  fills  at  the  respec- 
tive sags,  then  the  expression  for  excess  lift  becomes 

Excess    Lift   =    (Si  — y) -(- (Sj  — y)  +  (Sa  — 7)  —  (^2  +  z,) 
—  (v,  +  Z3)  —  (V.  +  z.) 


Xl  =    (Si  +  Sj-t-Sj)  —  3y- 
a  constant 

=  c  — 3y  — 


-  (V2  -+-  Vs  -h  vj  —  (Z,  ^    Zs  -f  zj 

constant  variable 

(Zj  +  Z3  -f  zj 


It  is  to  be  noted  that  (s,  -|-  s,  +  S3)  remains  constant  for 
any  particular  location  as  also  does  (v. +  V3  4-V4),  while 
(z,  +  Z3 -f  zj,  being  a  function  of  y,  is  a  variable.  That  is 
for  a  given  profile,  the  depth  of  fill  at  any  sag  depends  upon 
the  amount  of  excavated  material  which  may  be  had  from 
the  adjoining  summit.  In  turn  this  amount  of  excavation  de- 
pends upon  the  depth  of  cut,  y.  Hence  the  next  step  in  our 
analysis  is  that  of  developing  an  expression  for  the  relation 
between  the  excavation  at  a  summit  and  the  cut  y,  and  also 
one  for  the  relation  between  the  fill  z  at  any  sag  and  y  of 
the  adjoining  volume  of  excavation  available  for  such  fill. 
Extreme  accuracy  is  not  necessary  as  only  general  results 
are  desired. 

Two  cases  will  be  considered  at  present. 

First  Case:  Location  of  highway  over  new  ground  ad- 
mitting of  changes  In  alignment.  For  this  case  the  ground 
line  for  a  cross  section  at  a  summit  will  be  considered  as 
fairly  level,  otherwise  a  lowering  of  elevation  could  be 
readily  secured  by  shifting  the  alignment  instead  of  making 
a  cut.  From  Fig.  2,  a  formula  for  area  of  cross  section  is 
easily  derived. 
Si  —  avi 

w'  —  Si  -)-  w  -f  S2 

=ayi  -t-  av;  +  w  =  a(yi  -|-  ya)  -I-  w 


but 


<7>»^ 


vi  -I-  y2 
y  = approximately 


w'  =  2ay  +  w 

(wi  +  w) 
Area  — y  : 


(2ay  +  w  +  w)y 


:  ay2  -f  wy  ■ 


2  2 

Second  Case:  Location  of  highway  follows  existing  road 
in  which  case  some  preliminary  grading  may  be  necessary 
to  widen  out  the  shoulders  and  provide  ditches.  Such  grad- 
ing is  not  dependent  upon  y  and  so  may  be  treated  as  a  con- 
stant for  any  particular  stretch  of  road.  The  area  of  the 
cross  section  which  is  dependent  upon  y  is  determined  as 
follows : 

In  Fig.  3  let  the  full  line  represent  the  cross  section  after 
the  preliminary  grading  has  done.  Then  the  area  to  be 
considered  is  that  between  the  full  line  and  the  dotted  one. 
This  is  composed  of  two  triangles,  two  parallelograms  and 
one  rectangle. 

ay"  ay^ 

Area  = h  ah,y-fwy-fah,yH =  ay=+y(ahi-|-w-(-ah2) 

2  2 

in  which 
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Fig.    4. — Profiie    at    Summit. 

ah,  -f  w  +  ahj  !=:  a  constant  and  may  be  replaced  by  w" 
then 

Area  =  ay-'  +  w"y. 

This  equation  is  of  the  same  form  as  that  for  Case  1. 

We  may  next  deduce  a  general  expression  for  the  volume 
of  excavation  at  any  summit.  Ordinarily  the  profile  of  the 
center  line  of  roadway  may  be  taken  as  shown  in  Fig.  4,  in 
which  case  x  varies  as  y.  Occasionally  a  case  will  be  found 
where  a  better  approximation  would  be  to  vary  x  as  the 
square  root  of  y.  Considering  the  more  usual  case,  we  have 
X  =  b„y 


(21) 
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b„  being  dilTeient  for  different  summits, 
cavation  now  becomes 

A  X  Ab„y 

,     °  2  2 

or  by  substltutiou 

(ay'  +  wy)  b„y 


The  volume  of  ex- 


V„  =• 


for  Case  1. 


(ay''  +  w"y)  b„y 


V,.  = 


Total  volume  = 
yards,  we  have 

V,  = 


=  V,  +  V:  +  V,  +  etc. 
(ay'  +  w  y") 


for  Case  2. 
Reducing  this  to  cubic 


(bi  -t-  b;  +  b;  -r  etc. 
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(For  Case  2,  cliange  w  to  w".) 

The  cost  of  making  this  excavation  is  readily  obtained  by 
multiplying  Vt  by  the  unit  cost,  from  which  the  annual  charge 
for  interest  may  be  obtained.  Let  this  annual  charge  be 
represented  by  Ie  and  let  k  be  the  annual  charge  for  1  cu. 
yd.;    then 

(ay"+wy"-) 

1,,-  =  kV,  =  k(b,  +  b,  +  b,  +  etc.)   ( ) 

(       54       ) 

The  cost  of  providing  the  additional  right  of  way  required 
by  an  increase  in  side  slopes  is  readily  obtained  from  Fig.  2 
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Difference  in  eievotion  behveer  hrmin.  =  62.47  feef.  Excess  Ir'ff,  exiihn^ 
profile  '  166.2  feef.  Excefs  Liff prcposcd pnfile  ■  77.3  feef 

Fig.  5 — Condensed   Profile   of  a    Portion  of  the   Fort  to   Fort 
Highway. 


and  Fig.  3.    Let  L  equal  the  length  of  the  road  in  feet,  then 
it  is  seeu  that 

Additional  area  =  2ayL. 
This  reduced  to  acres  becomes 
2ayL 

Ar  =  =  00.000046  yL. 

43560 
Letting  j   equal  the  annual   interest  charge   per  acre,   we 
have  for  total  interest  charge  for  additional  right  of  way  the 
expression 

Ir  =  0.000048jyL 
The  total  Interest  charge  for  excavation  and  right  of  way 
now  becomes 

It  =  Ie  +  Ir 

(ay"+wy«) 
=  lt(b,  +  b, +  b, +  etc.) h  0.0000463yL 
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The  energy  required  to  lift  the  load  from  A  to  B  is  equal 
to  the  gross  weight  of  the  vehxle  passing  over  the  road 
multiplied  by  the  height  through  which  it  is  lifted.  Let  T.  = 
gross  annual  tonnage  and  D,  =  the  difference  in  altitude  of 
the  termini,  then  the  energy  i-equired  is  given  by  the  formula 
E.  =  T„  (D.  +  Xl)  =  T„D«  +  T.     -I  c  —  ny  —  (Zj+z,+z,+etc.)  \ 

It  will  now  be  expedient  to  express  '/...,  Zj,  z„  etc.,  in  terms 
of  y.  Following  a  similar  process  as  that  for  finding  the 
area  of  the  cross-section  of  the  excavation  at  a  summit,  we 
have 

Area  for  fill  =  az=  +  wz,  or  az-  +  w"z. 

Let  x'  represent  the  length  of  this  fill,  then  from  the  profile 
it  will  be  seen  that  x'  i=  c„z,  c„  being  different  for  different 
sags.  The  general  expression  for  the  volume  of  fill  at  any 
sag  becomes 

(az--|-wz)  cz 
F„  = for  Case  1. 


(az-  -\-  w"z)  cz 


F.  = 


for  Case  2. 


Now  F„  bears  a  direct  relation  to  V„.    Allowing  for  a  shrink- 
age factor  f,  we  have 

F„  —  fV., 
or 

(az'-'-fwz)  cz  ,(ay-  +  wy)   by 

=£, . 

2  \  i 

This  reduces  to  the  form  of 

fby=  (ay  +  w) 
z-  =^ 


c  (az  +  w) 


v"  v: 


(ay  +  w) 


y  \(  - 

(az  -f  w) 

In  pi'actice,  a  will  range  between  1  and  1.5,  while  w  will 
lie  between  25  and  30,  and  w"  between  40  and  60.  For  the 
usual  values  of  y,  w  or  w"  will  dominate  the  value  under  the 
second  radical;  so  that  the  fraction  will  approximate  unity 
and  its  square  root  will  be  a  still  closer  approximation  to 
unity.     We  may,  therefore,  write 

z„  =  y     yl  — 

for  any  fill.  Should  special  conditions  be  encountered  re- 
quiring a  closer  approximation,  y  may  be  given  an  exponent 
slightly  greater  than  unity  such  that  the  desired  degree  of 
accuracy. may  be  obtained  after  a  trial  or  two. 

Reverting  co  our  equation  for  energy  and  substituting 
therein  the  value  for  z,  -we  have 


Ea  =  TaDa  +  T„     C 


't) 


■  —  KV  i-l/- 

\   C  , 

ihis  energy  output  per  annum  for  overcoming  vertical 
lift  multiplied  by  its  unit  cost  gives  us  the  annual  charge  for 
operation.  Letting  m  represent  this  unit  cost,  we  have  mE., 
as  the  annual  charge  for  energy.  This  charge  added  to  the 
previously  determined  interest  charge  equals  the  total  charge 
under  consideration.     Thus  the  annual   cost  becomes 

Cu  =  Ie  +  Ir  +  mE„, 
or  by  substitution 

,     k(ay"-fwy=) 

C„=; 2b  -f  0.000046JyL   +  mT„D„ 
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mTa(c-ny-£V2^'7-) 


For  the  greatest  economy,  the  annual  cost  should  become 
a  minimum.  To  obtain  this  critical  value  of  y.  the  usual 
method  of  placing  the  first  derivative  of  the  function  equal 
to  zero  is  followed. 

dC.              Say-  4-  2wy 
=  k —  2  b  +  0.000046JL 


dy  54 


—  mTnn  —  mTn£=  2 


\ 


=  0 


(22) 
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I    b 


54  (mTuii  +  mT.f *  ^  \l  ~ 


0.000046JL) 


3ay= 


2wy 


kSb 


As  the  second  derivative  is  positive,  this  value  for  y  would 
make  the  annual  cost  a  minimum.  When  the  known  terms 
are  given  their  proper  numerical  values  for  a  particular 
case,  this  equation  for  economic  cut  reduces  to  a  simple 
quadratic   easy   of  solution. 

As  an  illustration  of  the  application  of  the  foregoing 
analysis,  an  example  from  actual  practice  is  here  presented. 
The  road  selected  is  a  short  stretch  of  the  Fort  to  Fort  High- 
way in  Wyandotte  County,  Kansas.  A  condensed  profile  is 
shown  in  Fig.  5.  The  road  follows  a  former  highway  loca- 
tion requiring  a  small  amount  of  gi-ading,  hence  the  con- 
ditions of  Case  2  apply.  The  numerical  values  to  be  sub- 
stituted in  the  equation  for  economic  cut  are  as  follows: 

a  =  1.5.  the  usual  H4   to  1  slope 

w"  =  50 

m  =  0.00014 

Ta  =  300000 

n  =  6 

f  :=O.S  Vf  =  0.9  nearly 

L,  =  13300  feet 

j  =  12,  6  per  cent  interest  on  $200  per  acre  land 

k  =  0.042,  6  per  cent  interest  on  the  unit  cost  of  grading  taken 
at  70  cent  per  cubic  yard. 

From  Fig.  5  we  have 


ti  =  77.0 


68. 0 


bs  =  lSo.7 


hi  =  54.5 


91.0 


bt  =  62.0 


200 


C3  =  54 


100 


Cs  =  51.3 


1.00 


0.5S 


1.76 


V 
V 


:  0.74 


:  0.95 


1.10 


I  b 
Sb  =  519.7  2     ../  — =  6.13 

V  c 

For  making  the  fill  at  v„  material  is  assumed  to  be  taken 
from  s,  and  Sj. 

The  following  considerations  led  to  the  adoption  of  0.00014 
for  an  average  value  of  m.  The  unit  cost  of  energy  delivered 
to  the  driving  wheels  of  the  vehicle  is  made  up  of  the  cost 
items  of  gasoline,  oil,  grease,  waste,  maintenance  of  power 
plant  (all  of  which  bear  a  d'irect  relation  to  the  amount  of 
mechanical  work  done),  and  the  driver's  salary.  Informa- 
tion along  this  line  is  not  yet  plentiful  nor  is  it  standardized, 
so  we  must  accept  a  tentative  value  tor  the  present.  The 
supporting  data  are  these: 

For  a  day's  lun  of  50  miles  on  an  average  country  road: 

6  gal.  of  gasoline  at  25  ct $1.50 

Oil,  grease  and  waste  20  per  cent  of  gasoline  cost 30 

Maintenjince  50  per  cent  of  gasoline  cost 75 

Driver's  salary,   per  day 5.00 

•'$7.55 
*Or  15  ct.  per  mile. 

The  work  done  by  a  three-ton  truck  against  a  road  resist- 
ance of  70  IDs.  per  ton  of  gross  load  in  traveling  over  the 
mile  is  (gross  load  6  tons) 

6  X  70   X   5,280  =  2,217,600  foot  pounds. 
Since  the  tratfic  is  measured  in  tons,  it  will  be  expedient  to 
reduce  the  work  per  mile  to  foot-tons   by  dividing  by  2.000. 
We  thus  have  for  the  unit  cost  of  energy  0.15  -i-  1,108.8  = 
0.000135,  or  say  0.00014. 

Substituting  these  numerical  values  for  the  known  quan- 
tities in  the  equation,  we  have 

54  (.00014  X  300000  X  6  +  -00014  X  300000  X 

4.5y=  +  lOOy  = 

.042  X519.7 
0.8  X  6.13  —  .000046  X  12  X  13300) 


4.5y-  +  lOOy  =  1,180. 


Solving  this   quadratic,  we  find  that  the  economic   cut  for 
the  conditions  set  forth   is 

y  =  8.5  feet. 

By  substituting  this  value  for  y  in  the  formula  for  z„,  we 
may  compute  the  fills  for  the  several  sags. 


Ibn  lb-.. 

1.3x8.5  ..  —  =  7.65-./— 

V  Cn  \  Cn 


Zo  =  4.4 
,43  -  li.4 
z,  —  9.2 
Z5  =     7.3 

The  profile  corresponding  to  these  values  for  y  and  z  Is 
indicated  by  the  dotted  line  in  Fig.  6.  The  excess  lift  has 
been  reduced  from  166  ft.  to  77  ft.  This  saving  of  89  ft.  of 
lift  is  equivalent,  from  the  operating  standpoint,  to  the  eliml- 
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or  Concrete  ^  ^ 


BituminousMacodam    50  • 
WBMacadom  65- 

Packed  Grovel  80  ■ 

Eorth.dustlop         100   ■ 
Earth,  mud  top  200" 

Loose   Grovel  260  ■ 


Distonce  of  Travel 
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Fig.  6. 

nation  of  5,874  ft.  of  distance,  or  44   per  cent  of  the  actual 
length  of  this  stretch  of  roadway. 

This  illustration  serves  to  show  the  importance  of  excess 
lift  as  a  factor  in  economic  transportation.  It  also  indicates 
the  need  for  more  careful  study  and  analysis  of  proposed 
alignments  and  grades  from  the  viewpoint  of  the  user.^  of 
the  roads.  The  case  selected  is  only  one  of  many  that  have 
come  to  the  writer's  notice.  Our  main  traveled  highways 
furnish  many  instances  similar  to  the  one  cited,  hence  the 
need  for  centering  attention  on  this  factor  of  excess  lift. 
To  this  end  Fig.  6  is  presented  for  ready  assimilation.  It 
shows  the  distance  that  a  load  may  be  moved  over  different 
roads  using  the  same  amount  of  energy  that  would  be  re- 
quired to  lift  it  1  ft.  vertically.  It  is  to  be  noted  that  the 
better  class  of  pavements  have  higher  equivalents,  hence 
the  greater  importance  of  reducing  excess  lift  before  such 
road  surfaces  are  constructed. 


Cost  of  Maintenance  and  Repair  of  Oiled 
and  Gravel  Streets  at  Los  Angeles 

The  work  of  sprinkling,  cleaning,  repairing  and  recon- 
struction of  oiled  and  gravel  streets  at  Los  Angeles,  Calif., 
is  in  charge  of  a  Street  Maintenance  Department  of  which 
T.  W.  Moore  is  superintendent.  The  toilowing  account  of 
the  work  done  during  the  fiscal  year  ended  June  30  last,  is 
abstracted  from  the  annual  report  of  John  A.  Griffin: 

Sprinkling  has  been  reduced  consideiably  on  account  of 
nearly  all  of  the  streets  having  a  good  oiled  surface.  Addi- 
tional sprinkling  would  tend  to  cause  the  streets  to  wear  out 
more  rapidly  and  would  not  be  of  advantage  from  a  dust 
laying  standpoint.  Until  April  1,  1920,  five  Moreland  sprink- 
ling trucks  were  uired  by  contract.  At  the  present  time, 
three  trucks  only  are  being  used.  Sprinkling  by  this  method 
costs  $0.7369  per  mile.  Additional  sprinkling  service  la 
given  during  the  summer  months  with  Ford  tractors.  This 
vehicle  is  constructed  by  using  a  flushing  wagon  with  sprink- 
ling heads,  iastead  of  flushing  nozzles,  and  a  Ford  runabout 
with  a  Woodward  transmission  to  afford  the  proper  gear 
ratio.  Sprinkling  with  the  Ford  tractors  costs  $0.7111  per 
mile. 

Gutter  cleaning  is  a  part  of  the  routine  of  district  main- 
tenance and  each  foreman  arranges  so  that  a  part  of  his  men 
work  over  the  district  systematically,  so  that  each  street  re- 
ceived the  proper  share  of  cleaning.  Streets  in  closely  built- 
in  neighborhoods  receive  more  cleaning  than  in  outlying  sec- 
tions. During  the  year  3640.65  miles  of  gutters  were  cleaned 
at  a  cost  of  $29.97  per  mile. 

Repairs  to  streets  are  made  by  two  methods,  patching  with 
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a  mixture  or  oil  and  gravel  prepared  at  the  city  plants, 
or  re-surfacing,  which  consists  of  rooting,  discing,  grading, 
rolling  and  oiling.  The  patch  work  is  undertaken  where 
small  or  isolated  holes  appear  in  the  surface,  and  is  very  sat- 
isfactory as  a  temporary  repair. 

The  method  used  in  re-surfacing  Is  to  plow  a  roadway  with 
a  rooting  machine  having  from  three  to  five  points,  accord- 
ing to  the  size  of  the  roller.  The  plowed  street  is  then  thor- 
ougly  disced.  After  a  heavy  application  of  water  the  street 
Is  graded,  rolled,  re-graded  and  re-rolled.  The  roadway  is 
then  ready  for  oil,  which  Is  applied  by  pressure  spray  at  a 
temperature  between  300  and  400°  F.,  this  application  being 
approximately  V2  gal.  per  square  yard.  The  oil  is  covered 
with  rock  screenings  to  a  depth  of  about  Vo  in.  In  the  past 
year  resurfacing  work  has  been  completed  as  follows: 

Per  mile. 

Rooting.  60.9S  miles $    147.60 

Discing,  60.98  miles   141.52 

Rolling,  60.98  miles   227.35 

Grading,  CO. 98  miles   136.71 

Wetting  surface,  60.98  miles 56.63 

Total  $    709.81 

Oiling,  86.50  miles  536.61 

Crushed  rock  for  cover 546.45 

Total    ?1,792.87 


How  New  York  City  Will  Use  Mechanical 
Apparatus  for  Snow  Removal 

New  York  City  has  purchased  a  large  amount  of  mechanical 
apparatus  for  use  in  removing  snow  from  the  streets.  This 
equipment  includes  212  5-ton  gasoline  trucks.  100  2-ton  trucks. 
150  4-wheeled  plows.  300  auto  front  plows,  150  tractors  of  the 
caterpillar  type  (100  small  size,  not  less  than  3,800  lb.  and 
50  not  less  than  S.OOO  lb.),  three  wrecking  cars  equipped  with 
cranes,  four  ?i-ton  delivery  trucks  for  delivering  supplies. 
and  one  mechanical  snow  loader  (Friedman  machine).  The 
general  plan  of  operating  these  tractors  and  5-ton  trucks  is 
outlined  as  follows  in  a  report  of  the  New  York  State  Bu- 
reau of  Municipal  Information  on  "Snow  Removal  in  American 
Cities." 

As  soon  as  a  snow  fall  starts  and  the  Commissioner  is  con- 
vinced— after  consulting  with  the  Weather  Bureau  Officials 
— that  it  will  be  a  continued  storm,  he  will  issue  orders  to 
have  the  tractors  and  trucks  begin  work.  The  plows  will  be 
attached  to  the  trucks  at  the  various  garages,  and  the  police, 
fire  and  street  cleaning  operators  who  are  assigned  to  this 
w'ork  will  immediately  report  for  duty  and  proceed  at  once 
to  the  points  where  they  are  to  plow. 

The  scheme,  as  outlined,  is  to  have  plows  in  teams  of  two 
clean  a  width  of  20  ft.  of  roadway  for  a  distance  of  3  lineal 
miles  in  one  hour  and  to  continue  working  over  such  a  route 
after  the  snow  has  ceased  falling.  The  average  rate  of  snow 
fall  is  %  in.  per  hour  and  the  motor-driven  plows  operating 
at  the  rate  of  3  miles  an  hour,  will  cover  the  entire  area 
every  2  hours,  constantly  plowing  1  in.  of  snow  on  each  trip 
up  and  down  the  assigned  area. 

With  150  tractors  and  250  5-ton  trucks  operating,  all  of 
which  will  have  snow  plows  attached,  starting  at  200  different 
points  and  covering  3  lineal  miles,  cleaning  20  ft.  of  road- 
w-ay,  it  will  be  noted  that  the  department  will — with  its  own 
equipment — -have  plowed  at  the  cessation  of  snow  fall  in 
each  storm  600  miles  of  roadway  in  the  important  sections  of 
the  city,  70  per  cent  of  which  will  be  in  the  Borough  of  Man- 
hattan so  that  there  will  be  no  interruption  of  traffic  such 
as  practically  paralyzed  the  trucking  business  last  year  and 
incurred  the  loss  of  millions  of  dollars. 

This  force  will  be  augmented  by  the  hiring  of  auto  trucks 
to  which  department  snow  plows  will  be  attached  and  it  is 
estimated  that  lOO  of  these  will  be  engaged  in  working  in  the 
same  manner  as  the  Department  trucks  and  tractors  covering 
an  additional  150  miles  of  roadway.  It  is  intended  that  this 
total  force  will  be  operated  within  one  hour  after  the  call 
has  been  isrued  by  the  Commissioner,  so  that  If  the  storm  is 
in  progress  1  hour  and  it  is  decided  to  call  out  the  forces,  all 
the  equipment  will  be  in  motion  within  2  hours  after  the 
storm  starts,  or  in  other  words,  the  full  force  of  motor  trucks 
and  tractors  will  be  operating  when  the  snow  shall  have 
reached  a  depth  of  1  in. 

The  first  point  in  the  work  of  snow  removal  is  to  keep  traffic 
moving.  This  will  be  accomplished  by  throwing  the  snow 
from  the  center  to  the  sides  of  the  roadway.  The  second 
point  Is  to  have  the  snow  removed  as  quickly  as  possible  after 
it  1.3  thrown  to  the  sides.    For  this  purpose  it  is  intended  to 


utilize  the  100  2-ton  department  trucks  and  the  department 
force  of  carts,  approximately  500  in  number,  on  the  first  day 
of  each  storm  to  haul  the  snow  to  the  most  convenient  dis- 
posal points,  such  as  sewers  and  water  front  dumps. 

During  the  progress  of  a  storm,  the  laborers  will  be  as- 
signed to  work  at  the  same  time  that  the  call  is  issued  for 
the  plows  to  start  out  and  they  will  pile  the  snow  just  as 
soon  as  it  is  thrown  to  the  side  of  the  roadway  by  the  plows. 
This  will  obviate  delay  as  formerly  occurred  while  waiting 
for  the  contractors'  forces  to  begin  work,  which  was  usually 
delayed  until  the  following  day. 

It  is  purposed  to  utilize  the  plows  attached  to  the  tractors 
to  push  snow  from  the  roadways  to  the  sewer  manholes 
v.herever  such  are  available,  after  they  stop  plowing,  which 
means  that  150  tractors  will  be  pushing  snow  on  all  streets 
where  sewers  are  available  and  in  this  way  great  quantities 
will  be  removed  quickly. 

The  plans  also  provide  for  registration  of  the  emergency 
men  in  advance  of  the  winter  season  in  order  to  have  an  avail- 
able snow  fighting  force  of  laborers  report  at  the  103  section 
Stations  throughout  the  three  boroughs,  at  which  places  they 
will  be  equipped  with  picks,  shovels  and  pan  scrapers;  and 
tinder  the  direction  of  squad  leaders  they  will  be  assigned  to 
certain  routes  for  sewering  or  piling  the  snow,  depending 
upon  the  type  of  sewer  adjacent  to  the  various  points  at  which 
they  are  assigned  to  work. 


Highway  Conference  at  Philadelphia.— Officials  of  the  high- 
way departments  of  Pennsylvania,  Delaware.  New  Jersey  and 
Maryland,  and  of  the  Bureau  of  Surveys,  city  of  Philadelphia, 
together  with  the  Bureau  of  Public  Roads,  Washington,  will 
co-operate  in  a  highway  engineering  conference  to  be  held  in 
Philadelphia,  Feb  14  to  Feb.  19,  1921.  This  conference  will 
be  under  the  auspices  of  the  Department  of  Civil  Engineering. 
University  of  Pennsylvania,  of  which  the  Professor  in  charge 
is  Milo  S.  Ketchum.  The  Advisory  Committee  is  composed  of 
Colonel  W.  D.  Uhler,  Chief  Engineer  of  the  Pennsylvania  State 
Highway  Department;  Charles  M.  Upham,  Delaware  Highway 
Department;  John  M.  Mackall,  Maryland  State  Roads  Com- 
mission; T.  J.  Wasser.  New  Jersey  Highway  Commission,  and 
George  S.  Webster,  Chief  of  the  Bureau  of  Surveys,  Philadel- 
phia. 


Personals 

F.  W.  Austin  has  been  appointed  city  engineer  for  Chanute, 
Kans.,  effective   Jan.   1,   1921. 

Hubbard,  Harris  &  Rowell,  Inc.,  Bridgeport,  Conn.,  has  taken 
over  the  consulting  engineering  practice  formerly  carried  on  by 
the  firm  of  Hubbard  &  Harris.  Inc. 

J.  E.  Huber,  district  engineer  with  lUinois  Department  of  Public 
Works  and  Buildings,  Division  of  Highways,  since  1913,  has  resigned 
to  accept  a  postion  with  the  Western  Wheeled  Scraper  Co.,  at 
Aurora,  111. 

Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  announces  the  resig-nation  of 
H.  L.  Dean,  formerly  manager  of  the  compressor  and  engine  sales 

division.  „  ...  ^  t^       ■       -ni 

The  Holt  Manufacturing  Co.,  Stockton.  Calif.,  and  Peona,  lu.. 
announces  the  election  of  Thomas  F.  Baxter,  president  of  the 
corporation  . 

The  Chicago  Pneumatic  Tool  Co.  announces  the  appointment  of 
.1.  F.  Huvane  as  eastern  manager  of  compressor  and  engine  sales, 
with  headquarters  at  6  E.  44th  St..  New  York,  and  G.  C.  Vanden- 
Boom  as  western  manager  of  compressor  and  engine  sales,  with 
headquarters  at  300  N.  Michigan  Blvd.,   Chicago. 

Clarence  H.  Kennedy,  sales  manager  Kennedy  Valve  Mfg.  Co., 
Elmiri  N.  Y..  is  recovering  from  painful  injuries  received  in  an 
automobile  accident  at  Elmira  on  Dec.  11.  As  he  was  driving  his 
machine  to  the  plant,  the  vehicl3  skidded  on  the  icy  pavement  and 
collided  with  a  street  car.  He  was  taken  from  the  wreckage  un- 
conscious and  first  reports  stated  that  his  skull  h.id  been  frac- 
tured. When  he  regained  consciousness,  this  was  found  to  be  not 
the  case.  Later  information  is  to  the  effect  that  he  may  not  be 
able  to  resume  his  duties  for  two  or  three  months. 

The  Pawling  &  Harnlschfeger  Co.,  Milwaukee.  Wis.,  held  its 
fourth  annual  Xmas  party  of  its  employes  on  Dec.  21.  at  Riverview 
RolIe>-  Rink.  Because  of  the  fact  that  the  majority  of  the  1.100 
emploves  have  been  connected  with  P.  &  H.  for  long  periods  of 
service,  ranging  from  10  to  20  years,  this  was  an  unusually  happy 
Ynlotide  aflair.  The  pro.eram  included  a  concert  by  the  P.  &  H. 
Employes  Band,  an  address  by  the  president,  Mr.  Henry  Harnlsch- 
feger, "and  choral  sinsing  of  Xma-S  hymns.  Gifts  and  candy  were 
distributed  to  the  children.  A  dance  program  concluded  the 
eveninj?. 

The  Detroit  Steel  Products  Co.  has  increased  its  capitalization 
to  $5,2r.0.0O0.00.  and  declared  a  common  stock  dividend  cf  300  per 
cent,  thus  distrilniling  a  portion  of  th3  company's  surplus,  which 
has  acoumulatod  during  the  last  ten  years.  The  mana.^ement 
believes  the  time  is  opportune  to  strike  an  optimistic  note,  and  at 
the  same  time  to  afford  the  stockholders  control  of  their  surplus. 
President  J.  G.  Rumney  states  that  the  Detroit  Steel  Products  Co.'s 
branch  offices  and  agencies,  located  in  ever^-  section  of  *he  United 
States,  support  this  feeling  of  optimism,  as  shown  in  recent  reports 
of  conditions  in  their  respective  environments.  The  foreign  repre- 
sentatives also  report  improved  conditions. 
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California  Commission  Advises  San 
Francisco  to  Buy  Water  Co.  Plant 

The  California  Railroad  Commission  has  just  completed  a 

valuation   of  the   property   of   the   Spring  Valley  Water   Co. 

and  has  recotnmended  the  purchase  of  the  plant  by  the  city 

of  San  Francisco.    The  plant  is  appraised  at  $37,000,000.    The 

population  of  the  city,  according  to  the  TJ.  S.   Census,  was 

507,000,  but  the  Commission  says: 

The  completion  of  the  Calveras  reservoir  will  make  immediately 
an  additional  supply  of  water  sufflcient  to  take  care  of  the  present 
urgent  needs  of  the  city.  It  is  estimated  that  this  addition  to  the 
Spring  Valley  plant  will  be  sufScient  to  meet  the  demands  of  the 
city  until  the  completion  of  the  Hetch-Hetchy  system  and  supply 
the  needs  of  a  population  in  excess  of  700,000. 

The  appraisal  was  based  on  "average  prices  for  a  six  year 
period  from  1914  to  1920,  a  time  which  is  considered  a  reason- 
able construction  period  for  the  property,"  and  accrued  de- 
preciation was  deducted.  An  allowance  was  made  I'or  the 
value  of  water  rights  and  reservoir  sites,  also  for  the  value 
of  the  franchises  and  the  business. 

The  city  is  building  a  reservoir  in  the  Hetch-H'  a;hy  Val- 
ley, and  has  contemplated  paralleling  the  existing  distribu- 
tion system  of  the  Spring  Valley  Water  Co.  The  Commission 
wisely  councils  the  city  against  duplicating  the  company's 
plant. 

"TheoreticalI.v,"  says  the  Commission,  "it  may  seem  possible 
to  duplicate  the  water  distribution  system  within  the  city  limits, 
but  such  a  duplication  is  practically  an  impossibility."  Continuing, 
the  Commission  says: 

"Not  only  is  this  true  for  the  reason  that,  with  the  present  sys- 
tem in  place,  the  cost  would  be  very  large-  (much  larger  than  the 
total  of  any  reproduction  cost  estimate  of  the  Spring  Valley  dis- 
tributin,g  system),  but  the  legal  complications,  the  delay  and  time 
required  in  the  completion  of  a  duplication  system,  and  the  tech- 
nical difficulty  involved,  also  would  have  to  be  considered." 

Making   reference   to   the   general    destruction   of   the    streets  of 


the  city  and  the  interference  with  traffic,  the  Commission  says 
that  such  a  duplication  would  be  a  very  serious  undertaking, 

"The  waste  resulting  from  such  duplication,"  declares  the  Com- 
mission, "would  be,  in  every  sanse  of  the  word,  unjustifiable." 
The  Comraisision  then  says: 

"The  matter  of  the  duplication  of  the  distribution  .vystem  is, 
however,  not  the  most  important  or  serious  one.  It  is  most  es- 
sential that  the  city,  if  it  owns  its  source  of  water  supply,  be  also 
in  ownership  and  control  of  storage  and  general  distribution 
reservoirs  in  the  close  neighborhood  of  the  city.  Such  reservoirs 
will  be  required  for  the  storage  and  distribution  of  water  from 
Hetch-Hetchy.  The  only  suitable  reservoirs  actually  in  existence, 
together  with  potential  reservoir  sites,  are  the  property  of  tlie 
Spring  Valley  Water  Company." 

"If  a  condition  could  be  imagined  where  the  city  could  duplicate 
the  .Spring  Valley  distiibuting  system,  could  find  the  necessar>- 
reservoir  sites  sufficiently  close  to  the  city  and  did  bring  Hetch- 
Hetchy  water  into  San  Francisco,"  says  the  Commission,  "there 
would  then  be  two  competing  water  systems  serving  San  Fran- 
cisco consumers.  Even  if  city  water  were  available  in  San  Fran- 
cisco there  is  no  legal  power  to  compel  this  continuance  of  service 
by  Spring  Valley  Water  Company  to  consumers.  This  would  result 
in  wasteful  competition  and  higher  cost  to  the  entire  community." 
The  Commission  further  says  in  this  connection: 

"The  city  would  probably  maintain  the  field  in  the  end,  but  the 
.Spring  Valley  Water  Company  could  continue  service  a  long  time 
since  it  probably  would  be  in  a  position  to  dispose  of  available 
excess  water  supply  in  the  neighborhood  of  San  Francisco  on  both 
sides  of  the  bay.  The  losses  to  both  parties  would  progressively 
increase  as  the  unreasonable  and  unintelligent  struggle  con- 
tinued." 

San  Francisco  is  the  only  great  American  city  that  does 
not  own  the  plant  that  supplies  it  with  water.  Six  years  ago 
the  citizens  voted  against  the  purchase  of  the  private  plant. 
Doubtless  it  is  now  realized  that  mistake  was  then  made. 
It  would  be  ruinously  expensive  for  the  city  to  compete  with 
the  company,  even  could  the  city  build  a  new  plant  as 
cheaply  as  it  can  now  acquire  the  old  one.  But  the  probabil- 
ity is  that  the  city  could  not  build  a  duplicate  plant  for  twice 
what  the  existing  plant  will  cost  the  city,  to  say  nothing  of 
the  expense  and  nuisance  involved  in  tearing  up  the  streets. 
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Commodity  Prices  Are  Nearing  the 
Bottom 

According   to   the    Fetloral    Reserve    Board,   the    wholesale 

commodity  index  price  for  December  was  190,  or  8.5  per  cent 

lower  than  for  November,  as  compared  with  100  for  the  year 

1913.     The  index  prices  of  the  Federal  Reserve  Doard  usually 

differ  but  little  from  those  of  the  Bureau  of  Labor.     Hence  if 

we  assume  that  the  Bureau  of  Labor  will  also  show  an  index 

of  190  for  December,  the  average  for  the  year  1920  has  been 

244,  and  as  follows  for  each  of  the  12  months: 

January  248 

F^bruary    249 

Marrh    253 

April    ^fiS 

May    2i2 

June   209 

Jt'lv    2fi2 

AuRiist   250 

Rppfemher    242 

October    22j 

Nnvember  2t>7 

December    190 

It  will  be  observed  that  each  of  the  last  three  months  shows 
a  drop  of  about  17  points,  or  8  per  cent.  It  is  probable  that 
January,  February  and  March  will  show  smaller  declines,  and 
that  April  will  mark  the  end  of  the  general  slump  in  prices. 
The  level  will  then  probably  be  about  165  or  170.  Already 
farm  products  have  declined  to  165,  and  have  shown  great 
resistance  to  further  recession.  Metals  have  declined  to  170, 
and  they  also  seem  to  have  "reached  bed  rock." 

Bu'.ldinc  materials  averaged  274  in  November,  and  will  prob- 
ably decline  considerably  before  spring,  possibly  25  per  cent 
from  the  November  level.  Building  materials  dropped  12.5 
per  cent  in  November  as  compared  with  October,  which  is  in- 
dicative of  the  rapidity  with  which  they  are  likely  to  fall  to 
the  now  plateau  of  prices.  As  stated  in  previous  editorials, 
this  new  plateau  will  probably  be  about  70  per  cent  above  the 
level  for  the  year  1913,  because  our  per  capita  money  has  in- 
creased 70  per  cent. 


A  Two  Million  Acre  Irrigation 
Project 

Any  engineering  project  that  rivals  the  Panama  Canal  in 
cost  may  well  lay  claim  to  greatness.  Such  a  project  is  the 
proposed  irrigation  of  two  million  acres  of  the  Columbia 
River  Basin  in  Washington,  at  an  estimated  cost  of  ?172  an 
acre. 

Lake  Pend  Oreille  in  Idaho  and  Flathead  Lake  in  Montana 
are  reservoirs  that  receive  the  drainage  of  25.000  square 
miles.  It  is  planned  to  construct  56  miles  of  main  canal,  34 
miles  of  tunnels  (one  of  which  will  be  16  miles  long),  and 
10,000  miles  of  laterals.  The  canals  and  laterals  are  to  be 
lined  with  concrete. 

An  incidental  by-product  will  be  the  development  of  nearly 
a  million  horsepower  of  hydroelectric  energy.  It  is  prob- 
able that  a  large  part  of  this  power  will  be  used  eventually 
for  pumping  water  from  the  Columbia  River  to  irrigate  an 
additional  great  acreage  of  the  rich  volcanic  ash  that  forms 
so  large  a  part  of  the  fertile  "Inland  Empire."  The  land  In 
one  irrigated  district  of  this  valley  last  year  produced  nearly 
$170  gross. 


The  Secretary  of  Agriculture  is  so  worried  over  the  drop 
in  prices  of  farm  products  that  he  has  lost  all  sense  of  pro- 
portion.   In  his  annual  report  he  says: 

The  farmers  are  not  receiving  adequate  returns  for  their  efforts. 
The  very  fci:ndation  of  our  nation— the  .stability  of  agriculture — is 
threatened. 

This,  of  course,  is  a  cry  of  despair  that  will  not  pull  the 
heart  strings  of  city  residents  who  have  paid  very  high 
prices  for  farm  produce  these  last  five  years.  Nevertheless, 
it  is  unfortunate,  not  merely  for  farmers  but  for  all  classes 
of  producers,  that  such  violent  changes  in  prices  have  oc- 
curred. The  fundamental  trouble  is  to  be  found  in  a  mone- 
tary system  that  is  flexible  in  the  wrong  direction,  expand- 
ing when  it  should  be  contracting  and  contracting  where  It 
should  be  expanding. 


Agricultural  Output  and  Prices 

Grain  crops  in  1920  totaled  5  per  cent  more  bushels  than 
In  1919,  and  15  per  cent  more  than  the  average  for  the 
5-year  period  of  1914  to  1918.  The  seven  leading  grain  crops 
plus  the  potato  crop  totaled  6.260.000.000  bu.  for  1920;  5,880,- 
000.000  bu.  for  1919;  and  5.300,000,000  bu.  for  the  average 
yield  in  1914  to  1918.  These  figures  throw  some  light  on  the 
course  of  the  recent  rapid  decline  in  the  prices  of  farm  prod- 
ucts. They  should  also  serve  to  sober  hysterical  editorial 
writers  who  see  in  census  statistics  a  solemn  warning  against 
"the  progressive  desertion  of  the  farms." 

The  truth  is  that  the  supply  of  farm  labor  has  exceeded 
the  demand,  largely  because  labor  saving  machinery  has 
each  year  increased  the  output  of  the  average  agricultural 
worker.  The  excess  supply  of  farm  labor  has  been  attracted 
to  manufacturing  centers.  Now  that  there  is  a  temporary 
business  depression,  some  of  this  labor  will  drift  back  to  the 
farms,  and  will  accept  lower  wages. 


Agreement  of  Gillette's  Price  Form- 
ula with  Actual  Price  Changes 

To  the  Editor:  Will  you  kindly  allow  me  a  small  space 
in  your  columns  to  point  out  the  close  agreement  of  your 
formula  for  price  changes,  using  the  modification  which  I 
suggested,  with  the  actual  price  changes  in  the  last  few 
months? 

In  Scribner's  Magazine  Mr.  Noyes  gives  the  decline  In 
prices  as  24%  Per  cent,  call  it.  25  per  cent,  then  prices  now 
are  75  per  cent  of  what  they  were.  In  your  formula  consider 
that  bank  clearings  have  declined  15  iper  cent,  deposits  (or 
what  is  the  same  thing,  loans)  have  declined  5  per  cent,  per 
capita  currency  declined  5  per  cent  and  productive  efficiency 
has  advanced  10  per  cent.  Then  taking  per  capita  currency 
at  $55  at  first,  and  per  capita  deposits  at  $300  and  dividing 
this  by  four  and  adding  it  to  the  $55,  we  get  130;  then  the 
figures  representing  prices  before  the  decline  would  be  130 
divided  by  1.00  and  multiplied  by  the  fraction  100  over  100, 
or  final  result  130.  After  the  decline  currency  would  be  52, 
deposits  285.  clearings  85  and  efl^ciency  1.10,  then  the  figure 
representing  prices  would  be  52  plus  one-fourth  285  (or  123 
in  all)  multiplied  by  the  fraction  85  over  95  and  the  whole 
divided  by  1.10.  Working  this  out  it  gives  110  divided  by 
1.10  or  100.  The  ratio  of  prices  after  the  decline  to  prices 
before  the  decline  then  would  be  the  ratio  of  100  to  130  or 
77  per  cent  compared  with  the  actual  ratio  of  75  per  cent. 
The  percentages  given  may  not  be  the  exact  percentages  but 
they  are  substantially  correct  and  the  comparison  of  77  with 
75  is  as  good  as  could  be  expected. 

In  justification  of  taking  the  increase  in  eflBciency  at  10 
per  cent,  the  increase  in  freight  car  mileage  from  22.3  miles 
a  day  to  28.6  miles  from  March  to  December  may  be  cited. 

Nashville,  Tenn.  JOHN  WILKES. 


Another  Call  for  Hoover 

We  note  an  advertisement  of  the  Harriman  National  Bank 
in  one  of  our  New  York  papers,  entitled  "Hoover,"  and  in 
which  is  expressed  the  desire,  with  appropriate  arguments, 
to  have  Hoover  act  as  head  of  a  great  corporation  supposedly 
to  organize  under  the  Edge  Act  and  to  foster  our  interna- 
tional trade.  Much  has  been  said  lately  about  the  unpre- 
cedented opportunity  before  the  country  in  its  export  trade. 
The  American  Manufacturers'  Export  Association  recently 
held  an  important  meeting  to  discuss  the  salient  features  of 
this  opportunity,  as  constructive  legislation  now  upon  the 
statute  books— the  Edge  Law— permits  properly  incorporated 
banks  to  finance  foreign  trade,  and  the  commercial  and  gen- 
eral press  has  given  much  publicity  to  the  possibility  of  en- 
tering a  field  of  trade  hitherto  practically  closed  to  the  coun- 
try and  still  largely  in  the  hands  of  British  financial  inter- 
ests. 

Copper  producers,  cotton  growers,  and  hundreds  of  other 
interested  parties  are  tremendously  concerned  in  the  steps 
our  country  is  taking  to  stimulate  its  exports.  An  Edge 
Law  corporation  which  would  perform  this  function  undoubt- 
edly needs  executive  ability  of  the  highest  standing  and  the 
keenest  business  knowledge,  to  say  nothing  of  a  sound  knowl- 
edge of  international  affairs.  No  wonder  the  call  for  Hoover. 
"Would  the  South,  its  warehouses  bulging  with  cotton,  object 
to  Hoover?  Would  the  farmer  of  the  West,  with  its  record 
crops?  Would  the  manufacturer  of  the  East,  with  his  raw 
materials  waiting  to  be  turned  into  goods?  Would  the  finan- 
cial expert?"     So  runs  the  plea,  and  concludes.  "Who  would 
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object  to  Hoover,  and  who  can  offer  a  better  name  to  bring 
together  the  consumers  of  Europe  and  the  producers  of 
America?" 

We  had  not  thought  of  Hoover  in  this  light,  but  are  forci- 
bly struck  with  the  singular  appropriateness  of  his  war  rec- 
ord to  the  task  of  building  up  our  foreign  trade  through  for- 
eign good  will.  The  executive  head  of  an  Edge  Law  corpo- 
ration with  an  international  reputation  possesses  an  invalua- 
ble asset.  We  have  a  suspicion  that  there  are  other  jobs 
in  store  for  Hoover  which  would  to  an  even  greater  extent 
call  upon  his  ability,  and  although,  as  Secretary  of  the  In- 
terior or  Treasury,  he  would  preside  over  some  vital  depart- 
ment of  our  Government,  and  indirectly  be  concerned  in  for- 
eign affairs,  his  counsel  in  the  deliberations  of  President- 
elect Harding's  cabinet  should  exert  a  pronounced  influence 
in  shaping  the  foreign  policy  of  the  nation.  Without  a 
definite  foreign  policy  and  firm,  whole-hearted  governmental 
approval  and  moral  support,  an  Edge  corporation  cannot 
fulfill  its  mission  to  the  utmost,  for  the  ultimate  foundation 
of  success  in  foreign  trade  lies  in  our  Government. — Editorial 
in  Engineering  and  Mining  Journal. 


should  be  on  a  separate  basis  of  its  own  and  made  to  stand 
on  its  own  feet.  Each  finished  manufactured  product  and 
each  department  should  bear  its  portion  of  the  expense. 
Unnecessary  use  of  power  by  overmotoring  and  other  wastes 
would  be  reflected  in  the  cost  of  the  offending  departments. 
— Editorial  in  Power. 


Power-Plant  Accounting 

In  too  many  manufacturing  plants  the  power  and  heating 
requirements  are  considered  "non-productive"  departments 
and  insuflicient  attention  is  given  to  either  economical  opera- 
tion or  betterments.  Coal  is  purchased  and  stored  with  only 
the  most  cursory  record  of  the  tally  and  expenditure.  In  a 
modern  plant  or  machine  shop  a  tenpenny  nail  could  not  be 
obtained  without  the  proper  requisition  passing  through  the 
accounting  channels,  notwithstanding  that  the  cost  of  this 
particular  record  may  be  greater  than  the  article  involved. 

Contrast  this  with  the  methods  of  handling  fuel.  In  many 
cases  thousands  of  tons  of  coal  are  purchased,  piled  in  the 
yard  and  used  for  heating  and  power  generation  with  no 
check  except  the  invoice  and  car  weights  from  the  coal  or 
railroad  company.  No  record  of  its  distribution  or  account- 
ing is  attempted.  A  truck  could  be  loaded  and  large  amounts 
diverted  to  personal  uses  with  no  fear  of  discovery  unless 
the  theft  was  actually  observed,  and  such  instances  are  not 
unknown. 

This  is  one  of  the  inherent  causes  of  power-plant  wastes 
and  also  the  reason  why  so  many  suggested  improvements  in 
operation  are  received  with  skepticism.  As  the  management 
has  not  the  faintest  idea  where  the  fuel  is  being  used  or 
how  economically,  there  is  no  basis  by  which  to  judge  changes 
or  to  ascertain  whether  a  saving  is  possible.  This  lack  of 
accounting  in  large  manufacturing  plants  is  more  widespread 
than  is  generally  realized. 

Plant  operators  having  no  records  or  methods  of  demon- 
strating facts  are  sadly  handicapped  when  trying  to  improve 
conditions.  It  is  a  function  of  the  executive  to  probe  the 
suggestions  offered  and  determine  the  facts.  Complete  rec- 
ords in  the  power  plant  and  a  little  money  spent  for  proper 
accounting  would  not  only  solve  his  difficulty,  but  automatic- 
ally bring  about  economy  in  operation  by  showing  up  short- 
ages and  departure  from  standard  conditions.  In  operating 
results  the  executive  would  have  a  basis  of  comparison- 
he  would  know  what  to  demand  when  an  addition  or  new 
plant  was  to  be  built  and  after  installation  he  would  be  .Tble 
to  check  what  had  been  received. 

With  initial  investment  averaging  from  .$100  to  $1,50  per 
kilowatt  of  generating  capacity  and  coal  and  labor  bills  run- 
ning to  extremes,  it  would  seem  that  the  comparatively  few 
dollars  required  for  power-plant  accounting  would  !if  war- 
ranted many  times  over.  If  every  department  leceived 
monthly  bills  for  power  and  heat  the  same  as  for  raw  prod- 
ucts and  labor,  it  would  create  a  demand  for  accurate  ac- 
counting and  in  doing  so  insure  more  economical  results. 

The  introduction  of  a  few  miscellaneous  meters,  even  if 
they  are  read  regularly,  and  the  compilation  of  fuel  costs 
monthly  or  yearly  are  of  little  use.  Such  practice  may  be 
likened  to  maintaining  a  ledger  and  neglecting  part  of  the 
entries  on  one  side  or  the  other.  Accounting  records  should 
he  kept  so  that  at  any  time  the  manufactured  products,  such 
as  steam  for  heating  and  processing,  hot  water  and  power. 
can  be  exactly  balanced  against  all  loss  and  expense,  includ- 
ing the  cost  and  quantity  of  the  particular  fuel  purchased 
and  used. 

In  charging  departments  a  profit  should  be  added  to  cover 
upkeep   and  betterments.     In  other  words,  the  power   plant 


Only  Applied  Research  Produces  Profit 

A  sound  theory  is  always  valuable,  a  correct  result  of  care- 
ful research  is  always  an  asset;  but  until  translated  into 
useful  and  used  form  neither  produces  any  dividends.  In 
no  field  is  this  more  certain  than  in  chemical  industry. 

In  his  recent  address,  "Thrift  in  Coal,"  delivered  before 
the  Iron  and  Steel  Institute  on  Oct.  22,  George  Otis  Smith, 
stressed  this  point  very  eiTectively.  He  was  speaking  of 
boiler-firing  results  in  a  large  plant  which  prided  itself  on 
the  high-grade  fuel  burned,  about  15,000  B.t.u.  per  pound. 
This  plant  was  getting  only  the  equivalent  of  about  11,000 
B.t.u.  because  of  poor  operating  practice,  and  it  is  with  full 
justification  that  Dr.  Smith  said  of  the  manager:  "That  coal 
user  needed  expert  firemen  more  than  chemists — better  prac- 
tice rather  than  more  theory." 

Such  a  situation  might  seem  at  first  thought  to  be  an  in- 
dictment of  the  chemist.  In  some  cases  the  defect  is  charge- 
able to  the  research  man  or  the  chief  of  the  laboratory,  but 
more  frequently  it  is  probably  the  manager  or  superintend- 
ent who  is  at  fault.  Any  competent  chemist,  whether  en- 
gaged only  for  the  control  laboratory  work  or  for  original 
research,  is  a  potential  asset.  However,  his  value  as  an  op- 
erating asset  is  only  potential  until  the  manager  gives  him 
an  opportunity,  indeed,  encouragement,  for  direct  applica- 
tion of  laboratory  results  in  the  plant. 

Teamwork  in  the  relationship  between  chemist  and  su- 
perintendent or  chemist  and  manager  is  a  first  essential. 
Each  has  an  important  element  to  contribute  in  the  applica- 
tion of  the  laboratory  results.  The  laboratory  data  are  cold 
figures  without  the  interpretation  of  the  chemist.  But  an 
impossible  situation  and  impractical  results  may  often  re- 
sult if  the  interpretation  is  solely  upon  the  basis  of  labora- 
tory ideas.  A  sympathetic  understanding  of  the  limitations 
of  the  laboratory  as  well  as  cordial  appreciation  of  its  possi- 
bilities will  do  much  to  vitalize  the  product  of  the  workers 
with  beaker  and  test-tube.  On  the  other  hand  an  intelligent 
study  of  the  practical  plant  problems  by  the  chemist,  com- 
bined with  tact  and  patience  in  seeking  to  apply  laboratory 
results,  is  also  an  essential  prerequisite  to  success. — Editorial 
in  Chemical  and  Metallurgical  Engineering. 


Cost  of  Sewer  Construction  at  Providence,  R.  I. — The  fol- 
lowing table  from  the  annual  report  of  M.  H.  Bronsdon,  City 
Engineer  of  Providence,  R.  I.,  shows  the  average  depth  of 
cut,  nature  of  excavation,  and  contract  cost  of  labor  per  foot, 
on  the  different  sizes  of  regular  sewers  built  in  that  city 
during   1919: 

Aver. 

depth  Aver. 
Items.  Average  nature  of  of       cost 

excavation.  cut.      per 

Ft.      foot. 

6  in.  pipe  in  drains  to  curb  line.  Sand,  dry  10. SO     $1.10 

6  in.  pipe  in  drains  to  curb  line.  Sand  and  pravel,  dry 10.50      l.Sl 

fi  in.  pipe  in  drains  to  curb  b'ne.  Sand  ,ind  gravel,  wet  ...10  50       2.25 

fi  in.  pipe  in  drains  ro  curb  line.  Hard  pan   10.50      1.50 

S  in.  pipe  in  ba'sin  connections.. Sand    8.00       1.00 

S  in.  pipe  in  basin  connections.  Sand  and  gravel,  dry....  S.OO  l.fiS 
S  in.  pipe  in  basin  connections.  Sand  and  gravel,  wet...  8.00  2.00 
8  in.  pipe  in  basin  connections.  Sand,  gravel  and  boulders  8.00       2.00 

8  in.  pipe  in  basin  connections. Hard  pan   8.00       1.50 

8  in.  pipe  in  basin  connections.  Rock    8.00       2.00 

8  in.  pipe  in  .sewer Sand  and  gravel,  dry 11.67       2.00 

12  in  pipe  in  sewer   Sand  and  gravel,  drv 12.00       2.S1 

12  in  pipe  in  sewer  Sand  and  gravel,  wet...  12  00       3.60 

12  in  pipe  in  sewer  Hard  pan    12.00       3.67 

12  in  pipe  in  sewer   Rock    12.00       3.75 

15  in.  pipe  in  sewer Hard  pan  12.25       3.50 

15  in.  pipe  in  sewer Hard  pan  and  rock 12.25       3.00 

16  in.  Iron  pipe  sewer Pine  sand,  wet 15. OO     10.00 

16   in.   circular  rick   sewer Fine  sand,  wet   19.50       9.00 

16    In.   circular  brick    sewer Fine  sand  and  peat.  wet,17.00    14.00 

Average  cost  of  bui'ding  manholes,  each  $41  64 

Average  cost  of  building  catch  basins,  each   31 .53 

.\ver.-xge  cost  of  building  extra  inlets,  each   15  63 


Propose  Codification  of  Indiana  Drainage  Laws. — Codifica- 
tion of  the  drainage  laws,  a  question  which  has  been  under 
consideration  for  some  time  in  the  agricultural  districts  of 
the  state,  has  been  suggested  to  Warren  T.  McCray,  Gov- 
ernor-elect. Mr.  McCray  is  said  to  look  with  favor  on  the 
codification  project  and  the  appointments  of  a  commission  to 
undertake  the  task. 
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Fair  Rates  for  Water  Service  and 
Effect  of  High  Prices  Thereon 

By  DABNKY  H.  MAURY, 

Consulting  Engineer,  Chicago.  III. 

The  present  abnormal  conditions  have,  by  greatly  increas- 
ing operating  expenses,  reduced  the  net  earnings  of  prac- 
tically all  public  utilities,  and  in  this  respect  water  companies 
have,  on  the  average,  suffered  at  least  as  much  as  the  rest. 
The  same  conditions  that  apply  to  water  companies  apply 
with  equal  force  to  municipally  owned  water  departments, 
which  should  be,  whether  they  are  or  not,  operated  in  ac- 
cordance with  approved  business  methods,  and  should  charge 
each  taxpayer  and  each  consumer  of  water  his  fair  propor- 
tion of  the  total  reasonable  cost  of  the  service. 

Basic  Principles  of  Fair  Rates.--In  order  that  rates  for 
water  service  may  be  fair,  these  two  conditions  must  obtain: 

First:  The  total  yearly  receipts  from  all  sources  must  be 
sufficient  to  provide 

(a)  A  fair  rate  of  return  on  the  value  of  thp  property  used 
or  useful  for  furnishing  the  service  paid  for. 

(b)  Proper  annual  contribution  for  depreciation. 

(c)  Reasonable  operating  expenses,  including  ordinary 
maintenance  and  repairs. 

(d)  Taxes. 

Second:  Each  consumer  must  pay  yearly,  for  the  particu- 
lar class  of  service  that  he  receives,  only  his  just  proportion 
of  the  above  annual  costs. 

To  fulfill  the  second  condition  above  specified,  no  service 
of  any  sort  whatever  should  be  furnished  free. 

It  may  be  said  that  in  practice  neither  of  these  two  condi- 
tions can  ever  be  realized  with  absolute  exactness,  and  ob- 
viously the  second  is  far  more  difficult  to  approximate  than 
the  first;  but  these  considerations  can  in  no  way  affect  the 
fundamental  principles  involved. 

Value  as  Distinguished  from  Cost. — The  law  requires  that 
the  value  found  for  a  public  utility  property,  such  as  a  water 
works  system,  should  be  the  fair  present  value  of  all  of  the 
parts  of  said  property  that  may  be  used  or  useful  for  the 
purposes  for  which  it  is  built  or  operated. 

Value  is  not  cost,  and  almost  invariably  cost  differs  in 
amount  from  value,  sometimes  only  slightly,  but  more  often 
to  a  great  extent. 

The  value  sought  by  any  fair-minded  appraiser  should  be 
the  fair  value  as  between  a  willing  purchaser  and  a  willing 
seller. 

Fair  rates  should  pay  a  fair  return  on  the  fair  value. 

It  follows  as  a  corollary  to  the  last  two  foregoing  axioms 
that  the  value  of  a  property  for  rate-making  purposes  should 
be  the  same  as  its  value  for  purchase. 

In  other  words,  the  appraised  value,  it  it  be  a  fair  one, 
should  stand  this  test;  it  should  make  no  difference  finan- 
cially to  the  city  in  which  the  property  is  located  whether  it 
buys  the  property  at  the  appraised  value,  or  allows  the  owner 
to  continue  to  operate  the  property,  and  continues  to  pay  him 
fair  rates  for  the  service. 

The  higher  courts  have  clearly  recognized  that  value,  and 
not  past  cost,  should  be  used  as  the  basis  of  rates. 

Past  costs,  and  especially  those  of  the  recent  past,  are  of 
very  great  assistance  in  estimating  the  physical  value  of  a 
plant.  For  example,  if  a  plant  had  just  been  completed,  its 
actual  cost  would  probably  be  very  close  to  its  physical  value. 
This  would  rarely  be  the  case  if  the  plant  were  an  old  one. 

The  past  costs  of  old  plants  are  rarely  obtainable,  and  even 
If  they  can  be  obtained,  they  are  almost  invariably  a  very 
Inaccurate  measure  of  their  present  physical  value;  for  de- 
preciation, appreciation,  and  the  changes  in  prices  of  mate- 
rials and  labor,  all  combine  to  alter  values.  Furthermore,  in 
determining  investment  costs,  past  deficits  in  earnings  below 
the  fair  return,  or  past  profits  in  excess  of  the  fair  return, 
must  be  considered  in  connection  with  the  actual  past  cost  of 
the  physical  plant.  Again,  in  computing  these  past  deficits 
or  past  excess  profits,  the  value  of  money  itself  must  be  taken 
Into  account  throughout  the  various  periods  of  the  plant's 
existence;  for  what  is  a  fair  rate  of  return  when  the  owners 
of  the  property  can  borrow  money  at  7  per  cent  is  altogether 
too  low  when  they  cannot  get  it  at  even  9  per  cent,  and  vice 
versa. 

To  take  actual  physical  past  cost  as  a  basis  of  value,  and 
then  to  deduct  from  this  past  cost  the  accrued  depreciation, 
without  considering  appreciation  as  well,  would  almost  al- 


ways give  a  result  below  either  past  cost  or  present  value. 
If  no  allowance  then  be  made  either  for  past  deficits  in  earn- 
ings, or  for  discount  on  bonds,  or  for  going  value,  all  of  which 
are  just  as  real  and  inevitable  items  as  are  the  costs  of  the 
physical  parts  of  the  plant,  the  resulting  figure  can  hardly 
fail  to  fall  far  below  the  fair  value. 

The  consumer  also  suffers  by  this  injustice,  for  when  such 
a  valuation  is  a  matter  of  record,  it  is  almost  impossible  for 
a  water  company  to  borrow  money  for  extensions,  and  good 
service  cannot  be  maintained. 

Such  methods  of  arriving  at  a  basis  for  rates  would  be 
especially  harsh  at  the  present  time,  when  the  average  com- 
pensation of  every  rate  payer  has  increased  tremendously, 
and  when  the  price  of  every  other  commodity,  except  water, 
has  risen  accordingly.  Incidentally  it  may  be  stated  that, 
while  water  is  the  average  man"s  most  vital  necessity,  the 
cost  of  it  is  his  smallest  annual  item  of  expense. 

The  method  of  determining  value  by  capitalization  of  net 
earnings  would  be  ideally  simple  if  one  knew  in  advance  that 
these  net  earnings  would  continue  unchanged  for  all  time, 
and  that  they  paid  no  more  nor  less  than  a  fair  return. 

The  net  earnings  cannot  be  assumed  to  continue  un- 
changed, for  the  principal  duty  of  util/ty  commissions  is  the 
regulation  of  rates.  Furthermore,  if  the  net  earnings  are 
more  or  less  than  a  fair  return,  it  would  be  manifestly  unjust 
to  base  the  value  of  any  utility  subject  to  rate  regulation  on 
these  earnings;  for  it  would  be  unjust  to  the  rate  payers  to 
capitalize  excessive  earnings,  and  unjust  to  the  owners  of  the 
property  to  base  its  value  on  earnings  below  what  they  should 
be.  To  determine  whether  or  not  the  net  earnings  yield  a 
fair  return,  it  would  be  necessary  first  to  determine  the  falr 
value  of  the  property  by  some  other  method.  From  this  it 
follows  that  to  base  the  value  of  a  property  on  the  capitaliza- 
tion of  its  actual  net  earnings,  really  means  nothing  and 
leads  nowhere. 

The  valuation  of  public  utilities  by  capitalizing  their  net 
earnings  is  actually  prohibited  by  law  in  some  states. 

In  the  writer's  opinion,  the  fairest  and  most  logical  of  all 
methods  of  determining  the  value  of  any  property  is  to  find 
what  it  would  cost  to  reproduce  the  property  as  it  exists  to- 
day, with  its  existing  connected  business,  and  with  proper 
deduction  for  accrued  depreciation  in  the  physical  plant. 

General  Classification  of  Revenue. — Having  once  deter- 
mined the  reasonable  operating  expenses,  the  fair  value  of 
the  property,  and  the  fair  net  rate  of  return,  it  is  a  matter  of 
simple  arithmetic  to  arrive  at  the  gross  revenue  required. 

With  this  required  revenue  once  determined,  the  next  step 
is  to  divide  it  between  the  revenue  which  should  be  paid  for 
fire  service,  and  that  which  should  be  paid  for  the  ordinary 
uses  of  water,  which  latter  uses  will  for  brevity  be  herein 
referred  to  as  domestic  service,  there  being  included  under 
this  heading  all  domestic,  industrial,  and  manufacturing  uses. 

Practically  all  water  works  systems  are  built  for  fire  pro- 
tection as  well  as  for  domestic  service.  Manifestly,  the  first 
cost  and  operating  expenses  of  a  plant  built  to  supply  either 
domestic  service  alone,  or  fire  service  alone,  would  be  less 
than  those  of  a  plant  built  to  supply  both  classes  of  service. 

In  small  cities,  a  large  percentage  of  the  first  cost  of  the 
water  works  system  can  fairly  be  assumed  to  have  been  in- 
curred for  fire  protection.  For  example,  in  cities  of  about 
25,000  population,  from  40  to  45  per  cent  of  the  first  cost  of 
the  entire  system,  exclusive  of  service  pipes,  meters  and 
meter  settings,  would  probably  be  incurred  for  fire  service; 
so  that  a  corresponding  percentage  of  the  interest,  deprecia- 
tion and  taxes  w-ould  be  fairly  chargeable  to  fire  service. 

In  a  very  large  city,  the  percentage  of  the  first  cost  of  the 
system  which  would  be  incurred  for  fire  service  would  be 
almost  negligible,  as  the  mains  and  pumping  equipment  re- 
quired to  furnish  the  very  large  domestic  consumption  could 
also  furnish  the  fire  service  without  seriously  overtaxing  their 
capacity. 

The  operating  expenses  incurred  in  furnishing  fire  service 
are  usually  only  a  very  small  part  of  the  total  operating  ex- 
penses, and  include  such  items  as  the  maintenance,  repairs 
and  testing  of  hydrants,  in  addition  to  a  very  small  percentage 
of  other  operating  expenses. 

Interest,  depreciation  and  taxes  on  all  of  the  value  of  serv- 
ice pipes,  meters  and  meter  settings,  and  on  the  percentage 
of  the  value  of  the  rest  of  the  system  not  already  charged  to 
fire  service,  should  be  paid  for  by  the  rates  for  domestic  serv- 
ice, which  rates  would  also  have  to  provide  almost  all  of  the 
operating  expenses. 
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Having  determined  approximately  the  gross  amounts  to  be 
•derived  as  revenue  from  fire  service  and  domestic  service, 
respectively,  it  would  next  be  in  order  to  divide  the  fire  serv- 
ice revenue  into  the  revenue  from  public  fire  service  and 
that  from  private  fire  service,  and  to  divide  the  domestic  reve- 
nue into  flat  rate  revenue,  revenue  from  water  supplied 
through  meters,  and  service  charges  on  metered  connections. 

Public  Fire  Service. — Public  fire  service,  by  which  is  meant 
the  service  furnished  by  the  water  works  system  through  the 
liydrants  of  the  city,  should  naturally  be  paid  for  by  the  tax- 
payers, as  are  the  costs  of  operating  the  police  department 
and  the  health  department. 

It  has  unfortunately  been  the  practice  in  the  past  to  make 
the  payment  for  municipal  or  public  fire  service  take  the 
form  of  hydrant  rentals.  This  has  resulted  in  causing  the 
municipality  which  pays  these  rentals  to  reduce  the  number 
of  hydrants  to  the  minimum,  and  thus  greatly  impair  the  fire 
protection  furnished. 

Furthermore,  the  aggregate  amount  of  hydrant  rentals  paid 
is  invariably  too  small  to  pay  for  proper  fire  service.  This  is 
partly  due  to  a  lack  of  local  appreciation  of  the  value  of  good 
fire  protection,  and  partly  to  the  fact  that  the  funds  from 
which  the  hydrant  rentals  have  to  be  paid  are  the  only  funds 
which  the  city  officials  have  to  spend;  and  these  ofl^cials.  who 
are  a  party  to  the  fixing  of  water  rates,  naturally  desire  to 
make  the  inroads  on  their  spending  money  as  small  as  pos- 
sible. 

A  much  fairer  basis  for  payment  for  fire  service,  and  one 
which  would  diminish  the  incentive  on  the  part  of  the  city 
to  reduce  the  number  of  hydrants,  would  be  to  charge  a  fixed 
sum  per  annum  for  the  fire  service  furnished  by  the  water 
works  system  as  it  exists  today,  and  to  charge  a  fair  rate  on 
the  cost  of  future  main  extensions,  expressed  in  terms  of 
cents  per  linear  foot  of  each  diameter  of  main,  and  thereafter 
to  charge  only  the  fixed  charges  and  maintenance  charges  on 
such  Rdditional  hydrants  as  the  city  might  desire  to  have  set. 

In  consideration  of  its  payment  for  extensions,  the  city 
should  have  the  right  to  order  mains  laid  wherever  it  might 
desire;  but  the  size  of  the  mains  should  preferably  be  left  to 
the  judgment  of  the  company,  which  would  naturally  be  in  a 
better  position  to  know  the  proper  sizes  of  pipe  to  lay.  having 
in  mind  the  future  general  devolpment  of  its  distribution 
system  as  a  whole.  In  order  further  to  diminish  the  tend- 
ency on  the  part  of  the  city  to  skimp  the  number  of  hydrants, 
the  payment  for  the  main  extensions  should  include  proper 
service  charges  on  a  sufficient  number  of  hydrants,  to  be  set 
where  directed  by  the  city,  but  at  an  average  distance  of  not 
more  than  400  ft.  apart.  This  spacing  along  the  line  of  each 
main  would  usually  be  adequate  in  residence  districts.  The 
gridironing  of  mains  in  the  congested  value  district  will 
double  the  number  of  hydrants  in  any  given  area,  and  thus 
provide  the  closer  spacing  required  in  that  district.  Sug- 
gested annual  charges  for  main  extensions,  including  the  in- 
stallation of  6-in.,  two-nozzle  hydrants  within  1.5  ft.  of  the 
main,  and  spaced,  on  the  average.  400  ft.  apart,  would  at 
present  prices,  be  as  follows: 

6-in.  mains,  from  12  to  IS  ot.  per  linear  ft. 

8-in.  mains,  from  15  to  25  ct.  per  linear  ft. 

10-in.   mains,  from  20  to  30  ct.  per  linear  ft. 

12-in.  mains,  from  25  to  35  ct.  per  linear  ft. 

14-in.  mains,  from  30  to  40  ct.  per  linear  ft. 

Ifi-in.  mains,  from  40  to  50  ct.  per  linear  fl. 

The  foregoing  prices  include  only  that  proportion  of  the 
expenses  connected  with  these  mains  which  is  fairly  charge- 
able to  fire  service  alone,  leaving  all  of  the  other  costs  to 
be  borne  by  the  domestic  service  rates.  As  these  extensions 
are  nearly  always  made  into  new  territory,  the  company  will 
usually  have  to  wait  some  years  before  the  cost  of  an  exten- 
sion is  fully  taken  care  of  by  the  revenue  derived  from  It. 

Private  Fire  Service. — Private  Are  service  should,  of 
course,  be  paid  for  by  those  who  are  its  special  beneficiaries. 

Such  service  is  usually  furnished  to  large  factories,  depart- 
ment stores  or  the  like.  The  owner  of  the  premises  supplied 
with  private  fire  protection  receives  not  only  a  yearly  cash 
benefit  measured  by  a  large  reduction  in  his  insurance  pre- 
miums, but  also  a  further  substantial  benefit  in  the  form  of 
protection  against  loss  of  business  or  other  fire  loss  not  cov- 
ered by  insurance. 

The  openings  on  his  fire  protection  system  are  on  his  prem- 
ises, and  most  of  them  are  on  the  inside  of  the  building. 
They  are  not  accessible  for  use  by  other  parties.  Should  he 
happen  to  be  dishonest  enough  to  do  so,  he  could  in  many 
cases   draw   without   detection   large   quantities   of   water  for 


use  for  purposes  other  than  fire  protection.  For  these  and 
many  other  good  reasons,  a  charge  for  private  fire  protection 
is  fully  justified,  and  the  propriety  of  such  charges  is  now 
recognized  by  all  courts  and  commissions. 

It  is  somewhat  difficult  to  arrive  at  the  proper  rates  for  pri- 
vate fire  service,  but  the  general  tendency  of  the  most  ad- 
vanced modern  practice  is  to  make  a  fixed  charge,  based  on 
the  size  of  the  connection,  to  which  charge  there  is  added  so 
much  per  annum  for  each  private  fire  hydrant,  and  so  much 
per  annum  for  each  sprinkler  head  supplied  through  the  con- 
nection. One  thing  is  reasonably  certain,  and  that  is  that 
in  no  case  which  has  come  under  the  writer's  observation, 
has  the  charge  for  fire  protection  been  anything  like  as  large 
as  the  special  benefit  derived  by  the  property  owner  to  whom 
the  service  was  furnished. 

As  an  illustration  of  the  saving  which  is  sometimes  ef- 
fected, one  of  the  writer's  clients  was  offered  by  a  company 
engaged  in  installing  sprinkler  systems,  an  agreement  which 
provided  that  the  contractor  would  install  the  sprinkler  sys- 
tem free  of  charge  other  than  the  saving  in  insurance  rates 
for  four  years,  and  that  at  the  end  of  the  four  years  the  con- 
tractor would  turn  over  the  sprinkler  system  to  the  owner  of 
the  property,  who  thereafter  would  have  to  pay  only  the  re- 
duced insurance  rates.  In  the  case  in  point,  the  contract 
price  of  the  sprinkler  system  approximated  $17,000,  which 
sum  included  the  contractor's  profit.  The  insurance  pre- 
mium on  the  plant  without  the  sprinkler  system  was  about 
.$•5,000,  and  with  the  sprinkler  system,  about  $700.  When  the 
owner  of  such  a  plant  could  save,  after  four  years,  approxi- 
mately $4,300  per  year  in  insurance  premiums  alone,  any 
charge  that  might  be  made  to  him  by  the  water  company  or 
water  department  at  anything  like  the  usual  rates  for  sprink- 
ler connections,  would  be  but  a  small  percentage  of  the  bene- 
fit derived  by  the  owner  in  reduction  in  premium  alone.  That 
his  risk'  of  fire  loss  would  also  be  reduced  goes  without  say- 
ing, for  the  reduction  in  premium  speaks  for  itself. 

The   following   suggested    schedule   of   annual   charges   for 

fire  service,  while  admittedly  not  based  on  accurate  data,  is 

believed  to  be  at  least  conservatively  moderate: 

Per  annum. 
Minimum  charge  for  connection  to  private  fire  hydrant.s 

or  hose  outlets  on  private  standpipe $60.00 

Minimum  charge  for  connection   to  automatic   sprinkler 

sy.stem    60.00  . 

Charge  for  double  nozzle  Are  hydrants,  each 60.00 

Chargre  for  single  nozzle  fire  hydrants,  each 40.00 

Hose    connections,    other    than    through    fire    hydrants. 

each   25.00 

.■Vutomatic  sprinkler  heads,   each .08 

With  the  method  of  analysis  herein  propesed,  the  payments 
for  private  fire  service  are  deducted  from  the  gross  revenue 
for  the  entire  fire  service;  so  that  in  the  long  run  the  rates 
for  private  fire  service  go  to  the  taxpayer  rather  than  to  the 
water  company  or  water  department. 

Sprinklers  are  admittedly  a  very  efficient  means  of  check- 
ing fires,  but  their  action  is  essentially  "first  aid"  in  its  char- 
acter. The  first  few  sprinkler  heads  that  go  off  will  put  out 
a  fire  if  the  fire  is  to  be  put  out  at  all  by  sprinklers.  If  the  fire 
once  gets  beyond  control  of  the  first  few  heads,  all  of  the  re- 
maining sprinklers  will  serve  only  to  waste  water,  and  the 
draft  which  would  thus  be  made  on  the  mains  might  cripple 
the  efficiency  of  the  water  works  system  at  a  very  critical 
time.  Unless  there  are  some  unusual  conditions  which  call 
for  a  larger  size,  a  4-in.  connection  would  supply  a  sufficient 
number  of  heads  to  check  any  fire  if  sprinklefrs  alone  will 
check  it  at  all. 

Domestic  Service. — The  total  revenue  required  from  do- 
mestic service  having  been  determined,  it  will  next  be  in  or- 
der to  divide  this  revenue  into  the  revenues  to  be  derived 
from  fixture  rates  and  from  meter  rates,  respectively;  the 
revenue  from  meter  rates  being  in  turn  subdivided  into  that 
from  service  charges  to  metered  consumers,  and  that  from 
the  quantity  rates  for  water  furnished  through  meters. 

Fixture  rates,  because  they  offer  practically  no  basis  for 
equitable  apportionment,  and  because  they  encourage  leak- 
age and  waste,  should  be  eliminated  wherever  possible,  and  all 
services  should  be  metered  wherever  economically  prac^ 
ticable. 

The  first  fixture  rates  were  established  by  guess,  and  the 
existing  ones  are  not,  as  a  rule,  much  better  in  that  respect. 
No  attempt  will  be  made  here  to  suggest  a  schedule  of  fix- 
ture rates;  but  it  would  be  a  good  plan  in  fixing  such  rates  to 
see  that  they  are  high  enough  to  offer  the  consumer  a  chance 
to  save  some  money  by  the  installation  of  a  meter. 

Service  charges   for  metered  connections  correspond,   in   a 
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large   measure,   to   the   ready-to-serve  charges,   or  connected-  rates,  but  its  operating  expenses  have  grown  so  much  In  the 

load  charges,  of  the  light  and  power  uitilities.  meantime  that   it  has   already  had   to  apply   for  another  in- 

They  should  include  at  least  all  of  the  fixed  charges  and  crease;   in  three  cases  no  increase  has  yet  been  granted;   in 

operating  expenses   directly  chargeable   to   the   service   pipe  the  other  two  no  hearing  has  yet  been  held, 

and  the  meter  and  meter  setting,  and  under  a  strict  interpre-  in  every  one  of  the  above  cases  the  public  is  suffering  from 

tatiou  of  the   principles   of   fair   rates,   they   should   also  in-  the   inability  of  the  company   to   make   extensions  and  give 

dude,  in  each  case,  the  fair  proportion  of  all  of  the  ready-to-  proper  service. 

serve  charges  on  all  the  other  parts  of  the  plant  devoted  to  Good  water  service  is  cheap  at  any  price,  but  it  can  only 
domestic  service.  The  inclusion  of  these  latter  items  would,  be  supplied  when  funds  are  available  to  pay  its  fair  cost, 
however,  make  the  service  charges  t/)o  large  for  practical  ^^  ^^^  ^^„  ^g,,  ^.j^^^  ^^j^^^g  conditions  will  be;  but  the  ex- 
purposes,  so  that  it  is  thought  advisable  to  include  most  of  jgji^g  ^^^^  ^^,1  ^^^.  ^^^^^^^-^^^^  ,.g,ie,.  ^j^^j  ^^  consideration 
these  items  in  the  first  and  higher  quantity  rates  for  meter  „j.  ^^^^^  j^^.^  prices,  or  of  the  probability  of  some  reduction  in 
service.  This  arrangement  not  only  makes  a  close  approxi-  (^^  present  prices  within  the  next  few  months,  should  deter 
mation  to  a  fair  distribution  of  rates,  but  also  tends  to  pre-  ^^^  rate-regulating  body  from  granting  now  the  increases 
vent  much  leakage  and  waste  of  water-a  result  which  the  ^.^.j,,^^  ^^^  ^^  present  conditions:  for  it  can  always  reduce  the 
old  minimum  meter  rate  generally  failed  to  accomplish.  ,,jjfgg  whenever  a  reduction  in  prices  makes  it  proper  to  do  so. 

Under  ordinary   conditions,   and   at   present  prices,   proper  ^^^ 

service  charges  for  metered  connections,  where   the  cost   of 

the  service  pipe  in  the  street  is  borne  by  the  consumer,  would  Wclded   JollltS  for  Steel  PIdC  of 

run  about  as  follows:  r»                itt                               i 

Size  of  meter.                                   ^  5T0  lo""'6'.6n  Butte  Watcr  Supply  Line 

?4-in 840  to      I'en  The  recently  completed  28-mile  water  supply  line  of  Butte,^ 

l^i-ln!    V//.!V/^'.'..V///^■  ...■.'.'.'.'.'.'.. ......         9^60  to    ibiso  Mont.,   is    composed    partly   of   26-in.    and    24-in.   steel-banded 

1%-in!    '.'.'.'.'.'.'.'.'.'. l\m\Z    11m  redwood    stave    pipe,    and    partly    of    26-in.    and    24-in.    %-in. 

I    -in'    '.".'.".!!'.'.'.'.'.'.'.'.'.'..'....................       4S.'no  to    'oo!on  thick,   double-coated    steel    pipe,    the    sections    being    on   the 

4    -in'.    '.'.■.■.■.'.'.'.'.■.'.'.■.■.■.■.'..■. 3nll  1°  in«'nn  average  I7V2   ft.   in  length  and   weighing  from   2,000  to  2,400 

6     -in                               yo.UU  to  iux.uii  ,                    i-         ,        ,-          ^            rr.,                 ,       .         . 

..„.,,  'D-  according  lo  diameter.     The  wood   pipe  is  used   up  to  a 

If   the   company   or   water   department    should    install    the 
service  pipe,  then  the  foregoing  charges  should  in  each  case 

be  increased  by  the  annual  fixed  charges,  maintenance  and  ^                                                             -  -      -i    _   ■ -'.Z;.''  ■r.ii-^ 

repairs  on  the  service  pipe.  !                                  ■                       "           «     ;            "  '<;    ■    .    ^ 

Quantity  rates  for  metered  water  should  be  paid  in  addition  ^                '                                                                             ...  .'"•"■'■  y 

to   the   service   charges  above   referred    to.     The   proper   ad-  -     ^                               ,^            *4     "  '                     •     ' '^Jv 

jnstment  of  these  rates  to  any  particular  city  can   only  be  .     *'-,-       ;;                 «  S"^           .,,^.                             '*-'jH^ 

made  after  a  careful  analysis  of  the  bills  paid  by  the  existing  V   .          "''S^'^     t^^^.                                          ^  ^'^^^'^ 

metered   consumers.  ?5--    '^~  "^     '"'^^^T                      "'                     ^^♦' ' 

It   is   essential,   first,   that   the   quantity   rates   for   metered  ^■vl         ,              A}  f^  ■  «     "       '      '^St^'^''  "V^^^**"' 

water  should  not  be  discriminatory,  and  that  each  consumer  -^^V                V        A'^  i'         ■    i  "^KS  '*J^^  ^^ "    ^^ 

should  pay  the  same  price  per  gallon   for  like  quantities   of  ■'"--.^Oy.             I          *•  -y    •    -^^^^    S^^'^jr    '^ ■           ^' 

water  registered  by  the  meter:  and.  second,  that  these  rates  '^"' -^T"           " — ■"-■">  v.J^^'*?6^V-          Jr     "-    '"    -'■' '  ^ 

he   so   adjusted    that   those   items   of   ready-to-serve   cost   not  '-,^  ,;"      1*   1     1    .           jf<^         '                       <                    '      „- 

already  included  in  the  service    charges    should    be  absorbed  ■■.,     '   -  •  .\^.  ~'°^^^^?**"^s^^               J                 .^ .. -,..;^.;r 

in  the  quantity  rates  for  the  first  water  used.     This  is  in  ac-  ;3=r?"*'  ^  ■      .~^^^'  t'. j?SSfc|w    /       ,^    J/K/Bt^ 

cordance  with  the  universally  recognized  commercial  practice  ; "  .,      ~     -         -~ -.                      "'  '^^JwtiiMmi^BKii^KL 
which  distinguishes  between  wholesale  and  retail  prices. 

For  simplicity  in  bookkeping,  it  is  preferable  to  have  not 

more  than  three  blocks  of  quantity  rates.     The  amounts  of  ^"*'°"  °^  ^^"'^■'  ^'P^  I-'"^  °'  ^""^'  '^''"*- 
water  to  be  furnished  to  each  consumer  in  each  of  the  first 

two  blocks  can.  like  the  rates  themselves,  only  be  fixed  after  hydrostatic  pressure  of  300  lb.  per  square  inch,  and  the  steel' 

a  careful  analysis  of  all  of  the  water  bills.  pipe  for  pressures  in  excess  of  300  lb.     There  are  approxi- 

Present    Conditions    Make    Higher    Rates    Necessary.— The  "lately  five  miles  of  the  steel  pipe  in  which  the  working  pres- 

pfTect  of  the  present  high   prices  on   fair  rates   is  three-fold.  '^"'"es  vary  from  350  to  400  lb.  per  square  inch.     In  one  place 

In  the  first  place,  the  high  prices  have  increased  the  value  of  ^  S^ade  of  38°  is  maintained  for  a  distance  sufficient  to  ele- 

all  pr6pertv— land,  houses,  food,  clothing,  and  everything  else.  "^^te  the  line  400  ft.,  and  there  is  a  lift  of  800  ft.  in  a  distance 

Public  utility  properties  are  no  exception  to  the  rule,  and  the  "*  3,000  ft.— from  pumping  plant  to  standpipe.     The  joints  of 

fair  value  of  such  property,  which  is  the  amount  on  which  t^e  steel  pipe  were  welded  by  the  oxy-acetylene  process  by 

the  rates  should  be  paid,  is  today  much  larger  than  it  was  a  ^-  E.  "Woodbridge  of  Butte,  Mont.,  using  Oxweld  equipment, 

few  years  ago.     In   the  second  place,  operating  expenses  of  The  method  of  welding  the  steel  pipe  was     as     follows: 

every  description  are  now  very  much  higher;  and  in  the  third  Joints  were  lined  up  by  means  of  pump  jacks  and   held  in 

place,  the  current  rates  of  interest  have  increased  to  a  point  position  by  steel  clamps  made  of  34-in,  strap  steel  3  in.  wide, 

where  public  utilities  which  could  formerly  borrow  money  at  The  joints  were  then  tacked  in  four  places,  after  which  the 

7  per  cent  now  have  great  difficulty  in  obtaining  it  at  9  per  operator  proceeded  from  any  one  of  the  tacks  as  a  starting 

cent.  point.    It  was  possible  in  many  cases  to  turn  jointed  lengths 

From  this  it  follows  that  the  water  rates  which  formerly  200  ft.  long  to  300  ft.  long  at  one  time,   thus   enabling  the 

paid  somewhere  near  a  fair  return  should   now,  in  common  welder  to  operate  continuously  on  top  of  the  pipe.     Where 

justice,  be  very  considerably  increased.  long  curves  were  necessary  many  of  the  joints  were  made  by 

The  people  who  pay  the  rates  are,  in  the  aggregate,  earn-  the  operator  welding  around  the  pipe  in  place,  but  supported 

ing  more  money  than  ever  before,  and  the  value  of  every-  on  skids.    The  curves  were  very  numerous  on  this  work  and 

thing  that  they  own,  as  well  as  the  price  of  whatever  they  buy,  the  joint  construction  was  so  carried  out  as  to  distribute  the 

has  increased.     There  is  no  reason  why  water  service,  w'hich  bend  over  several  connections,  a  small  amount  being  allowed 

now  costs  so  much  more  to  supply,  and  which  happens  to  be  for  each  weld.     In  lowering  the  welded  pipe  in  the  trench 

about  the  smallest  item   of  annual  cost  in  the  expenses  of  the  pipe  was  suspended  over  the  ditch  by  8x8-in.   skids  for 

every  householder,  should  not  share  in  the  general  increase.  distances  of  from  300  to  400  ft.  and  when  ready     for     the 

Some  companies  are  so  desperately  in  need  of  large  rate  trench,  one  end  was  slightly  raised  with  the  pimp  jacks  to 
Increases  at  the  present  time  that  they  cannot  meet  their  cur-  allow  removing  the  skids  at  that  point,  when  the  unsup- 
rent  expenses,  much  less  extend  their  mains  or  give  even  ported  end  was  allowed  to  drop  into  the  ditch.  The  sue- 
reasonably  good  service.  ceeding  skids  were  then  taken  out  in  a  similar  manner  and 

Out  of  seven  cases  in  which  the  writer  has  t>een  retained  in  succeeding  sections  of  welded  pipe  were  thus  lowered  to  the 

various  parts  of  the  country  during  the  past  year,  one  com-  bottom   of  the  trench.     In  some   cases  there  were  as  many 

pany  has  received  temporary  relief,  pending  the  final  decision  as  seven  joints  suspended  between  the  point  of  the  jack  and 

of  the  utility  commission;   another  received  an  Increase  in  the  first  skid. 

(6) 
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Experiments  with  Modified   Acti- 
vated Sludge  Process  at  Mount 
Vernon,  N.  Y. 

Exppviiiients  during  the  year  l!Ui:i  at  Mount  Vernon,  N.  Y.. 
with  a  modificatiou  of  the  activated  sludge  process  of  sew- 
age treatment  by  the  Dorr  Co..  Engineers,  New  York,  indi- 
cate some  unusual  and  interesting  results  with  this  method. 
The  modification  has  been  called  the  "Dorr-Peck  Process" 
after  Mr.  C.  Lee  Peck,  director  of  research  and  development 
ot  the  company's  sanitary  engineering  department,  who  was 
responsible  for  the  inception  and  successful  development  of 
the  experimental  work.  Mr.  R.  H.  Eagles,  of  the  Sanitary 
Engineering  Department  of  the  Dorr  Co.,  has  described  this 
process  and  given  some  results  of  the  experiments  at  Mount 
Vernon  in  a  paper  presented  before  the  Sanitary  Section  of 
the  Boston  Society  of  Civil  Engineers,  and  the  following 
data  is  abstracted  from  this  paper. 

The  experimental  plant  was  installed  by  courtesy  of  the 
city  authorities  and  consisted  of  a  fine  screen  and  duplicate 
aeration  units  designed  to  treat  a  flow  of  4.5,000  gal.  per  day. 
The  fine  screen  is  of  the  rotary  drum  type,  known  as  the 
Dorrco  screen.  The  screen  was  a  twill  weave  brass  screen- 
cloth  with  20  meshes  to  the  inch  and  apertures  .017  in.  square. 
The  average  removal  of  suspended  solids  over  a  period  of 
30  days  was  12.2  per  cent. 

The  two  aeration  units  were  designed  in  duplicate  as  shown 
in  the  accompanying  figure  and  operated  in  series.  The 
sewage  is  delivered  at  the  top  of  the  central  downcast  well, 
and  is  instantly  mixed  with  20  times  its  volume  of  the  freshly 
activated  mixture,  which  is  brought  up  from  the  aerating 
chamber  and  delivered  at  the  surface  from  the  throat  of  the 
airlift  formed  by  the  constricted  annular  well  surrounding; 
the  central  downcast  well.  The  cycle  is  a  rapid  elevation  of 
the  activated  mixture  from  the  aerating  chamber  to  the  sur- 
face, receiving  the  small  proportion  of  fresh  sewage,  and  a 
quick  passage  down  again.     There  is  a  continuous  displace- 


are  mechanically  pushed  to  the  peripheral  downcast  wells^ 
dropping  through  to  the  aeration  chamber  and  entering  the 
circuit  again. 

A  small  amount  of  short-circuiting  occurs  iu  the  displace- 
ment of  feed  to  the  sedimentation  chamber,  partly  due  to  the 
small-size  units  used.  That  is.  a  small  portion  of  the  fresh 
sewage    is    pushed    direct    to    this    chamber     without     having 
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Dorr-Peck   Activated    Sludge   Tank. 


ment  from  the  circuit  of  a  volume  equal  to  the  incoming 
sewage,  and  this  is  pushed  over  into  the  outside  annular  well 
(which  acts  as  a  feed  baffle  and  distributor);  thence  it  flows 
to  the  quiescent  sedimentation  chamber  in  the  upper  portion 
of  the  tank.  The  liquor  is  overflowed  peripherally  from  this 
chamber,  the  solids  settling  to  the  tray  bottom,  where  they 
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Plan   and    Sections   of    Dorrco   Screen, 

passed  around  the  circuit  for  proper  aerobic  treatment.  For 
this  reason  a  duplicate  unit  is  placed  in  series,  taking  its 
feed  from  the  peripheral  overflow  ot  the  first  unit.  Here  the 
cycle  is  identical  except  that  75  per  cent  of  the  oxidation  or 
activation  having  been  effected  in  the  first  unit,  a  correspond- 
ingly reduced  amount  of  air  is  supplied  to  the  second  unit. 

In  order  to  secure  a  supply  of  biologic  sludge  in  the  second 
unit  to  complete  the  purification,  no  sludge  is  withdrawn 
from  the  first  unit;  it  is  allowed  to  build  up  in  the  sedimen- 
tation chamber  and  overflow  with  the  partly  purified  liquor. 
The  only  point  of  sludge  withdrawal  is  from  the  tray  bot- 
tom of  the  second  sedimentation  chamber,  where  it  is  with- 
drawn as  required  to  keep  it  from  building  up  and  overflow- 
ing with  the  finally  purified  effluent. 

The  average  air  requirement  was  0.6  cu.  ft.  per  gallon  of 
sewage  treated,  maintained  uniformly  over  a  period  of  two 
months.  The  detention  period  through  the  system  ranged 
from  S  to  10  hours.  A  clear,  colorless  effluent  was  produced, 
containing  less  than  20  p. p.m.  ot  suspended  solids,  up  to 
1  p. p.m.  of  nitrate  and  nitrate  nitrogen,  and  was  stat)le  at 
least  6  days  to  the  methylene  blue  reaction  at  room  tem- 
perature. A  90  per  cent  removal  of  bacteria  was  effected, 
and  the  oxygen-consuming  power  was  reduced  SO  per  cent. 
The  sludge  contained  7  to  9  per  cent  of  nitrogen,  on  dry- 
basis,  expressed   as   ammonia. 

The  sewage  treated  was  fresh  domestic  sewage  of  the  fol- 
lowing average  composition: 

Total  solids.  59fi  parts  per  million. 

Si^spended  solids.  21.5  p.nrts  per  million. 

Dissolvo.i  .solids,  .'^.'jl  parts  per  million. 

Alkalinity,  2fi5  parts  por  million. 

Oxygen  consuming  power,  154  parts  per  million. 
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The  average  flow  treated  was  45,000  gal.  per  day.  The  two 
aeration-Eedimentation  units  consisted  of  cylindrical  wood 
tanks,  each  12  ft.  in  diameter  by  11  ft.  deep,  combined  ca- 
pacity 17,600  gal.  Kach  tank  was  equipped  with  a  Dorr  tray 
thickener  mechanism,  the  lower  arms  being  equipped  with 
squeegees  to  move  any  heavy  grit  to  a  peripheral  sand  hutch, 
for  removal  as  required.  The  upper  set  of  arms  swept  the 
surface  of  the  tray  bottom  of  the  sedimentation  compart- 
ment, moving  the  sludge  to  the  peripheral  downcast  wells 
for  re-circulation,  and  preventing  accumulations  of  septic 
masses.  In  the  case  of  the  second  unit,  the  squeezing  effect 
of  the  plows  tended  to  dewater  the  sludge  to  ultimate  den- 
sity for  final  withdrawal.  The  thickest  sludge  removed,  how- 
ever, contained  98.5  per  cent,  moisture,  due  chiefly  to  the 
small  size  of  the  unit  which  transmitted  slight  disturbances, 
interfering  with  the  normal  de-watering  operation. 

The  air  was  supplied  by  a  Nash  hydroturbine  compressor. 


Measuring  River  Flow  for  Hydro- 
Electric  Plant  Operation 

111  th(  combined  upcratinii  of  steam-driven  and  hy- 
drauIicaUy-driven  generating  plants  very  substantial  econo- 
mies can  be  effected  by  the  proper  distribution  of  the  load 
between  them.  This  is  especially  true  in  cases  where  the 
river  flow  is  variable.  The  problem  of  measuring  this  river 
flow  in  some  easy,  practical  manner,  so  as  to  give  the  load 
dispatchers  a  fairly  accurate  basis  to  work  on.  is  fundamen- 
tal. A  practical  method  of  measuring  this  flow,  based  on 
storage  capacity  above  the  dam,  has  been  devised  by  R.  D. 
DeWolf,  Chief  Operating  Engineer,  Rochester  Gas  &  Electric 
Corporation,  and  is  described  by  him  in  an  article  in  a  recent 
issue  of  Power,  from  which  the  following  is  taken. 

A  determination  was  first  made  of  the  capacity  of  the  pond 
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and  was  measured  by  the  Rotary  Meter  Co.'s  compensating 
meter,  which  is  so  designed  as  to  compensate  for  any  air 
pressure  applied,  registering  only  the  actual  amount  of  free 
air  pas.sed.  The  meter  was  frequently  checked  by  mercury 
manometer  readings  through  an  orifice,  and  found  accurate. 
The  sewage  flow  through  the  plant  was  recorded  over  a  90° 
V-notch  weir,  by  a  Foxboro  recording  depth  gage. 

Filtros  tile  (Grade  E)  was  used  as  a  diffusing  medium,  with 
satisfactory  results.  No  measurable  building-up  of  pressure 
through  clogging  was  registered  during  the  five  months' 
period  of  operation.  Furthermore,  the  air  supplied  by  the 
Nash  compressor  is  quite  free  from  dust,  due  to  a  water- 
washing  action  which  is  a  part  of  its  operation. 

An  experimental  Dorr-Peck  plant  on  a  200-gal.  daily  basis 
is  now  in  operation  at  Urbana,  III.,  under  the  direction  ot  the 
Illinois  State  Water  Survey  Division.  This  experimental 
work  was  started  under  the  supervision  of  Col.  Edward  Bar- 
tow. The  Corn  Products  Refining  Co.  is  also  installing  a 
small  experimental  unit  at  its  Argo  plant,  to  test  its  efficiency 
as  compared  with  other  methods.  This  plant  will  operate 
chiefly  on  the  factory  waste  waters.  The  experimental  work 
will  be  directed  by  the  staff  of  the  Sanitary  District  of  Chi- 
cago. 


in  cubic  feet  so  that  the  volume  of  water  contained  in  the 
pond  for  any  elevation  was  known.  Knowing  the  amount  of 
water  contained  in  the  pond,  the  head  on  the  wheels,  and 
the  turbine  and  generator  efficiency  for  a  given  load,  it  is 
evident  that  the  number  of  kilowatt  hours  that  can  be  gen- 
erated at  that  load  if  all  the  water  in  the  pond  were  passed 
through  the  wheels  can  be  calculated.  Assuming  that  the 
hydro-electric  plant  would  be  supplied  only  with  water  from 
the  pond  and  that  no  additional  water  was  entering,  the 
curves  shown  in  Fig.  1  were  plotted.  In  these  curves,  instead 
of  using  cubic  feet  pond  capacity,  the  capacity  is  expressed 
in  thousands  of  kilowatt-hours.  At  an  elevation  of  391  ft.. 
for  instance,  the  capacity  of  the  pond  when  the  water  is  used 
at  maximum  efficiency  is  50.500  kw.-hr.  In  the  case  of  Ww 
two  12,000-kw.  generators  used  for  the  particular  installation 
for  which  these  curves  were  calculated,  the  maximum  effi- 
ciency is  at  10,000  kw.  with  very  little  change  in  efficiency 
for  any  load  between  9.000  and  11.000  kw.  on  the  unit.  If 
the  load  on  the  unit  is  above  or  below  this  amount,  the  effi- 
ciency at  which  the  water  is  used  is  decreased;  consequently, 
when  a  given  amount  of  water  is  passed  through  the  wheels, 
a  smaller  number  of  kilowatt-hours  will  be  generated,  due  to 
the  decreased  efficiency  in  the  use  of  the  water.     Therefore 
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curves  for  other  loads  than  the  9,000  to  11,000  kw.  loads  were 
calculated  and  plotted  on  the  chart.  For  example,  with  a 
load  of  5,000  kw.,  the  killowatt  hours  in  the  pond  at  the  ele- 
vation of  391  ft.  amount  to  only  44.500,  a  loss  of  6,000  kw.- 
hours  due  to  decreased  efficiency  at  which  the  wheels  are 
operated. 

The  load  dispatchers  are  provided  with  a  form  for  entering 
the  necessary  data  to  calculate  the  river  flow  as  shown  in 
Fig.  2. 

To  illustrate  the  use  of  the  method,  let  us  assume  the  fol- 
lowing data: 

At  9  a.  m.  the  pond  elevation  is  391  ft.  and  at  10  a.  m.  the 
elevation  is  390  ft.  and  the  total  generation  by  two  generators 
for  the  hour  has  been  20.000  kilowatt-hours,  equivalent  to 
an  average  load  of  10,000  kw.  on  each  generator. 

Referring  to  the  chart  we  get  the  following  information: 

Kw.  -hr. 

Pond  capacity  at  9  a.  m..  at  a  load  of  lO.nnn  kw 50,500 

Pond  capacity  at  10  a.  m..  at  a  load  of  10,000  kw 44.500 

Kilowatt-hcurs  removed  from  the  pond  during  the  hour....     6.000 

Total  kw,-hr.  generated  during  the  hour  20,000 

Less  kw.-hr.  removed   from  pond    6,000 

Difference  equals  river  flow 14,000 

By  making  this  calculation  every  hour  continuous  check 
can  be  kept  on  the  river  flow. 

In  the  left-hand  column  of  Fig.  2.  the  half-hour  periods  are 
put  in  during   the  time  when   the  system   load   is   changing 


Figs.   3  and  4. — Charts  for  Calculating   Period   That   a    Given    Load 
Can   Be  Carried  with  Pond  at  a  Given   Level. 

rapidly.  During  this  period  half-hour  readings  are  taken. 
but  the  kilowatt  river  flow  estimated  from  these  readings  is 
not  used  except  as  a  very  rough  check  on  the  river  condi- 
tions. It  was  found  from  experience  that,  with  the  conditions 
existing  in  the  pond,  half-hour  period  readings  did  not  seem 
to  be  long  enough  to  iron  out  various  inconsistencies  and 
give  reliable  data.  It  has  therefore  been  made  a  practice 
in  estimating  the  kilowatt  river  flow  to  use  only  hourly  pe- 
riods. The  hourly  tabulation  is  arranged  in  the  various  ver- 
tical groups  so  as  to  give  space  for  totalizing  each  .group 
and  figuring  average  results  for  each  group.  The  load  con- 
ditions are  such  that  it  has  been  found  convenient  to  divide 
I  the  day  into  four  periods — from  midnight  to  7  a.  m.;  7  a.  m. 
to  noon;  noon  to  7  p.  m.,  and  7  p.  m.  to  midnight.  For  con- 
venience the  readings  from  11  p.  m.  to  midnight,  from  6  a. 
m.  to  7  a.  m.,  from  11  a.  m.  to  noon,  and  from  6  p.  m.  to  7 
I  p.  m.  are  repeated.  These  repetitions  are  not  necessary,  but 
I  the  operators  have  found  it  convenient  to  handle  it  in  this 
I  way.  In  figuring  the  river  flow  for  each  group  this  over- 
lapping of  one  hour  gives  a  more  reliable  average  figure. 
The  various  vertical  groups  contain  a  different  number  of 
units,  depending  upon  how  many  half-hour  periods  happen  to 
fall  in  a  given  group. 

In  constructing  the  curves  shown  in  Fig.  1.  it  is  not  abso- 
lutely essential  to  have  a  survey  of  the  pond,  as  these  curves 
can  be  constructed  by  a  series  of  approximations  from  the 


operating  data  only.  Assuming  that  only  very  rough  informa- 
tion is  available  in  regard  to  the  pond  capacity,  a  set  of 
curves  could  be  plotted  based  upon  this  rough  estimate.  In 
the  course  of  operation  there  will  be  periods  when  the  amount 
of  power  being  generated  by  the  plant  will  be  only  a  rela- 
tively small  amount  greater  than  the  river  flow,  so  that  the 
rate  of  fall  of  the  pond  will  be  slow,  thus  minimizing  the 
effect  of  hydraulic  gradient.  These  operating  results  will 
give  certain  river-flow  figures.  Taking  the  average  of  these 
figures  over  a  period  of,  say,  three  hours,  a  determination 
can  then  be  made  along  the  general  lines  indicated  in  the 
following  calculation: 

Average  How.  in  kw.,  for  a  period  of  three  hours 15,00(> 

Pond  capacity,  in  kw.-hr.,  from  given  curves  at  end  of  this 

time    50,000 

Kilowatt-hours  generated  during  next  period  of  five  hour.^i.  .  100,000 
Capacity,  in  l<w.-lir.,  from  given  curves,  at  end  of  the  five 

hour  period    20.00() 

Kw,-hr.  generated  by  river  flow  of  15,000  kw.  for  five  hours. .  75,000 

Kw.-hr.  actually  supplied  hy  pond   25.000 

Kw.-hr.  apparently  supplied  by  pond  as  shown  by  curve   .  . .  30.000 

Error  in  pond  capacity  in  kw.-hr 5,000 

By  choosing  a  period  during  which  it  is  fairly  certain  that 
the  river  flow  is  constant  over  the  assumed  period  of  five 
hours,  as  given,  this  method  can  be  used  to  determine  the 
inaccuracy  in  the  assumed  chart,  and  after  such  determina- 
tion a  corrected  chart  can  be  made.  This  corrected  chart 
can  be  again  checked  in  the  same  way  and  a  third  chart 
made  which  will  be  more  nearly  correct  than  the  second. 

The  results  secured  by  the  foregoing  method  can  be 
checked  by  still  another  scheme.  During  periods  of  opera- 
tion when  the  pond  is  drawn  down  low  during  the  heavy- 
load  period  of  the  day  and  allowed  to  fill  up  during  the  light- 
load  period,  if  we  start  at  a  time  when  the  pond  is  full  and 
take  hourly  readings  during  the  period  when  the  pond  is  being 
emptied  and  filled,  it  is  evident  that  at  the  end  of  the  fill- 
ing period  the  river  flow  will  have  been  sufficient  to  generate 
the  total  kilowatt-hours  generated  from  the  start.  The  aver- 
age river  flow  will  then  be  the  total  killowatt-hours  generated, 
divided  by  the  total  time.  For  any  hour  a  comparison  can 
be  made  between  the  kilowatt-hours  removed  from  the  pond 
as  determined  by  subtracting  the  average  river  flow  from  the 
total  killowatt-hours  actually  generated  for  that  hour,  and 
the  killowatt-hours  removed  from  the  pond  as  determined 
from  the  chart  by  the  method  outlined  in  the  foregoing. 

Even  in  cases  where  an  accurate  siirvey  of  the  pond  is 
available,  the  methods  outlined  can  be  used  to  check  the 
pond  from  time  to  time  to  determine  the  amount  that  it 
has  silted  up. 

In  order  to  assist  the  load  dispatcher  in  estimating  the 
number  of  hours  that  he  will  be  able  to  carry  a  given  load 
with  a  pond  at  any  given  level,  the  chart  shown  in  Fig.  3 
was  drawn  up.  The  curves  on  this  chart  represent  the  rate 
at  which  the  pondage  is  being  depleted.  For  example,  if  the 
pond  elevation  was  387  ft.  and  the  load  carried  by  the  sta- 
tion such  that  6,000  kw-hr.  were  being  taken  out  of  the  pond 
every  hour,  these  curves  show  that  this  load  could  be  car- 
ried for  about  six  hours,  at  the  end  of  which  time  the  pond- 
age would  be  all  used  up.  These  curves  are  based  upon  an 
assumed  operation  of  the  wheels  at  their  highest  point  of 
efficiency.  In  case  the  wheels  are  not  operated  at  this  point 
but  at  a  less  economical  load,  use  is  made  of  the  conversion 
factors  shown  in  Fig.  4.  In  the  case  cited,  for  instance,  if 
the  load  being  carried  by  each  machine  was  only  7.000-kw., 
then  the  length  of  time  that  the  pondage  would  last  would 
be  only  93  per  cent  of  six  hours,  or  5  hours  and  34  minutes. 

This  system  has  been  in  use  for  a  number  of  months,  and 
on  the  whole  the  results  have  been  found  very  satisfactory. 
Irregularties  in  the  pond  capacity  have  been  found  and  cor- 
rections made  from  time  to  time  to  overcome  these  errors. 
A  great  deal  has  been  learned  about  hydraulic  gradient  and 
its  effect  on  the  load  conditions,  and  from  experience  the 
dispatcher  makes  allowance  for  the  effect  of  this  factor. 


Unusual  Feature  of  Iowa  Engineering  Society's  Meeting. — 
The  Engineers'  Club  and  the  Chamber  of  Commerce  of  Des 
Moines,  (;>...  are  making  special  provisions  for  the  entertain- 
ment of  the  wives  of  visiting  engineers  at  the  Iowa  Engineer- 
ing Society's  annual  meeting.  Engineers  have  been  urged 
to  bring  their  wives  to  this  meeting.  Among  other  things, 
the  ladies'  section  of  the  program  includes  an  afternoon  tea 
at  the  Hoyt  Sherman  Place,  a  theater  party,  banquet  and 
dance.  The  society  meets  this  year  at  the  Chamberlain  Hotel 
in  Des  Moines,  la.,  Jan.  18-19  and  20.    . 
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Adoptionof  Sound  Engineering 

Principles  in  Use  of  Fuel  Would 

Save  75,000,000  Tons  of 

Coal  Per  Year* 

By  DAVID  MOFFAT  MYERS. 
Seventy-five  to  one  hundred  million  tons  of  coal  per  year 
could  be  saved  by  the  adoption  in  the  United  States  of  well- 
known  and  well-tried  methods  of  fuel  conservation,  and  this 
saving  would  be  in  addition  to  a  similar  reduction  in  the  con- 
sumption of  other  fuels.  The  writer's  experience  in  the 
Fuel  Knpineering  Section  of  the  United  States  Fuel  Adminis- 
tration demonstrated  without  possible  doubt  that  such  con- 
servation would  involve  no  experimental  features,  and  that 
it  could  be  readily  accomplished  by  the  simple  adoption  of 
sound  engineering  principles  in  the  use  of  fuel  by  consum- 
ers. Prevention  of  waste  is  merely  a  matter  of  the  applica- 
tion of  well-known  engineering  principles. 

Based  upon  only  7.5,000,000  tons,  the  money  saving  would 
be  $450,000,000  per  year,  or  enough  to  pay  nearly  one-half 
the  interest  of  our  national  war  debt. 

The  transportation  of  coal  would  be  relieved  to  an  extent 
equivalent  to  a  million  and  a  half  50-ton  carloads  per  year, 
or  50  per  cent  more  than  the  coal-carrying  capacity  of  the 
Pennsylvania  Railroad  lines  east  of  Pittsburgh.  The  signifi- 
cance of  this  will  be  realized  when  it  is  stated  that  the  chief 
difficulty  in  securing  coal  today  is  due  to  lack  of  transporta- 
tion facilities. 

The  services  of  75.000  miners  would  be  conserved,  so  that 
the  same  force  would  be  able  to  handle  the  natural  increase 
in  mining  production.  The  additional  labor  connected  with 
the  loading,  transportation,  and  unloading  and  firing  of  a 
million  and  a  half  less  cars  of  coal  per  year  would  also  be 
eliminated. 

Fuel  conservation  is  good  for  other  countries,  as  it  enables 
us  to  do  our  part  in  supplying  their  markets.  It  should  be 
emphasized  at  this  point  that  the  kind  of  conservation  which 
the  writer  has  in  mind  is  "constructive  conservation."  which 
means  using  fuel  efficiently  without  reduction  in  the  output 
of  our  manufactured  products  and  without  the  slowing  down 
of  any  of  the  natural  phases  of  our  national  and  social  life. 
It  is  necessary  to  inject  this  statement  owing  to  the  fact  that 
during  the  war  "destructive  conservation"  was  also  largely 
practiced,  which  simply  means  the  cutting  off  of  coal  sup- 
ply to  various  industries  and  uses  with  the  consequent  im- 
poverishment of  our  industrial  and  social  life. 

All  consumers  of  coal  would  benefit  financially  by  a  pro- 
gram of  constructive  conservation.  During  the  war,  by  the 
adoption  of  very  simple  rules  governing  methods  of  operation 
alone  in  our  power  plants  and  on  our  railroads,  an  annual 
saving  of  25,000,000  tons  of  coal  per  year  was  effected  with 
the  program  in  operation  in  25  states  for  an  average  time 
of  less  than  four  months.  It  was  impossible,  at  that  time, 
owing  to  conditions  imposed  by  the  war,  to  adopt  measures 
affecting  also  the  design  or  equipment  connected  with  the 
use  of  fuel.  A  future  program  should  include  such  measures. 
The  efficiency  of  any  process  that  is  connected  with  fuel  or 
any  other  material  is  equal  to  the  efficiency  of  the  operation 
multiplied  by  the  efficiency  of  the  equipment.  In  other  words, 
the  man  multiplied  by  the  machine. 

The  Waste  of  Fuel  In  the  United  States.— There  is  at  pres- 
ent a  huge  and  unnecessary  waste  of  fuel  in  this  country. 
The  waste  is  everywhere.  There  Is  not  an  industrial  plant 
in  the  country  where  10  to  30  per  cent  saving  of  fuel  might 
not  be  effected  by  common-sense  engineering.  Some  of  the 
items  relating  to  this  waste  are  as  follows: 

(1)  Waste  in  the  boiler  plant,  including  the  very  large 
item  of  inefficient  combustion  of  fuel  under  stationary  and 
locomotive  boilers.  Sixty-seven  per  cent  of  all  the  coal  mined 
in  this  country  is  consumed  lor  the  purpose  of  making  steam 
on  land. 

(2)  Coal  consumed  in  the  old-fashioned,  wasteful  beehive 
coke  ovens  represents  9.3  per  cent  of  the  total.  Only  4.3  per 
cent  is  consumed  in  the  by-product  coke  ovens. 

(3)  In  domestic  heating  it  is  estimated  that  12  per  cent 
of  the  coal  is  used.  Very  large  savings  -were  made  in  this 
department  during  the  war,  and  much  more  can  be  done  by 
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proper  conservation  methods.  The  psychological  importance 
of  emphasizing  fuel  economy  in  this  field  is  evident  owing  to 
(he  fact  that  it  would  deal  with  20,000,000  people  or  house- 
holders, whereas  by  comparison  fuel  conservation  in  the 
industries  would  deal  with  only  200,000  plant  managements 
and  those  of  the  railroads. 

(4)  Fuel  is  extravagantly  wasted  by  improper  use  of  steam 
after  its  generation.     For  instance,  by  the  use  of: 

(a)  Inefficient   types   of   prime   movers. 

(b)  Careless  maintenance  of  power-consuming  machinery. 

(c)  Ill-advised  installations  unsuited  to  the  purpose  they 
would  fulfil. 

(d)  Huge  volumes  of  wasted  exhaust  steam  expelled  to 
the  atmosphere  or  to  condensers  and  live  steam  used  for 
heating  without  first  developing  its  quota  of  energy. 

(e)  Unnecessary  use  ot  live  steam  where  exhaust  steam 
with  proper  engineering  would  fully  meet  the  requirements. 

(f)  Badly  designed  and  ill-kept  transmission  systems. 

Of  these  forms  of  waste  item  (d)  needs  the  greatest  em- 
phasis. Everyone  knows  steam  is  being  wasted  when  they 
see  clouds  of  exhaust  blowing  out  into  the  air,  but  how- 
many  people  (not  engineers)  realize  that  our  modern  and 
highly  efficient  central  stations  are  guilty  of  wasting  some 
80  per  cent  of  the  heat  ot  the  steam  into  the  condenser, 
while  at  the  same  time,  particularly  during  the  heating  sea- 
son, hundreds  of  buildings  and  factories  in  the  vicinity  arr- 
burning  thousands  upon  thousands  o^  tons  of  coal  for  heat- 
ing purposes,  and  that  the  owners  of  these  would  gladly 
dispense  with  their  expensive  heating  plants  it  the  central 
station  would  sell  them  hoat  as  well  as  power. 

Fuel  Savings  In  Industrial  and  Private  Plants.— The  other 
side  of  the  problem  relates  to  the  private  plants,  each  of 
which  must  be  diagnosed  according  to  the  merits  of  the  case. 
Many  industrial  plants  can  utilize  all  of  the  exhaust  steam 
from  their  own  power  plants  all  the  year  round,  and  in  such 
cases  their  power  is  merely  a  by-product  of  their  heating 
fuel.  If  they  were  to  shut  down  their  engines  or  turbim- 
they  would  still  have  to  burn  about  90  per  cent  ot  their  for- 
mer coal  consumption,  so  that  only  10  per  cent  of  their  en- 
gine water  rate  is  chargeable  to  power.  Such  a  plant  of 
course  produces  its  own  power  so  cheaply  that  no  central- 
station  condensing  power  plant  will  ever  be  able  to  compete 
with  it.  Frequently  it  would  easily  be  able  to  generate  more 
power  than  it  can  use  without  wasting  any  exhaust  steam, 
under  which  circumstances  it  should  be  enabled  to  sell  its 
surplus  power  to  a  central-station  system. 

The  other  extreme  exists  when  the  private  plant  has  no 
use  for  heat  and  wastes  all  of  its  exhaust  to  the  atmosphere. 
Coal,  and  money,  too,  in  many  instances,  would  be  saved  if 
the  owner  shut  down  his  engines  and  purchased  power  from 
a  more  efficient  central  plant.  There  are  many  stages  be- 
tween these  two  extremes.  For  instance,  the  private  plant 
just  mentioned,  if  the  power  requirements  were  sufficiently 
large  could  afford  to  install  modern  equipment  and  make  its 
own  power  more  cheaply  than  it  could  buy  it.  Coal  might 
not  be  saved  over  the  plan  of  buying  power  from  the  central 
station,  but  money  would.  A  very  common  case  is  that  of 
the  private  plant  that  can  utilize  all  of  its  exhaust  heat  dur 
ing  the  heating  months  but  wastes  it  through  the  non-heat 
ing  months.  Such  a  plant  should  make  its  own  power  in 
cold  weather  and  buy  it  in  warm  weather.  What  we  need 
to  develop  is  a  flexible  plan  of  co-operation  between  the  j 
central  power  stations  and  the  privately  owned  plants.  | 

The  superpower  system  advocated  by  W.  S.  Murray,  ap-  j 
parently  fails  to  consider  the  vital  factor  of  industrial  and  i 
building  heating,  and  unless  this  factor  is  interwoven  in  the  [ 
system  in  the  manner  the  writer  has  indicated  above,  the  j 
waste  of  steam  and  fuel  (to  the  condenser)  in  large  central  j 
stations  would  be  augmented  rather  than  reduced.  If  power  ' 
alone  were  the  only  consideration  necessary.  Mr.  Murray's  i 
plan  would  avoid  this  important  fault.  As  applied  to  the  . 
railroads  alone,  which  consume  2S  per  cent  of  all  the  coal  ■ 
we  produce,  the  plan  would  appear  to  have  many  important 
advantages. 

Our  Failing  Supply  of  Fuel.— The  need  of  a  definite  policy 
of  fuel  conservation  is  urgent.  Natural  gas,  the  most  nearly 
ideal  of  all  our  natural  fuels,  today  is  practically  gone.  In- 
side of  three  years  there  will  be  no  more  available  for  in- 
dustrial uses,  and  all  owing  to  our  failure  to  demand  a  definite 
policy  of  conservation.  We  permitted  instead  a  definite 
policy  ot  waste. 

The  next  natural  fuel  to  go  will  be  oil.     The  supply  in  the 
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TInited  States  it  is  estimated  will  be  used  and  wasted  out  of 
existence  in  20  to  30  years.  Our  production  is  stated  at  1,000,- 
000  bbl.  of  crude  oil  a  day,  which  is  more  than  60  per  cent 
of  the  world's  total  output,  but  this  is  not  enough  for  our 
present  domestic  consumption.  The  peak  of  production  will 
be  reached  in  a  very  few  years,  whereas  the  consumption  is 
Increasing  steadily.  The  demand  for  motor  fuels  is  the 
greatest  of  all  the  items  of  consumption,  and  fuel  oils  is  said 
to  be  the  next  largest.  A  bill  has  been  introduced  for  an 
appropriation  of  $250,000  to  enable  the  Department  of  Agri- 
culture to  conduct  experiments  looking  toward  the  discov- 
ery of  a  new  motor  fuel.  Coal-tar  products  including  benzol 
are  under  consideration  as  well  as  alcohol.  That  the  expen- 
sive method  of  producing  oil  from  the  shale  beds  of  Utah, 
-  Colorado,  Wyoming,  and  Nevada  is  being  more  and  more 
brought  to  the  attention  of  investors,  is  an  indication  of  the 
urgency  of  the  oil  situation.  All  this  is  occurring  years 
earlier  than  should  have  been,  owing  once  more  to  our  lack 
of  a  definite  policy  of  fuel  conservation. 

Government  Aid  in  Conservation. — It  is  now  the  time  to 
consider  how  the  Government  can  assist  in  the  conservation 
of  coal  and  oil.  It  is  the  writer's  personal  opinion  that  coal 
and  ether  natural  fuels  present  a  problem  that  so  intimately 
concerns  the  welfare  of  all  the  people  that  it  must  equally 
concern  the  Government  which  represents  the  people,  and 
that  therefore  until  the  general  public  through  the  Govern- 
ment takes  action  in  the  matter  there  can  never  be  any 
truly  adequate  answer  to  this  problem.  The  mere  financial 
incentive  to  stop  the  unnecessary  waste  of  fuel  is  not  strong 
enough  to  do  the  job,  for  the  reason  that  the  great  bulk  of 
coal  and  other  fuels  is  consumed  in  industrial  undertakings, 
wherein  substantial  profits  are  readily  available  without  the 
trouble  of  economizing  in  the  application  of  fuel.  This  fact 
may  be  strikingly  realized  through  the  statement  of  an  au- 
thority that  of  the  total  cost  of  all  the  manufactured  prod- 
ucts of  the  country  only  2  per  cent  is  fuel  cost. 

The  public  at  large  does  not  yet  fully  realize  the  importance 
«f  fuel  as  a  national  issue,  but  the  writer  believes  that  even 


flatten  out  load  curves  at  the  mines,  which  are  now  overcap- 
italized and  overequipped  40  per  cent. 

(5)  Possibilities  of  conservation  by  the  United  States  Bu- 
reau of  Mines. 

(6)  Great  advantages  to  be  secured  by  appointment  of  a 
resident  engineer  in  each  state,  to  keep  in  close  touch  with 
local  industries  and  with  a  clearing  house  of  information  in 
Washington. 

(7)  A  body  of  citizens  advisory  to  Bureau  of  Mines  should 
assist  In  the  planning  and  development  of  the  conservation 
program.  It  should  be  representative  of  business  men,  engi- 
neers, and  citizens  from  various  parts  of  the  country. 

(8)  Correct  design  of  new  power  plants,  and  perhaps 
changing  of  power  equipment  in  existing  power  plants. 

(9)  Government  should  encourage  new  inventions  and  in- 
vestigation, leading  to  the  economical  use  of  fuel. 

(10)  Better  educational  measures.  Every  technical  school 
should  have  lecture  courses  on  fuel  conservation,  more  for 
the  purpose  of  emphasizing  its  importance  rather  than  from 
intensified  and  specific  instruction.  Educational  courses  for 
chief  engineers  and  firemen.  Examination  for  license  in  this 
profession.  Provide  throughout  the  country  uniform  exam- 
inations with  corresponding  certificates  for  operating  engi- 
neers and  firemen  thus  educated  in  steam  and  fuel  economics. 

(11)  Measures  looking  toward  the  development  of  low- 
temperature  distillation  of  coal  (and  lignite)  for  the  conser- 
vation of  the  immensely  valuable  by-products  which  at  pres- 
ent are  wasted  when  raw  coal  is  burned  for  steam  making. 
The  resulting  smokeless  carbonized  coal  would  then  become 
the  boiler  fuel  of  the  future  in  proportion  to  the  extent  to 
which  this  by-product  industry  could  be  economically  devel- 
oped. 

Scrubber  for  Cleaning  Irrigation  Flumes 

A  number  of  heavily-bristled  scrub  brushes  attached  in  a 
semi-circle  to  the  base  end  of  a  triangular  frame  which  is 
supported  at  the  apex  by  a  small  wheel,  has  proved  an  ex- 
cellent device  for  scrubbing  off  moss  and  silt  from  the  in- 


Device   Used    in    Selah- Moxee    Irrigation    District  for   Scr 
now  it  is  coming  slowly  into  such  a  realization.     Therefore, 
although  the  time  is  not  yet  ripe  for  any  radical  step  in  this 
direction,  yet  we  may  and  must  look  forward  ultimately  to  a 
solution  along  these  lines. 

The  public  must  be  made  to  see  how  adversely  it  is  affected 
by  this  great  and  uncontrolled  waste  of  fuel  so  that  Govern- 
ment co-operation  and  assistance  will  be  demanded.  This 
means  that  time  will  be  necessary  in  which  to  educate  the 
public  as  to  the  importance  of  fuel  conservation  as  a  national 
issue  in  order  to  secure  the  necessary  interest  by  Congress 
and  Government  bureaus. 

A  Policy  of  Fuel  Conservation. — Finally,  the  writer  wishes 
to  offer  for  consideration  and  constructive  criticism  the  fol- 
lowing policy  of  fuel  conservation  to  be  adopted  with  the 
co-operation  of  the  Government: 

(1)  Regulation  of  quality  of  fuel. 

(2)  Measures  for  prevention  of  flagrant  waste  of  all  fuels. 

(3)  In  the  matter  of  transportation,  zoning  is  productive 
of  large  economies. 

(4)  Better  means  of  coal  storage  are  urgently  needed  to 


i4bbing   Off    Moss   and    Silt   from   Semi-Circular   Flumes. 

terior   of   semi-circular    flumes,    according   to    the    December 

Highway  Magazine. 

The  device  which  was  designed  and  perfected  by  Charles  B. 
Schmidt,  manager  of  the  Selah-Moxee  Irrigation  District,  in 
the  Yakima  Valley,  Washington,  is  shown  in  the  accompany- 
ing illustration. 

The  device  is  shown  upside  down  at  the  side  of  one  of  the 
flumes  which  has  been  cleaned  by  it.  The  scrubber  is  placed 
in  the  flume  at  the  head  end.  with  the  brushes  resting 
against  the  sides  of  the  conduit,  and  the  small  wheel,  which 
is  at  the  front  end  of  the  frame,  on  the  floor  of  the  flume. 
The  flow  of  water  forces  the  scrubber  along,  while  the  wheel 
guides  it,  and  keeps  it  from  wedging. 

As  may  be  noted  by  close  inspection  of  the  device,  a  heavy 
iron  chain  has  been  attached  to  add  weight  and  hold  the 
brushes  against  the  sides  of  the  flume. 

If  conditions  warrant,  the  cleaning  operation  is  repeated 
a  number  of  times.  Where  the  velocity  of  flow  in  the  flume 
is  not  sufficient  to  prevent  the  growth  of  moss,  this  means 
of  cleaning  the  conduit  has  been  found  very   effective. 
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Valuations  of  Iowa  City  Water  Co. 

Based  on  Present  and  Pre- 

War  Costs 

Four  valuations  within  the  last  five  years  have  been  made 
of  the  Iowa  CMty  (Iowa)  Water  Co.,  three  of  them  based  on 
prewar  and  one  on  present  costs.  The  valuation  based  on 
present  prices  indicates  an  average  increase  of  135  per  cent 
over  the  pre-war  valuations.  J.  H.  Dunlap.  Professor  of  Hy- 
draulics and  Sanitary  Engineering.  State  University  of  Iowa, 
made  two  of  these  valuations,  and  has  prepared  a  paper 
which  wns  presented  before  the  Iowa  Section  of  the  American 
Water  Works  Association  recently.  The  following  is  an  ab- 
stract of  his  paper: 

The  Iowa  City  Water  Co.  is  a  privately  owned  company. 
The  population  of  Iowa  City  is  about  12,000,  exclusive  of 
4,000  students  in  attendance  at  the  University  of  Iowa.  The 
plant  was  originally  installed  in  1882.  The  principal  source 
of  supply  is  from  infiltration  galleries  estimated  at  about 
%-miIe  in  length  beneath  the  bed  of  the  Iowa  River.  Ten 
8-in.  flowing  wells  160  ft.  deep  contribute  a  small  amount 
of  the  water  used.  At  times  when  these  two  sources  prove 
inadequate,  some  water  is  taken  directly  from  the  Iowa 
River,  which  is  only  about  100  ft.  from  the  plant. 

The  pumping  equipment  consists  of  a  Holly  quadruples 
compound  condensing  crank  and  fly-wheel  steam  pump  with 
a  capacity  of  1.500.000  gal.  installed  in  1882;  a  Snow  duplex 
direct-acting  compound  condensing  steam  pump  with  a  ca- 
pacity of  2,000,000  gal.  in.stalled  in  1889;  and  an  Allis-Chalm- 
ers'  horizontal  cross-compound  crank  and  fly-wheel  Corliss 
type  high-duty  steam  pump  with  a  capacity  of  3,000.000  gal. 
installed  in  1914. 

In  19fi9  an  Iron  removal  plant  was  installed  by  the  New 
York  Continental  Jewell  Filtration  Co.  There  are  two  sedi- 
mentation basins  and  four  rectangular  concrete  gravity  filter 
units  with  a  capacity  of  2,000.000  gal.  per  day.  This  plant, 
which  was  originally  designed  as  an  iron-removal  plant.  Is 
now  serving  also  as  a  filtration  plant  with  coagulation  with 
alum  and  lime  supplemented  by  sterilization  by  liquid 
chlorine. 

The  distribution  system  consists  of  26.4  miles  of  main- 
2-in.  to  20-in.  in  diameter. 

Since  1915  four  valuations  of  the  Iowa  City  Water  Co. 
have  been  made.  Table  I,  "Results  of  Four  Valuations  of  the 
Physical  Property  in  Use."  gives  some  interesting  compara- 
tive reproduction  values  as  of  April  1,  1920. 

In  1915  the  company  made  application  to  the  city  council 
of  Iowa  City  for  increased  water  rates.  The  city  council  en- 
gaged the  writer  to  report  upon  the  value  of  the  property  and 
the  rates  to  which  this  value  entitled  the  company.  Due  to 
the  shortness  of  the  time  available  for  the  preparation  of  the 
report,  it  was  impossible  to  prepare  a  complete  inventory  of 
the  company's  property.  The  company  submitted  a  state- 
ment from  its  books,  which  indicated  that  the  value  of  its 
physical  property  new  was  $245,050.  After  some  investiga- 
tion it  was  concluded  that  this  value  was  a  fair  one  for  use 
in  rate-making,  but  the  comijany  was  advised  to  have  a  com- 
plete inventory  of  its  property  made  as  soon  as  possible. 
Based  upon  the  company's  own  estimate  of  the  value  of  its 
property,  a  rate  was  recommended  which  was  calculated  to 
yield  a  7  per  cent  net  return.  This  rate  was  accepted  by 
the  company  with  the  agreement  that  it  would  be  tried  out 
to  see  if  the  estimated  return  was  received.  The  new  rate 
was  somewhat  uncertain  in  the  amount  of  return  since  the 
company  was  about  to  change  most  of  its  consumers  from 
the  flat  rate  basis  to  the  meter  basis.  It  is  interesting  to 
note  that  the  new  rate  brought  in  the  esimated  revenue  and 
provided  a  small  surplus  for  the  year  1916  of  $2,675.  Part 
of  this  surplus,  however,  was  probably  due  to  an  energetic 
campaign  for  the  collection  of  accounts  unpaid  in  1915. 
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T.\]iL,lC  II-  ri!E-\VAR  AND  PRESENT  COSTS  USED  IN  THE 
VALUATIONS. 

Pre-war 

„        ,  Item.  costs. 

Cast  iron  pipe.  6-ln.  and  over,  in- 
cluding freight  and  haul $ 

6-ln.  valves 

12-in.  valves 

4-ln.    hydrants    with    two    aii-in. 
nozzles    

6-in.  hydrants  with  steamer  noz- 
zles and  two  2"/4-in.  nozzles...! 

^-In.   meters,   installed 

Lumber  in  place 

Common  red   brick  in   place 

Concrete  footings  

Excavation   

Cross-compound    pumps,    per    M. 
G.   capacity   

Boilers.  72  in.  x  18  ft.,  installed.. 

Filters,    per  >r.  G.  capacity,   with 
all    structures 12.000.00 


58.50 

90.00 
12.50 
100.00 
53.25 
13.25 
1.00 

10.000. 00 
3.S00.0O 


Per  cent 
Increase. 

175 
70 
92 
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125 

39 
150 
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66 
100 

163 
172 
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In  accordance  with  the  recommendation  that  a  complete 
inventory  and  valuation  be  made,  H.  M.  Byllesby  &  Co.,  Chi- 
cago, were  engaged  for  the  work.  Under  date  of  Aug.  1.  1916. 
a  report  was  rendered  which  gave  $332,082  as  the  value  of 
the  total  physical  property  new.  Due  to  the  fact  that  the 
president  of  the  Iowa  City  Water  Co.  was  soon  called  to 
service  with  his  regiment  on  the  Mexican  border,  and  later 
in  the  war  with  Germany,  no  application  was  made  by  the 
company  for  an  increased  rate  until  1920.  In  operating  dur- 
ing 1917.  1918,  and  1919  under  this  rate,  the  company  lost 
about  $22,000  over  what  a  7  per  cent  rate  of  return  would 
have  given. 

In  order  to  prevent  further  losses,  the  company  engaged 
the  writer  to  make  a  valuation  of  its  property  and  to  sug- 
gest water  rates  which  would  yield  a  fair  return.  The  re- 
port made  to  the  company  Dec.  31.  1919.  showed  that  on  the 
basis  of  pre-war  costs,  the  reproduction  value  of  the  physical 
property  new  was  $296,002.  The  total  depreciation  of  $43,261 
was  computed  by  the  compound  interest  method  with  inter- 
est at  4  per  cent.  The  depreciation  obtained  in  this  way 
was  checked  by  a  study  of  the  actual  condition  of  the  prop- 
erty in  use.  and  wherever  necessary  was  changed  to  conform 
with  the  actual  depreciation  found  on  inspection.  Subtract- 
ing the  total  depreciation  from  the  pre-war  reproduction 
cost,  new,  the  pre-war  reproduction  value  is  found  to  be 
$252,741.  This  is  reasonably  close  to  the  comparative  re- 
production value  of  $241,050  shown  in  Table  I,  based  on  the 
company's  books,  and  also  the  comparative  reproduction 
value  of  $279,514  found  by  H.  M.  Byllesby  &  Co. 

The  water  rates  in  use  since  1915  were  as  follows: 

Fire  hydrants    $  45  per  annum 

Flu.sh   tanks    100  per  annum 

Water  for  municipal  purposes Free 

Meter  rates,  payable  monthly: 
Service  charge — 

%-in.    meter %  0.50  per  month 

%-m.  meter 0.80  per  nmnth 

1  -in.    meter 1.10  per  month 

Hi-in.  meter 1.50  per  month 

I'/S-in.    meter ."?  00  per  month       f 

2  -in.  meter 3.00  per  month 

3  -in.   meter 5.00  per  month 

4  -in.    meter 10.00  per  month 

Output  cliarE-e — 

Up  to  and  inc'urtins  5.000  cu.  (t 10  ct.  per  110  cu.  ft. 

For  the  next  45.000  cu.  ft 9  ct.  per  100  cu.  ff 

For  quantitios  in  excess  of  50.000  cu.  ft..      6  ct.  per  100  cu.  ft. 

As  a  result  of  this  careful  presentation  of  all  the  facts 
involved,  the  council  of  Iowa  City  voted  unanimously  to  al- 
low the  company  the  following  increased  rates: 

All  rates  to  remain  the  s.ame.  except  the  output  charge,  which 
was  rhangred  to  the  foPowintr: 

T^p  to  and  including:  5.000  second  feet...    20  ct.  per  tOO  cu.  ft. 

For 'the  next  45.000  cu.  ft 15  ct.  per  ino  cu.  ft. 

For  quantities  in  excess  of  50,000  cu.  ft.. .    10  ct.  per  100  cu.  ft. 

Due  to  the  fact  that  the  company  wished  to  issue  additional 
stock,  the  writer  was  requested  to  report  upon  the  value  of 
its  physical  property,  based  on  present  costs.  Based  on 
costs  as  of  April  1.  1920.  the  reproduction  cost,  new,  of  the 
physical  property  of  the  company  was  $669,833.  Subtracting 
the  total  depreciation,   $91,695.  gives  a  present  reproductioi» 


TABLE  I— RESULTS   OF  FOT.-R  VALTtaTTONR   of  tiIK   PHYSICAL  PROPKRTY  IN  USE  OF  IOWA  CITY  WATER  CO. 

Report  by 
J.  H    Uunlap, 


Item. 


Company's 
cooks. 


Total  physical  property,   new ^""?>4"^''n.;V'^' 

Depreciation  .'.'.'.'.'.'.■. ^.i&ii.'iu 

Reproduction  value  of  physical  structure."). .   . 
New  construction  less  depreciation  to  April  1,  1920...'..'.'.'.'.'.'.'.'.'..'.'. 


22.890 


Report  bv 

H.  M   Byllesby 

&    Co.. 

Aus    1.  1916. 

S?32.0<?2 

59.299 


Report  by 

.1.  H.   Dunlap, 

Dec.  31.  1919. 

(Prewar 

costs.) 

$296,002 

■i3.261 


April  1,  1920. 

(Present 

costs.) 

{669.833 

91.695 


$222,160 
18.890 


Comparative  reproduction  values  as  of  April  1.  1920  ^.4 

Note— Operating  capital  and  development  expense  or  going  valiie" are  omitted 
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7,731 
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.5252,741 
$252,741 


$578,138 


5578,13S 
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value  of  $578,138.  This  is  a  value  of  1:^9  per  cent  greater 
than  that  obtained  by  using  pre-war  costs. 

In  Table  II  the  pre-war  and  present  costs  used  in  the  val- 
uations are  compared.  It  will  be  observed  that  the  per  cent 
of  increase  of  the  present  costs  over  pre-war  costs  varies 
from  196  per  cent  for  common  red  brick  in  place,  to  39  per 
cent  for  %-in.  meters  installed. 

The  great  difference  between  the  present  reproduction 
value  of  the  physical  property  of  the  company  based  on  pre- 
war costs  and  on  the  costs  as  of  April  1,  1920,  is  an  illustra- 
tion of  the  difficulties  of  valuation  work,  using  the  repro- 
duction new  less  depreciation  method,  in  such  general  favor 
with  the  courts.  It  is  believed  that  for  rate-making  pur- 
poses some  quite  different  method  of  valuation  will  have  to 
be  worked  out  and  standardized. 


Self  Contained  Electric  Outfit  for  Thawing 
Services 

A  self-contained  generating  unit,  consisting  of  gasoline 
motor  and  specially  designed  generator,  is  employed  by 
the  Montreal  Water  &  Power  Co.,  Montreal,  Que.,  for  thaw- 
ing out   water   services.      Current   for   this   purpose   was   for- 
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Gasoline-Driven    Thawing    Outfit. 


merly  obtained  from  the  local  power  company  by  means  of 
transformers  connected  to  the  2,200-volt  mains  and  deliver- 
ing about  400  amperes  at  about  50  volts.  The  new  outfit, 
illustrated  above,  however,  has  proved  successful  and  niucli 
more  convenient  and  rapid  in  actual  service  than  the  former 
outfits,  as  well  as  considerably  less  expensive. 


Important  Papers  to  Be  Presented  at  Good  Roads  Conven- 
tion.— Some  of  the  papers  that  are  to  be  presented  at  the  18th 
annual  convention  of  the  American  Road  Builders'  Associa- 
tion, which  is  to  be  held  Feb.  9  to  12  at  the  Coliseum,  Chi- 
cago, are:  "Our  National  Road  Problems,"  by  Thomas  H. 
MacDonald,  Chief  U.  S.  Bureau  of  Public  Roads;  ■'Sub- 
Grades,"  by  H.  G.  Shirley.  Secretary  Federal  Highways  Coun- 
cil; "Importance  of  Drainage  in  Road  Construction,"  by  Prof. 
F.  H.  Eno  of  Ohio  State  University;  "Types  of  Pavements," 
by  James  H.  MacDonald.  former  State  Highway  Commis- 
sioner of  Connecticut;  "Highway  Researches  and  What  the 
Results  Indicate,"  by  A.  T.  Goldbeck,  Chief  Division  of  Tests, 
U.  S.  Bureau  of  Public  Roads;  "Recent  Developments  in  Road 
Building,"  by  Edward  N.  Hines.  W.  D.  Uhler  and  R.  Keith 
Compton;  "Highway  Finance."  by  H.  C.  Sylvester.  Vice  Presi- 
dent National  City  Co.,  and  "Relations  Between  Engineers 
and  Contractors,"  by  D.  A.  Garber. 


U.  S.  Civil  Service  Examinations.— The  U.  S.  Civil  Service 
Commission,  Washington,  D.  C,  has  announced  the  follow- 
ing examinations:  Mining  and  metallurgical  engineer,  in 
Bureau  of  Mines;  .$4,000-$5,000;  ai)plication8  must  be  in  by 
Feb.  15.  Hydrographic  and  topographic  draftsman,  in  Coast 
and  Geodetic  Survey;  $1,600  to  $2,000.  ,Iunior  drainage  en- 
gineer in  Bureau  of  Public  Roads;  $1,500  to  $1,920;  exami- 
nation Feb.  9.  Associate  engineer.  $2,000  to  $2,800  and  as- 
sistant engineer.  $1,400  to  $1,800.  in  Bureau  of  Standards. 


Fees  and  Services  of  Practicing 
Engineers 

Some  months  ago  the  natioml  executive  committee  oi'  the 
American  Association  of  Engineers  appointed  a  committee 
of  practicing  and  consulting  engineers  to  consider  the  scope 
and  practice  of  engineering  activities,  the  desirability  of  hav- 
ing uniform  practice  with  reference  to  fees  and  scope  of  serv- 
ices, and  the  feasibility  of  establishing  such  practice.  The 
chairman  of  the  committee  is  Webster  L.  Benham.  Kansas 
City.  Mo.,  and  the  other  members  are:  Louis  E.  Ayres,  Ann 
Arbor,  Mich.;  John  W.  Cunningham,  Portland,  Ore.;  George 
W.  Fuller,  New  York  City;  Farley  Gansett,  Harrisburg.  Pa.; 
Samuel  A.  Greeley,  Chicago;  A.  N.  Johnson,  College  Park. 
Md.:  Ira  W.  McConnell.  New  York  City;  Langdon  Pearse. 
Chicago;  Edgar  A.  Rossiter,  Chicago;  Charles  V.  Seastone, 
Madison,  Wis.,  and  Wilbur  J.  Watson.  Cleveland. 

The  views  of  the  chairman  and  a  majority  of  the  committee 
are  set  forth  by  Mr.  Benham  in  an  article  in  the  January 
issue  of  the  Professional  Engineer,  the  official  publication 
of  the  association.  This  article  may  be  considered  to  be  in 
the  nature  of  a  progress  report.  The  committee  will  be  glad 
to  receive  comments  from  all  engineers  interested  in  the 
subject.  The  matter  following  is  taken  from  Mr.  Benham's 
article  in  The  Professional  Engineer: 

The  consensus  of  opinon  of  members  of  the  committee 
seems  to  be  that  it  is  not  possible  to  establish  any  hard  and 
fast  uniform  or  standard  schedule  of  fees  for  practicing  and 
consulting  engineers  for  all  classes  of  work  and  for  all  con- 
tingencies, but  it  is  believed  that  some  definite  schedule  can 
be  adopted  as  a  basis  for  minimum  charges. 

While  it  is  realized  that  the  fee  to  be  charged  can  not  and 
should  not  be  definitely  fixed — because  there  are  numerous 
and  complex  factors  which  enter  into  the  matter,  the  class 
of  work,  difficulty  and  magnitude  of  project,  the  ability, 
knowledge  and  training  of  the  engineer,  the  responsibility 
assumed  by  the  engineer  and  the  ability  of  the  client  to  pay- 
nevertheless  we  should  have  some  definite  basis  upon  which 
to  base  our  charges.  It  appears,  therefore,  that  the  best  we 
will  be  able  to  recommend  is  a  basis  of  minimum  charges 
with  an  increase  in  amount  running  into  the  larger  fees  for 
the  more  experienced  and  specialized  of  our  engineers.  It 
seems  to  be  the  desire  of  the  majority  of  the  committee  to 
draw  a  line  of  demarcation  between  the  practicing  and  con- 
sulting engineers  and  to  allow  the  latter  sufficient  latitude  so 
as  to  enable  them  to  obtain  higher  fees.  We  must  provide, 
therefore,  a  definition  for  these  two  groups  of  engineers 
which  we  must  admit  exist. 

A  practicing  engineer  may  be  termed  one  who  is  actively 
engaged  in  the  practice  of  engineering,  such  as  the  making  of 
surveys,  designs,  plans,  specifications,  valuations,  appraisals 
and  reports  and  supervising  work  of  construction,  and  who 
contracts  with  his  clients  for  engineering  services,  as  differ- 
entiated from  the  engineer  who  is  employed  on  a  salary  basis. 

A  consulting  engineer  may  be  termed  one  who  had  highly 
specialized  training  and  experience  in  certain  lines  of  engi- 
neering and  who  has  mature  judgment  and  experience  in  gen- 
eral engineering — experience  which  qualifies  him  to  act  in 
the  capacity  of  adviser  to  other  engineers  or  directly  to  their 
clients,  to  design  and  supervise  the  construction  of  the  more 
important  engineering  problems — as  apart  from  the  practic- 
ing engineer  who  is  engaged  in  the  design  and  supervision  of 
the  more  simple  projects. 

It  is  generally  agreed  that  there  is  an  urgent  need  of  stop- 
ping all  "consultants"  from  charging  nothing  for  their  serv- 
ices or  ridiculously  small  fees  and  doing  a  correspondingly 
small  amount  of  work.  It  is  obviously  far  more  economical 
for  the  client  to  pay  more  for  advice  and  thus  enable  the  en- 
gineer to  give  his  work  the  proper  amount  of  study  and  su- 
pervision. This  point  can  not  be  too  strongly  emphasized. 
It  should  be  an  engineering  axiom,  a  principle  that  the  public 
and  the  engineers  will  universally  accept.  The  practice  of 
competitive  bidding  should  he  discouraged.  One  would  look 
with  ridicule  upon  a  similar  method  of  employing  lawyers 
and  physicians.  Except  in  cases  where  it  is  absolutely  neces- 
sary by  reason  of  adverse  laws  effecting  municipal,  county 
and  state  work,  no  work  should  be  contracted  for  on  a  con- 
tingent basis.  In  cases  of  this  kind  the  laws  should  he 
amended  to  enable  engineers  to  he  properly  compensated.  It 
is  neither  right  nor  reasonable  to  ask  an  engineer  to  render 
free  service  and  to  gamble  with  his  client.     He  should  be  paid 
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for  all  he  does  and  a  sufficient  amount   to  allow  him  a  I'air 
profit  over  and  above  all  expenses  of  every  nature. 

The  practicing  and  consulting  engineer  should  be  able  to 
establish  the  highest  possible  standard  of  salaries  for  his 
employes,  but  he  has  never  been  able  to  pay  these  proper 
salaries  on  account  of  the  low  compensation  he  has  been  ac- 
custonied  to  receive.  The  i)ublic.  on  the  other  hand,  has  not 
been  educated  to  appreciate  what  constitutes  a  proper  tee. 
If  the  practicing  and  consulting  engineers  are  to  meet  the 
just  advances  in  their  expenses  and  in  salaries  of  members 
of  their  staffs  and  of  assistants  then 
1her<?  must  be  a  recognized  basis  of 
■nininmm  charges  approved  by  engi- 
iiiers  as  a  body. 

Engineering  is  a  service  which  must 
be  paid  for.  There  is  no  reason  why 
there  should  be  any  hazard  in  the  nn- 
ilertaking  and  the  compensation  should 
be  both  fair  and  certain  of  payment. 
By  entering  into  competition  for  our 
services  we  place  ourselves  in  an  undig- 
nified and  embarrassing  position  by  be- 
ing put  on  the  same  competitive  busi- 
ness basis  as  contractors,  machinery 
and  material  dealers,  where  price  is  to 
a  large  extent  the  determining  factor. 
This  practice  is  indeed  repugnant  to  all 
of  us,  but  in  many 
have 


cases  we  have  been 
forced  to  counte- 
nance it  by  our  sub- 
mission to  the  cus- 
toms which  we  have 
carelessly  allowed  to 
exist. 

From  a  profession- 
al standpoint  engi- 
neers should  stand  as 
high  as  men  of  other 
professions.  Their 

training  and  skill  is 
at  least  equal  and 
their  responsibilities, 
it  is  believed,  are 
even  greater  than  in 
other  professional 
branches.  Then  why 
do  engineers  not  hold 
the  respect  of  the 
public?  The  reason 
may  be  that  they 
have  had  no  militant 
orgTuization  to  zeal- 
ously guard  their  in- 
terests and  they  have 
not  individually  done 
their  parts.  It  is  be- 
lieved, therefore,  that 
a  schedule  of  fees 
adopted  by  the 
American  Association 
of  Engineers  and  giv- 
en a  wide  publication 
will  be  beneficial  to 
both  the  practicing 
and  consulting  engi- 
neers.    It    is    agreed 
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III  accordance  witli  all  stipulatiuiis  herein  contained,  wc  propose  to  render  to 

professional  services  for  such  purposes. 

to  such  extent  and  in  accoitlancc  with  such  schedule  of  fee's  as  arc  specifically  herein  scl 
forth. 

Thecharaelerof  theworkto  he  performed  is,  for  convenience  of  refcrriiecdit'iif.'iiated 
as  follon.s: 

A.    SPECIAL  ENCINKERING  SERVICE 
1.    Conaiillolion.  4.    Expi^n  Tratimoiiy  anij         (i.    Service    nntl     Kfllciency 

i     Atln(rutn>ri.  Ccirl  Wr.rk,  Test*. 

i.    Pfofi-ie,iuiiul  .Vdvicc  ."i.    Valuationa  and  AppraisaJ*.  7.    Rcporlv 

B.    UECULAK  ENGINEERING  .SERVICE 


3.  iTie-.. ...1  i" 

cribii^;  in^doluil  n 


'iiiry  plana,  aalimnla  and  ivpnrt  oavarink  oU  faalum,  of 
II,-  fiitlb  ad,anlaitn  and  diuidvantaffa,  uaal  of  otH-rntion 
liilain  of  Uia  parlioilnr  pn,l>^.     <it-2  of  Tal<la  ) 
iir.iriln.  mapa.  aparifkationa  and  etiiniaira  for  lallinH  of 
'la  inforniallon  of  Iha  alirnl  or  ownar. 


blanka.  auntraclai  Iwnda  and  dalallad  (alimalca  of  coal.     (lU  of  TaUa.) 

4.  Allandaiax  and  adviac  at  maotinga  of  client  or  t^ilKl  fnr  award  of  oonlracta  for  coialruclion  or  for  por- 
cbaac  of  malarinla  and  mnrbincr]'.  aupcniaion  of  conalruclion  wuili  in  oHicv  durinit  pn,||Toa,  proirraa, 
rvporla  and  rrndiliun  of  ntliTonlaa  and  linul  racorda  for  Glinir.     iQ-t  of  Tabic.) 

By  "Uanarnl  Siira^rviaion"  ia  lovanl  uocoaional  viaila  of  n  principal  to  Uio  work,  ond  aucU  ollir.' 
work  at  nradi]uarlcra  wliirbia  necsaary  to  prepare  paottrvwa  rvporla  ond  rwlimnlca.  corrcnaindanca  Wtwaan 
field  anil  olliiv  and  linul  larurda.     It  doca  nnl  inrloda  aur,'ry>  and  irupoclton  work  In  Ifaa  Qrld  or  laalbiR. 

5.  Hciili  Ml  'i|..  m  11  11  III  I  ■  ii.lruclion  ronlinuonaly  "on  Ibr  KTOund"  durinif  proKTaaa  U]  HC  tbal  Iha  plaiu, 
i^iail Til  I.  I  aoibcinn  rompliad  with.     (Il-S  of  Tabl.  ' 
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SCIIEDULf  t.    (a)'  PER  DlEiVI  OURCE  OK  RATE  OF 

, Dollars  ($ „1  oovcfliif  mtvIom. 


APPLICABiJi;  TO  ALL  SCHEDULES 

If  problems  ^houli)  arise  in  the  solution  of  which  the  services  of  specialists  are  required,  the 
cost  of  such  shall  he  paid  for  by  the  client  or  ownrr,  but  the  engageiacDt  of  such  specialist  shall  be 
subject  Id  the  approval  of  the  client  or  owner  us  icgords  sel|.etion  ai.d  cumpensation. 


( 


)  complete  sets  of  plans  and 


We  will  furnish 

specifications  for  use  of.^ j. _.. — 

it  being  understood  that  all  piospcotivc  bidders  will  be  i«quircd  to  pay  a  deposit  of 

Dollars  (8 )  for  each  complete  set  so  famished,  which  amount  will 

be  refunded  to  the  bidder  upon'lhu  return  in  good  condition  of  all  plans  and  speeiGcolions  within 

_ ( )  days  after  receipt,  of  bids. 

All  provisions  of  this  Proposal  shall  be  binding  unless  specific  exceptions  therein 
in  the  contract. 

Respectfully  submittcl. 


Page   1    (Above)    and   Page  3   of   Form   of   Proposal  for   Professional 

Services.     Page  2   Contains   the   Schedule   of   Fees 

Printed    in   the   Table. 


no  schedules  can  provide  for  all  conditions  and  contingencies 
which  may  arise  in  the  practice  of  the  engineer — civil,  elec- 
trical, mechanical,  mining,  chemical,  metallurgical,  geological 
and  others — but  we  can  establish  a  somewhat  definite  sched- 
ule which  it  is  believed  can  be  elastically  applied  to  all 
classes  of  engineering  work. 

Suggested  Classification  of  Engineering  Services. — As  a 
general  guide  for  the  establishment  of  ffcs  for  profe.^sional 
services  of  engineers,  for  work  in  the  United  States  within 
the  field  of  the  engineer,  the  following  is  suggested.  These 
can  be  divided  into  two  classes,  as  follows: 

A.  Special  Engineering  Service— 

1.  Consultation. 

2.  Arbitration. 


3.  Professional  advice. 

4.  Expert  testimony  and  court  work. 
^.  Valuations  and  appraisals. 

6.  Service  and  efficiency  tests. 

7.  Reports. 

B.  Regular  Engineering  Service — 

1.  Reconnaissances,  surveys  of  all  kinds,  borings,  sound- 
ings, tests,  experimental  work  and  compilation  of  all  data 
necessary  for  preparation  of  preliminary  report,  estimates  of 
cost  and  for  plans  and  specifications.     (B-1  of  table.) 

2.  Necessary  con- 
ferences, preparation 
of  preliminary  plans, 
estimates  and  report 
covering  all  features 
of  the  work  with  va- 
rious alternate  plans 
setting  forth  advan- 
tages and  disadvan- 
tages, cost  of  opera- 
tion and  maintenance 
and  recommendations 
for  solution  of  the 
particular  problem. 
(B-2   of   table.) 

3.  Preparation    and 
presentation   of  work- 
ing     plans,      profiles, 
specifications   and'  es- 
timates  for  letting  of 
contracts  or  purchase 
of    material    and    ma- 
chinery and   for   com- 
plete   information     of 
client    or    owner,    de- 
scribing in  detail  man- 
ner under  which  con- 
tract or  contracts  will 
be  let,  general  stjpla- 
tions,     complete     de- 
tailed   description     of 
all  parts  of  the  work, 
general      manner      in 
which    work    shall    be 
done,    forms    of    pro- 
posal     blanks.      con- 
tracts and  bonds,  and 
detailed    estimates   of 
cost.    (B-3    of    table.) 
and    advice    at    meet- 
of    contracts    of    con- 
struction or  for  purchase  of  materials 
and  machinery,  supervision  of  construc- 
tion work  during  progress,  progress  re- 
ports and  rendering  of  estimates.     (B-4 
of  table.)     By  "general  supervision"   is 
meant  occasional  visits  of  a  principal  to 
the  work,  and  such  office  work  at  head- 
riuarters  which  is  necessary  to  prepare 
progress   estimates  and   reports,  corre- 
spondence between  field  and  office  and 
final  records.     It  does  not  include  sur- 
veys and  inspection  work  in  the  field 
of  testing. 

5.  Resident  supervision  erf  construc- 
tion continuously  "on  the  ground"  dur- 
ing the  progress  to  see  that  the  plans 

and    specifications   and    contract    are     being    complied    with. 

(B-,5  of  table.) 

4.  Attendance  and  advice  at  meetings  for  award  of  con- 
tracts of  construction  or  for  purchase  of  materials  and  ma- 
chinery, supervision  of  construction  work  during  progress, 
progress  reports  and  rendering  of  estimates.  (B-4  of  table.) 
3y  "general  supervision"  is  meant  occasional  visits  of  a  prin- 
cipal •  to  the  work,  and  sucli  office  work  at  headquarters 
which  is  necessary  to  prepare  progress  estimates  and  re- 
ports, correspondence  between  field  and  office  and  final  rec- 
ords. It  does  not  include  surveys  and  inspection  work  in  the 
field  of  testing. 

5.  Resident  supervision  of  construction  continuously  "on 
the  ground"  during  the  progress  to  see  that  the  plans  and 
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specifications  and  contract  are  being  complied  with.     (B-5  of 
table.) 

6.  Purchase  of  all  materials,  equipment  and  machinery. 
(B-6  of  table.) 

7.  Complete  management  of  project  from  conception  to 
completion,  but  not  financing.     (B-7  of  table.) 

Schedule  of  Fees. — The  schedule  of  fees  may  be  classified 
as  follows: 

I.     Per  Diem  Charge  or  Rate. 
II.     Fixed  Fee. 

III.     A    Percentage   of   the   Cost   for   Various    Stages    of  the 
Work  Depending  upon  the  Cost  ot  the  Project. 

Schedule  I,  Per  Diem  Charge — Charges  for  all  classes  of 
work  under  "A"  may  be  placed  on  this  basis.  The  amount 
of  the  charge  should  vary  according  to  the  character,  mag- 
nitude or  importance  of  the  work  or  subject  involved  or  ac- 
cording to  the  experience  and  reputation  of  the  engineers. 
This  charge  should  vary  from  $50  a  day  upwards  and  it  may 
be  considered  legitimate  to  charge  a  retainer  fee  of  $250  or 
more.  An  additional  charge  should  be  made  for  all  actual 
expenses,  such  as  traveling  and  general  office  expense,  field 
assistants  and  materials  used,  with  a  suitable  allowance  for 
indeterminate  items,  plus  a  profit  on  this  portion  of  the  work 
•of  at  least  25  per  cent  over  and  above  all  expenses  as  above 
enumerated.  In  such  cases  when  doing  office  work  8  hours 
shall  be  considered  to  be  a  day,  but  when  absent  from  the 
city  each  day  of  24  hours  while  away  from  the  office  shall 
be  considered  a  day,  regardless  of  the  actual  time  spent  on 
the  work.  This  includes  all  days  in  travel  going  to  and  from 
location  of  engagement.  Payment  for  services  shall  be  made 
monthly  as  the  work  progresses  or  upon  submission  of  re- 
port or  upon  completion  of  work  as  it  is  outlined  in  the  con- 
tract. 

Schedule  II,  Fixed  Fee. — In  lieu  of  the  per  diem  charge  as 
set  out  under  Schedule  I,  a  fixed  total  sum  for  services  may 
be  agreed  upon.  In  determining  this  fee,  however,  the  per 
diem  charge  plus  expenses  should  be  figured  as  closely  as 
possible,  with  a  reasonable  allowance  for  contingencies.  It 
may  be  considered  legitimate  to  charge  a  retainer  fee.  Pay- 
ment for  services  shall  be  made  monthly  as  the  work  pro- 
gresses or  upon  submission  of  report  or  upon  completion  of 
work  as  outlined  in  the  contract. 

Schedule  III,  a  Definite  Percentage  of  the  Cost. — Charges 
for  work  as  set  out  under  "B"  may  be  made  on  a  percentage 
Iiasis  according  to  the  table  printed  at  the  bottom  of  page 
four. 

The  percentages  in  the  above  table  are  to  be  computed 
■upon  the  entire  cost  of  the  completed  work  exclusive  of  legal 
and  engineering,  or  upon  the  estimated  cost  pending  execu- 
tion or  completion. 

The  term  "cost  of  work,"  as  used,  refers  only  to  such  part 
or  parts  of  the  whole  work  or  project  as  the  engineers  may 
be  engaged  tO'  deal  with  in  any  of  its  stages. 

Payment  for  services  shall  be  considered  due  and  payable 
monthly  on  account  as  the  work  progresses. 

General  Provisions. — 1.  Upon  undertaking  engagement  a 
written  contract  should  be  entered  into  stating  as  fully  and 
clearly  as  practicable  the  conditions  of  the  engagement,  serv- 
ices to  be  rendered  and  amount  or  rate  of  compensation.. 
(There  are  printed  herewith  forms  of  proposal  and  agree- 
ment covering  engineering  work  of  various  classes  which 
have  been  largely  modeled  after  those  of  Mees  &  Mees,  en- 
gineers of  Charlotte,  N.  C.  These  cannot  always  the  used 
verbatim  but  can  be  changed  in  minor  details  to  fit  the  par- 
ticular project.) 

2.  When  alterations  or  additions  are  made  to  contracts, 
drawings  or  specifications,  or  when  services  are  required  in 
connection  with  negotiations,  legal  proceedings,  failure  of 
contractors,  franchises  or  rights-of-way,  a  charge  based  upon 
time  in  office  and  field  and  all  overhead  expense  should  be 


•     -  PROFESSIONAL  SERVICE  CONTRACT 

THIS  CONTRACT  AND  AGREEMENT,  made  and  entered  into  this  day  of 

.,  192...,,  by  and  between _ , 


(Insrrt  here  name  of  engineering  firm  or  eorporalitm) 

hereinafter  de.sipnated  as  the  Engineers,  parly  of  the  lirsl  part,  and , 

hereinafler  riiilcd  llie  Client,  parly  of  the  second  part. 

WlTiNliS^ETH :  Tlial  for  and  in  consideration  of  the  mutual  covenants  and  agrecnients 
hereinafter  contained,  the  parlies  liereto  for  llirmsclves,  their  successors  and  assigns,  have  mu- 
tually agreed  and  do  agree  with  each  oilier  as  follows: 

ARTICLE  I. 

It  is  mutually  agreed  that  the  Proposal  hereto  attached  is  part  and  parcel  of  this  Coiilracl 
and  all  provisions  of  this  Proposal  are  binding,  except  as  follows; 


It  is  further  agreed  that  all  previous  communications  and  contracts  hehveen  the  parlies 
hereto,  with  reference  to  the  subject  mailer  of  this  agreement,  arc  hereby  ahrngaled  and  that 
this  agreement,  duly  accepted.  consliUites  the  sole  contract  bclwcen  the  parties  lierelo. 
ARTICLE  II. 

IL  is  mutually  agreed  that  Ihe  work  for  which  services  are  to  be  rendered  hereunder  will 


embrace... 


ARTICLE  III. 

The  engineers  agree,  in  connectittn  with  the  work  designated  in  .\rlicle  II.  to  render  pro- 
fessional service  to  Ihe  client  as  follows; 


the  character  of  such  service,  and  the  extent  thereof,  being,  for  the  convenience  of  reference, 
more  particularly  designated  as  Class ,in  the  Proposal. 

ARTICLE  IV. 
;;' 

The  clienl  agrees  to  pay  to  the  Engineers,  al  times  and  in  the  manner  sel  forth,  siicli  parts 
thereof,  and  the  entire  fee,  and  all  other  charges  stipulated  in  the  Proposal  and  designated  as 

Schedule ,  and. 

The  clienl  further  agrees  thai,  in  accordance  with  accounts  properly  rendered,  all  payments 
due  hereunder  will  be  made  on  or  before  the  lifteenth  (15th)  day  of  the  nionth  during  which 
such  statements  are  presented. 

ARTICLE  v. 
The  client  agrees  that  partial  paynn*nls  on  the  Engineers'  fee  will  be  made  in  accordance 
with  the  terms  as  sel  out  in  the  Proposal. 

ARTICLE  VI. 

WHEREAS,  ihe  total  amount  of  llie  fee  and  the  proportional  parts  thereof  may  be  pre- 
dicated on  llie  estimated  cost  of  the  work,  which,  however,  cannot  he  determined  with  any 
degree  of  accuracy  until  after  a  considerable  amount  of  the  work  has  been  perfornad  by  the 
Engini'ers,  and. 

\\  II1CHEA.S,  certain  payments  on  this  account  will  become  due  prior  to  the  deternnn:ilion 
of  the  estimated  total  cosl  of  the  work. 

NOW.  TIlEllEFORE.  IT  IS  MITIIALLV  AGREED  that,  for  the  purpose  of  computing 
partial  pavments  on  the  Engineers'  fee  |)rior  to  the  correct  determination  thereof,  and  for  this 

purpose  only,  the  total  eslinialed  cosl  of  the  work  will  be  assumed  to  be 

L)o!liirs(S ).  and 

IT  IS  FLIRTIIER  AGREED  that  certified  copies  of  the  estimated  cost  of  thework  shall 
be  altaehed  hereto  as  soon  as  the  work  performed  by  the  Engineers  will  have  progressed  to  the 
petiiit  where  this  can  be  established,  and  that  Ihenceforth  the  Estimated  Cost  of  the  work  shall 

ami  hereby  is  delcrmiiied  and  fixed  to  Ih- Dollars  (S     ), 

and. 

IT  IS  FL'RTMER  AGREED  that  adjustments  and  corrections  in  the  partial  payments 
already  made  will  be  elfi-eted  forthwith  and  in  a  manner  to  conform  with  the  requirements  of  I  he 
Schedule  of  Fees  under  wliieli  this  Contract  has  been  closed. 

ARTICLE  VII.  "'" 

The  client  agrees  that  all  plans  and  specifications  prepared  by  the  Engineers  for  this  work 
heifig  instnimenls  nf  service,  are  and  shall  be  considered  to  be  the  persfmal  property  of  the 
Engineers,  and  111,-  ri;;lil  In  use  the  same  shall  not  pass  from  the  Engineers  until  all  pavments, 

made  liereinalee  sli;tll  li;,<e  I a  fully  made  in  ca.sh. 

IN  TESTIiM()\1  \S  llLUliOF!  the  parties  hereto  have  caused  this  Contract  10  be  executed 
in  duplicate  by  their  diilv  authorized  ollieers  or  representatives  on  the  day  and  ye.ar  first  above 
■written. 


(Name  of  enfinier.  engineering  firm  ot  eorporotionj 


Client 
Parlv  of  Ihc  First  Part. 


Party  of  the  Second  P.--' 
Address: 


Form    of    Contract    for    Profsssional    Service. 

made   in   addition    to   the   percentage   fee   agreed   upon   as   in 
case  of  B-1  and  B-5  of  the  table. 

3.  In  case  ot  abandonment  or  suspension  of  the  work  at 
any  time,  an  adjustment  of  the  fee  shall  be  made  on  the 
same  basis  as  that  of  the  partial  payments  or  by  application 
of  the  per  diem  rates  for  all  work  done  previous  to  notifica- 


TABLB  OP  PERCENTAGE  PEES  FOR  ENGINEERING  SERVICES. 


$10,000     $25,000 

Service  classification to  to 

25,000       50,000 

B-1  .Surveys —  r " 

B-2  Preliminary  Reoorts $2.25         $1.75 

B-3  Plans  and  Specifications..  5.00  4.50 

B-4  General   Supervision 2.00  1.90 

Total  B-2.  B-3.  B-4 9.25  8.15 

B-5  Resident  Supervision —  / 

B-S  Purchasing   $2.00         $1.80 

B-7  Man.ierement   5.50  5.00 

Total  B-6,  B-7 : 7.50  6.80 


-— — -— Estimated  Cost  ot  Propcct    in    Dollars.- 

50,000     $100,000     $200,000     $300,000     $500,000     $    7.50,000 


to  to  to  to 

100.000  200,000  300,000  500,000 

Actual  Cost  Plus  25  Per 

$1.20  $0.80  $0.70  $0.60 
3.75            3.25             3.00  2.75 

1.70  1.50  1.40  1.35 

6.65  5.55  5.10  1.70 


to  to 

750.000        1.000.000 

Cent  and  Upwards. - 

$0.55  $0.50 

2.65  2.60 

1.35  1.25 

4.50  4.35 

-Actual  Cost  Plus  25  Per  Cent  and  Upwards.- 

$1.35  $1.00  $0.90  $0.85  $O.S0  $0.75 

4.30  3.50  3.00  2.75  2.55  2.45 

5.65  4.50  3.90  3.60  3.35  3.20 


$1,000,000     $1,500,000     $2,000,000 
to  to  and  up 

1,500,000       2,000,000 


$0.45 
2.55 
1.20 
4.20 


$0.40 
2.50 
1.15 
4.05 


$0.40 
2.50 
1.10 
4.00 


$0.70 
2.35 
3.05 


$0.70 
2.25 
2.95 


$0.65 
2,15 
2.80 
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tion  of  abandonment.  These  rates  and  their  application  are 
set  forth  in  schedule  I  and  the  general  provisions  applicable 
thereto.  Engineers  should  keep  their  records  in  such  a  man- 
ner that. such  cost  may  be  accurately  determined. 

4.  When  services  are  required  other  than  those  reasonably 
to  be  expected  for  proper  fulfillment  of  the  contract,  per 
diem  charges  may  be  made,  it  the  work  involved  be  of  sufli- 
cient  magnitude,  in  addition  to  the  percentage  fees  provided 
for.  The  following  are  some  of  the  services  falling  outside 
of  the  scope  of  "ordinary  engineering  service"  such  as  is 
contemplated  under  a  percentage  contract  unless  manage- 
ment of  project  is  included: 

a.  Alterations  of  convenience  after  the  general  plans  have 
been  approved  by  the  client  and  after  preparation  of 
detailed  plans  is  under  way.  (To  be  paid  for  on  same 
basis  as  B-1  and  B-5  of  table.) 

b.  Additional  work  caused  by  failure  of  contractors  to  ful- 
fill their  contracts.  (To  be  paid  for  on  same  basis  as 
B-1  and  B-5  of  table.) 

c.  Services  required  in  connection  with  legal  proceedings, 
franchises,  purchases  of  property,  securing  rights-of- 
way,  introduction  of  accounting  systems,  preparation 
of  forms  for  the  conduct  of  the  business,  establishment 
of  rates  and  closing  of  contracts  for  power,  organiza- 
tion of  construction  forces  or  operating  personnel.  (To 
be  paid  for  on  same  basis  as  B-1  and  B-5  of  table.) 

5.  Engineers  may  with  propriety  undertake  all  the  work 
in  connection  with  the  project,  including  business,  legal  and 
other  matters,  in  which  case  the  fee  shall  be  the  subject  of 
special  agreement. 

6.  It  should  be  recognized  that  in  any  project  undertaken 
by  an  engineer  there  may  be  many  problems  requiring  the 
services  of  a  specialist.  Testing  and  inspection  of  materials 
at  factory  or  plant  shall  be  construed  as  coming  within  this 
class.  The  cost  of  such  specialist  shall  be  paid  by  the  client 
or  owner. 

7.  Drawings  and  specifications  by  any  method  of  pay- 
ment for  services  are  to  be  considered  the  property  of  the 
engineer  but  the  client  is  entitled  to  receive  a  reasonable 
number  of  complete  records  of  the  same.  All  other  copies 
shall  be  paid  for  by  the  client  on  basis  of  actual  cost  of  mak- 
ing such  copies. 

8.  It  is  for  the  best  interests  of  the  client  or  owner  that 
the  engineer  be  given  full  direction  of  the  work  during  the 
construction  period,  or.  if  this  is  impracticable,  that  the 
client  employ  experienced  inspectors  approved  by  the  engi- 
neer and  working  under  his  general  supervision. 

"Cost  Plus"  on  Preliminary  Work. — The  surveys  and  inves- 
tigations necessary  for  the  preparation  of  a  preliminary  re- 
port, estimates  of  cost,  and  the  drawing  up  of  plans  and 
specifications,  should  be  conducted  in  the  most  thorough 
manner  possible,  and  upon  such  rests  the  success  of  the  en- 
tire project.  It  is  not  possible  to  determine,  except  in  a 
very  few  cases,  what  the  cost  of  these  surveys  and  investi- 
gations will  be.  Therefore,  to  enable  the  engineer  to  give 
his  client  the  best  service  and  to  enable  the  client  in  turn 
to  receive  the  advantage  of  such,  this  class  of  work  should 
be  paid  for  on  the  basis  of  actual  cost  of  all  field  and  office 
expenses  plus  a  definite  percentage  of  profit  for  the  engi- 
neer. Resident  supervision  of  construction  work  should  be 
handled  on  the  same  basis.  On  every  piece  of  construction 
work  there  are  many  delays — sometimes  caused  by  the  client 
who  makes  changes  in  the  plans  or  is  hampered  by  financial 
troubles.  Sometimes  the  contractor  either  is  at  fault  by 
poor  management  or  is  unable  to  obtain  labor  and  materials. 
These  delays  not  being  caused  by  the  engineer,  should  not 
be  charged  np  to  him  and  it  is  not  reasonable  to  expect  him 
to  pay  for  the  extra  expense  of  supervision  and  inspection. 
The  client,  therefore,  should  pay  for  such  resident  super- 
vision and  inspection,  and  being  the  one  who  holds  the 
money  and  pays  the  bills,  in  case  of  failure  of  the  contrac- 
tor to  comply  with  the  terms  of  his  contract  he  is  in  position 
to  protect  his  interests  and  those  of  the  engineer. 

The  public  has  been  somewhat  educated  to  the  5  per  cent 
fee  on  construction  work  but  applies  it  only  to  the  smaller 
projects,  demanding  a  reduction  for  those  projects  running 
into  the  higher  amounts.  The  fact  is  that  where  inspection 
and  resident  supervision  are  included  an  engineer  can  not 
do  his  work  properly,  serve  his  client  and  make  a  reasonable 
profit  tor  such  a  fee  except  in  those  projects  which  run 
into  the  large  figures,  say.  $1,000,000  and  above.  Like  the 
bricklayer's  dream  of  "8  hours  work.  8  hours  of  recreation. 


8  hours  of  rest  and  $8  a  day"  (these  proportions  have  long 
since  ceased  to  exist),  the  engineer  has  looked  upon  a  5 
per  cent  fee  as  the  Utopia  to  be  attained — but,  as  in  the 
case  of  the  bricklayer,  times  have  changed. 


Coal  Tar  Coating  for  Metal  Irrigation 
Flumes 

Cool  tar  has  proved  an  effective  medium  for  coating  metal 
flumes  on  the  Uncompahgre  Irrigation  Project  of  the  U.  S. 
Reclamation  Service,  according  to  a  report  of  F.  D.  Pyle, 
formerly  project  manager,  in  the  November  Reclamation 
Record.    His  statement  follows: 

In  the  fall  of  1917  and  spring  of  1918  a  number  of  flumes 
were  treated  by  applying  a  coat  of  water  gas  tar  followed  by 
a  coat  of  coal  tar  thinned  with  water  gas  tar.  This  made 
considerable  extra  work,  and  in  a  number  of  cases  the  coat- 
ing was  too  thin,  either  running  to  the  bottom  of  the  flume 
or  checking  and  cracking  on  the  side  of  the  flume  exposed  to 
the  sun.  Since  the  summer  of  1918  coal  tar  has  been  used 
without  thinning,  with  very  good  results.  The  best  results 
have  been  obtained  when  tar  was  applied  before  the  flume 
had  been  used  more  than  one  season  and  when  tar  was  ap- 
plied in  warm  weather.  When  applied  in  cold  weather  it 
would  not  stick  to  the  metal,  but  blistered  and  peeled.  In 
tarring  flumes  it  was  found  essential  to  clean  the  surfaces 
thoroughly,  removing  all  rust  from  the  sheets  and  from  the 
joints,  and  to  have  them  perfectly  dry  and  free  from  dust. 
The  tar  was  applied  hot  with  heavy  brushes  or  burlap  swabs. 

Conditions  indicate  that  the  joints  should  be  retarred  every 
fall,  and  the  entire  flume  every  other  fall.  On  account  of  the 
long  irrigation  season,  it  has  been  difficult  to  tar  as  large  a 
proportion  of  flumes  each  year  as  would  be  most  advisable. 
The  tar  coat  fails  by  drying,  checking,  peeling,  and  blister- 
ing. In  some  cases  there  is  a  tendency  to  erode  from  the 
uuttom,  especially  where  gravel  is  carried  by  the  water, 
a  heavy  coating  of  coal  tar  has  proven  to  be  the  best  method 
of  protecting  the  flumes  when  properly  applied.  In  tarring 
502  lin.  ft.  of  No.  204  flume,  550  gal.  of  tar  were  used,  or  0.58 
gal.  per  square  yard.  The  labor  and  material  cost  was  21  ct. 
per  square  yard.    An  extra  heavy  coat  was  given  this  flume. 


One  Year's  Fuel  Requiments  of  the  United  States. — In  a 
paper  presented  at  the  recent  annual  meeting  of  the  Ameri- 
can Society  of  Mechanical  Engineers,  Prof.  L.  P.  Brecken- 
ridge  gave  the  following  interesting  table  to  show  one  year's 
fuel  requirements  of  the  United  States  and  their  coal  equiva- 
lents  (13,000  B.t.u.). 

.Vpprox.  coal 
One  year's  fuel    equivalent  Conversion 

Kind  of  fuel.  consumption   (Tons.  2.00nib.)  factors. 

fl)  Peat    25  thousand  tons  12. .'500    2  tons  —  1  ton  coat 

(2)  Natural  gas..   SOO  billion  cu.  ft.         27.000.000     30.000    cu.     ft.  =  1 

ton  coal 

(3')  ■Wood    SO  million  cords  40.000,000    2  cords -=  1  ton  coal 

(4)  Water  power.    1S>  million  developed 

water  horsepower    55.000,000     33    per    cent    load 

factor   5  lb.  coal 
per  ho. 
(31  Pet-oleum     ..   3(10  million  barrels    lOn.OOO.OOO    3.(i  bbl.  =  J.ton  coal 
(6)   Coal     650  million  tons         650.000.000      

Total    572,012,500 


Entertainment  Feature  of  Chicago  Good  Roads  Convention. 
— An  important  feature  of  the  convention  of  the  American 
Road  Builders'  Association,  to  be  held  Feb.  9  to  12  at  the 
Coliseum,  Chicago,  will  be  the  entertainment  of  those  at- 
tending. The  City  of  Chicago  alone  has  appropriated  $15,000 
for  this  purpose.  One  part  of  this  will  be  a  mass  meeting 
and  smoker  to  be  held  on  the  evening  of  Feb.  9.  The  pro- 
gram for  this  includes  the  following:  Musical  Program,  Chi- 
cago Band.  William  Weil.  Director;  address  of  welcome  on 
behalf  of  the  state  of  Illinois.  Honorable  Len  Small,  Governor 
of  Illinois;  musical  program.  Glee  Club,  Chicago  Chamber  of 
Commerce  or  Hamilton  Club  Chorus;  address  of  welcome  on 
behalf  of  the  City  of  Chicago,  Honorable  William  Hale 
Thompson,  Mayor  of  Chicago;  response  on  behalf  of  the 
American  Road  Builders'  Association  by  Michael  Faherty. 
President.     "Good  Road  Movies." 


I 


Annual  Meeting  of  Indiana  Engineering  Society. — The  41st 
annual  meeting  of  the  Indiana  Engineering  Society  will  be 
held  at  the  Claypool  Hotel,  Indianapolis,  Ind.,  Jan.  27-28. 
Charles  Brossman,  1503  Merchants  Bank  Bldg.,  Indianapolis, 
is  Secretary. 
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Oneration    of    a    Xriie     Sinhnn     nn     il  ^^^   practically   prohibitive,     it   was    suggested   that   if 

WpCldLlUll    Ul     d      HUC     CJipUOU    on    a  some  automatic  means  couW  be  provided  by  which  air  couW 

Main  Supply  Pipe  ^®  removed  from  the  summit  as  it  accumulated,  there  was 

.                        ,               .  no  reason  why  the  operation  of  the  siphon  should  not  be  made 

True  siphons  in  water  works  practice  are  of  very  rare  oc-  continuous  and  the  city's  source  of  supply  utilized  to  its  full 

currence,  and  few  if  any  records  have  been  published  of  their  capacity.     An  electric  power  line  crossed  the  summit  in  close 

operation.     A  paper  by  Wallace  R.  Braun,  Superintendent  of  proximity   to   the   pipe,   so   that   electric   power   was   readily 

Water  Works,  Hallowell,  Me.,  and  Charles  W.  Sherman,  Con-  available,  and  there  was  no  reason  to  doubt  the  practicability 

suiting  Engineer,   Boston,   Mass.,   presented   Nov.   10.   before  of  providing  an   automatically   controlled   air   pump  for   the 

the  New  England  Water  Works  Association,  should  therefore  removal  of  the  air.     No  definite  information  as  to  the  quan- 

be  of  particular  interest.     The  paper,  an  abstract  of  which  tity  of  air  to  be  handled  could  be  obtained.     From  the  fact 

follows,   describes    the    conditions    encountered    in   operating  that  the  siphon  had  been  operated  with  a  fair  degree  of  suc- 

such  a  siphon  on  a  main  gravity  supply  pipe.  cess  when  operating  the  valves  at  intervals  of  4  or  5  hours,  it 

A  supply  of  water  for  Hallowell,  Me.,  was  originally  ob-  seemed  obvious  that  the  accumulation  of  air  could  not  be 
tained  from  the  head  waters  of  Cascade  Brook,  about  1.5  '^ery  rapid.  The  matter  was  taken  up  with  Mr.  C.  O.  Rogers, 
miles  northwest  of  the  city.  Two  small  reservoirs  were  con-  Engineer  for  the  Charles  J.  Jager  Co.,  of  Boston,  who  sug- 
structed  on  the  brook,  and  a  6-in.  pipe  laid  from  the  lower  gested  the  following  equipment  for  this  installation: 
reservoir  to  two  distribution  reservoirs  just  west  of  the  1  Receiver  24  in.  in  diameter  by  36  in.  in  length,  of  rein- 
built-up  portion  of  the  city.  The  intake  in  the  reservoir  is  forced  steel  construction,  with  supporting  cradles  and  6  in. 
approximately    8    ft.    below    spillway    level.     The   pipe    leads  flanged  yoke, 

from  the  reservoir  across  a  valley  perhaps  40  ft.  lower,  and  1     Water  glass  and  fittings  for  indicating  water  level  in  the 

then  rises,  crossing  a  ridge  at  a  distance  of  about  6,000  ft,  float  chamber, 

from  the  reservoir.     The  elevation  of  the  surface  here  is  ap-  1     Copper  deposit   float   with   necessary  connection.s   for  the 

proximately  9  ft.  above  the  high-water  level  in  the  reservoir.  operation  of  float  switch, 

and  the  pipe  is  about  3  ft.  above  high  water.     From  this  point  i       Triple  pole  float  switch  of  the  enclosed  type, 

the   pipe   descends   sharply  to   distribution   reservoirs   which  i     Gardner  compressor  unit,  3x31/2,  air  cooled,  with  extended 

are  about  41  ft.  lower  than  the  supply  reservoir.  motor   base   and   belt   and   idler   drive.     Capacity  of   com- 

The  portion  of  the  ridge  lying  above  the  elevation  of  high  pressor  8  cubic  feet  of  free  air  per  minute, 

water  in  the  reservoir  is  500  or  600  ft.  in  length,  measured  1     1%  h.p.  3-phase  motor,  1,800  r.p.m.  for  220-volt  current, 

along  the  pipe,  and  it  would  have  been  necessary  to  excavate  After  some  consideration  order  was  placed  with  the  .lager 

at  least  this  length  of  trench  in  rock,  to  locate  the  pipe  below  Co.  for  this  apparatus, 

the  hydraulic  grade  line.  A  vault  12  ft.  long.  6  ft.  6  in.  wide  and  8  ft.  deep,  was  built 

Hallowell  is  a  city  of  about  3,000  population,  located  on  the  enclosing  the  pipe  at  the   summit,  where  a  Tee-branch  was 

west  bank  of  the  Kennebec  River,  just  south  of  Augusta.   The  set,  turned  up.     The  air  tank  or  receiver  was  mounted  upon 

water  consumption  is  not  definitely  known,  but  probably  ap-  this  Tee  and  a  small  wooden  building  previously  located  over 

proximates  200,000  to  225,000  gal.  daily.  the  air  valve,  was  placed  over  the  entrance  to  the  vault.   Con- 

The  drainage  area  from  which  the  supply  is  obtained  cov-  siderable  rock  excavation  was  involved  in  this  construction, 

ers  only  about  %    square  miles,  and  the  quantity  to  be  ob-  The  total  cost  of  the  installation  is  estimated  as  follows: 

tained  from  it,  particularly  in  dry  years,  is  therefore  some-      p„mpinfr  equipment,  including  air  tank,  etc %   643 

what  less  than  the  consumption  of  the  city.     Some  years  ago      Vault,  about  .soo 

an   emergency   connection   was   made   with   the   pipes   of  the       installation  and  connection  of  apparatus,  about •      10" 

Augusta  Water  District,  and  after  a  time  the  operation  of  the  Total  $1,543 

siphon  became  so  unsatisfactory  that  the  entire  supply  was  ^^'^  ^•^'"' 

taken  from  Augusta.     This  was  the  condition  in  the  year  1918  The  apparatus  was  put  in  operation  on  Dec.  15,  1918,  and 

(until  December  15),  during  which  year  an  average  of  210,000  has  been  in  practically  continuous  service  ever  since.     The 

gal.  per  day  was  purchased  from  Augusta,  at  a  price  of  7  ct.  motor  operating  the  pump  was  burned  out  some  time  later, 

per  1.000  gal.,  the  total  bill  for  the  year  being  $5,367.  •'ue   to   a   drop   in   voltage   on   the   electric    power   line,   and 

Prior  to  its  practical  abandonment  the  method  of  operat-  through  no  fault  of  the  apparatus.  The  operation  is  entirely 
ing  the  siphon  was  as  follows;  Valves  at  the  inlet  and  dis-  automatic  and  the  siphon  is  maintained  in  continuous  opera- 
charge  ends  of  the  supply  pipe  were  closed;  the  air  valve  at  tion.  It  is,  of  course,  necessary  to  throttle  the  valve  at  the 
the  summit  was  opened,  and  a  supply  water  from  a  small  discharge  end  of  the  supply  pipe  where  it  enters  the  dis- 
reservoir  20  or  30  ft.  higher  in  elevation  was  drawn  through  tributing  reservoir,  in  order  to  prevent  breaking  the  siphon, 
a  2-in.  pipe  into  the  6-in.  pipe  to  charge  the  siphon.  When  due  to  the  excessive  drop  in  this  leg  of  the  siphon,  and  also 
all  the  accumulated  air  had  been  expelled  at  the  summit,  the  to  avoid  depleting  the  rerservoir  too  rapidly, 
air  valve  was  closed  and  the  supply  cut  off  from  the  upper  It  is  still  necessary  to  obtain  water  from  Augusta  to  sup- 
reservoir;  the  gates  at  the  inlet  and  discharge  ends  of  the  plement  the  inadequate  supply  from  the  local  source,  par- 
pipe  were  opened,  and  the  siphon  would  operate  without  at-  ticularly  at  times  when  the  consumption  is  high.  During  the 
tention  until  a  sufiicient  quantity  of  air  had  accumulated  at  year  1919  an  average  of  84,000  gal.  per  day  was  so  obtained, 
the  summit  to  break  the  siphon.  The  efficiency  of  the  siphon  at  a  cost  of  $2,146.  During  this  same  year  the  cost  of  elec- 
began  to  decrease  almost  immediately  and  gradually  fell  off  trie  power  for  operating  the  vacuum  pump  was  $85,  the  price 
until  the  flow  practically  ceased.  It  was  the  custom  to  being  9  ct.  per  kw.  hr.,  and  in  addition  the  cost  of  electric 
manipulate  the  valves  at  7  and  11  a.  m.  and  4  and  7  p.  m..  lights  for  the  vault  was  $9,  making  a  total  cost  of  electric 
and  under  this  scheme  the  siphon  was  operated  with  a  fair  current  $94.  If  interest  and  depreciation  on  the  investment 
degree  of  success.  The  consumption  of  water  at  that  time  is  be  assumed  at  7  per  cent  or  $112  per  year,  the  total  cost  of 
not  known,  but  was  probably  less  than  at  present.  operating  the  siphon  during  1919  was  $206.     Adding  this  sum 

The  connection  with  the  Augusta  supply  was  installed  pri-  to  the  cost  of  water  purchased  during  that  year,  makes  the 

marily  to  supplement  the  inadequate  supply  from  Hallowell's  total  cost  of  the  water  supply  $2,351,  or  $3,015  less  than  the 

own  source.     The  2-in.  pipe  from  which  the  supply  for  filling  cost  for  the  year  1918. 

the  pipe  was  obtained  finally  gave  out  and  the  siphon  could  A  similar  comparison  for  the  first  six  months  of  1920.  is  as 

not   then  be  operated,  and   the   whole   supply   was   obtained  follows: 

from  Augusta,  as   above  noted.     The   annual   expense  of  ob-       cost  of  water  bought  from  Augusta  (IIO.OOO  g.p.a.). ., $1,396 

taining  water  in  this  way  was  so  great  that  the  question  of  Cos^r^^of  I'-t^J^^-^-t^  y^                                                               f, 

replacing  the  2-in.  pipe  or  finding  some  other  method  of  op-  

erating  the  siphon  was  raised,  and  Metcalf  &  Eddy,  Consult-  Total  (for  6  months) ; . . .  ?i.b18 

ing  Engineers,  of  Boston,  were  asked   to   advise  the  Water  or  $3,036  per  year,  which  indicates  a  saving  of  $2,331  for  1920 

Commissioners  in  this  matter.  as  compared  with  1918. 

The  development  of  the  Hallowell  water  supply  had  already  When  the  apparatus  was  first  Installed,  the  pump  operated 

been  made.     Tlie  water  was  of  excellent  quality,  but  was  run-  only  about   once   an   hour.     It  was   found,   however,   that  at 

ning  to  waste  for  want  of  a  method  of  utilization,  while  at  times  when  the  water  in  the  reservoir  is  comparatively  low. 

the   same  time  the   city  was  paying  considerable   sums   for  much   more  air  accumulated,  and  in  July  of  this   year  the 

water  to  supply  this  lack.     The  cost  of  excavating  in  rock  to  pump  was  found  to  be  operating  about  once   in   5  minutes, 

lower  the  pipe  over  the  summit  below  the  hydraulic  grade  The  difference  in  water  level  in  the  receiving  tank,  between 
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the  time  of  starting  and  stoppinR  the  pump,  is  about  6  in., 
corresponding  to  an  accumulation  of  air  o£  approximately 
3  cu.  £t. 

It  is  probable  that  when  the  water  in  the  reservoir  is  low, 
more  air  enters  the  pipe  at  the  inlet  end  in  solution  or  in 
suspension  in  the  water,  and  it  is  also  possible  that  some  air 
Is  drawn  in  by  vortex  action.  The  period  of  low  water  in 
the  reservoir  also  corresponds  to  the  time  of  low  ground 
water,  when  a  greater  amount  of  the  pipe  which  is  below  the 
hydraulic  grade  line,  and  therefore  subject  to  negative  pres- 
sure, is  below  ground  water  level.  Under  these  circum- 
stances more  air  would  probably  be  drawn  into  the  pipe,, 
through  joints,  than  when  ground  water  is  high. 

The  pump  maintains  a  vacuum  of  approximately  21  or  22 
in.  of  mercury,  corresponding  to  about  24.5  ft.  of  water.  The 
hydraulic  grade  line  at  the  siphon  is  therefore  about  24.5  ft. 
below  the  pipe  at  the  summit  of  the  siphon,  and  20  or  21  ft. 
lower  than  the  water  in  the  reservoir. 


Loss  of  Pressure  Due  to  Placing  12- 

In.  Gate  in  16-In.  Pipe  and  to 

Partial  Closure  of  Gate* 

By  THOS.  E.  LALLY. 
A.'-sistant  Engineer.  Water  Department.  Boston.  M.iss. 
The  writer  has  not  found  any  extensive  tests  recorded  on 
the  loss  of  pressure  caused  by  the  placing  of  a  gate  or  valve 
of  smaller  diameter,  with  suitable  reducer  and  increaser,  in 
a  pipe  line  of  larger  diameter.  Therefore  such  information 
as  has  been  obtained  in  Boston  may  prove  of  value  to  engi- 
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Loss  Through   12-ln.  Gate  with   Reducers   in   16-In.   Line. 

neers  and  superintendents  having  to  do  with  the  construc- 
tion an<}  maintenance  of  water  systems. 

The  statement  has  often  been  made  that  if  a  smaller  valve 
could  be  placed  in  the  line  without  too  much  pressure  loss, 
time  could  be  saved  in  case  of  a  break.  In  Boston  it  is  very 
hard — almost  impossible — to  put  a  line-size  gate  in  any  of 
the  feeder  lines,  because  of  the  crowded  condition  of  the  un- 
derground street  area  due  to  public  service  equipment. 
Therefore  it  was  thodght  desirable  to  determine  the  actual 
loss  if  possible. 

Tests  at  Boston.— The  tests  were  made  with  a  12-in.  gate 
placed  between  two  16  by  12-in.  reducers  in  a  16-in.  line.  The 
gate  and  reducers  were  of  the  Boston  Waterworks  standard. 
No  selection  was  made  and  no  extra  care  was  taken  with 
the  castings.  In  fact,  they  were  simply  taken  from  stock 
and  placed  in  the  line. 

The  test  line  was  prepared  by  cutting  in  a  12-in.  gate  on 
a  30-in.  low-pressure  feeder-line.  From  this  gate  a  12-in. 
line  was  extended  to  the  street  line,  where  it  w^as  brought 
to  the  surface  by  easy  curves  and  continued  on  blocking  so 
that  the  bottom  of  the  pipe  was  about  6  in.  from  the  ground. 
The  Hne  was  extended  by  putting  in  a  12  by  16-in.  increaser 
and  then  16-in.  pipe  for  a  certain  distance,  when  a  16  by  12- 
in.  reducer  and  a  12-in.  gate  with  a  12  by  16-in.  increaser 
were  set.  The  pipe  was  then  16  in.  for  a  certain  distance, 
where  a  IS  by  12-in.  reducer  and  a  12-in.  gate  were  intro- 
duced. Thtn  the  line  -was  continued  with  12-in.  pipe  to  a 
curve  and  a  special  casting,  with  a  flange,  increasing  to  14-in. 
internal  diameter.     To  this  casting  was  attached   a  bronze 

•From    n    p.-i^r   pnsentert    at   last    annual    convention   of   New 
'itrlanti  Wnl-  i    Works  Association. 


forebay  to  v'hich  it  was  possible  to  attach  nozzles  from  8  in. 
down  to  21^  in. 

The  16-in.  pipe  was  bored,  just  outside  each  reducer,  by 
%-in.  holes  through  the  walls  of  the  pipe,  120°  apart,  with 
one  hole  on  the  vertical  diameter.  These  holes  were  then 
bored  out  part  way  through  the  pipe  and  tapped  for  %-in. 
iron  pipe.  Care  was  taken  to  remove  any  burr  on  the  in- 
terior of  the  pipe  and  to  see  that  the  holes  were  on  radial 
lines  and  at  right  angles  to  the  pipe.  As  will  be  noted,  there 
was  no  chance  for  the  Vi-in.  pipe  to  enter  the  waterway,  and 
consequently  no  disturbance  was  caused  by  these  connec- 
tions. Pieces  of  %-in.  hose  were  attached  to  the  lower  V4-i'i. 
pipes  and  both  were  brought  together  into  a  %-in.  cross  at 
the  top  holes.  This  cross  was  connected  by  %-in.  hose  to  a 
valve  board  which  had  a  number  of  y^-\'a..  valves,  which  were 
connected  to  a  long  U-tube  with  a  suitably  graduated  scale. 
Both  pipes  were  measured  at  these  holes  and  found  to  be- 
16.01  and  16.03  in.  It  was  not  considered  that  this  difference 
would  have  any  noticeable  effect  on  the  results,  and  both 
pipes  were  considered  of  the  same  diameter  and  used  as 
piezometer  rings. 

Carbon  tetrachloride,  having  a  specific  gravity  of  1.60,  was 
used  to  act  as  an  indicator  in  the  U-tube.  Mercury  might 
have  been  used,  but  as  the  loss  expected  was  small  and  the 
specific  gravity  of  mercury  is  about  13.56,  it  will  be  seen 
that  the  carbon  tetrachloride  is  11  tflmes  more  sensitive  and 
small  differences  in  pressure  would  give  greater  deflections 
in  the  U-tube.  The  tube  and  lines  of  hose  were  provided 
with  bloM'-off  cocks  and  care  was  taken  to  lead  the  water 
upward  to  these  so  that  air  in  the  lines  could  be  blown  out. 
The  difference  in  pressure,  before  entering  the  reducer  and 
after  leaving  the  increaser  attached  to  the  12-in.  gate,  was 
caused  to  be  shown  in  the  U-tube,  and  by  the  use  of  a  factor 
explained  later,  the  actual  loss  in  pounds  was  arrived  at. 

The  forebay  was  bored  on  the  ends  of  two  diameters  at 
right  angles  to  each  other,  and  these  holes  were  connected 
to  gage  fittings  on  the  top  by  bronze  tubes.  The  interior 
was  of  piston  finish,  as  were  the  nozzles.  The  reducing 
portion  of  the  forebay,  from  14  to  8  in.,  was  very  gradual. 
The  8  reduced  to  6  in.  by  a  bolted  fitting.  The  other  reduc- 
tions were  made  by  screw  nozzles,  reducing  one  to  another 
by  inches,  so  there  was  a  gradual  reduction  from  the  14-in. 
forebay  to  the  2%-in.  nozzle  without  any  breaks  in  the  in- 
terior wall  of  the  waterway. 

The  flow  was  controlled  by  the  last  12-in.  gate,  thereby 
keeping  the  gate  under  test  always  full  of  water.  This  con- 
trol gate  was  operated  by  a  hand-wheel  and  any  pressure  de- 
sired could  be  obtained  in  the  forebay  within  the  range  of 
the  nozzle  used.  From  pressure  readings  on  the  forebay 
gage,  after  corrections  for  the  height  of  the  gage  over  the 
center  of  the  nozzle,  the  discharge  was  calculated  by  the  use 
of  Freeman's  formula.  Readings  on  the  gage  and  the  differ- 
ence on  the  U-tube  were  taken  simultaneously,  and  from 
these  readings  it  was  possible  to  know  the  discharge  and 
the  loss  for  any  flow  up  to  the  capacity  of  the  nozzle.  When 
the  pressure  in  the  forebay  did  not  increase  on  the  wider 
opening  of  the  control  gate,  it  was  assumed  that  the  capacity 
of  the  nozzle  had  been  reached. 

The  next  larger  nozzle  was  then  used  and  by  the  control 
gate  the  full  range  of  the  discharge  was  run.  In  this  way 
discharges  from  700  g.p.m.  to  over  10.000  g.p.m.  were  obtained 
and  losses  through  the  gate  were  measured.  During  all 
these  runs  the  gate  under  test  was  always  wide  open. 

The  available  static  pressure  on  the  line  at  the  gate  be- 
ing tested  was  57  lb.  It  must  not  be  assumed  that  the  re- 
sults here  given  are  to  be  applied  to  every  gate  of  this  size. 
This  test  was  on  a  standard  gate  of  the  Boston  Water 
Works,  and  tests  on  gates  of  other  design  would  probably 
give  slightly  different  results.  This  gate  is  considered  of 
good  design.  There  are  no  obstructions  in  the  waterways; 
the  plug  and  stem  are  out  of  the  waterway  when  full  open. 

Results  of  Tests. — The  results  of  the  tests  have  been  plot- 
ted and  it  will  be  seen  that  the  curve  does  not  follow  the 
mathematical  curve  for  losses.  This  rule,  that  "the  loss  in 
friction  is  as  the  square  of  the  discharge."  while  near 
enough  for  practical  purposes,  does  not  obtain  in  these  tests. 
This  caused  a  feeling  that  there  was  something  wrong  in 
the  first  test,  and  other  tests  were  run.  special  care  being 
taken  to  get  the  air  all  out  of  the  lines  and  the  connections 
tight  in  every  way.  The  results  agreed  with  the  first  and 
the  writer  began  to  look  for  the  reason. 

It  was  found  that  the  plotting  of  the  curve  on  a  large  scale 
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eaifsed  the  difference  to  stand  out;  and  while  it  was  small, 
it  looked  large  on  the  plot.  As  far  as  the  writer  knows  losses 
due  to  such  large  flows  through  a  gate  of  this  size  had  never 
previously  been  recorded.  Then,  taking  Freeman's  paper, 
"Hydraulics  of  Fire  Streams,"  and  analyzing  some  of  the 
tabulated  data,  it  was  found  that  the  loss  did  not  vary  as 
the  square  but  ranged  from  1.775  to  1.92,  and  Freeman  in  the 
same  paper  says  that  his  results  do  show  that  "there  is  a 
slight  divergence  from  the  law."  Referring  to  Flinn,  Wes- 
ton and  Bogert,  "Waterworks  Handbook,"  1916  edition,  page 
560,  it  reads:  "Text  books  make  the  general  statement  that 
the  friction  head  in  pipes  varies  nearly  as  the  square  of  the 
velocity.  Researches  indicate  that  this  exponent  varies  be- 
tween 1.75  and  2.00." 

A.  V.  Saph  and  E.  W.  Schoder  presented  a  paper  to  the 
American  Society  of  Civil  Engineers  in  1903  on  investigation 
of  the  losses  in  pipes  from  a  velocity  of  a  fraction  of  a  foot 
per  second  to  44  ft.  per  second,  and  their  plottings  show  dif 
ferent  exponents  tor  different  kinds  of  pipe,  but  the  exponent 
is  evidently  the  same  for  each  size  of  the  various  kinds  iit 
each   velocity. 

The  velocities,  in  the  12-in.  gate  under  test  varied  from 
1.3  ft.  per  second,  discharging  750  g.p.m.,  to  34  ft.  per  second 
at  12.000  g.p.m.  With  these  differences  in  view,  the  writer 
felt  that  the  fact  that  the  curve  did  not  agree  with  the  curve 
of  the  squares  was  not  due  to  errors  in  the  methods,  gage 
connections   or  readings. 

The  14-in.  forebay  used  in  these  tests  slowed  up  tlie 
velocity  of  the  water  before  entering  the  nozzles,  and  the 
gage  on  the  forebay   showed   a  very   steady   pressure,  there 
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Loss  Caused   by   Partially  Closing  12- In.  Gate. 

being  a  noticeable  absence  of  the  vibrations  such  as  are 
shown  in  the  piezometer  tubes  placed  at  the  base  of  play 
pipes  in  flow  tests  made  on  lines  of  fire  hose.  The  writer 
first  figured  the  data  with  seven  place  logarithms,  and  finding 
that  the  results  could  bo  obtained  by  the  slide  rule  to  two 
places  of  decimals,  used  the  rule  for  the  greater  part  of  the 
calculations.  As  we  are  dealing  with  hundredths  of  a  pound 
loss,  with  a  maximum  of  about  a  pound  total  loss,  it  did  not 
seem  necessary  to  resort  to  the  longer  method. 

In  calculating  the  discharge  from  the  pressure  in  the 
forebay,  a  correction  was  made  for  the  elevation  of  the 
spring  gage  over  the  center  of  the  nozzle.  The  discharge  for 
4  lb.  and  64  lb.  were  calculated  and  plotted  on  a  large  sheet 
of  logarithmatic  tracing  paper  making  a  straight  line  between 
from  which,  with  any  pressure  on  the  forebay  with  the  size  of 
nozzle  discharging,  the  discharge  was  read  off  on  the  paper. 
This  was  done  for  each  size  of  nozzle  used  and  greatly  facili- 
tated getting  the  data  from  which  the  curves  were  made. 

Ig  using  carbon  tetrachloride  as  an  indicator,  as  the  writer 
stated  before,  the  deflection  or  difference  in  height  of  the 
tops  of  the  column  of  fluid  in  the  arms  of  the  U-tube  is  over 
eleven  times  as  great  as  it  would  be  if  mercury  wer^  used. 
This,  however,  introduces  a  condition  that  requires  attenticai. 

In  a  difference  of  1  lb.,  using  mercury,  the  measure  of  this 
in  inches  is  about  2  1/32  in.  With  tetrachloride,  being  only 
1.6  heavier  than  water,  the  difference  ought  to  be  about  17% 
in.,  as  the  weight  of,  or  pressure  due  to,  a  head  of  water  27% 
in.  in  height  is  one  pound.  However,  as  the  fluid  drops  in 
one  arm  it  rises  in  the  other  and  water  takes  its  place  on 
the  pressure  side  until  a  balance  is  obtained.  Now,  instead 
of  reading  the  true  difference  in  pressure,  we  have  a  column 
of  water  on  one  side  greater  in  height  than  that  on  the  other, 
or  low  pressure  arm,  by  the  difference  in  height  of  the  tops 
of  the  fluid  in  the  tube.  The  weight  of  this  column  of  water 
must  be  subtracted  from  the  indicated  difference  in  pressure 


to  arrive  at  the  true  difference.  The  difference,  when  using 
mercury,  is  slightly  over  2  in.  for  1  lb.  difference  in  pressure, 
and  with  mercury,  under  ordinary  circumstances  and  unless 
dealing  with  large  losses,  may  be  neglected;  but  with  such  a 
height  of  water  column,  when  using  an  indicator  of  such  low 
specific  gravity,  a  correction  must  be  rnade  for  each  differ- 
ence in  pressure. 

Obtaining  True  Pressure. — The  writer  found  that  a  factor 
could  be  obtained  by  the  use  of  which  the  true  pressure  could 
be  arrived  at  with  very  little  work.  As  the  scale  on  the  U- 
tube  was  graduated  for  the  use  of  mercui-y,  it  was  found  that 
by  multiplying  the  reading  on  the  mercury  scale  for  pounds, 
and  tenths  of  pounds  by  O.044,  the  true  difference  in  pressure- 
for  the  specific  gravity  of  1.60  was  obtained.  This  factor 
would  change  if  the  specific  gravity  of  the  indicating  fluirt 
were  changed.  With  a  tube  that  would  give  a  difference  of 
pressure  of  30  lb.  mercury,  or  about  6  ft.  long,  the  tetra- 
chloride would  give  a  difference  of  pressure  of  about  1.32  lb. 
However,  as  a  small  loss  was  looked  for,  this  indicator  proved' 
satisfactory. 

The  writer  found  that  great  care  had  to  be  exercised!  in- 
the  use  of  this  indicator.  The  first  runs  were  marred  hy 
irregularities  in  the  readings  which  were  found  to  be  caused 
by  air  in  the  rubber  hose  connections.  After  having  found 
the  cause  great  care  was  taken  to  keep  the  hose  free  from 
air.  and  the  results  began  to  agree,  one  test  with  another. 
Tests  were  run  on  six  different  days  and  the  writer  feels  that 
the  results  given  are  very  close  to  the  actual  conditions. 

With  a  flow  of  500  g.p.m.  the  loss  was  0.01  lb.;  at  1.000 
g.p.m.  it  was  scarcely  larger;  at  2,000  g.p.m.  about  0.03  lb.; 
4,000  g.p.m.  about  0.12  lb.;  5,000  g.p.m.  about  0.2  lb.;  6,000 
g.p.m.,  0.29  lb.;  8,000  g.p.m.  about  0.51  lb.;  10,200  g.p.m., 
0.92  lb. 

These  losses  make  a  curve,  when  plotted  to  suitable  scale, 
and  show  clearly  that  we  may  place  this  smaller  size  gate  in 
our  pipe  lines  and  not  lose  over  one  pound  pressure  with  a 
discharge  which  would  seldom  be  required  even  in  a  16-in. 
line. 

Loss  Due  to  Partial  Closure  of  Gate. — The  writer  thinks 
that  in  addition  to  the  information  already  given,  it  would 
not  be  out  of  place  to  add  a  little  in  another  line  that  he 
obtained  while  making  these  tests. 

The  indicator  was  drained  out  from  the  U-tube  and  mercury 
substituted.  With  the  same  set  up  of  the  U-tube  and  a  5-in. 
nozzle  on  the  forebay.  the  control  gate  was  opened  full,  get- 
ting a  discharge  of  about  5,000  g.p.m.  The  writer  then  caused 
the  gate  under  test  to  be  started  down,  carefully  noting  the 
turns  taken  and  watching  the  U-tube  until  the  mercury 
showed  1  lb.  loss.  It  was  found  that  the  mercury  gave  0.2 
lb.  loss  with  this  discharge  with  the  gate  open  full,  as  it  had 
been  when  the  flow  tests  were  made.  When  the  gate  had 
been  closed  9  turns  the  loss  was  1  lb.;  11 1^  turns  gave  2  lb. 
loss;  131/2  turns,  3  lb.;  14%  turns,  4  lb.;  18  turns,  8  lb.;  21 
turns,. 14  lb.;  22  turns,  18  lb.;  22y2  turns,  20  lb. 

This  was  the  limit  of  the  mercury  column  and  no  further 
losses  were  noted.  This  gate  requires  32  turns  to  close  it 
fully.  During  this  closing  period  the  discharge  fell  from  5,000 
to  4,050  g.p.m. 

The  test  was  then  run  using  a  3-in.  nozzle  to  get  a  smaller 
discharge,  as  the  results  would  probably  be  more  in  line  with 
the  requirements  of  a  small  system.  It  was  found  that  this 
gate  was  passing  1,940  g.p.m.  full  open  with  the  3-in.  nozzle. 
The  gate  was  closed  down  20  turns  before  the  pressure  fell 
1  lb.,  and  the  discharge  was  then  1,920  g.p.m.;  25  turns  gave 
a  loss  of  4  lb.,  with  a  discharge  of  1.910  g.p.m;.  27  turns  gave 
a  loss  of  8  lb.,  with  a  discharge  of  1,830  g.p.m. 


Composition  and  Heating  Values  of  Different  Ranks  of 
Coal. — The  following  table,  showing  the  compo.sition  and 
heating  values  of  different  ranks  of  coal  computed  on  ash 
free  basis,  formed  a  part  of  a  paper  presented  at  the  recent 
annual  meeting  of  the  American  Society  of  Mechanical  En- 
gineers by  Prof.  L.  P.  Breckenridge: 

Heating    Fixed 

.vaJue,  '^arbon.  Volatile.  Mtjisture. 

Rank  of  coal.                               R.t.u.  percent,  percent,  percent. 

Anthracito     14, 440  95.8  1.2  S.2 

.Semi-anthracite    14,880  S.^.8  10.2  fi.n 

Hi.Kh-rank  semi-bituminous   ...]i),360  83.4  11. B  3.0 

Low-rank   semi-bi1uminou.s    ...l.'i.480  75.0  22.0  X.O 

Hish-rank   bituminous    15,1fi0  64.6  32.2  3.2 

Medium   rank    bituminous 13.880  54.2  40. S  5.0 

T.ow-rank  bituminous    12.880  47.0  41.4  11. G 

•Sub-bitumincus    9,720  42.4  34.2  23.4 

Ll.ifnite    7.400  37.8  18.8  43.  f 


(19) 


44 


Engineering  and  Contracting  for  .hm 


iiiir/i    l:.\    lfi:.'1. 


from 
mind 
(1) 
(2) 
tion. 
(3) 
(4) 
In 


Conclusions  on  Construction   and 
Design  Features  of  Concrete  Pipe 

A  .stud}-  of  concrelo  piin;  has  Ijeun  made  by  irrigation  en- 
gineers ot  the  U.  S.  Bureau  of  Public  Roads.  The  resultB  are 
given  in  a  professional  jjaper  written  by  Fred  C.  Scobey, 
Senior  Irrigation  Engineer,  and  issued  Oct.  28  by  the  U.  S. 
Department  of  Agric'ulture.  as  Bulletin  No.  852,  "The  Flow 
of  Water  in  Concrete  IMpe."  The  conclusions  based  on  facts 
developed  in  the  investigation  are  given  in  the  bulletin  as 
follows: 

In   considering  the  design  of  a   concrete   pipe  or  conduit, 
a  capacity  .standpoint,  the  fundamentals  to  be  kept  in 
are: 
Original   interior  surface. 
Engineering;   inspection  and   supervision  of  construc- 

The  water. 

Acquired  interior  surface. 
I  jointed  pipe,  the  original  interior  surface  depends 
upon  that  of  the  individual  units  and  of  the  assembled  whole. 
The  smoothest  units  are  cast  of  a  wet  mixture  and  allowed 
to  set  in  rigid,  smooth,  oiled  forms.  These  units  are  true  to 
shape  and  assemble  into  a  nearly  perfect  pipe.  As  the  joints 
are  practically  as  smooth  as  the  cast  surface,  the  number 
of  joints  is  almost  immaterial. 

Mo.<t  processes  that  permit  immediate  removal  of  the 
forms  do  not  protect  the  plastic  concrete  against  distortion. 
Distortion  in  the  units  means  offsets  in  the  pipe  that  may 
easily  decrease  the  capacity  from  10  to  20  per  cent.  This 
percentage  may  be  reduced  after  assembling  the  units  by 
tapering  down  the  offsets  with  mortar  applied  with  a  trowei. 
Supervision  of  the  finished  joints  will  usually  improve  the 
capacity  materially.  The  good  results  obtained  with  the 
band  method  appear  perfectly  feasible. 

A  brush  coat  applied  to  a  rough  original  interior  will  increase 
the  capacity  and  decrease  the  percolation.  The  same  coat  ap- 
plied to  a  smooth  inferior  will  decrease  its  capacity  and  is 
not  needed,  under  ordinary  pressures,  to  prevent  percolation, 
if  the  pipe  is  properly  made.  This  is  true  for  the  reason 
that  methods  used  in  making  pipe  with  a  smooth  interior  are 
also  conducive  to  a  dense  concrete.  The  coating  may  scale 
off  it  radically  different  mixtures  are  employed  for  pipe  and 
coat. 

Pipe  units  made  with  the  molds  now  on  the  market  usually 
run  undersizG  by  as  much  as  '.',  or  4  per  cent  (in  area)  for 
diameters  under  20  in.  Above  that  size,  the  nominal  and 
actual  areas  are  more  nearly  equal.  Most  pipes  made  with 
a  wot  mixture  in  short  units,  from  which  the  molds  are  im- 
mediately stripped,  "slump"  to  a  slight  extent,  making  a 
section  somewhat  undersize  in  area  with  a  slight  excess  in 
shell  thickness. 

From  a  capacity  standpoint  monolithic  pipes  and  conduits 
are  built  under  two  general  conditions:  (1)  In  the  open  or 
in  the  comparative  freedom  of  a  trench;  (2)  in  a  tunnel. 
Under  the  first  condition  the  form  adjustment,  bracing,  su- 
pervision, concreting,  spading,  and  final  inspection  can  be 
conducted  from  both  inside  and  outside,  with  the  added  ad- 
vantage of  working  in  the  daylight.  Naturally  this  tends 
to  result  in  better  workmanship  and  higher  carrying  capacity 
than  is  feasible  in  a  tunnel  where  all  ot  the  above  operations 
must  be  done  from  the  inside  alone  under  the  shadows  and 
ihipertections  of  artificial   lighting. 

For  all  shapes,  circular  or  otherwise,  the  invert  is  usually 
laid  first.  Forms  for  the  remainder  of  the  section  are  then 
placed  on  the  invert  and  the  section  completed.  Sometimes 
the  first  pouring  extends  just  across  the  bottom  and  some- 
times is  carried  up  to  the  spring  line.  This  depends  on  shape 
and  size  of  the  section.  Smooth  joints  between  the  pour- 
ings and  between  the  ends  of  adjoining  eet-ups  are  difficult 
to  attain.  Unless  very  heavily  braced,  the  pressure  of  the 
head  of  wet  concrete  will  spring  the  forms  and  result  in  off- 
sets. On  the  Catskill  aqueduct  this  amounted  to  as  much 
as  0.15  ft.  There  have  been  cases  where  contractions  of 
from  2  to  4  in.  were  made  in' sections  5  ft.  or  less  in  diame- 
ter. Other  factors  that  influence  this  movement  are  weather, 
length  of  sections,  rapidity  of  filling  the  forms,  and  the  type 
of  aqueduct. 

Before  the  advent  of  steel  forms,  engineers  anticipated  a 
rough  interior  when  the  forms  were  stripped  and  relied  on  -•> 
nlnstrr  coat  to  fill   interstices,  estimates  of  cost   bning  based 


on  that  of  a  plaster  coat  on  a  certain  sized  conduit  equated 
against  that  of  an  unplastered  surface  on  a  larger  conduit 
The  present  practice  in  general  is  to  use  smooth  steel  lorms- 
clean  them  thoroughly  after  each  casting,  then  dry  and  oil 
or  grease  them  before  using  again.  If  close  attention  is  given 
to  spading  the  mixture  into  close  contact  with  the  forms 
then  a  surface  is  secured  that  is  smoother  than  will  be  at- 
tained by  adding  a  plaster  coat,  local  roughness  alone  being 
improved  by  jiointing  up  and  chipping  down.  The  crown  in 
particular  is   liable  to  be  rough. 

Experience  indicates  that  a  given  surface  is  more  assuredly 
repeated  in  a  pipe  of  precast  .sections  than  of  monolithic 
construction.  Thus  a  smaller  factor  of  safety  in  the  way 
of  capacity  overload  may  be  assumed  for  precast  pipe.  The 
experiments  indicate  that  some  of  the  smoothest  pipe  is  of 
careful  monolithic  construction;  likewise  some  ot  the  rough- 
est. Thus,  while  a  very  smooth  surface  may  be  attained,  it 
can  not  be  anticipated  with  the  assuredness  possible  where 
units  are  precast  under  the  best  practice  and  subject  to  the 
conditions  attainable  in  a  pipe  yard. 

For  all  types  of  pipe,  competent  engineering  supervision 
and  inspection  are  necessary  it  the  best  results  are  to  be 
obtained.  Velocity  and  entry  heads  should  be  provided  at 
the  intake.  Alignment  and  grades  should  be  true.  Changes 
in  either  should  be  made  with  as  gentle  curves  as  are  feasi- 
ble. Unless  it  is  excluded  above  the  intakes,  means  should 
be  provided  for  the  removal  of  debris  at  the  foot  of  steep 
upward  slopes.  Means  for  the  removal  ot  air,  not  only  at 
the  summits  but  also  near  the  intake  (unless  deeply  sub- 
merged) should  be  provided.  This  is  true  of  small  orchard 
lines  as  well  as  large  siphons.  Trash  racks,  originally  placed 
at  the  intakes  of  many  siphon  pipes,  have  since  been  emoved 
in  many  cases  because  the  danger  from  washou*  due  to  the 
accumlation  ot  trash,  outweighed  the  good  accomplished. 

For  all  practical  purposes  it  does  not  appear  necessary  to 
limit  the  higher  velocities.  The  velocity  should  be  at  least 
sufficient  to  prevent  the  deposition  of  silt — probably  not  lower 
that  3  ft.  per  second. 

More  or  less  slime  may  be  expected  from  waters  stored  in 
reservoirs  containing  alg»  growths  or  from  waters  that  have 
been  conveyed  long  distances  in  openearth  channels.  This 
may  also  be  true,  but  to  a  less  extent,  if  the  open  channel  is 
of  wood  or  concrete.  Waters  of  the  Southwest  are  less  liable 
to  develop  retarding  growths  in  covered  conduits  than  those 
of  the  East  and  Northwest.  Water  containing  calcium  car- 
bonate (CaCO.)  will  smoothly  coat  pipe  of  any  material.  If 
sand,  gravel,  or  other  debris  is  also  present  in  the  water, 
the  cemented  accretion  will  be  much  more  harmful,  being 
rough  and  more  rapid. 

After  construction  a  rough  pipe  may  become  somewhat 
smoother  if  conditions  are  such  that  a  mineral  coating  is 
deposited.  An  originally  smooth  surface  will  remain  about 
as  constructed  or  depreciate  slightly  by  mineral  or  slime 
deposits.  Slimes  come  quickly  or  not  at  all.  A  depreciation 
of  from  10  to  1.5  per  cent  in  capacity  can  occur  within  .5  to 
7  months,  but  does  not  greatly  increase  after  that.  Thus,  to 
be  of  material  benefit,  cleaning  must  be  frequent  it  necessary 
at  all.  For  this  reason  periodic  cleanings  have  been  aban- 
doned in  many  places.  If  algae  slimes  are  anticipated,  it  may 
be  best  to  allow  tor  15  per  cent  depreciation  of  capacity  and 
no  cleaning. 


Work  of  U.  S.  Reclamation  Service. — The  net  cost  of  the 
reclamation  projects  to  the  end  of  the  fiscal  year  1919,  ac- 
cording to  the  recent  annual  report  of  the  U.  S.  Reclamation 
Service,  was  a  little  less  than  $125,000,000.  The  projects  now 
imder  way  or  completed  embrace  approximately  3.300,000 
acres  of  irrigable  land  and  will  ultimately  provide  about 
60,000  farms,  from  10  to  160  acres  each.  During  the  year 
water  was  available  from  Government  ditches  for  about  1,- 
636.000  acres  on  39,000  farms,  and  in  addition  water  was  sup- 
plied under  contract  to  1.000,000  acres  outside  Government  J 
projects.  Lands  served  in  whole  or  in  part  by  the  Govern-^ 
ment  projects  produced  crops  valued  at  $150,000,000,  of  which 
$89,000,000  represented  yields  from  lands  in  the  projects| 
proper.  The  crop  year  of  1920.  just  closed,  in  quantity  pro- 
duction far  exceeded  that  of  1919.  but  owing  to  the  slump  in 
values  it  is  believed  the  total  figures  will  be  somewhat  less. 


Chatham,  Ont.,  Adopts  Commission-Manacier  Form. — At  the 
recent  election  the  city  ot  Chatham.  Ont..  voted  to  adopt  the 
cnmmipsion  manager  form  ot  city  government. 

f201  , 


Engineering  and  Contracting  for  Jannary  12,  1921. 


45 


Ice  Diversion  Works  of  St.  LaAvrence 
River  Power  Co. 

The  operation  of  ice  diversion  works  recently  completed 
in  the  St.  Lawrence  River  for  the  St.  Lawrence  River  Power 
Co.  have  proven  very  successful  in  permitting  a  consider- 
able inciease  in  their  power  output  during  the  critical 
months.  The  works  are  the  result  of  a  considerable  amount 
of  study  and  experiments  carried  out  under  the  direction  of 
Benjamin  F.  Groat,  Consulting  Engineer,  Pittsburgh,  Pa., 
who  has  described  this  work  in  a  recent  issue  of  The  Cana- 
dian Engineer,  from  which  the  following  is  abstracted. 

The  location  of  the  power  company  is  at  Massena  in  north- 
ern New  York  while  the  diversion  works  are  in  a  section 
of  the  St.  Lawrence  which  has  some  very  complicated  con- 
ditions. A  general  outline  map  of  this  region  is  shown  in 
Fig.  1. 

At  the  head  of  Croil  Island  the  St.  Lawrence  River  di- 
vides into  the  North  and  South  Channels  of  the  Long  Sault 
Rapids.  At  the  foot  of  Croil  Island  a  large  portion  of  the 
water  in  the  South  Channel  returns  to  the  North  Channel 
down  the  Big  Sny  Channel  between  Croil  Islmd  ajirt  Dci^nr-y 
Island.  At  the  foot  of  Long  Sault  Island  nearly  all  the; 
water  in  the  North  Channel  returns  to  the  channel  south 
of  Barnhart  Island.     Croil  Island.  Delaney  Island,  Long  Sault 


frequently  amounting  to  a  complete  ehut-down.  Despite 
mechanical  and  electrical  capacity  in  the  powerhouse  for 
more  than  90,000  HP.,  on  many  occasions  for  weeks  at  a 
time  in  winter  there  was  scarcely  power  for  the  require- 
ments of  the  village  lighting  and  water  supply,  the  alumi- 
num plant  being  completely  shut  down. 

There  were  two  serious  causes  for  these  ice  troubles. 
First,  river  ice  was  drawn  into  the  canal  in  such  large  quan- 
tities, during  heavy  runs  of  ice,  that  the  canal  became 
jammed  and  choked  until  the  water  supply  was  practically 
cut  off.  Second,  jams  formed  down  river,  especially  at  a 
point  just  above  Lake  St.  Francis,  or  at  the  outlet  of  Hop- 
son's  Bay,  in  the  South  Sault  Channel. 

The  jams  which  form  down  river  build  back  upstream 
annually,  causing  high  backwater  at  the  foot  of  Grasse 
River.  This  backwater  extends  to  the  power  house  at  Mas 
sena,  thus  reducing  the  head  on  the  turbines  during  such 
periods,  sometimes  by  as  much  as  10  ft.  Upon  further  ac- 
cumulation the  jam  extends  back  to  the  foot  of  the  Long 
Sault,  sometimes  completely  submerging  and  obliterating 
the  rapids;  at  such  times  a  skiff  might  be  rowed  about  on 
the  resulting  pond.  The  jam  then  may  continue  up  the  South 
Sault  to  Dodge's  Shoal  and  there  completely  cut  off  the  sup- 
ply of  water  to  the  South  Sault  and  consequently  to  the 
powerhouse. 

The  jams  which   form   at  the  outlet  of  Hopson's   Bay  also 


Fig    1. — St.    Lawrence    River  from    Croil    Island    to   Cornwall    Island. 


Island  and  Barnhart  Island  are  all  in  the  United  States,  while 
Sheek  Island  is  in  Canada,  the  international  boundary  lying 
in  the  North  Channel. 

The  water  north  of  Sheek  Island  is  an  overflow  from  the 
Cornwall  Canal,  the  surface  of  the  water  in  which  is  about 
25  ft.  higher  than  the  surface  of  the  water  in  the  river  at  the 
head  of  Barnhart  Island.  The  principal  part  of  the  fall  of 
the  North  Channel  (Long  Sault  Rapids')  is  between  Lock 
21  and  the  head  of  Barnhart  Island.  It  amounts  to  about 
25   ft. 

In  the  South  Channel,  above  Dodge's  Shoal,  the  water  is 
several  feet  higher  than  it  is  at  the  head  of  Cornwall  Canal 
(Lock  21),  owing  to  the  fact  that  there  is  a  steep  slope  and 
rapid  water  down  the  Big  Sny.  There  is  rapid  water  at  many 
points  along  the  South  Channel  from  the  rapids  over  Dodge's 
Shoal  to  the  foot  of  Long  Sault  Island,  but  the  total  fall  will 
scarcely  reach  30  ft.  under  the  most  favorable  normal  condi- 
tions of  river  and  channels. 

The  Massena  power  canal  takes  its  water  supply  from  the 
South  Channel,  about  4,000  ft.  below  Dodge's  Shoal,  being 
assisted  by  the  submerged  weir  and  jetty  extending  from 
the  main  shore  to  Long  Sault  Island.  The  total  fall  avail- 
able between  Richard  Bay  and  the  foot  of  the  Grasse  River, 
via  the  canal  and  power-house,  is  about  50  ft.,  a  large  part 
of  which  (more  than  20  ft.  for  a  liberal  canal  draft)  was 
lost  before  the  extensive  program  of  dredging  for  the  canal 
and  Grasse  River  was  undertaken  by  the  power  company. 
The  loss  at  present  is  about  6  ft.  in  12  miles  of  river  and 
canal. 

The  ice  troubles  at  Massena  have  been  distressing  ever 
since  the  plant  began  operation  about  20  years  ago.  An- 
nually, there  has  been  a  preponderating  shortage  of  power. 


build  back  to  Dodge's  Shoal  in  the  same  manner  and  cut 
off  the  water  supply  to  the  South  Sault  channel  and  power- 
house. A  jam  at  any  point  further  down  the  river  may  cause 
similar  difficulties. 

The  principal  cause  of  obstruction  was  the  jamming  of  the 
power  canal  with  river  ice  drawn  under  the  power  com- 
pany's boom  across  the  canal  intake.  Tests  on  models,  as 
well  as  actual  experience,  show  that  if  ice  lodges  in  sufficient 
quantity  against  a  boom  in  deep  water  having  considerable 
velocity,  all  ice  subsequently  drawn  to  the  boom  v/il!  pass 
under.  Troubles  with  frazil  ice  forming  on  the  racks  at  the 
power  house  were  of  secondary  importance,  though  embar- 
rassing at  times.  It  is  the  object  of  the  ice  diversion  works 
to  prevent  the  entrance  of  all  kinds  of  river  ice  into  the 
power  canal. 

A  most  careful  study  of  the  history  of  ice  conditions  at 
Dodge's  Shoal  proved  that  ice  seldom  or  never  lodged  there 
or  Jammed  in  the  shoal  water,  owing  to  the  high  velocity 
over  the  shoal.  The  hydrography  of  the  channels  at  Rich- 
ard Bay,  in  the  Big  Sny  and  in  the  South  Sault  showed  that 
the  water  was  ge^ierally  30  to  55  ft.  deep  except  o, or  tliC 
shoals,  where  it  was  only  4  to  10  ft.  deep  with  a  width  fully 
equal  to  that  of  the  other  channels. 

Hence  the  capacity  of  the  water  flowing  over  the  shoals 
to  discharge  floating  ice  is  much  greater  than  that  of  the 
main  cliannnl  to  i.!eliver  ice  laterally  to  the  South  Sault,  su 
there  can  be  no  jam  on  the  shoal  as  a  result  of  shoal  water. 
The  only  time  that  jams  rest  upon  Dodge's  Shoal  is  when 
they  have  formed  down  river  and  have  built  back  upstream. 
When  they  do  so  the  ice  jam  becomes  a  veritable  Ice  dam 
on  the  shoal,  turning  practically  the  entire  flow  of  water 
with  its  ice  load  down  the  Big  Sny. 
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The  Ice  diversion  works  consist  of  a  wing  dam,  patented 
diversion  channels  and  a  boom  extending  from  the  crib  at 
the  downstream  ice  diversion  channel  across  Dodge's  Shoal 
to  the  head  of  Delaney  Island.  A  submerged  weir  was 
placed  across  just  below  the  canal  intake,  as  indicated  in 
Fig.  1.  All  of  these  structures  were  operated  in  a  more  or 
less  incomplete  condition  during  the  winters  of  1918-9  and 
1919-20.  The  four  ice-diversion  channels  shown  in  Fig.  2 
ire  about  40  ft.  deep  in  hardpan  sufficiently  strong  to  stand 
on  a  very  steep  slope.  The  ridges  between  contiguous  chan- 
aels  rise  from  a  submergence  of  15  ft.  at  the  up^rreain 
side  of  the  upstream  channel  to  about  8  or  10  ft.  at  the  down- 
stream side  of  the  downstream  channel,  the  cross-velocity 
Tarying  from  1  to  2  ft.  per  second  at  the  inner  ends  to  7  or  8 
ft.  per  second  at  the  outer,  or  river,  ends.  The  main  channel 
toward  Croil  Island  is  40  to  50  ft.  deep,  and  the  ice-diversion 
•channels  run  out  into  it  until  the  bed  of  the  main  channel 


LONG       5AULT 
ISLAND 


F\g,    2. — Wing     Dam,    Ice    Diversion    Channels    and     Boom    Across' 

Dodge's   Shoal.      Ice   Diverted   to    Big    Sny   Water   Enters 

South  Sault  Free  from  Ice. 

falls  below  the  grade  of  the  bottoms  of  the  ice-diversion  chan- 
aels. 

The  function  of  the  ice-diversion  channels  and  ridges  is 
to  throw  the  surface  water  with  its  load  of  floatage,  whether 
it  be  ice,  weeds  or  timber,  across  the  channels  clear  of  the 
boom,  while  water  free  from  floatage  is  drawn  from  the  bot- 
tom of  the  river  along  the  bottoms  of  the  channels  to  the 
South  Sault. 

The  object  of  the  boom  is  to  create  a  jam,  or  ice  dam. 
upon  the  shoals  so  as  to  prevent  ice  from  floating  into  the 
South  Sault  after  having  been  diverted  across  the  ice-diver- 
glon  channels.  The  water  under  the  boom  varies  from  6  to 
10  ft.  deep,  but  It  is  expected  that  the  boom  will  offer  sufn- 
cent  obstruction  to  cause  the  Ice  to  jam  ahead  of  it  and 
build  out  to  the  limit  line  taken  by  former  ice  jams  as  shown 
In  Fig.  2.  This  is  just  what  occurred  during  the  winter  of 
1918-9  except  that  the  boom  had  not  been  extended  com- 
pletely to  Delaney  Island,  there  being  a  gap  of  something 
like  100  ft.  left  open  next  the  shore. 

There  were  several  places  where  ice  was  drawn  under  the 
boom.  The  result  was  that  considerable  quantities  of  ice 
passed  Into  the  South  Sault  Channel,  but  sufficiently  far 
from  the  south  shore  to  escape  being  drawn  into  the  power 
canal.  The  boom  is  composed  of  a  line  of  heavy  scows  draw- 
ing 4  or  5  ft.  of  water,  and  is  held  in  place  by  means  of  cribs, 
as  shown  in  Fig.  2. 

The  submerged  weir  is  intended  to  reduce  the  slope  over 
Dodge's  Shoal,  for  the  safety  of  the  boom.  This  Is  accom- 
plished by  raising  the  level  of  the  water  at  the  canal  intake 
to   reduce   the   draft    under   the    boom,    otherwise   the    draft 


would  be  so  strong  that  ice  would  be  drawn  under  in  large 
quantities  even  though  the  boom  could  withstand  the  pun- 
ishment. The  four  elements,  wing  dam,  ice-diversion  chan- 
nels, boom  and  submerged  weir  form  a  unit  which  would 
not  work  well  in  the  present  situation  if  any  one  were  de- 
leted. 

The  following  comparison  shows  the  gain  in  power  for 
the  first  quarter  of  l!tl9  over  the  average  power  generated 
during  the  first  quarters  of  the  preceding  10  years,  and  over 
the  average  of  the  three  power  maxima  for  January.  Febru- 
ary and  March  during  the  same  10  years: 

El.  k.w. 

lO-ycar  average   11.600 

Maximum    (l!)15-B)    21,500 

Actual,   1019    41,700 

Excess.  1919.  over  lO-yoar  average   30.100 

Rxcess.  1919,  over  previous  maximum 20,200 

To  determine  the  gain  for  December  and  April,  It  may  be 
assumed  that,  as  an  average,  the  gain  will  vary  from  noth- 
ing on  Dec.  1  to  30,000  el.  k.w.  on  Dec.  31,  and  from  30,000 
k.w.  on  April  1  to  nothing  on  April  30.  This  method  of  de- 
termining the  gains  for  December  and  April  is  merely  ap- 
proximate, but  is  more  or  less  confirmed  by  the  fact  that 
the  30,000  el.  k.w.  average  gain  for  the  first  quarter  of  1919 
was  distributed  according  to  the  following  tabulation: 

El.  k.w. 

J.inuary   29,140 

February   31,D10 

March   29,080 

Average    30,000 

Therefore  there  was  a  gain  for  the  first  quarter  of  1919 
amounting  to  90,000  k.w, -months,  and  for  December  and  April 
a  computed  potential  gain  amounting  to  30,000  k.w. -months, 
or  a  total  for  the  winter  of  about  120,000  k.w.-months.  which 
is  equivalent  to  an  annual  gain  of  10,000  k.-w-years. 

As  aluminum  is  manufactured  at  the  rate  of  about  600 
lb.  per  k.w.-year,  the  equivalent  gain  in  output  capacity 
amounts  to  about  6,000.000  lb.  of  metal  for  the  winter  of 
1918-9,  thus  showing  that  the  power  company  has  substan- 
tially made  good  its  promise  to  the  International  .Toint  Com- 
mission that  the  improvements  at  Massena  would  increase 
the  capacity  by  6,000,000  or  7,000.000  lb.  of  metal  during  the 
winter. 

The  ice  diversion  works  operated  very  successfully  again 
during  the  winter  of  1919-20,  which  was  about  the  longest 
and  most  severe  on  record.  The  available  power  was  not 
much  less  than  the  output  during  the  preceding  winter, 
which  was  mild  after  January. 

The  minimum  power  at  Massena  during  the  severest  win- 
ter should  not  henceforth  fall  below  33,000  k.w.  If  it  does, 
then  it  is  safe  to  say  that  someone  has  failed  to  learn  his 
lesson. 

As  regards  relief  from  ice  troubles,  there  can  be  no  doubt 
of  the  advantages  of  ice  diversion,  but  in  bad  winters  there 
will  be  some  power  loss  due  to  the  backwater  in  the  tail- 
race  from  down-river  jams.  If  future  experience  should 
show  that  a  larger  percentage  of  ice  must  be  diverted  to 
give  full  capacity,  there  will  be  no  difficulty  about  increasing 
the  capacity  by  adding  more  channels  and  by  making  the 
boom  and  submerged  weir  ice-tight,  provided  the  approval 
of   the   International  Joint   Commission   be   granted. 


Providence,  R.  1.,  Waterworks  Clears  $285,000  in  1920.— 
The  waterworks  of  Providence,  R.  I.,  in  1920,  after  paying  all 
interert  charges  and  setting  aside  $140,000  for  depreciation, 
returned  the  city  a  net  profit  of  $285,000.  according  to  figures 
contained  in  the  annual  report  of  the  City  Auditor.  In  the 
50  years  of  its  existence,  the  waterworks,  exclusive  of  the 
new  Scltuate  project,  has  earned  $5,635,000  after  payment  of 
all  charges  and  establishment  of  a  depreciation  fund  which 
now  aggregates  $1,382,000.  Of  $10,166,000  in  bonds  issued  at 
different  times  for  the  financing  of  the  present  waterworks, 
all  but  $1,695,000  have  been  retired.  The  auditor's  figures 
show  that  since  its  establishment  the  total  receipts  of  the 
waterworks  from  all  sources  have  been  $26,178,745,  with  ex 
penses.  exclusive  of  bonds  issued,  but  including  bond  interest, 
amounting  to  $20,090,476. 


Propose  Engineers'  Registration  Law  for  Ontario. — Pro 
fessional  engineers  in  Ontario,  through  the  Engineering  In- 
stitute of  Canada,  are  endeavoring  to  obtain  engineering 
legislation  for  the  registration  of  engineers  in  this  Province 
similar  to  laws  enacted  in  British  Columbia.  Alberta,  Mani- 
toba. Quebec.  New  Brunswick  and  Nova  Scotia. 
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17     «.-«-l-.     f  C\V\.c!e^fiTnt-td^nc  i^n   t-Vxa.  T^r\t!tn         °^^^  ^  °'"  *  ^'^-  °*  medium  is  needed  for  each  test  tube,  while 
rlirtlier  V-^DSerVaT10n!>  on  tne  EyOMIl-      ahout  is  cc.  is  usually  employed  with  a  petri  dish.  and.  sec- 
ly/ffk^U-^lpi-jp    Tl1|]fk     Ac5fir  °°'^'  ^^^^  tubes  may  be  stored  for  long  periods;  whereas  the 

iVXClll.yiCllc;    UlUC    in.gai  medium  in  petri  dishes  would  have  to  be  prepared  at  inter- 

Simplicity  in  the  differentiating  of  two  types  of  bacteria  vals  of  a  week  or  less.  The  method  of  preparing  test  tubes 
often  confused.  Bact,   coli   and   Bact.   asrogenes.   are  claimed       is  briefly  as  follows: 

in  the  use  of  a  medium  brought  forth  by  Max  Levine,  AssO'  To  100  cc.  of  sterile  melted  phosphate  agar  is  added  5  cc. 

ciate   Professor,   Iowa    State   College,    and   further   discussed  of  a  20  per  cent  lactose.  2  cc.  of  %  per  cent  aqueous  methy- 
in  a  paper  presented  by  him  before  the  Iowa  Section  of  the       lene  blue  solution  and  2  cc.  of  a  2  per  cent  aqueous  eosin. 

American  Water  Works   Association.     These   two   organisms  The  medium  is  then  poured  aseptically  into  sterile  test  tubes 
are  encountered  in  water  analysis  in  the  confirmation  of  the       and  allowed  to  solidify  so  as  to  give  a  long  slant  without  a 

presumptive  test  for  Bact.  Coli.     As  stated  in  his  paper,  the  butt.     To  confirm  the  presumptive  test,  inoculation  is  made 

medium  consists  of  1.0  per  cent  peptone.  0.2  per  cent  dipo-  on  the   surface    of   these    slants    with   a     straight     platinum 

tassium  phosphate,  1.5  per  cent  agar,  and  1.0  per  cent  lactose,  needle.     If  desired  the  medium  may  be  placed  in  test  tubes 

with  the  dyes  eosin  and  methylene  blue  as  indicators.     The  and  sterilized  in  the  Arnold  or  in  the  autoclave  in  the  ordi- 

niedium  has  the  advantage  of  extreme  simplicity  of  prepara-  nary  manner.    In  that  case  it  will  be  found  that  the  medium, 

tion,  as  neither  adjustment  of  reaction  nor  filtration  are  re-  when  it  comes  out  of  the  sterilizer,  is  fluorescent  like  eosin: 

quired.  but  as  it  cools,  the  typical  wine  color  returns. 

The  medium  has  been  employed  with  success  and  satisfac-  The  author  has  felt  for  some  time  that  before  much  light 

tion  in  the  State  Water  Laboratories  at  Iowa  City;   in  army  will  be  thrown  on  the  true   relative   incidence  of  Bact.  coli 

laboratory  schools  for  officers  at  Fort  Leavenworth  and  Yale  and  Bact.  aerogenes  in  water,  sewage,  etc.,  it  will  be  neces- 

LTniversity;  at  the  Army  Medical  School,  Washington.  D.  C:  sary   to   first   modify   our   preliminary   enrichment   media   or 

and  at  several  large  eastern  water  laboratories.  other  conditions   so   as  to   enable   an   investigator  to   isolate 

In  the  original  report,  read  before  the  association  in  1917.  or  suppress  Bact.  coli  or  Bact.  aerogenes  at  will. 

only    one   type   of   Bact.    coli    colony   was   described.      Subse- 

quent   extensive   observations    have    disclosed    three   distinct       A  »vi/-»iir»-fo /-kf  TTnmo-1-ofCkr?  WTn-i-c^r  l^caA 

types  of  colony  growth   of  this  organism.     The   first,  which  xVmCJUIllS  OI  Unmeterea    VV  aier  USeU 
we  will  regard  the  typical  Bact.  coli  and   which  constitutes  foT  SlTPft'  {^lf!inin<5   Jit 

95  to  98  per  cent   of  the  types   encountered,  has  the  follow-  » 

ing  characteristics:  RocheStCr,  N.  Y. 

Isolated  colonies  are  2  to  3  mm.  in  diameter  and  they  show  q^^^   ^g^   ^.^^.^^     ^„^^^   ^^   ^.^^^^   ^^^.^   ^nvm^i   bv   the 

very  little  tendency  to  run  together     The  colonies  are  slightly  ^j^     „f  Rochester,  N,  Y.,  in  1919,  for  street  fiushing,  street 

raised,  the  surface  is  flat  or  slightly  concave,  and  the  edge  gprfnuiing,  horse  troughs  and  other  public  purposes,  accord- 
is  even  and  regular  when  viewed   with  the  naked   eye^   By  ^^  ^  ^^^  g  Engineer    Rochester 

transmitted  light,  thev  appear  dark,  and  have  almost  black  ^ ^     „.  ,,     .  . ,   t3„  „       i        i,-  i,  ^  .i     *   ^i. 

,  .  ,         ^      ,  ,,    *.'  ,  ^  ^,       ,.  Bureau  of  Municipal  Research,  which  was  presented   at  the 

centers  which   extend   more   than   three-quarters   of  the   dis-  ,  „.    „ , „ ..„        p  .i,      a.v,     ■  ttt  *  i       » 

,,       ,.        ^         .  ^.  ,        '    „         ^     ,    ,  ,.  ,  ,  last  annual   convention   of  the    American   Waterworks   Asso- 

tance  across  the  diameter  of  the  colony.     Bv  reflected  light         ...  mi,     o  n      ■       *  1,1     *         i,-  v.  4.1, 

J     ,      .    ,,        ,.,  ,,        ^  ,  .     „        .J  ciation.     The  following  table  from  his  paper  shows  the  quan- 

thev   appear   dark,   button    like,    often    concentrically    ringed  j.t-„„  „«       t  j,  r  •„!,,•  mi  •  ^ 

■    .  ,.  X.     ^      ,  1     .X.  .  ,  .   ,,.       ,  titles  of  water  used  for  various  public  purposes.     This  water 

and  show  a  distinct,  characteristic,  greenish,  metallic  sheen.  „   4.   „,  „„i-„j    n,     ..  1,    „  *„  j    tv  t*- 

was   not  supplied   through   meters    and    the    quantities   were 

A  second  type  of  Bact.  coli  colony  encountered  resembles  obtained   by   calculations   based   upon   the   best   data   obtain- 

the  typical  form  just  described  with  respect  to  size  and  ele-  able.    The  total  cost  of  this  water  at  the  wholesale  rate  was 

vation,  but  there   is   no   metallic    sheen,   the   colonies   being  $46,000.     The  notes  give  in  brief  form  the  data  from  which 

wine  colored.  the  items  of  the  table  were  computed. 

The  third  variety  of  colon  colony  appearing  on  this  me-  ttnmrteked  water  for  pt'BLIC  USE.  city  op  ROCHESTER. 
dium  is  somewhat  larger  (3  to  4  mm.)  than  the  typical  form  Cost  at  10 

described.     It   grows   effusely  or   flat,    the   edge   is  crenated  „  _        ..^  .'^^wF^^, 

1  J    ,1  *      1  4.-         1  J-   *•      ,.  *    iii„  Purpose.  Quantity.  1. 000  gal. 

or  irregular,  and  the  central   portion  has  a  distinct  metallic  a    Street  flushing  (by  hand)   600,000  $       60 

sheen.     Several  varieties  of  Bact.   ffirogenes   have   also  been  ^    street  flushing  (by  machine)   100,000,000  10,000 

,  jmi.  ^   c  i,  Ij.i  A  ^     street  sweepins;   (by  machine)    600,000  50 

observed.     The  most  frequently  encountered  colony  type  and  d    street  sprinklintr  220.000,000  22,000 

the  one   which  was   originally  described  is   as  follows:  E    Sewer  flushing  (house  laterals)   .3,400.000  '340 

F    Sewer  flushing  (sewer  laterals)   500,000  BO 

Well   isolated   colonies   are  larger  than   Bact.   coli,   usually  'J    Sewer  flushing  (main  sewers)    100.000  10 

3  to  5  mm.  in  diameter,  and  neighboring  colonies  will  quickly  f    E^rnVn^founUinf  !"^.  ;.•.■.•::  i.::  i.  i;-.:::    \ZlTm  ?SS 

run  together,  forming  a  slimy,  mucoid  appearing  mass.    The  .J     Horse  troughs  110,000,000  11,000 

colonies   are   moderately   raised,   markedly   convex   while   the  ^    Parks^and  playgrounds  .. ........ ....... .  20.000,000  2,000 

centers   are   a    light    to   a    dark   brown,   and    relatively    small  — '. !_ —  

(less   than    one-half  the    diameter    of   the    colony).     By   re-  460,100.000  $46,010 

fleeted  light,  they  appear  much  lighter  than  Bact.   coli  and  -^.     Street    fiu?bing    (by    hand).     Measuremeents   of    .vate- 

there  is  no  metallic  sheen.  used  for  hand-flushing  using  2%-in.  hose,  1  in.  smooth  nozzle, 

The  second  type  of  Bact.  »rogenes  encountered   produces  hydrant  pressure  average  30  lb.,  are  1,000  gal.  per  1.000  sq. 

colonies  somewhat  larger  than  the  one  described  above.    The  yd-     Figures  for  area  flushed  from  Street  and  Sewer  Bureau, 
center  is  very  dark,  wine  colored,  and  relatively  large  (often  B.     Street  flushing    (by   machine).     Six   working  days   per 

being  more  than  three-quarters  the  diameter  of  the  colony)  week;    30   weeks   per   year.     Tank   capacity;    flusher   No.    1. 

and  there  is  a  glossy  metallic  sheen  in  young  cultures.    Con-  1,250  gal.;   flusher  No.  2,  1,500  gal.;    flusher  No.  3,  1,500  gal. 

fluence  is  very  marked.  Flusher  No.  1.  29  fillings  per  day;    flusher  No.  2.  41  fillings 

A  third  type  of  Bact.  »rogenes  observed  is  a  small  colony.  per  day;    flusher  No.  3,  44  fillings  per  day.    Two  additional 

often  smaller  than   Bact.  coli.     The   colonies  are   raised  but  flushers  have  been  purchased  of  same  type  as  flusher  No.  3. 

the   center   drops   precipitately   like    a    crater.     By    reflected  Four  wagon  flushers  with  60-gal.  tanks.  56  fillings  each  per 

light,  the   small   dark  central   portion   may   show   a   metallic  day.    Add  margin  for  waste  in  filling, 
sheen.  C.     Street  sweeping   (by   machine).     Two   Austin   machine 

Whether  these  different  types  of  colonies  are  of  different  sweepers,    1,200    gal.    per    day,    200    working    days.      Double 

sanitary  significance  has  not  as  yet  been  determined,  but  it  quantity  required  for  working  double  shift  as  planned.    Add 

is  apparent  that  the  medium  affords  a  means  of  differential-  margin  for  waste  in  filling. 

ing   varieties   of   Bact.   serogenes    and    Bact.    coli    which    Mr.  D.     Street   sprinkling.     Six   days   per   week;    30    weeks    in 

Levine  believes  has  not  been  attained  with  any  of  the  other  season.    Forty  tanks  filled  40  times  per  day.     Tank  capacity, 

media  employed  for  confirming  the  presumptive  test.     It  has  750  gal.    Allow  margin  for  wastage  in  filling  and  temporary 

also   been   observed   that    Bact.   cloacae   and   particularly   Ps.  hydrant  valves. 

pyocyaneus,  which  have  occasionally  been  mistaken  for  Bact.  E.     Sewer  flushing   (house  laterals).     1,600  laterals  flushed 

coli    on   the    standard    Endo    medium,    grow   very   poorly   on  per  year.     Fiften  minutes  per  flushing  is  average  time  water 

eosin-methylene   blue   agar,   forming  colonies  which   are   not  is  on.    Hose  and  nozzle  at  150  gal.  per  minute, 
likely  to  be  mistaken  for  either  Bact.  coli  or  Bact.  aerogenes.  F.     Sewer  flushing   (sewer  laterals).     One  hundred   sewer 

Test  tubes  may  be  substituted  for  petri  dishes  if  desired.  laterals  flushed  per  year,  30  minutes  per  flushing  Is  average 

The  value  of  such  a  change  is,  first,  reduction  of  expense,  as  time  water  is  on.     Hose  and  nozzle  at  150  gal,  per  minute. 
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G.  Sewer  flushing  (main  sewers).  Eleven  sewers  flushed 
per  year.  Sixty  minutes  per  flushing  is  average  time  water 
is  on.    Hose  and  nozzle  at  150  gal.  per  minute. 

H.     Snow    removal    flushing.     Varies    yearly    with    amount 


Kstimate   30   days   flushing   at    100.000   gal.   per 


of  snowfall, 
day. 

I.  Drinking  fountains.  Metered  flow  of  fountain  set  up 
in  meter  shop  was  25  gal.  per  hour.  Run  for  Ave  months 
per  year.  Twelve  fountains  of  this  type  attached  to  fire  hy- 
drants around  city. 

J.  Horse  troughs.  Metered  flow  of  one  trough  at  1,500,- 
000  gal.  per  year.  Seventy-five  troughs  operating  all  year  in 
city. 

K.  Parks  and  playgrounds.  Estimate  based  on  considera- 
tion of  playgrounds  and  parks  being  about  half  metered. 

L.     Exposition  park.     Estimate  well  within  the  actual  use. 


Two  Pumps  in  One — A  New    Convertible 
Diaphragm  Pump 

A  new  convertible  diaphragm  pump  has  just  been  placed 
on  the  market  by  the  Barnes  Manufacturing  Co.,  Mansfield, 
O.  This  pump  can  be  quickly  converted  from  the  open 
spout  "anti-splash"  type  to  the  closed  spout  "odofor"  type — 
thtjs  giving  a  pump  for  ordinary  drainage  work  or  one  that 
will  force  the  liquid  above  the  pump,  discharging  through  a 
hose  or  pipe  instead  of  trough  and  handling  sewage  or  the 


Barnes    Convertible    Diaphragm    Pump. 

contents  of  catch  basins  in  an  odorless,  sanitary  manner. 
The  new  pump  has  many  exclusive  features.  Its  overhead 
jack  construction  eliminates  a  great  many  working  parts, 
the  forged  steel  crank  shaft  replacing  about  15  or  20  parts 
in  the  old  w  alking  beam  construction.  In  addition  to  having 
fewer  parts  this  overhead  jack  construction  is  stated  to  be 
much  stronger  and  will  give  longer  life  on  account  of  its 
long  bearings  and  heavy  working  parts.  The  diaphragm  is 
held  in  place  by  a  clamping  ring  which  is  separate  from  the 
jack  so  that  the  latter  does  not  have  to  be  disturbed  when 
the  diaphragm  is  replaced.  The  suction  valve  is  especially 
noteworthy.  It  may  be  removed  for  inspection  or  repairs 
without  disturbing  the  suction  hose.  This  is  a  very  impor- 
tant point  since  it  is  often  difficult  to  replace  a  hose  so  as 
to  have  all  jonts  air  tight.  This  valve  is  more  efficient  and 
has  longer  lite  than  the  old  rubber  flap  valve.  In  addition 
it  may  be  faced  with  any  kind  of  sheet  rubber,  leather  or 
canvas  and  does  not  require  high  grade  material  which  is 
hard  for  the  contractor  to  obtain.  The  pump  Is  adapted  to 
handling  all  kinds  of  drainage  work  such  as  pumping  out 
trenches  and  excavations  of  all  kinds.  It  is  stated  to  have  a 
capacity  of  10.000  to  12,000  gal.  per  hour. 


Personals 

Russell  S.  Wise  of  I'assaic.  X.  J.,  has  been  appointed  city  engi- 
nc-.-r  of   i'liiioii.    N.   J. 

Robert  McFarland  has  been  appointed  superintendent  of  water 
■works  of  Brandon.  Mart. 

George  S.  Witters  ni  Ida  Grove.  la.,  has  been  appointed  County 
Engineer  of  Ida  Co\inty.  Iowa. 


Gelasio  Caetani,  a  graduate  of  the  School  of  Mines  of  Columbia 
Lnivcr.sity  and  a  mining  engineer  of  note,  has  been  elected  Mavor 
of  Uome,  Italy.  For  a  lumber  of  years  he  was  connected  with 
mines  in  the  western  states. 

Dr.  Weir  H.  IVliley,  a  local  physician  of  Anderson.  Ind..  has  Ix-cn 
?,'''"""'''  '■"■'■'  ■''■■"I'l^Tian  liy  the  Anderson  Board  of  Public  Works. 
He  will  suided  W.  C  Koush.  city  chemist,  who  was  in  charge  of 
the  city  wiitir  liltraticn  plant. 

Dorsey  W.  Hyde,  Jr.,  has  left  the  Transportation  Engineering 
Division  o.''  the  Packard  Motor  Car  Co.  to  become  as.sistant  man- 
ager of  the  lecently-created  Civic  Development  Department  of  the 
Chamber  of  Commerce  of  the  United  States,  Mills  Bldg.,  Wash- 
ington, D.  C.  of  which  John  Ihlder  is  manager. 

George  W.  Cutting,  Jr.,  recently  engineer,  production  depart- 
ment of  the  Allantic  Corporation,  constructors  of  steel  cargo  ships 
at  Portsmouth.  X.  U..  has  resumed  practice  at  10  Post  Office  Square, 
Boston,  Jlass.,  where  he  will  engage  in  property  development, 
landscape  engineering,  drainage,  .sewerage,  road  location,  surve.vs, 
investigatioiiK  and  reports,   superintendence  of  construction,   etc". 

The  Fargo  Engineering  Co.,  of  Jackson.  Mich.,  has  filed  articles 
of  incorporation  with  a  capital  stock  of  $.50,000,  all  paid  in.  The 
officers  are  Wm.  O.  Fargo,  president,  Horace  S.  Hunt,  vice-presi- 
dent, Rolla  C  England,  secretary-treasurer.  This  company  is  a 
con.sulting  engineer  firm  which  has  been  active  in  water  power, 
steam  power  and  general  industrial  work  in  the  middle  west  for 
20  years.  It  is  the  outgrowth  of  an  engineering  office  opened  by 
Wm.  G.  Fargo  in  ISDO  in  Jackson.  Of  Mr.  Fargo's  associates  Mr. 
England  has  been  with  the  organization  since  1899,  Mr.  Hunt  since 
190.5  and    Mr.   .Streiff  since   1910. 

Holbrook,  Warren  &  Andrewr,  of  Decatur,  111.,  have  purchased 
the  business  of  Miller,  Hclbrook,  Warren  &  Co.,  Decatur.  Under 
the  latter  name,  the  firm  has  built  up  a  substantial  professional 
business  in  the  structural  and  municipal  fields.  Mr.  Frank  D. 
Holbrook  was  engaged  for  a  period  of  about  15  years  on  Ohio  river 
improvements  for  the  U.  S.  Government.  Mr.  Willis  D.  P.  Warren 
has  been  engaged  in  various  classes  of  engineering  work  in  Illinois 
for  the  past  17  years,  devoting  the  greater  portion  of  this  time 
to  municipal  projects.  Captain  Clarence  R.  Andrew  was  formerly 
with  the  Government  on  Ohio  river  improvements  and  served  in 
France  in  the  Engineer  Corps. 

Dr.  F.  G.  Cottrell  has  resigned  as  director  of  the  United  States 
Bureau  of  Mines.  He  leaves  the  bureau  to  take  up  his  duties  as 
chairman  of  the  Division  of  Chemistry  and  Chemical  Technology 
of  the  National  llesearch  Council.  H.  Foster  Bain,  of  California, 
succeeds  Dr.  Cottrell.  Mr.  Bain  was  educated  and  trained  as  a 
geologist  and  mining  engineer.  He  was  one  of  Herbert  Hoover's 
assistants  in  London  on  the  Belgian  relief  work  during  the  war. 
Before  fhat  he  was  editor  of  the  Mining  and  Scientific  Press  of 
San  Francisco,  Calif.,  and  later  the  editor  of  the  Mining  Magazine 
of  London,  England.  He  made  some  important  mining  Investiga- 
tions in  south  and  central  Africa  and  later  undertook  similar  in- 
vestigations in  China.  At  one  time  he  was  a  mine  operator  in 
Colorado  and  once  was  connected  with  the  United  States  Geological 
Survey.  Sulsefiuently.  he  was  the  first  director  of  the  Geological 
Survey  of  Illinois. 


Obituaries 

Charles  B.  Hogle,  for  many  years  superintendent  of  construc- 
tion for  the  Scioto  Valley  R.  R..  died  Jan.  3  at  his  home  in  Co- 
lumbus. (.).     He  was  78  years  old. 

Paul  Ludwig  Wolfel,  an  engineer  of  the  McCIintic-Marshall  Co., 
died  Dec.  27  in  Philadelphia,  aged  58  years.  He  formerly  was  an 
engineer  for  the  American  Bridge  Co. 

Michael  H.  Foley,  a  lailroad  contractor,  died  recently  at  his 
home  in  Los  Angeles.  He  was  the  last  of  the  four  Foley  brothers 
of  St.  Paul,  who  were  pioneer  railroad  builders.  These  were  him- 
self,  Thomas.   John   and   Timothy.     Timothy  died  only  recently. 

James  Herring,  civil  engineer  for  George  H.  Hardner,  contrac- 
tor. Allentown,  Pa.,  died  Dec,  29.  aged  47.  Mr.  Herring  was  a 
graduate  of  Linion  College  and  for  a  time  was  employed  by  the 
firm  of  Schofield  &  Co.,  Philadelphia  engineers  and  contractors. 
Twelve  sears  ago  he  was  engaged  by  Mr.  Hardner  to  take  charge 
of  the  engineering  work  of  his  firm  and  in  that  time  was  engaged 
in   some   large   operations. 


Industrial  Notes 


The  Strauss  Bascule  Bridge  Co.,  lias  moved  its  liome  offices  to 
225    North    Michigan   Ave..  -Chicago. 

R.  B.  M'.irdock  has  resigned  as  executive  engineer  of  the  Asphalt 
.Association  and  now  represents  The  F.  D.  Cummer  &  Son.  Co..  of 
Cleveland  and  New  York,  manufacturers  of  asphalt  paving  plants 
and  dryers,  Mr.  Murdock  has  oflices  at  19  West  44th  St.,  New  Tork 
City,  and  is  concerned  with  eastern  domestic  and  export  sales. 

H.  H.  Robertson  Co.,  of  Pittsburgh,  manufacturers  of  Robertson 
Process  Metal,  announces  the  appointment  of  Benton  Hopkins  as 
branch  manager  with  offices  in  the  Kirby  Bldg.,  Cleveland,  O.:  also 
the  resignation  of  Arthur  B.  Shepard,  for  12  years  district  manager 
of  the  Cleveland  office,  who  resigns  to  take  up  the  active  manage- 
ment of  the  Arthur  B.  Shepard  Co,,  manufacturers  of  standardized 
siriictoral  steel  buildings. 

The  Austin  Machinery  Corporation,  of  Chicago  and  New  York, 
manufacturers  of  earth-working,  concrete-mixing  and  material- 
handling  machinery,  has  acquired  the  plant  of  the  Fairmont  Ma- 
chine Co.,  of  Fairmont,  W.  Va.  The  Fairmont  plant  will  continue 
to  make  its  own  line  of  machinery  besides  contributing  to  the 
manufacture  and  distribution  of  the  line  of  earth-handling  and 
cement-mixing  machinery  manufactured  bj'  the  Austin  Machinery 
Corporation. 

The  Chicago  Pneumatic  Tool  Co.  announces  the  appointment, 
Jan.  1,  1921,  of  R.  F.  Eissler,  as  assistant  to  the  vice  president 
with  heaiiqv.arters  in  the  company's  new  office  building  at  6  East 
14th  St..  New  York.  W.  C.  Straub.  formerly  district  manager  of 
the  New  Orleans  branch,  has  been  appointed  district  manager  of 
the  Pittsburgh  branch  to  succeed  Mr.  Eissler.  and  Ross  Wyeth, 
formerly  attached  to  the  Pittsburgh  branch,  has  been  appointed 
district  manager  of  the  New  Orleans  branch  to  succeed  Mr,  Straub. 

The  T.  L.  Smith  Co.,  whose  general  sales  offices  have  been 
located  at  470  Old  Colony  Bldg,.  Chicago,  has  moved  this  entire 
department  and  its  complete  personnel  to  Milwaukee,  Wis.,  where 
it  will  be  located  from  now  on,  at  the  factories.  1125  32nd  St.  The 
advertising  department  will  also  operate  from  the  factory  from 
now  on  .  This  move  was  made  principally  to  accomplish 
closer  co-ordination  between  sales  and  service.  General  Sales 
Manager  R.  E.  S.  Geare  will  now  have  direct  .iurisdiction  over  the 
service  department  at  the  factory. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c )  Street    Cleaning 

(d)  Municipal   Miscellanies 


(e)    Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani- 

tation 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

ta)    Excavation  (c)    Quarries    and    Pits 

(b>    Management    and         )d)    Steam  Railways,    Con- 
Office    System  struction   and   Maintenance 
(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


( d)  Miscellaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management     and     Office 

System 
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The  Battle  Between  "Original  Cost" 
and  "Present  Value"  of  Rail- 
ways and  Utilities 

A  majority  of  the  National  Association  of  Railroad  and 
Utility  Commissioners  at  its  recent  annual  convention  de- 
clared in  favor  of  the  actual  "honest  and  prudent  investment" 
in  a  utility  as  the  rate-making  "value."  Almost  coincidently 
Judge  Van  Valkenburgh  In  the  Federal  Court  at  Kansas  City 
heid  "that  the  great  weight  of  authority  is  against  the  origi- 
nal cost  as  a  controlling  basis  for  determining  present 
value,"  and  he  granted  an  injunction  restraining  the  Public 
Service  Commission  of  Missouri  from  enforcing  an  order 
fixing  street  railway  fares  based  on  an  original  cost  valua- 
tion. Judge  Van  Valkenburgh  follows  the  decisions  of  the 
U.  S.  Supreme  Court,  and  we  doubt  not  that  his  decision 
will  be  sustained. 

The  following  is  the  resolution  that  was  submitted  to  the 
Association  of  Commissioners: 

Whereas  in  recent  years  the  cost-of-reproduction  method  of  eval- 
uation has  in  many  instar.ce.s  become  the  controlling  factor  in  de- 
termining' the  fair  value  of  the  property  of  public  utilities,  and 

Whereas  during  the  past  few  years  there  has  been  an  unprece- 
dented increase  in  the  cost  of  materials  and  supplies  entering'  into 
the    construction   of   utility    properties,    and 

Whereas,  the  cost-of-reproduction  method  of  evaluation,  although 
applied  with  moderating  averages,  arbitrarily  attaches  to  prop- 
erties constructed  before  the  high-price  period,  values  greatly  in 
excess  of  the  actual  prudent  investment  therein,  in  many  in- 
stances from  25  to  100  per  cent  greater  than  such  investment,  and 

Whereas  vnder  present  abnormal  conditions  the  cost-of-repro- 
duction theoiT  has  ceased  to  perform  the  service  which  it  was 
designed  to  perform,  and  now  leads  to  the  unwarranted  and  un- 
reasonable values  which  offer  little  guidance  in  determining  the 
fair  value  of  the  property  of  public  utilities,  and 

Whereas  the  continuance  of  the  cost-of-reproduction  theory  as 
the  controlling  factor  In  public  utility  valuations  will  in  the  fu- 
ture undoubtedly  cast  a  burden  upon  those  utilities  which  were 
required  by  public  necessity  to  make  substantial  plant  investments 
dur^g  the  high-price  period;  now,  therefore,  be  it 


Resolved,  by  the  National  Association  of  Railway  and  Utilities 
Commissioners,  that  a  continued  disposition  on  the  part  of  com- 
missions and  courts  to  consider  cost-of-reproduction  or  cost-of-re- 
production-Iess-depreciation  as  the  controlling  factor  in  determin- 
ing the  value  of  the  property  of  utilities  will  tend  to  impair  scien- 
tific and  equitable  regulation,  to  permit  the  establishment  of  un- 
warranted and  unreasonable  values,  and  ultimately  to  diminish 
public  confidence  in  commi.^sions  and  courts  and  thereby  impair 
their  usefulness;  and   be   it  further 

Resolved,  that  one  of  the  obligations  of  commissions  and  regu- 
latory bodies  is  to  protect  and  preserve,  in  so  far  as  it  lies  within 
their  power,  honest  and  prudent  investment  in  utility  properties, 
and  that,  in  view  of  abnormal  price  conditions  now  prevailing, 
equity,  justice  and  a  proper  regard  for  the  interests  of  utilities 
as  well  as  the  public  seem  to  demand  that  in  the  valuation  of 
public  utility  property  greater  weight  should  be  given  to  the 
honest  and  prudent  investment  therein;  and  be  it  further 

Resolved,  that  it  is  not  intended  by  this  resolution  to  hold  that 
the  fair  value  rule  should  be  abandoned  or  impaired,  but  rather 
that  under  the  fair  value  rule  and  in  view  of  abnormal  condi- 
tions prevailing,  a  greater  measure  of  justice  and  equity  will  be 
secured  by  giving  greater  weig^it  to  honest  and  prudent  invest- 
ment, and  less  weight  to  the  cost-of-reproduction  or  cost-of-re- 
production-Iiss-depreciaticn. 

Twenty-one  states  favored  the  resolution,  eleven  were  non- 
committal, and  only  two  opposed  it.  The  reasoning  involved 
in  this  resolution  is,  we  believe,  faulty.  It  amounts  first  to 
asserting  that  the  duty  of  a  state  is  to  protect  investments 
in  public  utilities,  and  then  to  inferring  that  the  protection 
should  consist  in  requiring  the  investor  to  accept  depreciated 
dollars.  This  is  the  sort  of  "protection"  that  really  protects 
no  one  but  the  patrons  of  a  utility,  for  they  are  allowed  to 
pay  in  "Mexican  dollars"  for  the  use  of  an  investment  that 
was  made  in  "American  dollars." 

This  aspect  of  the  case  appears  as  yet  to  have  had  little 
weight  with  utility  commissions,  but  we  predict  that  their 
sense  of  fairness  will  ultimately  lead  them  to  see  that  when 
the  buying  power  of  a  dollar  is  halved,  a  stockholder  is 
quite  as  much  entitled  to  have  his  money  income  doubled 
as  is  a  wage  earner. 

The  idea  of  protecting  investors   in  public  utilities  is,  of 
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course,  sound;  but  the  fallacy  in  the  leusoninK  of  many  util- 
ity commissioners  occur.s  when  they  fail  to  see  that  real 
protection  is  given  only  when  the  real  income  (as  distin- 
guished from  the  money  income)  is  kept  intact.  Men  do 
not  invest  their  capital  to  secure  money,  but  to  secure  the 
commodities  and  services  that  money  will  buy.  These  are 
the  real  income  from  investments,  and  tliese  should  not  be 
taken  from  an   investor  under  guise  of  protecting  him. 

Against  this  argument  it  is  sometimes  urged  that  many  in- 
vestors in  property  that  is  not  subject  to  slate  regulation 
would  be  delighted  to  be  assured  a  constant  real  income. 
The  fact  is,  however,  that  the  vast  majority  of  investors 
prefer  to  put  their  capital  in  property  that  is  free  to  eani 
as  much  as  good  management  and  good  luck  will  permit: 
and  it  is  only  when  hard  times  come  that  they  ever  talk 
of  being  satisfied  with  the  small  dividend  rates  that  the 
average  public  utility  company  is  permitted  to  declare. 

The  resolution  under  discussion  speaks  of  the  "abnormal 
price  conditions  now  prevailing"  as  an  argument  in  favor 
of  actual  investment  as  the  rate-making  base.  Bui  who  can 
define  what  a  "normal  price"  is?  And.  having  dehned  it, 
who  can  foretell  when  it  will  prevail?  Or  how  long  it  will 
last?  The  fact  is  that  there  is  no  meaning  to  the  expression 
"normal  price'  except  as  used  to  designate  an  "average 
price"  over  a  term  of  years.  r?ut  how  is  the  term  of  years 
to  be  determined?  Shall  it  be  5,  10,  20  or  50  years?  Any 
one  who  has  studied  the  causes  that  affect  price  levels 
knows  that  prices  do  not  oscillate  about  a  mean,  but  move 
in  waves  of  the  utmost  irregularity.  There  is,  therefore, 
no  standard  price  level  that  is  other  than  a  purely  arbitrary 
standard. 

It  is  sometimes  contended  that  an  investment  made  at 
the  present  price  level  will  shrink  in  value  in  a  few  years. 
and  that  protection  is  given  to  the  investor  when  he  is  as- 
sured that  he  will  be  allowed  to  earn,  say,  8  per  cent  thereon 
after  the  shrinkage  in  piices  has  occurred.  But  such  pro- 
tection would  be  unfair  to  the  public,  for  it  would  amount 
to  giving  the  investor  an  unearned  increment  in  his  real  in- 
come, because  of  the  increment  in  the  buying  power  of  a 
dollar. 

If  the  public  and  the  investors  in  public  utility  stock  are 
to  be  equally  protected  by  commissions  and  courts  it  must 
be  done  by  studying  their  respective  real  incomes,  and  not 
by   considering  merely   their  money   incomes. 


Let  Us  Stop  Industrial  Crucifixions 

The  most  important  recent  improvement  in  street  car  op- 
eration has  been  the  introduction  of  the  one-man  ear.  Like 
almost  every  other  labor-saving  device  that  has  dispensed 
with  the  service  of  many  men  at  one  stroke,  it  has  been 
opposed  by  labor  unions.  As  an  example  of  this  opposition 
we  quote  the  following: 

William  J.  Murphy  and  other  memljors  of  the  joint  conference 
lioard  representing  the  employeeb  of  the  Bay  State  system,  have 
applied  to  the  State  Supreme  Court  for  an  injunction  to  restrain 
the  company  from  operating  cars  of  this  type.  The  Bay  State 
management  has  announced  thit  it  will  discharge  all  men  de- 
tected in  the  act  of  spreading  propaganda  against  the  one-man 
cars. 

The  opei  alien  of  rebuilt  double-truck  cars  by  one  man  has  for 
some  time  been  a  disputed  question  between  the  management  of 
the  Eastern  Massachusetts  system  and  its  employees.  The  men 
have  contended  that  the  use  of  such  cirs  endangers  both  the  car 
operators  and  the  public.  They  also  strongly  object  to  the  intro- 
duction of  the  one-man  cars  on  the  ground  that  many  of  their 
number  are  thus  deprived  of  work.  A  majority  of  the  cars  now 
in  service  arc  operated  by  one  man. 

The  Massachusetts  Department  of  Public  Utilities  has 
ruled  that  the  double-truck,  one-man  cars  are  not  a  "menace 
to  public  safety,"  for  it  was  patent  that  such  a  charge  was 
merely  camouflage  for  the  real  objection  to  the  use  of  one- 
man  cars. 

So  long  as  labor  unions  opi>ose  labor  saving  devices,  they 
will  meet  with  scant  sympathy  from  the  public.  Neverthe- 
less workmen  who  lose  their  jobs  because  of  the  introduc- 
tion of  better  machines  are  entitled  to  sympathy,  and  they 
would  undoubtedly  receive  it  were  they  to  take  reasonable 
action  to  protect  themselves  from  idleness.  Just  what  action 
they  should  take  may  be  difhcult  to  determine.  Perhaps  they 
should  ask  the  public  to  support  them  until  they  secure  an- 
other job.  Perhaps  they  should  insist  upon  being  taught  a 
new  trade  at  public  expense.     It  seems  no  more  than   right 


that  the  public  should  assume  the  burdens  that  accompany 
economic  progress,  for  it  is  the  public  that  reaps  nearly  all 
of  the  benefits 

The  public,  however,  is  an  indifferent  and  often  a  cruel 
master.  It  says  to  the  trolley  conductor  who  has  lost  a  job 
because  of  the  introduction  of  one-man  cars:  "We  admit 
that  we  benefit  at  your  expense,  but  there  are  many  jobs 
to  be  found  in  the  world.     Go  hunt  a  new  one." 

To  the  public  it  matters  not  that  the  man  thus  thrown 
out  of  employment  may  know  no  other  trade,  or  that  he  may 
have  partly  paid  for  his  home  and  will  lose  all  if  he  moves 
to  another  town.  Against  this  injustice  the  discharged 
workman  rebels,  and  who  would  not?  In  his  anger  he  seeks 
any  weapon  of  defense.  He  even  tries  to  block  the  wheels 
of  progress.  It  is  idle  to  tell  him  that  to  labor  saving  ma- 
chinery the  American  owes  most  of  his  economic  superiority 
over  the  Chinaman.  This  he  will  grant,  but  still  he  will 
ask  why  he  should  be  (he  one  to  be  nailed  to  the  industrial 
cross 

The  solution  of  this  great  economic  problem — for  such  it 
is — will  not  come  by  preaching  from  the  text  of  human 
progress,  but  by  devising  practical  means  of  making  the 
public  bear  the  burdens  that  are  now  loaded  upon  the  indi- 
viduals who  lose  their  jobs  because  of  economic  changes. 


Book  Review 


"Contract!!  in  Engineering,"  by  Jiimcs  Irwin  Tucli<r,  E.  S.. 
L.  L..  B.,  Director  of  the  School  of  Civil  Engineering,  Tlniversity 
of  Oklahoma:  second  edition,  'iZl  pp.  McGraw-Hill  Book  Co. 
New   York:    $4.00. 

This  second  edition  of  an  already  well  known  book  should 
have  a  ready  welcome  by  engineers,  contractors  and  business 
men,  although  primarily  written  for  students  in  engineering 
colleges.  The  special  aim  of  this  book,  as  stated  by  the  au- 
thor, is  to  state  and  make  clear  the  guiding  principles  under- 
lying the  interpretation  and  writing  of  engineering-commer- 
cial agreements. 

In  the  introduction  the  author  has  very  clearly  justified  his 
reason  for  writing  the  book  and  has  emphasized  the  need  for 
engineers  becoming  better  acquainted  with  the  laws  of  busi- 
ness. 

The  chapter  headings  are:  Business  of  Contracting;  Con- 
tract Essentials;  Development  of  Contract  Principles;  Agency, 
Fort,  and  Independent  Contractor;  Real  Property;  Contracts 
of  Association — Corporations;  Contracts  of  Sale  and  Trans- 
portation; Negotiable  Paper;  Preparing  and  Writing  Engi- 
neering Contracts;    .Appendix  Notes. 

Special  features  of  the  book  are  the  sets  of  (luestions  at 
the  end  of  each  chapter,  which  are  designed  to  illustrate  the 
principle  stated  in  the  text ;  and  the  analytical  diagram  of 
each  chapter,  whicli  in  the  space  of  a  page,  gives  a  bird's-eye 
view  of  the  chapter's  contents. 


Cost  of  IVlotor  Bus  Operation  at  Winnipeg. — The  motor  bus 
service  operated  by  the  Winnipeg  Electric  Ry.  Co.,  Winni- 
peg, Man.,  cost  25.7  ct.  per  mile  for  the  7  months  ending 
July  .31,  1920,  according  to  the  December  issue  of  Aera.  The 
company  operates  seven  16-passenger  buses  on  routes  which 
serve  as  feeders  to  the  railway.  Only  five  buses  are  in  reg- 
ular operation,  the  others  being  held  in  reserve  for  emergen- 
cies. The  cost  of  the  five  buses  was  $12,930,  and  the  total 
miles  operated  during  the  above  period  was  66,183,  The  cost 
of  operation  for  the  7  months,  according  to  a  statement  of 
tlie  company,  was  as  follows: 

Total 

Driv  -IS    $  5,366.30 

Tiros     980..*4 

Oa.soline*     3,593.14 

Oil     328.90 

iyaoor  for  repairs    2,056.42 

Materials  for  repairs    1,072.91 

Storage  rental   

Insurance: 
Liability     $630 .  00 


350.00 


Cost  per 

mile,  ct. 

8.12 

1.48 

5.42 

.4S 

3.11 

1.62 

.53 


Fire     52.78 


682.78 
152.00 
312.93 


1.06 


Taxes,  including  drivers*  licenses: 

Provincial  and   city   car  licenses 

General    expenses,    including    supervision,    ac- 
counting and   other  overhead  expenses 312.93  .47 

Total  of  above   expenses $14,896.22  22.52 

Depreciation     1.508.50  2.28 

Interest  on  investment  603.40  .91 

25.71 


Total    costs     $17,008.12 


"Gasoline  in  Winnipeg  cost  37  ct.   per  gallon  in  January  last,   47 
ct.  last  .June  and  in  October  51  ct. 
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Ignorance  of  Science 


III  these  (la.\s  whpn  the  colleges  are  being  criticised  from 
various  points  of  view  and  many  innovations  are  being  In- 
troduced into  education,  anything  that  throws  light  upon 
the  subject  should  be  welcome.  One  of  the  most  illuminat- 
ing criticisms  of  the  tailings  of  education  is  contained  in 
H.  C.  Wells'  recently  published  "Outline  of  History."  Mr. 
Wells,  as  is  well  known,  received  a  scientific  education  and 
believes,  as  Huxley  did  before  him,  in  the  need  for  leaven- 
ing the  old-time  classical  studies  with  a  considerable  pro- 
portion  of  well-taught   physical   science. 

It  is  in  his  account  of  Mr.  Gladstone  that  Mr.  Wells  as- 
sails the  old  pedantic  education  that,  in  spite  of  its  virtues, 
has  so  hampered  our  colleges.  Mr.  Wells  explains  the  old- 
time  classical  training  as  consisting  mainly  of  "the  study, 
without  any  archaeology  or  historical  perspective,  of  the 
more  rhetorical  and  'poetic'  of  the  Latin  and  Greek  classics." 
The  graduates  from  such  a  course,  continues  Mr.  Wells,  had 
no  vision  of  history  as  a  whole,  were  ignorant  of  the  ele- 
mentary ideas  of  biological  science,  of  modern  political,  so- 
cial and  economic  science  and  modern  thought  and  literature. 
Such  an  education  as  Mr.  Gladstone's  is  typical  of  that  of 
many  of  our  public  men,  lawyers  and  even  some  business 
men.  Mr.  Wells'  test  of  an  education  is  whether  it  enables 
one  to  interpret  correctly  the  life  around  him;  of  Mr.  Glad- 
stone he  says  that  he  never  attained  any  real  vision  of  the 
world  in  which  he  lived. 

For  instance.  "When  Mr.  Gladstone  was  taken  by  Sir  John 
Lubbock  to  see  Charles  Darwin,  he  talked  all  the  time  of 
Bulgarian  politics,  and  was  evidently  quite  unaware  of  the 
real  importance  of  the  man  he  was  visiting.  Darwin,  Lord 
Morley  records,  expressed  himself  deeply  sensible  of  the 
honor  done  him  by  the  visit  of  'such  a  great  man."  but  he 
offered  no  comments  on  the  Bulgarian  discourse."  Obviously 
this  Eton  and  Oxford  graduate,  intellectual  as  he  was  sup- 
posed to  be,  had  little  conception  of  the  world-moving  im- 
portance of  Darwin's  work  in  science.  Therefore,  reasons 
Mr.  Wells,  since  he  could  not  interpret  correctly  the  life 
around  him,  he  was  not  educated. 

Again,  Mr.  Gladstone  paid  a  visit  to  Faraday,  "the  English 
electrician,  whose  work  lives  wherever  a  dynamo  spins,  who 
is  in  the  airplane,  the  deep-sea  cable,  the  lights  that  light 
the  ways  of  the  world,  and  wherever  electricity  serve  our 
kind.  .  .  .  The  man  of  science  tried  in  vain  to  explain  some 
simple  piece  of  apparatus  to  this  fine  flower  of  the  parlia- 
mentary world.  'But,'  said  Mr.  Gladstone,  'after  all.  what 
good  is  it?'  'Why,  sir,'  said  Faraday,  doing  his  best  to  bring 
things  home  to  him.  'presently  you  will  be  able  to  tax  it.'  "  If 
Mr.  Gladstone  could  see  the  great  power-houses  and  elec- 
tric lines  today,  all  of  which  have  come  from  Faraday's  hum- 
ble experiments  of  a  century  ago,  he  would  see  "what  good 
it  is":  and  he  might  see  also  how  poorly  his  education  in 
what  Mr.  Wells  calls  rhetorical  literature  fitted  him  to  un- 
derstand the  progress  of  his  time. 

But  Mr.  Gladstone  is  not  the  only  prominent  man  who  has 
failed  to  do  justice  to  science  because  of  a  narrow  educa- 
tion. Our  own  Congress  hesitated  six  years  over  voting 
$.30,000  to  test  Morse's  telegraph,  even  after  he  had  dem- 
onstrated its  merits.  When  the  appropriation  was  being 
discussed,  one  Congressman  proposed  an  amendment  that 
half  the  money  be  given  for  an  investigation  of  mesmerism. 
When  the  vote  was  taken  on  the  original  motion  (the  amend- 
ment having  been  defeated),  it  carried  by  only  S9  to  83. 
Morse  meanwhile  had  nearly  starved  to  death,  after  vainly 
trying  to  get  European  nations  to  buy  his  invention. 

Coming  down  to  the  present,  it  is  not  difficult  to  see  simi- 
lar blindness  to  the  importance  of  science  by  men  trained 
to  the  old  classical  standards.  Congress  still  votes  huge 
appropriations  for  more  or  less  useless  projects,  while  cut- 
ting to  the  minimum  any  sums  devoted  to  engineering  or  to 
scientific  research.  When,  occasionally,  large  amounts  are 
voted  for  necessary  engineering  undertakings,  men  un- 
trained in  science  are  as  likely  as  not  to  be  put  in  charge. 
Engineers  and  technologists  employed  by  the  national,  state 
and  municipal  governments  are  given  as  little  authority  as 
possible,  and  are  paid  salaries  astonishingly  small  com- 
pared with  what  Government-employed  lawyers  and  pub- 
licists are  paid. 

One  of  the  most  striking  examples  of  lack  of  knowledge 
of  science  is  in  our  newspapers  and  general  magazines.  Re- 
porters with  almost  no  understanding  of  science  are  assigned 


to  write  accounts  of  scientific  Importance,  and  the  way  in 
which  they  garble  the  facts  and  falsehoods  they  pick  up  is 
a  disgrace.  The  apportionment  of  space  in  the  newspapers 
further  emphasizes  the  prevailing  ignorance  of  science 
among  men  who  have  received  the  traditional  arts  educa- 
tion. Half  a  page  is  devoted  to  a  murder  or  a  scandal,  or 
even  to  a  wedding  or  a  society  rumor,  whereas  a  tiny  para- 
graph in  the  lower  corner  has  to  do  for  an  important  scien- 
tific discovery. 

It  is  interesting  to  observe  how  ignorant  people  in  gen- 
eral are  when  a  scientific  matter  is  mentioned.  Speak  in 
the  ordinary  club  or  at  a  general  social  gathering  some  such 
term  as  "organic  acid"  or  "fuselage"  or  "metallurgy,"  and 
notice  the  blank  looks  that  follow.  As  Herbert  Spencer 
pointed  out.  the  customary  education  that  most  people  re- 
ceive makes  them  more  anxious  to  pronounce  correctly  some 
word  of  merely  literary  significance,  such  as  "Iphigenia"  or 
"Don  Quixote"  or  "L'Allegro."  than  to  understand  the  scien- 
tific phenomena  among  which  they  live.  Listen  to  the  re- 
marks of  the  average  citizen  as  a  street  car  passes  a  bridge 
under  course  of  construction,  or  when  the  composition  of 
the  latest  anarchist  bomb  is  discussed.  In  spite  of  all  the 
books  on  science  available,  and  all  the  science  courses  in 
our  schools  and  collegs,  the  average  citizen,  like  the  lawyer 
and  the  reporter  and  the  public  man,  is  astonishingly  ig- 
norant of  science  and  engineering. — Editorial  in  Chemical 
and  Metallurgical  Engineering. 


Labor  Assumes  a  New  and  Constructive 
Attitude 

Taking  the  statements  of  Matthew  Woll,  vice-president  of 
the  American  Federation  of  Labor,  as  representing  the  atti- 
tude of  organized  labor  which  has  crystallized  out  of  the  past 
few  years  of  unprecedented  unrest,  it  appears  that  the  ef- 
forts of  the  engineers  on  the  particular  problem  (relations 
of  capital  and  labor),  mentioned  above,  as  a  part  of  the 
program  of  American  Engineering  Council,  will  be  most 
welcome  to  the  workers  of  the  nation.  Mr.  Woll 
indicates  that  labor  is  now  ready  to  co-operate  in 
any  and  every  way  to  increase  production  and  he  commends 
specially  the  work  of  efficiency  engineers  and  others  who 
have  been  trying  through  scientific  analysis  to  make  each 
man's  efforts  count  for  more.  This  appears  to  be  a  change 
in  attitude  which  is  wholesome  and  from  which  there  should 
be  untold  benefit  to  the  entire  community.  It  is  an  attitude, 
of  course,  which  is  nothing  more  nor  less  than  should  be  ex- 
pected from  a  disinterested  consideration  of  how  each  man 
may  make  the  most  of  his  opportunities  in  whatever  capacity 
he  finds  himself,  but,  frankly,  this  has  not  been  the  apparent 
attitude  of  organized  labor  on  this  subject  in  the  past.  Mr. 
Woll  has  been  accused  of  being  an  opportunist,  but  this 
stand,  we  hold,  is  so  patently  clear  and  logical  that  to  up- 
hold it  can  serve  no  temporary  purpose,  but  must  result,  if 
maintained  with  any  self-respect,  in  real  advancement. 

Engineers  should  be  particularly  pleased  to  find  that  their 
work  of  years  is  commencing  to  bring  fruit  in  a  most  gratify- 
ing manner.  Mr.  Hoover,  as  the  newly  elected  president  of 
the  American  Engineering  Council,  mentioned  this  subject 
the  day  after  Mr.  WoU's  declaration,  and  Immediately  rec- 
ognized the  added  opportunity  thus  thrown  open  to  the  en- 
gineers in  their  efforts  to  work  for  better  economic  and  social 
conditions  in  this  country. 

Electric  railways  have  always  had  certain  difficulties  in 
this  line  and  have  faced  labor  problems  more  complex  than 
in  most  other  industries.  If  the  engineer,  the  scientlflc 
analyst,  can  be  accepted  by  both  labor  and  capital  as  the 
proper  person  to  undertake  the  task,  he  can  be  of  service 
which  -will  prove  invaluable  to  railway  properties  in  working 
toward  more  efficient  operation,  in  providing  better  service 
to  the  community  and  in  improving  the  general  relations  be- 
tween capital   and  labor. 

It  may  be,  as  the  New  York  Times  says  editorially,  that 
Mr.  Hoover  may  "bring  Mr.  Gompers  to  accept  engineers  as 
a  golden  bridge  between  labor  and  capital." — Editorial  in 
Electric  Railway  Journal. 

35,132  Students  at  Engineering  Schools  in  1920.— Statistics 
collected  by  the  Institute  of  Public  Service,  New  York  City, 
show  that  in  1920,  65  engineering  colleges  in  this  country 
had  a  total  of  35.132  students.  In  1917  these  colleges  had 
22,695  students  and  In  1914  21,419 
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Methods  and  Plant  for  Excavation 

for  Substructure  of  New  York 

County  Court  House 

The  new  $:iO,000,OnO  Court  house  for  the  County  of  New 
York  is  located  on  Center  St.,  New  York  City,  a  few  hundred 
feet  from  the  great  municipal  building.  The  buildings  for- 
merly occupying  this  site  were  taken  down  several  years  ago. 
During  the  intervening  period  between  that  time  and  the 
present  a  quantity  of  ashes  were  dumped  into  the  open  cel- 
lars resulting,  from  the  razing  of  the  old  buildings.  During 
the  war  the  United  States  government  used  this  area  as  a 
naval  encampment. 

The  excavation  undet  this  contract  therefore  consisted  of 
several  classes:  Miscellaneous  for  a  depth  of  about  10  ft.; 
masonry    foundations    amounting   to    several    thousand    cubic 


The  first  shovel  made  a  fflll-length  cut  across  the  width  of 
the  lot,  traveling  west  on  the  east  and  west  center  line.  The 
cut  was  about  ?,(i  ft.  wide  and  10  ft.  deep,  and  at  the  farther 
end  the  shovel  turned  and  came  back  to  the  starting  point, 
widening  the  cut  as  it  advanced.  As  soon  as  possible  the 
other  steam  shovels  were  installed  in  the  cut  at  the  same 
level,  working  out  from  the  ('enter  to  the  edges  of  the  exca- 
vation, which,  in  general,  were  allowed  to  take  a  natural  slope 
within  the  limits  of  the  excavation. 

While  three  shovels  were  thus  employed  in  completing  the 
first  lift,  the  other  shovel  made  a  full-length  through  cut  on 
the  second  lift,  where  it  was  followed  by  the  other  shovels, 
which  excavated  in  the  same  manner  as  for  the  first  lift,  and 
all  proceeded  to  the  third  lift,  completing  the  main  excavation 
down  to  elevation  —  8.0,  about  2(!  ft.  below  the  surface  of  the 
street  and  10  ft.  below  ground-water  level. 

The  shovels  delivered  directly  into  a  fleet  of  forty-five  5-yd. 
elevating  automobile  dump  trucks  that  followed  each  other. 


{ 


General   Excavation   Nearly   Completed.     Concrete    Plant    inst.iiiation 

oackcj 

yards;  and  an  underlying  stratum  of  well-graded  sand  below 
the  old  cellar  levels. 

Due  to  water  being  reached  at  elevation  +  2.0,  a  great  deal 
of  pumping  has  been  required  to  successfully  carry  the  ex- 
cavation down  to  elevation  —  11 .75,  the  sub-grade  of  the  founda- 
tion rings  of  the  new  court  house.  The  quantity  pumped 
has  averaged  about  3.500.000  gal.  per  24  hours. 

The  entire  excavation  is  approximately  about  500  ft.  long, 
320  ft.  wide  and  about  30  ft.  deep,  and  required  the  removal 
of  94,000  cu.  yd.  of  material. 

The  mnsonry  included  in  this  contract  consists  of  founda- 
tion rings,  the  sub-basement  floor  and  the  exterior 
walls  extending  up  to  street  grade.  The  concrete  amounts 
to  about  19,000  cu.  yd.,  which  was  mixed  and  placed  entirely 
with  power  plant.  This  work  will  be  described  in  our  Jan. 
26  issue.  The  contract  for  the  sub-structure  was  awarded 
Aug,  15.  lJ>2n.  to  Rodgers  &  Hagerty,  Inc.,  New  York  City,  for 
about  $2,000,000. 

Excavation  was  done  entirely  by  steam  shovels,  two  of  which 
were  immediately  installed,  and  the  others  following  as  soon 
as  was  practicable.  Three  of  them  were  of  the  revolving 
type  with  1-yd.  buckets.  They  were  manufactured  by  the 
Bucyrus,  Marion,  Osgood  and  Thew  companies. 


commenced    at    Left    and 
round. 


Center.       Ratnp   for   Trucks    is    Shown    ir» 


closely  forming  a  continuous  line  passing  the  shovel,  receiv- 
ing the  load  and  giving  way  to  the  next  truck,  so  as  to  keep 
the  shovels  busy  with  very  little  loss  of  time. 

When  operations  were  commenced  a  ramp  of  solid  earth 
was  left  at  the  east  end  of  the  pit  for  the  entrance  and  exit 
of  the  trucks,  and  a  hoisting  engine  was  installed  at  the  top 
of  the  ramp  to  haul  out  the  loaded  trucks.  When  the  sec- 
ond lift  of  the  excavation  was  commenced,  there  was  con- 
structed on  the  south  side  of  the  pit  another  ramp  with 
wooden  flooring  and  falsework  trestle  bents,  which  was  main- 
tained for  trucking  spoil  from  the  second  and  third  lifts  of 
the  excavation  and  from  subsequent  pits,  and  permitted  the 
removal  of  the  earth  in  the  first  ramp.  Although  the  sand 
from  the  upper  part  of  the  excavation  was  coarse  and  sharp 
and  well-suited  for  concrete,  it  was  not  accepted  for  this 
purpose  and  was  all  hauled  about  1%  miles  and  dumped  into 
scows  at  piers  on  both  East  and  Hudson  rivers. 

Although  there  was  considerable  clearance  between  the 
bottom  of  the  excavation  and  the  margin  of  the  street,  enough 
generally  to  provide  a  1  on  H  slope  of  material  as  it  was  left 
by  the  steam  shovel,  it  was  thought  best  to  run  no  risk  of 
caving  in  of  the  bank  or  undermining  or  settlements  in  the 
streets,  and  the  sides  of  the  pit  were  protected  by  a  sheeting 
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of  Lackawanna  steel  sheet  piles  20  to  22  ft.  long,  driven  mid- 
■way  of  the  slope  at  about  the  bottom  of  the  first  lift,  to  a 
penetration  of  2  or  3  ft.  below  sub-grade.  These  formed  in 
all  a  total  of  about  900  lin.  ft.  of  retaining  wall  and  were 
driven  at  the  rate  of  about  20  sheet  piles  per  day  by  a  Mc- 
Kiernan-Terry  steam  hammer.  The  piles  were  driven  before 
the  final  lift  was  excavated. 

The  large  amount  of  ground  water  encountered  necessi- 
tated vigorous  pumping  after  commencement  of  excavation 
in  the  second  lift.  Accordingly  an  18xl8-ft.  sump  lined  with 
wooden  sheet  piles,  and  excavated  by  a  1-yd.  clam-shell 
bucket  operated  by  a  derrick  boom,  was  driven  down  to  about 
3  ft.  below  sub-grade  and  over  it  there  was  built  a  shelter  in 
which  were  installed  two  Kingsford  centrifugal  pumps,  10-in. 
suction,  one  Kingsford  centrifugal  8-in.  suction,  one  Lawrence 
centrifugal  6-in.  suction,  one  Lawrence  centrifugal  4-in.  suc- 
tion, and  two  10-in.  Cameron  steam  pumps,  all  centrifugal 
pumps  being  electrically  driven. 

From  the  sump  six  shallow  radial  trenches  50  to  150  ft. 
loug  were  dug  and  in  them  were  installed  sections  of  spiral 
riveted  18-in.  pipe  which  received  the  drainage  from  the  lat- 
eral ditches  reaching  to  all  parts  of  the  excavation  and  closely 
following  the  steam  shovels,  in  which  were  laid  ordinary  tile 
drains  This  system  was  easily  shifted  as  the  work  advanced 
and  kept  the  ground  dry  enough  to  support  the  steam  shovels 
without  difficulty.  When  the  excavation  had  been 
completed  to  sub-grade  a  similar  system  of  drains 
was  permanently  installed  below  the  level  of  the 
footings  and  the  ends  of  the  drains  were  closed 
and  covered  by  stone  and  gravel  which  freely  ad- 
mitted the  water  and  prevented  the  accumulation 
of  earth  and  sand  that  might  stop  them  up.  The 
drains  were  thus  kept  open  so  that  the  water  was 
continually  taken  care  of  by  the  regular  pumping 
that  at  the  present  time  averages  about  3,000.000 
gal.  in  24  hours  and  has  been  in  the  earlier  part 
of  the  work  over  4,000^100  gal.  in  24  hours.  Such 
water  is  usually  handled  by  the  centrifugal  pumps 
alone,  keeping  the  two  steam  pumps  in  reserve  in 
case  of  emergency. 

General  excavation  was  carried  down  to  grade 
elevation  —  8.0.  about  26  ft.  below  the  surface  of 
the  street  and  about  S'i  ft-  above  the  bottom  of 
the  foundation  footings.  This  left  about  ,3.000  yd. 
of  excavation  still  to  be  made  for  the  footings,  pro- 
viding a  quantity  of  fine  sand  about  sufficient  to 
backfill  between  the  upper  part  of  the  footings  up 
to  the  level  of  the  bottom  of  the  sub-basement  fioor. 
Consequently  after  the  completion  of  the  general 
excavation,  two  of  the  steam  shovels,  a  Thew  and 
an  Osgood,  were  left  in  the  pit  to  handle  the  foot- 
ing excavation,  which  was  made  simultaneously 
with  the  placing  of  the  concrete  below  the  sub- 
basement  floor  and  was  arranged  as  much  as  pos- 
sible so  that  the  shovels  could  in  some  instances  excavate 
the  footing  trenches  and  pass  the  material  back  for  back- 
fill at  the  same  motion  of  the  Ripper,  thus  eliminating  re- 
handling  of  materials.  In  other  cases  the  spoil  from  the 
footing  excavation  was  piled  in  ridges  or  winrows 
parallel  to  the  footing  trenches,  and  afterwards  back-filled 
by  the  steam  shovel  after  the  completion  of  the  con- 
crete footing,  thus  in  both  eases  eliminating  the  necessity 
of  hauling  the  material  or  rehandling  it  with  derricks  and 
buckets. 


A  Study  of  the  Costs  of  Grading 

with  Elevating  Grader  and 

Wagons 

An  interesting  discussion  of  the  cost  of  grading  with  an 
elevating  grader  and  wagons  was  given  by  the  committee 
on  "Education  as  to  Costs"  of  the  Northwestern  Association 
of  General  Contractors,  in  a  preliminary  report  submitted  to 
the  association.  The  committee  consists  of  J.  C.  Baxter, 
chairman;  Day  Okes,  A.  C.  Dixon,  Peter  Nelson  and  E.  A. 
Studer.  The  report,  which  is  based  on  an  analysis  of  the 
costs  of  an  ideal  grading  job  done  under  ideal  conditions, 
follows,  the  text  being  reprinted  from  the  December  Bulletin 
of  the  Associated  General  Contractors  of  America: 

In  order  to  establish  a  basis  from  which  to  make  this 
study,  we  have  first  written  specifications  for  a  piece  of 
grading  work  which,  we  believe,  describes  work  that  for  ex- 
cellence and  desirability  is  never  actually  encountered  in 
the  field.  The  thought  being  that  our  membership,  after 
reading  this  specification  and  examining  our  study  of  the 
cost  of  doing  the  work  described  will,  if  they  approve  of 
the  cost  submitted  make  such  additions  thereto  when  con- 
sidering actual  work  on  the  ground  as  in  their  judgment  are 


The  Chicago  Good  Roads  Convention. — Among  the  sub- 
jects to  be  considered  at  the  congress  of  the  American  Road 
Builders'  Association,  at  the  Coliseum,  Chicago.  Feb.  9-12, 
are  the  following:  "Our  National  Road  Problems,"  "The 
Relation  of  the  Highway  and  Motor  Transport  Movement  to 
Education,"  "Highway  Improvement  in  New  England." 
"Highway  Transportation,"  "Types  of  Pavements,"  "The 
Ijocal  and  National  Importance  of  the  Lee  Highway;"  "Sub- 
grades."  "Recent  Developments  in  Road  Building,"  "I^ligh- 
way  Finance,"  "Relation  between  Highway  Engineers  and 
Contractors."  All  sessions  of  the  Congress  will  be  held 
in  the  convention  hall  of  the  Coliseum,  one  flight  above  the 
exposition  floor,  where  the  exhibits  of  road  building  ma- 
chinery, materials  and  methods  will  be  located.  The  congress 
and  the  exposition  will  be  open  at  all  times  to  those  inter- 
ested in  highway  improvement. 


Steam   Shovel   Back-filling   Around   Concrete   Foundations. 

required  to  make  the  estimated  cost  of  the  work  examined 
on  the  ground  sufficiently  great  to  cover  the  differences 
which,  in  their  judgment,  exist  between  the  actual  work 
under  consideration  and  the  ideal  piece  of  work  that  we 
have    described.       ' 

Specifications  for  the   Ideal    Elevating   Grader  Job. 

The  ideal  elevating  grader  job  shall  consist  of  the  exca- 
vation by  elevating  grader  and  the  haul  by  2-horse  wagons 
of  70,000  cu.  yd.  of  material  during  the  months  of  June,  July, 
August,   September  and   October. 

The  length  of  the  work  must  not  exceed  three  miles  and 
the  natural  surface  of  the  ground  shall  not  exceed  a  10  per 
cent  grade  longitudinally,  nor  an  S  per  cent  grade  trans- 
versely. The  average  haul  on  all  material  shall  not  exceed 
800  ft.,  and  the  rate  of  grade  on  the  finished  work  shall  not 
exceed  2Vi  per  cent.  The  ditches  shown  on  the  standard 
cross  section  for  finished  cuts  shall  not  exceed  8  ft.  in  width 
on  top,  nor  2  ft.  in  depth. 

The  material  to  be  excavated  must  be  such  that  a  No.  5 
railroad  plow  can  be  easily  drawn  by  two  1,400-lb.  horses: 
it  must  be  free  from  boulders  and  of  such  structure  as  to 
elevate  easily  and  pack  firmly  for  wagon  tracks.  The  cuts 
must  be  dry  and  free  from  stumps  and  roots,  and  the  area  on 
which  embankments  are  to  be  constructed  must  be  free 
from  swamps  and  stumps. 

The  work  must  not  be  interfered  with  by  traffic  or  old 
wagon    roads,   and   water   for   horses   and    camps   and   camp 
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sites    must    be    available    witlilii    oOO    ft.    of    the    center    line 
near  the  middle  of  the  worli. 

The   middle  of  the   work   must  not  be   greater   than   threo 
miles  from  a  railroad   station. 

Estimate  of  Cost  of  Ideal  Job. 
Outfit.— As  the  lirst  step  in  niakitiK  an  estimate  of  the  rost 
of  perf(>rminK  the  work  described  by  the  specifications  for 
the  ideal  elevating  grader  job,  it  will  be  necessary  to  deter- 
mine the  cost  of  an  outfit  suitable  for  carrying  on  such  a 
piece  of  work,  and  we  append  hereto  Schedule  "A,"  which 
is  a  detailed  estimate  of  the  present  cost  of  an  elevating 
grader  outfit  the  total  of  this  estimate  amounting  to  $22.- 
818. Of),  which  for  discussion  in  this  report  we  will  call  $2:?, 000. 
Depreciation. — Having  ascertained  the  cost  of  an  outfit 
for  carrying  on  the  work  under  discussion,  we  must  now 
arrive  at  an  annual  charge  to  cover  depreciation  and  obso- 
lescence, and  this  charge  must  be  sufficient  to  maintain  the 
contractor's  investment  in  the  outfit  at  its  original  figure. 
The  committee  has  had  the  privilege  of  hearing  several 
owners  of  team  outfits  express  their  opinions  on  this  sub- 
ject, and  has  discussed  the  matter  with  them,  and  we  be- 
lieve 20  per  cent  per  annum  to  be  a  proper  charge  to  make 
on  the  new  value  of  a  team  outfit  to  cover  depreciation  and 
obsolescence:  or.  in  this  case.  20  per  cent  of  $23,000,  or 
$4,600  per  annum. 

Interest.— The  amount  of  money  invested  in  an  outfit  is 
not  a  measure  of  the  total  capital  required  to  carry  out  a 
grading  contract,  as  the  contractor  must  have  available 
funds  for  moving  oij  to  the  work  and  for  carrying  on  the 
work  till  such  time  as  monthly  estimates  are  payable. 

The  committee  believes  that  for  the  piece  of  work  under 
consideration  the  contractor  should  have,  in  addition  to 
outfit,  available  financial  resources  amounting  to  $10,000, 
and  it  is  obvious  that  when  we  compute  the  interest  charge- 
able to  the  work  it  must  be  calculated  on  the  cost  of  the 
plant  plus  the  amount  of  ready  money  the  contractor  is  re- 
quired to  keep  on  hand.  In  this  case,  on  $23,000  plus  $10.- 
000,  or  $33,000,  interest  on  which  for  one  year  at  6  per  cent 
amounts  to  $1,960. 

Supervision. — We  must  now  discuss  the  earnings  ot  the 
contractor  himself,  and  we  will  assume  that  an  outfit  such 
as  we  are  discussing  is  owned  by  one  man,  and  that  where 
two  or  more  individuals  form  a  contracting  firm  a  propor 
tionately  greater  outfit  will  be  owned  and  operated. 

The  contractor  has  his  money  tied  up  in  the  outfit  and 
ready  cash,  and  the  interest  on  this  amount  could  be  ob- 
tained in  any  one  of  numerous  investments  while  the  man 
himself  was  employed  in  some  work  for  which  he  was  paid 
a  salary.  Consequently,  he  must  receive  a  reasonable  sal- 
ary as  part  of  the  cost  of  the  work  before  any  profit  can  be 
made,  and  we  believe  $2,500  per  annum  to  be  the  minimum 
,  amount  that  should  be  charged  to  the  work  to  cover  the 
salary  of  the  contractor. 

Taxes. — Taxes  are  another  item  that  must  be  charged  to 
the  work,  and  we  believe  that  $1.=;0  per  annum  is  sufficient 
to  pay  the  taxes  assessed  on  a  team  outfit. 

General  Expenses. — General  expenses  incurred  by  the  op- 
eration of  one  elevating  grader  outfit  seeiji  to  vary  greatly, 
but  from  information  we  received  we  believe  that  $l..=iOO 
per  annum  is  the  minimum  which  should  be  charged  to  the 
work  to  cover  office,  telephone,  traveling  expense,  storage, 
etc. 

Winter  Expenses. — Winter  expenses  of  a  team  outfit  are 
a  relatively  large  item,  and  our  estimate  of  the  cost  of  them 
is  made  from  data  furnished  by  team  outfit  owners. 

Under  the  terms  of  the  specifications  for  the  ideal  elevat- 
ing grader  job,  the  grading  outfit  is  to  work  five  months, 
and  consequently  it  will  be  idle  seven.  It  Is  assumed  that 
of  these  seven  months  the  horses  can  be  rented  in  the  woods 
for  3*4  months  and  will  be  idle  for  SVo  months.  On  this 
basis  the  cost  of  winter  expenses  would  be  as  follows: 

1  ■  20  tpams  in  the  woods  for  3H  months  (J25)   per 

I    team    $  1,960 

(  ,  ''ij^  '^n  te.Tms  for  3^4   months: 

Bam    ri!.l  '    v)    105   days r.25 

Two  barn  r  d.-iv  each)    105  days 1.050 

Feed  for  4(t  •■  ct.  per  day  per  horse)  10."i  days 2,620 

Totul  cost  ot  feadlne  stock  during-  idle  time %  4.025 

l.<>ss   tamings   in   woeds    1.9Rn 

X;t  cost  of  winter  expenses   %  2.0G5 

Bond. — The  cost  of  a  contractor's  bond  In  the  case  under 
consideration    will    approximate    $600. 

Freight. — The  cost  of  freight  to  and  from  the  work  based 


on   the   amounts   actually   paid  during  this  past  year   will   be 
about   $1,000,   and   that    figure   will    be   used    in   our   estimate. 

Moving.  -The  cost  of  moving  on  to  the  work  from  the  con- 
tractor's yard,  setting  up  camps,  and  upon  completion  of 
the  work  moving  back  to  the  contractor's  yard,  we  estimate 
8  days  at  $100  per  day:   total.  $800. 

Camp  Site. — Figures  submitted  to  us  indicate  that  $150 
is  about  the  average  cost  of  camp  site  rental,  and  that 
figure  will  he  \ised  in  our  estimate. 

Cook  House. — Under  present  conditions  when  charging  the 
Mages  of  cook  and  flunky  to  labor  expense,  and  assuming 
board  to  be  figured  at  $40  per  month  per  man,  a  team  outfit 
will  probably  lose  $100  per  month  on  the  cook  house. 

Automobile.  -Ford  automobiles  have  largely  taken  the 
idace  of  driving  horses  in  team  outfits,  and  we  have  included 
the  cost  of  a  Ford  machine  in  our  estimate  of  the  cost  of 
outfit.  This  machine  will  cost  about  $50  per  month  for  op- 
erating expenses. 

Running  Repairs.  -From  various  information  furnished  us 
by  the  owners  of  team  outfits,  it  appears  that  $200  per  month 
is  a  fair  average  of  the  cost  ot  running  repairs.  , 

Labor. — Estimated    cost    of    labor   for    operating    elevating-      | 

grader  outfit  for  one  month.     Rates  include  board  assumed       ' 

at  $40  per  month  per  man: 

1  Fcieniaii    %    265 

1  Timekeeper    • 140 

1  Cook 150 

1  Flunky    115 

1  Blacksmith 200 

1  Barn    man    140 

1  Machine     driver                       200 

1  Plow   man    240 

1  Push    car   driver                    140 

1  Gig   driver    .140 

1  Dump    man     190 

1  I^p.tiorer     -  125 

11  Ttamsters    at    $125 1,375 

si  lien.  Total $3,420 

Horse  Feed.— Estimated  cost  of  feeding  horses  for  elevat- 
ing grader  outfit  for  one  month: 

The  committe  makes  the  following  assumption  as  to  cost 
of  feed  and  amount  required  per  horse  per  day: 

Oats,    r)er  bushel    '59-^^ 

Hay,  p"er  ton    20.00 

Oats    per    horse    per    day,    one    bushel. 

Hay   per  horse   j.er  day,    35   lb. 

Cost  of  feeding  one  horse  one  day: 

1  bu.   of  oats,    65   ct.   per  bushel .-♦"■S? 

ns  m.  -of  hay,  1  ct.  per  lb ■3-i    ^ 

Cost  of  feeding  one  horse  one  day ■   i-"" 

40  horses  for  30  days,  1.200  horse  days;  1.200  horse  days  at  $1.  $1,200 

We  have  now  described  the  various  items  that  compose 
the  cost  of  operating  an  elevating  grader  outfit  and  will  pro- 
ceed to  summarize  them. 

SUMMARY   OF   COST    OF   IDEAL    JOB. 

Depreciation    %  ^'S'S 

Interest     1.980 

Supervision •••     ^'?2S 

Taxes ,  EnS 

General   expense    i'ni? 

Winter    expenses    ^'9§„ 

Bond    ,o$0 

Freight    LMO 

Moving  on  and  off  work    jOU 

Camp   site    JJO 

Cook  house,  five  months  at  $100 500 

Automobile  expense,  five  months  at  $50 250 

Running  repairs,  five  months  at  $200 1,000 

Labor,  5  months  at  $:;,42f.  '^''•Vvi 

Industrial  insurance.  .'!  per  cent  on  $17  lOO. ...         513 
Horse  teed,   five   months  at   $1,200 6,000 

Total   annual   cost    $40,708 

Dividing  this  amount,  $40,708,  by  70,000  cu.  yd.,  the  amount 
of  material  to  be  moved  in  the  five  working  months  provided 
for  in  the  specifications  under  discussion,  we  get  a  cost  per 
cubic  yard  of  almost  exactly  $0.58,  but  this  figure  for  the 
ideal  elevating  grader  job  includes  the  cost  of  300  ft.  of  over- 
haul on  every  yard,  and  as  your  committee  believes  that 
$0,015  per  cubic  yard  per  100  ft.  is  about  the  actual  net  cost 
of  overhaul,  we  should  deduct  3x0.015  or  $0,045  from  $0.58, 
making  $0,535  the  net  estimated  cost  per  cubic  yard  for 
performing  the  ideal  elevating  grader  job. 

Unit  Cost  of  Ideal  Job  Without  Profit. 
In   arriving  at   this   figure,    contingencies   have    been    neg- 
lected, and  we  believe  5  per  cent  should  be  added  to  the  net 
estimated  cost  to  cover  contingencies. 

Net  estimated  cost  per  cubic  yard   ^''•^'S 

Contmgencies.  5  per  cent  027 

Total   estimated   cost   per  cu.  yd $0,562 

This  figure  represents  what  in  the  opinion  ot  the  com- 
mittee is  the  lowest  cost  at  which   work,  such  as   we  have 
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clesci'ibsd  in  the  specifications  for  the  ideal  elevating  gi-ader 
job,  can  he  performed  under  the  prices  for  outfit,  labor  and 
feed  that  we  used  in  our  estimate,  and  we  wish  to  emphasize 
the  fact  that  the  total  estimated  cost  of  $0,562  per  cubic  yard 
has  not  had  added  to  it  any  amount  for  profit. 
»  Profit. 

The  cohimitte  has  discussed  at  some  length  the  amount 
that  should  be  added  for  profit  and  believes  it  cannot  recom- 
mend any  fixed  amount,  but  must  leave  the  determination 
of  it  to  the  individual  contractor.  In  this  connection,  how- 
ever, we  wish  to  go  on  record  as  recommending  that  profit 
added  should  never  be  less  than  10  per  cent,  nor  more  than 
20  per  cent  of  the  total  estimated  cost. 
Applying  the    Estimate. 

AVe  wish  to  impress  upon  our  members  that,  when  mak- 
ing use  of  this  report,  to  guide  their  estimates  of  the  cost 
of  any  proposed  work,  they  must  remember  that  work  on 
the  ground  will  seldom,  it  ever,  be  found  that  can  be  per- 
formed as  cheaply  as  the  work  we  have  described  under  the 
specifications  for  the  Ideal  elevating  grader  job;  that  each 
contractor,  when  he  uses  this  report,  must  first  revise  our 
figures  so  they  are  consistent  with  the  prces  for  outfit,  labor 
and  feed  in  effect  at  the  time  the  work  is  to  be  done,  and  then 
make  such  additions  to  the  cost  arrived  at  as  in  his  opinion 
are  necessary  to  cover  the  differences  between  the-  actual 
work  under  consideration  and  the  specifications  for  the 
Ideal  Elevating  Grader.  Job. 

.SCEIEDULE  "A"— ESTIMATED  COST  OF  ELEVATING  GRADER 

OUTFIT. 

l_only  Standard  Western   Elevator   Grader $1,828.60 

12— only  IV-  yd.  Western  Dump  Wagons  at  $263.05 3,156.60 

2_onIy  freight  wagons,  3^x12  skein  %x3  in.  tire,  6,000  to 

7,000  lb.  cap.,  at  $S86    572  00 

1 — only  t?-nk  wagon    285.00 

1 — only  12  in.  Western  blade  machine 1,650.00 

1 — only  Ford   touring   car    581.00 

40— only  horses   at    $225    0.000.00 

20— onlv  sets  harness  No.  425  J  2  at  $102 2.040.00 

2— only  stable  tents,  28x42  5  ft.  wall,  12  oz.  D.  F.  at  $400  800.00 

Managers   for   stable   tent    150.00 

1— only  kitchen  tent,  16x32  5  ft.  wall,  12  oz.  D.  F 2C0.00 

2— only  bunk  tents,  16x24  5  ft.  wail.  12  oz.  D.  F..  at  $200  400.00 

1— only  office  tent,  16x24  ft.  5  ft.  wall,  12  oz.  D.  F 200.00 

1 — onlv  ccok   outfit   for  25   men    553.45 

13— only  steel  bunks,  3  ft.  6  in.  x  6  ft.  3  in.,  D.  D.,  at  $9.2r, 

each     • 120.25 

26 — only  mattresses,  3  ft.  6  in.  x  6  ft.  6  in..  No.  3.  at  $4.35 

each     113.10 

26— onlv  5-lb.  pillows  at  $1.60  pair 20.80 

80— pair   common   I  lankets  at   $3.85 308.00 

1 — anlr  blacksmith    outfit    237.56 

Small   tools    84.04 

1 — only  No.  5    Western    plow    45.75 

2— only  No.  2V<,   Western  wheelers  at  $!12.35    184  70 

2 — onlv  No.  1  Fresno  scrapers   at    $38.85 77.70 

2— o.aly  No.  1  slip  scrapers  at  $15.50 31.00 

1 — only  Morman   scraper    18.50 

Lumber  for  blacksmith  shop,  etc 100.00 

$22,818.05 


Blasting  Rock  in  Built-Up  Sections 

By  JAMES  VENESS. 

I  find  that  many  contractors  hesitate  to  use  dynamite  for 
blasting  cellars  in  rock  if  other  buildings  are  near  by.  It 
is  my  opinion,  based  on  long  experience,  that  damage  to 
buildings,  and  especially  windows,  is  almost  always  caused 
by  loading  bore  holes  too  heavily  or  by  trying  to  break  up 
too  great  an  area  of  rock  In  a  single  blast. 

Of  course,  the  temptation  is  strong  to  put  down  a  num- 
ber of  holes,  connect  up  the  charges  in  series,  and  fire  simul- 
taneously to  get  the  cumulative  effect  resulting  from  that 
method  of  loading.  Of  course,  that  is  the  economical  way, 
the  time  saving  way,  the  way  that  should  be  adopted  when 
the  excavation  is  a  safe  distance  away  from  other  structures, 
but  otherwise  single-hole  shots  and  small  charges  should 
be  the  rule. 

At  the  Kent  School,  New  Milford,  Conn.,  the  cellar  was  to 
be  36  ft.  X  26  ft.,  and  7  ft.  deep.  Rock  extended  2  ft.  above 
the  ground;  that  is,  9  ft.  of  rock  excavation.  A  3-8tory  glass- 
front  building  stood  within  30  ft. 

Several  contractors  refused  the  job  because  of  the  risks. 
By  employing  the  following  simple  method,  I  got  away  with 
it  without  doing  a  cent's  worth  of  damage. 

Bore  holes  were  drilled  18  in.  deep  and  loaded  with  1% 
lb.  of  40  per  cent  ammonia  dynamite.  Charges  were  covered 
with  four  or  five  railroad  ties  chained  together  and  fired 
a  single  hole  at  a  time.  Only  70  lb.  of  dynamite  were  used 
on  the  job  which  was  completed  by  three  men  in  th^ee 
weeks. 


Feeders  for  Railroads 

A  paper  with  the  above  title  was  read  by  Mr.  C.  A.  Morse, 
Chief  Engineer  of  the  Chicago,  Rock  Island  &  Pacific  Rail- 
way Co.  before  the  American  Society  of  Mechanical  Engi- 
neers in  New  York  on  Dec.  9,  1920. 

The  paper  discusses  some  interesting  questions  which  in 
the  next  few  years  must  come  before  the  Interstate  Com- 
merce Commission,  the  railroad  managements  and  the  public 
for  settlement.  Mr.  Morse  is  to  be  especially  commended 
for  his  very  clear  presentation  of  facts  relating  to  the  econ- 
omy of  abandoning  many  of  our  short,  light  traffic,  branch 
line  railways,  for  it  is  believed  that  the  general  public  has 
been  slow  to  see  that  in  the  long  run  they  are  paying  a  heavy 
price  for  them,  a  price  out  of  all  proportion  to  the  benefits 
received. 

The  paper  follows,  very  nearly  in  full: 

Duplication  of  Service  by  Railways. — With  a  sane  and  com- 
mon sense  law  by  which  the  railroads  are  to  be  permitted  to 
earn  a  fair  return  on  the  money  invested  in  them,  and  the 
acknowledgment  that  the  public  must  pay  a  rale  that  will 
give  a  fair  return  on  the  investment,  it  becomes  the  duty  of 
the  Interstate  Commerce  Commission  and  the  railroad  man- 
agements to  make  a  study  of  the  situation  and  to  see.  first, 
that  adequate  facilities  are  provided  to  give  the  public  the 
best  transportation  possible  and,  second,  to  see  that  this  is 
done  at  the  least  cost  to  the  public. 

In  the  past,  due  to  unrestricted  competition,  many  facili- 
ties have  been  duplicated,  such  as  tracks  from  two  or  more 
railroads  into  the  same  industry;  branches  of  two  or  more 
railroads  running  side  by  side  where  one  railroad  would  do 
double  the  business  done  by  all.  The  public  should  not  have 
to  pay  the  cost  of  maintenance  and  upkeeep,  the  cost  of  op- 
eration and  interest  on  the  investment,  of  duplicate  property 

There  are  many  branch  lines  less  than  50  miles  in  length 
that  were  built  to  control  the  territory  on  either  side  of  a 
main  line.  In  some  cases  there  is  another  trunk  line  75  to 
125  miles  away,  running  practically  parallel,  and  both  rail- 
roads have  built  branch  lines  down  to  about  half  way  to  the 
other  line,  in  many  cases  on  an  agreement  on  a  division  of 
territory. 

These  were  built,  as  a  rule,  in  the  days  when  there  were 
ordinary  dirt  wagon  roads  and  all  teaming  was  done  with 
animals.  Today,  with  the  advent  of  the  automobile  and  motor 
truck,  have  come  the  so-called  "Good  Roads";  some  of  these 
are  gravel  surfaced,  some  macadamized,  while  many  are  what 
are  termed  hard  surfaced  roads  with  a  roadway  of  concrete. 
The  result  of  these  roads,  where  built,  is  that  passenger 
automobiles  can  travel  25  to  50  miles  per  hour  and  motor 
trucks  loaded  with  produce  or  goods  can  travel  15  miles  per 
hour,  or  practically  at  the  same  speed  as  branch  line  pas- 
senger and  freight  trains,  and  in  all  kinds  of  weather. 

The  Motor  Vehicle  in  Competition  of  the  Railway. — With 
the  invention  of  the  steam  engine  and  its  application  to  the 
vehicle,  by  which  wagons  could  be  propelled  by  steam  power 
instead  of  by  animal  power,  came  the  introduction  of  the  rail 
on  which  to  run  the  wheels,  the  rail  being  supported  in  dif- 
ferent ways  to  preserve  a  level  and  smooth  roadway.  This 
crude  power  driven  wagon  which  had  sufficient  power  to 
haul  one  or  more  trailers  has  gradually  developed  into  the 
powerful  steam   locomotive  of  the  present  day. 

Later  came  the  application  of  electricity  as  a  means  of 
power  and  the  development  of  the  electric  locomotive.  Both 
steam  and  electric  locomotives  are  very  expensive  and  they 
have  to  be  very  heavy,  as  they  must  haul  a  long  train  to  be 
economically  operated  and  they  depend  on  adhesion  to  permit 
them  to  develop  tractive  power.  The  increase  in  the  weight 
of  the  locomotive  has  required  the  strengthening  of  the  road- 
bed and  track  on  which  it  is  operated. 

The  next  power  to  be  developed  was  the  gas  engine,  de- 
signed to  use  either  gas  directly  furnished  or  gas  produced 
by  volatilization  of  some  liquid,  such  as  alcohol,  naptha, 
gasoline  or  mineral  oil. 

With  the  introduction  of  the  gas  engine  came  the  develop- 
ment of  motors  of  less  weight  which  could  be  applied  to 
lighter  vehicles,  and  the  result  has  been  the  automobile  and 
motor  truck. 

The  comparatively  small  cost  of  these  motors  has  per 
initted  their  application  to  single  units  so  that  each  unit 
could  be  operated  independently.  With  the  light,  single  unit, 
power  driven  vehicles  no  rails  are  required;   all  that  is  nee- 
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essary  is  ;i  good,  smooth  surface  that  will  support  the  heav- 
iest truck. 

The  cheapness  of  Hu-  automobile  and  motor  truck  has  been 
such  that  their  use  has  increased  until  the  horse  is  fast  dis- 
appearing from  road  use.  The  almost  universal  use  of  these 
machines  has  made  it  necessary  to  provide  a  class  of  public 
roads  over  which  they  can  be  driven  safely  and  rapidly  in 
all  kinds  of  weather.  These  are  rapidly  being  constructed  all 
over  the  thickly  settled  portions  of  the  country. 

It  can  readily  be  seen  that  with  the  introduction  of  a  class 
of  locomotive  that  requires  no  rails  and  which  can  be  used 
by  the  public  at  large,  that  the  use  of  the  railroad,  within  the 
limits  of  the  practical  use  of  a  single  unit  of  transportation, 
must  become  less  and  less  as  good  roads  are  constructed. 

The  public  is  paying  for  the  good  roads,  they  own  the  auto- 
mobiles and  motor  cars,  and  now  under  the  Transportation 
Act  they  must  pay  for  the  maintenance  and  operation  and 
also  the  interest  on  the  value  of  the  branch  lines  of  railroads. 
In  many  localities  the  passenger  travel  on  the  railroads,  espe- 
cially on  slow  branch  line  trains,  has  been  reduced  .50  to  75 
per  cent,  due  to  the  automobile. 

It  the  public  were  required,  as  they  should  be,  to  pay  a 
rate  on  the  branch  lyie  that  would  pay  the  cost  of  upkeep, 
operation  and  interest  on  investment,  it  would  pay  as  much 
in  many  cases  as  it  costs  to  haul  the  freight  to  the  main  line 
by  motor  trucks. 

Branch  Lines  and  Improved  Highways. — The  public  are  go- 
ing to  be  required  to  pay  heavy  taxes  to  cover  cost  of  con- 
struction and  upkeep  of  their  good  roads.  Why  .should  they, 
in  addition  to  this,  be  obliged  to  pay  in  railroad  rates  the 
cost  o;'  upkeep,  operation  and  interest  on  the  cost  of  a  branch 
line  of  railroad  which  they  do  not  need,  as  with  a  good 
Iiard  surfaced  road  and  no  branch  line  of  railroad  someone 
would  operate  a  motor  bus  for  passengers  and  motor  ex- 
press for  less  than  truck  load  freight. 

.\  careful  study  should  be  made  of  branch  lines  of  rail- 
roads, and  where  there  are  "good  roads"  of  the  hard  sur- 
faced class,  over  which  the  business  now  handled  by  the 
railroad  can  be  handled  by  motor  trucks  and  buses,  the 
question  of  dismantling  the  branch  line  of  railroad  should 
be   given   serious   consideration. 

Branch  lines  were  formerly  cheaply  built,  at  from  $12.- 
000.00  to  $1.^,000,00  per  mile;  they  had  narrow  roadbeds,  light 
rail,  light  bridges  and  less  ties  per  rail  than  main  lines; 
they  were  equipped  with  locomotives^  that  had  become  too 
light  for  main  line  traffic,  but  handled  the  short  branch  line 
trains. 

With  the  constant  increase  in  the  weight  of  locomotives 
on  main  lines  for  the  past  1.5  years,  there  are  no  light  en- 
gines to  put  on  branch  lines,  and  the  result  is  that  what  are 
now  perhaps  light  main  line  engines  but  are  heavy  tor  branch 
line  service,  are  sent  to  the  branches. 

This,  and  the  rapid  increase  in  the  size  and  axle  load  of 
cars,  has  necessitated  the  strengthening  of  branch  lines  with 
heavier  rail  and  stronger  bridges;  more  ties  to  the  rail; 
wider  banks  and  cuts;  ballast  has  had  to  be  applied;  with 
the  result  that  the  $12,000  to  $15,000  branch  now  costs  $20,- 
000  to  $:i0.000  per  mile,  with  the  increased  interest  charge 
on  the  investment  and  the  increased  tax  on  the  public  to 
be  added  to  their  taxes  tor  good  roads. 

Replacement  of  Branch  Lines  by  Motor  Bus  Service. — The 
cost  per  ton  mile  for  transporting  freight  and  the  cost  per 
passenger  mile  on  the  short  branch  lines  are  far  more  than 
the  amount  received  by  the  railroad,  the  result  being  that 
the  revenue  from  main  line  business  must  be  enough  to  pay 
for  its  cost,  and  in  addition  must  be  enough  to  cover  the 
deficit  on  the  operation  of  the  branch  lines. 

It  many  of  these  lines  that  are  tributary  to  a  territory 
within  the  limits  of  auto  bus  and  auto  truck  service  could 
be  taken  up  and  abandoned,  it  would  mean  a  reduction  in 
the  cost  of  main  line  service.  Every  large  railroad  has 
many  branches  of  this  kind  which  are  simply  feeders  and 
do  not  reach  any  large  towns  or  connect  with  an  other  rail- 
road, which  could  be  taken  up  with  economy  to  the  public. 

Where  branch  lines  are  long  enough  that  they  cannot  be 
replaced  with  motor  service  and  do  not  connect  with  or 
cross  other  railroads,  there  should  be  a  rate  on  the  branch 
that  would  yield  an  amount  sufficient  to  cover  cost  of  upkeep 
and  operation,  and  to  pay  the  required  return  on  the  value 
ot  the  line,  as  by  this  means  the  main  line  rates  could  be 
reduced,  and  there  is  no  reason  why  the  public  at  large 
should  be  required  to  pay  an  increased  rate  to  provide  cheap 


rates,  cheaper  than  cost  to  produce,  on  a  branch  line  to  ac- 
commodate a  few  people.  This  is  discrimination  against 
the  many  in  favor  of  the  few,  but  it  is  one  of  the  things  that 
has  been  going  on   in  this  country   for  years. 

In  considering  the  question  of  abandoning  a  branch  line, 
the  first  question  that  comes  to  the  mind  ot  \he  railroad 
man  is  how  about  the  capital  charge.  Capital  account  would 
have  to  be  credited  with  the  book  value  of  the  line  aban- 
doned, and  operation  charged  with  the  same  less  salvage, 
but  this  would  be  saved  in  direct  outlay  in  a  period  of  about 
live  years  and  should  be  distributed  over  such  a  period. 

After  a  careful  survey  of  the  situation  on  each  railroad 
the  useless  branch  lines  should  be  listed  and  a  program 
made  up  to  cover  a  period  of  five  to  seven  years,  at  the 
end  of  which  period  they  would  all  be  up  and  charged  to 
operation,  and  capital  account  on  which  the  public  must  pay 
a  return  would  be  reduced  that  much,  and  in  addition  the 
public  would  be  relieved  of  the  cost  of  operation,  mainte- 
nance and  taxes  on  those  lines. 

With  the  completion  ot  such  a  program  there  would  be  a 
large  reduction  in  investment  in  these  useless  branch  lines, 
which  would  go  a  long  way  toward  taking  care  of  the  in- 
vestment necessary  in  the  construction  of  lines  that  are 
retiuired  to  develop  new  territory. 

Branch  lines  are  a  necessity  and  it  should  not  be  under- 
stood that  any  attempt  is  being  made  to  belittle  their  im- 
portance, but  the  transformation  that  is  constantly  going 
on  in  large  cities  in  connection  with  the  suburban  train  serv- 
ice, by  which  stations  near  the  center  of  the  city  are  aban- 
doned, due  to  rapid  transit  on  elevated  railroads  or  subways, 
furnishing  as  good  or  better  facilities,  is  also  taking  place 
where  short  branch  lines  are  being  operated,  where  the  busi- 
ness can  be  taken  care  of  as  well,  if  not  better,  by  motor 
cars  on  hard  surfaced  wagon  roads. 

The  business  of  the  country  is  constantly  growing  and  it 
should  be  handled  by  whatever  method  gives  the  best  service 
and  the  lowest  rate   to  the  public. 

Some  Advantages  from  Abandoning  Branch  Lines. — The 
abandonment  of  short  branch  lines  of  railroad  and  the  de- 
livery of  freight  at  main  line  stations  means  an  increased 
use  of  cars,  as  a  car  sent  to  a  branch  line  station  means,  as 
a  rule,  a  day  going' and  a  day  returning  to  the  main  line, 
which  is  two  car  days  lost  for  each  car,  which  will  be  saved 
if  the  car  is  loaded  at  a  main  line  station.  The  abandon- 
ment of  tlisse  branch  lines  will  do  away  with  a  lot  ot  small 
mechanical  terminals,  which  are  expensive  to  maintain,  also 
with  men  employed  as  station  agents  and  helpers  on  the 
branch  lines,  and  it  will  increase  the  force  at  many  main 
line  stations,  whei'e  better  supervision  can  be  given  to  their 
work. 

Tracks  built  to  a  single  industry  should  be  owned  by  the 
industry  served  and  they  should  pay  all  cost  of  upkeep  and 
all  cost  of  operating  the  track,  the  latter  as  a  switching 
charge  that  will  cover  the  cost.  Tracks  that  lead  to  several 
industries  should  be  limited  to  a  single  industrial  track, 
v/Iiich  should  be  operated  by  one  railroad  and  all  expense  of 
upkeep  and  operation  should  be  paid  by  the  industries  served 
by  the  line. 

I..  C.  L.  freight  should  be  collected  for  all  railroads  at 
the  various  stations  in  the  city  and  should  be  taken  to  a 
central  point  by  one  railroad  or  terminal  company,  and  there 
made  up  into  carloads  and  billed  over  the  railroads  to  which 
it  is  assigned.  The  cost  of  this  service  should  be  kept  sep- 
arate and  added  to  the  carload  rate  from  the  consolidation 
point. 

Those  desiring  to  deliver  L.  C.  L.  freight  to  the  point  of 
consolidation  by  motor  truck  would  save  this  special  charge 
for  collecting  the  L.  C.  Ij.  freight. 

The  whole  matter  should  be  analyzed  and  worked  out  so 
that  those  getting  special  service  pay  for  that  service,  and 
those  who  do  not  use  the  special  service  but  perform  a  part 
ot  it  themselves  should  not  have  to  particpate  in  the  cost 
of  this  special  service. 

In  the  effort  to  compel  the  reduction  of  rates,  both  the 
Federal  and  State  regulatory  bodies  have  encouraged  the 
idea  that  the  heavy  traffic  main  lines  were  able  to  handle 
traffic  so  cheap  that  they  should  absorb  the  losses  due  to 
rates  being  too  low  on  the  branches,  and  to  throw  the  whole 
line  into  a  "jackpot"  and  strike  an  average  ot  the  whole 
thing. 

In  former  times  a  differential  often  existed  and  branch 
lines   had   higher  rates   than   main   lines.     Many   lines   have 
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been   detpched   during  a  receivership   and   in   order   to   exist 
as  an  independent  line  they  had  to  have  higher  rates. 

Now  that  it  has  been  decided  that  the  railroads  shall 
have  rates  that  will  pay  the  cost  of  production  of  transpor- 
tation, this  cost  should  be  allocated  as  far  as  possible  and 
the   cost   paid   by  those   getting   service. 

With  the  special  service  paid  for  separately  it  will  permit 
of  a  reduced  rate  for  main  line  service  from  terminal  to 
terminal,  or  from  intermediate  stations  to  terminals,  which 
1.S  what  the  vast  majority  of  the  people  use.  It  will  givfe 
the  same  saving  that  is  made  by  the  cash  store  that  runs 
no  delivery  wagons.  Why  make  the  many  pay  for  special 
privileges  for  the  few. 

The  more  dense  the  traffic  on  a  given  line  of  railroad  the 
cheaper  it  can  be  moved  per  ton  mile.  A  railroad  line  will, 
under  present  conditions,  with  the  advent  of  the  auto  and 
truck,  secure  all  of  the  business  within  50  miles  on  either 
side. 

In  the  western  portion  of  the  country  there  are  large  areas 
that  are  not  within  50  miles  of  a  railroad,  where  the  quality 
of  the  land  is  just  as  good  as  that  adjacent  to  the  railroad, 
but  which  is  not  cultivated  for  lack  of  transportation  facili 
ties. 

Feeder  Lines  into  Undeveloped  Territory. — There  are  many 
long  lines  of  railroad  which  have  not  been  provided  with 
branch  lines  and  on  which  the  business  is  light,  which  could 
have  a  greatly  increased  traffic  and  at  the  same  time  assist 
in  the  development  of  the  country  if  they  would  build  feeder 
lines  out  into  this  undeveloped  territory. 

The  lack  of  return  on  investments  in  railroads  during 
the  past  10  years  has  prevented  these  railroads  from  se- 
curing the  money  with  which  to  develop  the  territory  that 
naturally  belonged  to  them,  with  the  result  that  the  cost 
per  ton  mile  has  been  much  more  over  these  lines  than  they 
would  have  been  with  a  proper  system  of  feeders. 

Some  of  the  more  prosperous  railroads  have  systematically 
constructed  feeder  lines,  and  their  prosperity  under  the  ad- 
verse conditions  was  largely  due  to  this  policy  having 
been  carried  out  for  a  number  of  years  previous  to  the 
strenuous  years  just  previous  to  the  war. 

With  the  requirements  of  the  Transportation  Bill  that  the 
Interstate  Commerce  Commission  shall  pass  upon  all  new 
extensions,  railroads  that  have  undeveloped  territory  ad- 
jacent to  their  lines  w^iich  will  warrant  the  construction 
of  feeder  lines  and  increase  their  main  line  business,  thus 
reducing  the  cost  per  ton  mile  of  all  business  over  the  main 
line,  should  apply  to  the  Interstate  Commerce  Commission 
for  authority  to  construct  such  lines  and  for  a  freight  and 
passenger  rate  over  the  new  lines  that  will  pay  the  proper 
return  on  the  investment  and  the  cost  of  maintenance  and 
operation  of  the  line. 

With  the  development  of  the  country  along  a  new  line  the 
business  will  increase,  which  will  permit  a  gradual  reduc- 
tion in  rates. 

Suggestions  on  the  Construction  of  Feeder  Lines.— In  the 
construction  of  such  lines  they  should  be  located  on  the 
best  grade  line  that  the  country  affords,  but  in  the  begin- 
ning there  should  be  inserted  heavy  grades  and  sharp  curva- 
ture where  it  will  make  a  decided  saving  in  first  cost;  sec- 
ond-hand rail  and  obsolete  and  non-standard  switch  stands, 
Irogs,  etc.,  on  hand  by  the  store  department  should  be  used; 
station  buildings  of  as  cheap  a  class  as  possible  should  be 
constructed,  exemption  of  taxes  for  five  years  should  be  se- 
cured from  counties  through  which  line  is  to  be  built  and 
everything  should  be  done  that  will  decrease  the  first  cost 
so  that  the  rates  can  be  made  as  low  as  possible  while 
business  is  being  developed  along  the  new  line. 

Later,  when  the  business  has  developed  and  earnings  will 
permit,  the  class  of  structures  can  be  improved,  and  should 
the  line  eventually  be  extended  and  become  a  main  line  the 
heavy  grades  and  sharp  curvature  can  be  taken  out  at  com- 
paratively small  expense. 

In  general,  in  building  a  line  for  developing  the  country, 
spend  as  little  as  possible  to  provide  the  means  of  trans- 
portation at  as.  small  a  rate  as  possible,  waiting  for  devel- 
opment before  undertaking  to  make  the  line  of  standard 
construction. 

In  constructing  branch  lines  tthey  should  be  treated  as 
Independent  lines,  and  all  expenses  incurred  should  be 
fharged  to  them  and  not  absorbed  by  the  parent  line. 

It  has  been  the  practice  in  many  cases  in  the  past  to 
charge  but  a  nominal  freight  rate  on  material  for  these  lines 


and  to  make  no  charge  for  general  expenses,  interest  during 
construction,  services  of  general  officers,  etc.  This  should 
not  be  done  in  the  future,  as  if  these  expenses  are  not 
charged  to  the  new  line  they  have  to  be  absorbed  in  the 
operating  expenses  of  the  parent  line.  Each  branch  line 
should  carry  all  charges  for  labor  and  material  that  is  ex- 
pended in  connection  with  its  construction. 

The  same  methods  should  apply  in  maintenance  and  op- 
eration of  the  branch  lines;  all  labor,  material  and  freight 
for  use  on  branch  line  should  be  charged  to  it. 


A  New  Rail  Joint 

The  illustration  shown  below,  together  with  the  description, 
are  taken  from  a  recent  issue  of  the  Railway  Age. 

The  splice  bars  forming  this  joint  are  in  two  parts,  the 
outer  or  channel-shaped  part  which  engages  the  fishing'  sur- 
faces of  the  rail  and  a  smaller  bar  designed  to  fit  the  second 
fishing  surfaces  on  the  larger  bar.  The  larger  or  channel- 
shaped    bar   is    made    with    a   relatively    thin    web    which    is 


New   Rail  Joint. 

curved,  as  shown  in  the  drawing,  to  afford  considerable  re- 
silience for  the  purpose  of  spreading  the  two  flanges  of  the 
bar  apart,  as  may  be  necessary  to  obtain  the  proper  adjust- 
ment of  the  fit  against  the  fishing  surfaces  of  the  rail  and  to 
take  up  such  wear  as  occurs  in  these  contact  surfaces.  The 
agency  for  accomplishing  this  adjustment  of  fit  is  provided 
by  the  smaller  bars  of  the  joint  which,  when  forced  together 
by  tightening  up  the  bolts,  serve  to  force  the  channel-shaped 
bars  into  a  snug  fit,  not  only  against  the  fishing  surfaces  of 
the  rail,  but  also  against  a  considerable  portion  of  the  web. 

Another  feature  to  which  attention  is  drawn  by  the  manu- 
facturers of  this  splice  is  that  portions  of  this  joint,  such  as 
the  inner  bars,  may  be  renewed  independently  of  the  rest  of  the 
joint,  thereby  effecting  a  considerable  saving. 

Rail  joints  of  this  type  have  been  in  service  on  tracks  of 
the  Boston  &  Albany  R.  R.  over  a  distance  of  two  miles  for 
two  years  and  nine  months,  while  nine  other  roads  have  re- 
cently placed  orders  for  joints  of  this  kind  to  be  used  on  a 
mile  or  more  of  track,  each  for  further  tests. 


Educational  Plan  for  Railway  Employes.— The  Great  North- 
ern Railway  Section  of  the  American  Association  of  Engi- 
neers has  been  asked  by  G.  R.  Martin,  executive  vice-presi- 
dent of  the  Great  Northern  Ry,,  and  A.  H.  Hogeland,  chief 
engineer,  to  assist  in  outlining  and  developing  an  education 
program  for  employes  of  that  railroad.  The  executive  com- 
mittee of  the  section  is  collecting  information  and  working 
out  plans  for  a  course.  Professor  Frederic  Bass  of  the  Uni- 
versity of  Minnesota,  chairman  of  the  A.  A.  E.  Committee  on 
Education,  is  acting  in  an  advisory  capacity  to  the  com- 
mittee. 


Tractor  Show  at  Columbus,  O. — The  6th  annual  National 
Tractor  Show  will  be  held  at  Columbus,  O.,  Feb.  7-12,  under 
the  auspicies  of  the  National  Tractor  Show  Committee. 
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Mud-Cell  Dikes  and  Concrete  Re- 
taining Walls  for  Bank  Protection 

A  paper  by  Mr.  W.  C.  Curd  presented  before  the  American 
Society  of  Civil  Engineers  describes  at  some  length  an  im- 
prcvemcnt  made  under  his  direction  for  the  Natchez  &  South- 
ern Ry.  at  Natchez,  Miss.  The  work  began  in  1912  and  was 
I)lanned  so  as  to  extend  progressively  over  several  years; 
its  recent  successful  completion  came  well  inside  the  esti- 
mated cost.  The  following  is  abstracted  from  this  paper  as 
given   in   the   Railway   Review: 

Previous  to  1912  a  row  of  piles  was  driven  along  the 
water's  edge  but  this  proved  ineffectual  as  did  some  other 
schemes  used  so  that  bank  was  continually  being  lost. 

Following  the  severe  flood  of  1912,  an  examination  of  the 
location  was  made  and  so  much  of  the  bank  was  found  to  be 
lost  that  it  was  considered  imperative  to  take  steps  for  relief. 
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Fig.     1.— Completed     Pile     and     Mud-Cell     Dikes. 

Surveys  for  a  new  location  back  in  the  hills  were  made,  but 
the  estimated  cost  of  a  new  line  was  in  excess  of  $150,000.  It 
was  deemed  advisable,  therefore,  to  make  another  effort  to 
preserve  the  river-front  location,  which  could  be  done,  it  was 
thought,  at  considerably  less  expense  thap  that  required  for 
a  new  line. 

The  geologic  formation  of  the  Natchez  hills  consists  of 
well-defined  strata  of  clay,  sand,  and  a  deposit  locally  known 
as  conglomerate  of  iron  stone.  The  clay  forms  the  surface 
covering,  is  very  absorptive,  and  is  40  ft.  or  more  in  depth. 
The  sand  is  clean  and  coarse,  and  lies  between  the  clay  and 
the  conglomerate.  The  conglomerate  outcrops  slightly  above 
low  water  in  this  location.  It  is  dark  brown  in  color  and 
appears  to  have  been  deposited  in  a  molten  state.  It  is  very 
hard  and  brittle,  and  where  it  is  of  any  thickness  satisfactor- 
ily resists  erosion.  Investigation  showed  that  it  lies  in  sev- 
eral layers,  each  separated  by  a  light  colored  clay  also  of  a 
quality  not  easily  eroded. 

The  sand  stratum  being  exposed  along  its  vertical  face  was 
continually  being  ground  away  by  the  action  of  the  elements. 
The  clay  was  thus  undermined  and,  when  saturated  by  rain- 
fall, would  break  off  in  large  pieces  and  slide  to  the  foot  of 
the  bank,  carrying  with  it  large  quantities  of  the  surrounding 
material.  Very  frequently  after  the  slides  occurred  the  fallen 
materials  would  take  a  natural  slope  at  the  foot  of  the  hill, 
which  for  a  time  prevented  further  sliding  or  breaking  away 
at  the  top.  However,  the  lapping  of  waves,  created  by  pass- 
ing boats,  soon  carried  away  the  toe,  and  the  slides  were 
repeated.  During  high  stages  of  the  river,  at  a  gage  of  about 
35  ft.,  direct  currents  would  always  set  in  and  cause  a  rapid 
loss  of  bank. 


The  previous  loss  of  so  much  bank  made  it  apparent  that 
the  correction  of  the  difliculty  lay,  not  only  in  preventing 
further  erosion,  but  in  a  restoration  of  the  toot  of  the  bank, 
so  that  a  toe  might  be  formed  and  a  slope  worked  back  to 
the  brow  of  the  hill.  Material  was  scarce,  as  the  few  cuts 
along  the  track  would  not  yield  enough  excavation  to  form 
the  toe,  and  the  expense  of  having  such  material  loaded, 
hauled,  unloaded,  and  placed  in  the  right  locations  along  the 
river-front  was  excessive. 

Mississippi  flood  waters  are  always  charged  with  sediment, 
and  when  the  current  is  sufficiently  retarded  extensive  depos- 
its of  silt  can  be  secured.  This  fact,  therefore,  offered  an 
economical  solution  of  the  problem  of  restoring  the  foot  of 
the  slope  by  taking  advantage  of  natural  conditions  and 
producing  sedimentation. 

With  the  local  conditions  to  be  met,  and  having  in  mind  his 
previous  experience  with  various  types  of  control  works  for 

producing  scour  and  de- 
posits, the  writer  decid- 
ed to  adopt  mud-cell 
construction  as  affording 
about  the  cheapest 
means  for  getting  re- 
sults. The  conglomerate 
offered  a  foundation  se- 
cure against  scour  and 
one  on  which  a  deposit 
of  required  width  and 
height  could  safely  be 
carried.  The  problem 
then  was  to  gather  sedi- 
ment from  the  river,  de- 
posit it  to  as  great  a 
height  as  possible,  and 
hold  It  in  position  against 
erosion,  so  that  future 
slides  from  the  top  of 
the  hill  would  find  a  per- 
manent lodging  place 
and  a  stable  slope  be 
built  up  by  casting  over 
the  side  of  the  hill  such 
material  as  would  be- 
come available  from 
time  to  time. 

The     design     required 
that  the  improvement  be 
carried  out  In  two  parts: 
First,     to     produce    sedi- 
mentation;   and,     second,   to   protect   permanently  the  slopes 
after    sedimentation    had    progressed    sufficiently.      The    first 
part  called   for  the   construction   of  a  mud-cell  dike   with   a 
pile  dike  at  its  head  as  a  protection  against  direct  currents; 
and   the   second,  the   construction  of  a  low   concrete  toe   or 
retaining  wall  with  reinforced  concrete   slab  paving  on   the 
slopes  above. 

In  the  fall  of  1912.  the  mud-cell  dike  was  constructed.  It 
was  1,100  ft.  long.  2.3  ft.  high  and  from  75  to  100  ft.  from  the 
foot  of  the  hill.  The  distance  from  the  foot  of  the  hill  was 
regulated  by  the  width  required  to  give  a  2  to  1  slope  from 
low  water  to  the  top  of  the  hill.  The  height  of  23  ft.  put  the 
top  of  the  dike  at  the  37-ft.  level,  Natchez  gage,  which  was 
considered  to  be  the  maximum  elevation  to  which  sedimenta- 
tion could  be  forced. 

The  mud  cells  were  made  from  live  brush  and  poles  which 
were  cut  and  towed  from  an  island  several  miles  up  stream 
from  the  work.  A  12-in.  foundation  mattress,  30  ft.  wide. 
was  first  laid  directly  on  the  conglomerate.  This  was  formed 
by  laying  the  brush  in  bundles,  or  fascines,  which  were 
wrapped  at  4-ft.  Intervals  with  single  lashings  of  No.  9  gal- 
vanized wire.  Anchor  lines  of  %-in.  galvanized  strand, 
spaced  50  ft.  apart  and  woven  into  the  mattress,  were  run 
back  to  deadmen  at  the  foot  of  the  hill.  A  tier  of  cells,  5  by 
.')  ft.,  was  built  on  the  foundation  mattress  by  placing  single 
rows  of  brush  and  poles  at  right  angles  to  each  other,  very 
much  after  the  fashion  of  a  log  cabin.  At  a  height  of  5  ft. 
the  cells  were  floored  over  with  a  layer  of  brush  and  a  sec- 
ond tier  of  cells  was  started  5  ft.  back  from  the  river  face 
of  the  dike.  Five  tiers  of  cells  were  placed  in  this  manner, 
forming  a  completed  dike  28  ft.,  or  five  cells  wide  at  the  bot- 
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torn  and  5  ft.,  or  one  cell,  wide  at  the  top,  and  a  settled 
height  of  23  ft.  All  cell  walls  were  bound  with  wire  and 
cable  to  the  foundation  course,  as  well  as  to  deadman  at 
the  foot  of  the  hill.  To  prevent  the  cells  from  floating  when 
submerged,  they  were  ballasted  with  loose  conglomerate 
picked  up  along  the  river-front.  A  connection  with  the  hill 
at  the  lower  end  of  the  dike  was  made  by  joining  the  lat- 
ter to  an  old  abandoned  transfer  barge  which  had  been  sunk 
in  line  during  high  water  just  previous  to  the  commence- 
ment of  the  dike. 

Six  lateral  mud-cell  dikes,  or  baffles,  15  ft.  wide  by  100 
ft.  long,  were  connected  into  the  main  dike  and  run  up  the 
hill  to  Gage  40  to  prevent  parallel  currents  and  eddies  in  the 
enclosed  area  where  sedimentation  was  being  sought. 

During  the  low-water  period  of  1913  the  permanent  pile 
dike  to  protect  the  mud-cell  dike  against  head-water  was 
completed.  The  dike  extended  from  a  point  up  stream  to  an 
outside  lap  connection  with  the  mud-cell  dike,  a  distance  of 
600  ft.  The  structure  ranges  from  S  to  42  ft.  in  height  above 
the  natural  ground  surface,  the  top  being  at  an  elevation  of 
56  ft.  on  the  Natchez  gage.    It  is  made  up  in  width  of  112  lin. 


Fig.   2. — Slab    Forms    Complete    with    Reinforcing    in    Place,    at    Toe 

Wall. 

ft.  with  piles  in  single  rows,  216  lin.  ft.  in  double  rows,  and  272 
lin.  ft.  in  three  rows,  with  3%xl0-in.  white  oak  sheeting, 
spaced  2  in.  apart,  applied  to  the  outer,  or  river,  face  of  the 
dike.  Cypress  piles  ranging  in  length  from  32  to  62  ft.  were 
used  and  16  to  20-ft.  penetrations  were  obtained  through  the 
conglomerate,  under  hard  driving.  The  piles  were  spaced  8 
ft.,  center  to  center,  and  driven  in  staggered  position  so  as  to 
gain  additional  strength  against  overturning.  This  necessi- 
tated an  intricate  system  of  bracing. 

The  dikes  were  permitted  to  stand  through  the  high  water 
of  1914  and  1915  and  until  the  low  water  of  1916  without  ad- 
ditions or  changes.  When  an  examination  was  made  in  the 
summer  of  1916,  it  was  found  that  decay  had  begun  to  show 
among  the  brush  and  poles  forming  the  mud  cells,  and  as 
sedimentation  had  progressed  to  an  extent  that  the  enclosed 
area  was  practically  filled  and  a  growth  of  willows  had  ap- 
peared on  the  surface,  it  seemed  advisable  to  proceed  at  once 
with  the  second  part  of  the  plan,  the  permanent  protection 
of  the  slopes. 

In  preparation  for  the  permanent  slope  protection,  all  the 
projecting  ends  of  the  brush  and  poles  in  the  mud-cell  dike 
not  covered  by  deposits,  were  chopped  away.  The  debris 
was  deposited  on  the  slopes  for  further  use  and  a  trench  dug 
along  the  foot  of  the  mud-cell  dike  for  the  toe  wall.  The 
bottom  of  the  footing  course  was  placed  at  about  the  10-ft. 
level,  Natchez  gage,  which  gave  a  depth  below  the  exposed 
surface  of  the  conglomerate  of  from  3  to  5  ft.,  this  depth 
being  ample  to  afford  protection  against  under-scour  in  this 
location.  The  toe  wall  was  reinforced  with  galvanized  mesh 
and  carried  to  a  gage  height  of  14  ft.,  at  which  elevation  the 
concrete   slabs  were  connected   to   it. 

The  bulk  of  the  sediment  recovered  by  the  mud  cells  was 
deposited  between  the  dike  and  the  foot  of  the  hill,  and  did 
not  completely  fill  the  cells.  After  removing  the  projecting 
cells,  it  was  found  that  some  filling  would  be  required  to 
bring  the  surface  of  the  slope  to  the  elevation  at  which  con- 
crete paving  was  to  be  placed.  This  condition  was  provided 
for  by  casting  the  slabs  in  place  on  supported  forms.  The 
slabs  were  4  in.  thick,  54  in.  wide,  14  ft.  long,  and  reinforced 


with  galvanized  mesh.  They  were  placed  on  a  3  to  1  slope, 
ana  cast  in  alternate  sections. 

On  all  supported  work  the  space  underneath  the  forms  was 
filled  with  debris  from  the  mud  cells.  This  was  done  to  collect 
sediment  during  high  water.  As  the  first  row  of  slabs  was 
nearing  completion,  high  water  came  and,  as  was  expected, 
suflBcient  sediment  was  collected  to  fill  solidly  the  space  thus 
left.  Figure  2  shows  the  toe  wall,  the  method  oi  supporting 
the  slab  forms,  and  the  forms  complete  with  the  reinforce- 
ment in  place  ready  for  pouring  the  concrete.  The  flooring 
shown  was  made  up  in  panels  or  sections  which  were  re- 
moved after  the  concrete  had  hardened  sufficiently  to  support 
itself.  Formwork  was  unnecessary  for  the  upper  part  of  the 
slope,  and  the  slabs  were  cast  directly  on  the  ground.  The 
amount  of  paving  constructed  was  39,744  sq.  ft.,  being  46 
ft.  wide  on  the  slope,  or  up  to  a  level  of  33  ft.,  Natchez  gage, 
and  864  ft.  long. 

A  subdivision  of  the  total  cost  of  $38,741  between  the  three 

classes  of  work  performed  is  as  follows: 

Mud-cell  dike    $  9,292 

Permanent   pile  dike    10,G04 

Concrete  paving  and  wall   18,845 

Total     538,741 

Cross-sections  of  the  amount  of  deposits  obtained  through 
the  use  of  the  mud-cell  dike  were  taken,  but  the  records  have 
been  lost  or  cannot  be  located  at  this  time.  However,  it  is 
the  writer's  recollection  that  approximately  56,000  cu.  yd. 
of  material  were  recovered.  On  that  basis  the  unit  cost  of 
restoring  the  foot  of  the  bank  was  16.6  ct.  per  cubic  yard, 
very  much  less  than  would  have  been  required  in  that  loca- 
tion by  any  other  m.ethod.  It  must  be  borne  in  mind,  in  this 
connection,  that  had  material  from  the  hills  been  hauled  in, 
some  form  of  protection  against  its  loss  by  high  water 
would  have  been  necessary  until  it  had  settled  and  the  per- 
manent paving  was  placed. 

The  general  results  of  the  work  have  been  satisfactory,  and 
all  that  could  have  been  expected.  A  permanent  toe  has  been 
furnished  on  which  a  proper  slope  can  be  founded,  and  the 
deficiency  In  the  width  of  the  brow  of  the  hill  can  be  filled 
out  whenever  the  exigencies  of  the  situation  demand  it.       4 


What  the  Railroad  Accomplished  in  Nine 
Months 

According  to  Mr.  Thomas  De  Witt  Cuyler,  chairman.  Asso- 
ciation of  Railway  Executives  the  following  things  have  been 
accomplished  by  the  railroads  in  the  nine  months  since  the 
Government  turned  back  the  railroads  to  their  owners. 

1.  Increased  the  average  movement  per  freight  car  per 
day  6.3  miles— from  22.3  to  28.6  miles. 

2.  Increased  the  average  load  per  car  1.7  tons — from  28.3 
to  30  tons. 

3.  Made  substantial  reduction  in  the  number  of  unservice- 
able locomotives. 

4.  Reduced  the  accumulation  of  loaded  but  unmoved  freight 
cars  from  103,237  on  March  1,  to  21,991  on  Dec.  3,  of  which 
only  6,386  were  detained  because  of  the  inability  of  the  rail- 
roads to  move  them. 

5.  Relocated  approximately  180,000  box  cars  from  the  east 
to  the  w'est  for  the  movement  of  farm  produce. 

6.  Relocated  approximately  180,000  open  top  cars  from 
the  west  to  the  east  to  keep  up  the  production  of  coal. 

7.  Moved  the  third  highest  coal  production  in  the  history 
of  the  country. 

8.  Spent  over  $500,000,000  extra  on  improving  the  mainte- 
nance of  tracks,  bridges,  cars  and  locomotives. 

9.  Contracted  to  spend  about  $250,000,000,  largely  out  of 
earnings,  for  additions  and  betterments  to  promote  the  move- 
ment of  cars. 

10.  Made  arrangements  to  purchase  approximately  50,000 
new  freight  cars,  1,500  new  locomotives,  and  1,000  new  pas- 
senger cars. 

11.  Begun  the  reconstruction  of  thousands  of  old  cars. 

12.  Moved — with  a  deteriorated  plant,  under  disturbed 
labor  and  business  conditions — the  largest  volume  of  traffic 
ever  known  in  a  single  year,  with  the  highest  efficiency  yet 
achieved,  and  with  a  minimum  addition  to  the  value  of  the 
property  on  which  the  public  has  to  pay  a  return  through 
rate. 


(11) 


60 


Engineering  and  Contracting  for  January  19,   192]. 


Creeping  of  Railroad  Rails 

In  our  issue  of  .N'ovember  17th  last  there  appeared  an  ab- 
stract of  a  paper  on  the  above  subject.  The  paper  was  pre- 
sented by  Mr.  J.  A.  L.  Waddell  before  the  American  Society 
of  Civil  Engineers  on  Nov.  3rd.  Some  discussion  on  this 
paper  has  since  appeared  in  the  society  bulletin,  from  which 
the  following  has  been  taken: 

Mr.  Orlando  Metcalf  believes  that  (he  difference  in  height 
of  rail  ends  at  the  joints,  even  though  it  is  a  very  small  frac- 
tion of  an  inch,  emphasized  as  it  is  under  traffic  when  the 
wheel  load  is  on  tht?  delivery  end  of  the  rail,  each  wheel  of 
the  entire  train  striking  the  slightly  higher  receiving  end 
with  trip-hammer  blows,  must  be  a  considerable  factor  in  the 
forward  movement  of  the  rails.  Attention  is  called  to  the 
fact  that  in  some  cases  rail  anchors  in  insufficient  number 
or  in  the  wrong  place  have  tailed  to  prevent  creeping. 

Other  members  of  the  society  offered  experience  opinions 
and  results  of  observations,  as  follows: 

Discussion  by  Leonard  C.  Jordan. — One  point  which  seems 
to  have  been  overlooked  in  the  questions  and  answers  is  the 
fact  that  when  steel  creeps  up  grade  on  a  single-track  line, 
due  to  unbalanced  traffic,  this  tendency  is  far  greater  at  the 
lower  end  of  the  grade  than  elsewhere.  Upgrade  trains  have 
a  greater  velocity  at  this  point  than  farther  up,  due  to  run- 
ning for  the  hill,  and  down-grade  trains  release  brakes  before 
reaching  the  bottom,  thereby  relieving  the  skidding  tendency. 
These  factors  combine  to  cause  greater  creeping  at  the  bot- 
tom of  the  grade  than  higher  up.  Furthermore,  on  account  of 
the  greater  speed  of  trains  and  the  inferior  track  at  this 
point,  due  to  a  combination  of  fast  trains  and  fast  creeping, 
this  track  is  generally  the  part  of  the  grade  which  is  most 
troublesome  and,  therefore,  most  noticeable,  a  possible  rea- 
son for  the  frequent  statement  that  steel  creeps  up  grade 
rather  than  down. 

As  a  cause  of  down-grade  creeping,  the  force  of  gravity  is 
fundamental,  though  indirect.  Down-grade  trains  apply  their 
brakes  and  thereby  exert  a  skidding  force  on  the  rails,  while 
there  is  no  counteracting  effect  of  up-grade  trains.  Down- 
gsade  engines  merely  coast,  while  the  entire  tractive  effort  of 
up-grade  engines  tends  to  snake  the  steel  down  hill;  and 
the  average  train  velocity  is  greater  on  down  than  on  up 
grades.  Independent  of  other  influences,  these  factors  tend 
to  affect  down-grade  creeping. 

In  this  connection  there  is  the  pertinent  question  as  to 
whether  any  one  has  observed  whether  a  hard  pulling,  up- 
grade engine  with  a  slow  train  actually  pulls  the  steel  down 
grade  while  the  train  effect  reduces  or  reverses  the  result. 
Dependable  data  on  this  question  might  be  enlightening. 

The  writer  freq\iently  has  laid  down  very  close  to  the  track 
in  order  to  sight  along  the  rail  while  a  slow  train  was  pass- 
ing. The  appearance  of  these  waves,  as  they  move  along 
with  a  high  point  under  each  car  center,  would  seem  suf- 
ficient to  account  for  a  large  part  of  the  creeping.  The  length 
of  the  rail  in  a  wave  between  trucks  is  greater  than  the 
straight-line  distance  between  the  same  points.  The  differ- 
ence between  these  lengths  measures  the  actual  creep  per 
car  due  to  wave  action  because,  as  it  advances,  each  truck 
rolls  all  points  of  the  rail  down  to  a  straight  line.  When  a 
car  is  so  long  or  the  track  so  flexible  that  the  top  of  the 
wave  assumes  the  normal  unloaded  position,  then  it  would  be 
•difficult  to  imagine  that  a  greater  car  length  would  further 
increase  creeping.  Creeping,  however,  will  be  reduced  by 
car  lengths  so  short  that  the  wave  amplitude  is  reduced. 
Probably  the  impact  due  to  high  train  velocity  causes  deeper 
■depressions  under  the  trucks,  or  greater  amplitude  of  the 
wave,  and,  therefore,  greater  creep.  Yet  we  must  not  lose 
sight  of  the  fact  that  there  are  other  causes  of  rail  creeping, 
and  that  wave  motion  is  merely  one  influence. 

As  a  mathematical  illustration  of  wave  effect  only,  it  a 
wave  is  composed  entirely  of  circular  arcs  of  equal  radii  and 
the  length  is  20  ft.  between  wheel  centers  and  the  height  is 
214  in.,  the  hypothetical  creep  is  1/16  in.  per  car.  Less  ampli- 
tude and  a  sharper  curving  near  the  wheels,  a  more  probable 
condition,  might  easily  cause  a  greater  creep.  Although  Dr. 
^Vaddell  has  very  properly  excluded  mathematics  from  this 
■discussion,  it  is  proper  to  point  out  that  the  wave  effect  per 
car  can  be  only  a  small  fraction  of  an  inch  rather  than  some- 
thing more  alarming.  Yet  from  this  cause  alone  a  wave  ef- 
fect of  only  1/100  in.  per  car  would  result  in  a  creep  of  %  in. 
for  each  long  train. 
Dr.  Waddell  suggests  an  occasional  substantial  anchor  by 
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driving  piles  between  ties  or  by  planting  a  "dead  man"  under 
the  track.  There  is  a  serious  objection  to  such  a  plan. 
There  would  be  an  opening  of  joints  beyond  each  anchor  and 
a  buckling  tendency  just  back  of  it.  The  severe  strain 
thrown  into  one  rail  joint  very  probably  would  cause  a  danger- 
ous break  at  a  critical  lime.  Such  anchors  would  have  to  be 
at  frequent  intervals  to  be  effective,  which  would  be  costly. 
Also,  the  proposed  spacer  blocks  between  ties  would  be  loos- 
ened by  each  slight  reversal  of  creep. 

It  is  time  to  point  out  the  strange  fallacy  of  laying  rails 
with  broken  joints.  Jints  are  sure  to  get  low  at  times,  and 
when  they  are  staggered,  they  give  cars  a  rocking  motion 
which  tends  to  throw  the  rails  out  of  line,  while  even  joins 
merely  cause  a  vertical  vibration.  Also,  with  even  joints  a 
relatively  better  support  can  be  provided  by  choosing  the 
largest  ties  for  the  joints  during  renewals.  With  even  joints 
there  will  be  no  slewing  of  ties  by  creeping  steel,  such  as  is 
cited  repeatedly  in  the  paper. 

Old,  experienced  track  foremen  argue  that  for  these  rea- 
sons the  change  to  staggered  joints  from  the  earlier  practice 
of  even  joints  was  an  unpardonable  mistake.  It  is  sometimes 
contended  that  the  presence  of  at  least  one  rail  continuous 
past  any  point  of  track  provides  lateral  rigidity.  The  absurd- 
ity of  this  notion  will  be  recognized  readily  when  thought  is 
given  to  the  extremely  small  lateral  strength  of  any  stand- 
ard rail.  No  considerable  rigidity  can  be  given  to  the  track 
by  a  rail  so  flimsy  that  an  ordinary  man  can  deflect  it  into 
a  sharp  curve  by  the  strength  of  only  one  hand,  as  is  done  by 
lifting  an  end  of  a  rail  when  lying  on  its  side. 

There  seems  to  be  a  general  agreement  that  creep  will  be 
eliminated  when  there  is  a  rigid  connection  with  several  ties 
per  rail.  The  usual  forms  of  anti-creepers  are  effective  in  only 
one  direction,  and  they  are  loosened  when  even  a  small 
amount  of  creep  occasionally  takes  place  in  the  reverse  direc- 
tion. The  solution  then  would  seem  to  lie  in  a  rigid  attach- 
ment gained  by  bolting  splice-bars  to  the  rail  at  the  center 
and  by  slot-spiking  to  the  ties.  For  this  purpose  some  fore- 
men use  the  halves  of  broken  splices.  When  even  joints  are 
used  there  is  no  slewing  of  joint  ties.  Such  intermediate 
splice-bars  also  act  as  rail  braces  and  thus  give  additional 
strength  to  the  track.  If  this  practice  should  prove  to  be 
generally  adopted,  it  would  be  well  to  roll  a  light  section 
splice-bar  which  would  serve  this  purpose  as  w-ell  as  the 
standard  bars,  and  which  would  be  considerably  cheaper  than 
a  bar  heavy  enough  to  form  the  splice. 

In  the  writer's  opinion  there  is  ample  opportunity  to  put 
an  end  to  ordinary  creeping  by  a  different  arrangement  of 
the  joints.  By  using  even  joints  and  special  tie-plates  ex- 
tending over  two  or  three  ties  at  each  side  of  the  joint,  all 
tendency  to  creep  would  be  communicated  to  several  ties,  as 
many  ties  as  would  be  found  necessary.  These  tie-plates 
should  be  merely  long  lengths  of  the  plates  from  which  the 
shoulder  type  tie-plates  are  sheared.  They  would  have  holes 
for  spiking  to  all  ties  just  like  any  tie-plates.  The  rail  an- 
chorage would  be  formed  by  heavy  spikes,  preferably  screw 
spikes,  into  the  joint  ties  and  through  the  splice-bar  slot. 
There  would  be  no  slewing  of  ties,  and  the  arrangement 
would  be  equally  effective  in  the  two  directions.  The  cost 
of  such  tie-plates  would  be  small,  as  there  would  be  no  field 
drilling  and  no  other  special  work.  The  plate  would  replace 
nearly  half  its  length  of  shorter  plates  of  the  same  section,  a 
plate  extending  over  six  ties  would  weigh  only  about  50  lb. 
more  than  the  small  plates  replaced.  This  plan  surely  is 
worthy  of  a  trial  before  being  rejected  as  inferior  to  some 
device  more  costly  and  less  certain  of  producing  the  desired 
results.  The  addition  of  a  clamp  between  the  joint  ties  and 
holding  the  plate  to  the  splice-bar  flanges  would  strengthen 
the  joint  to  some  extent. 

Discussion  by  F.  W.  Green. — Although  the  causes  of  creep- 
ing rails  may  be  more  or  less  obscure  and  possibly  various, 
the  writer  has  reached  the  conclusion,  in  his  own  mind,  that 
rails  creep  because  of  the  resistance  to  traction  of  care  pulled 
by  a  locomotive.  To  make  the  principle  clear,  imagine  the 
wheels  of  the  cars  locked  by  brakes  being  set,  on  level  tan- 
gent track,  and  with  a  static  coefficient  of  friction  0.34.  For 
each  tone  of  weight  on  the  wheels,  the  force  necessary  to 
move  the  cars  would  just  equal  0.34  ton.  After  movement 
started,  of  course,  the  coefficient  of  friction  would  become 
dynamic,  instead  of  static,  and  would  decrease  inversely  with 
the  speed.  With  a  tractive  force  of  0.34  ton,  the  rail  could 
(a)  remain  perfectly  stationary,  and  the  car  slide  on  the  rail, 
or  (b)   the  car  could  slide  and  the  rail  slide,  or  (c)   the  car 
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could  remain  stationary  and  tlie  rail  slide.  In  any  event, 
the  force  would  be  exercised  along  the  line  of  lease  resist- 
ance. 

With  the  brakes  released,  assume  that  the  cars  are  loaded 
so  as  to  produce,  say,  5  lb.  per  ton  tractive  resistance. 
The  tractive  force  necessary  to  move  the  cars  now  becomes 
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or  0.0025  ton.     Here  the  same  three  phenomena,  as  men- 
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tioned  previously  may  occur;  (a)  car  move  with  the  rail  sta- 
tionary; (b)  car  and  rail  move;  or  (c)  rail  move  with  the  car 
stationary,  relative  to  the  rail. 

It  will  be  observed  at  once  that  the  tendency  ot  the  rails 
to  move  increases  as  the  traction  resistance  increases,  from 
which  it  follows  that  a  train  moving  with  considerable  weight 
and  speed,  with  airbrakes  applied,  will  probably  increase  the 
tendency  of  the  rails  to  creep. 

In  the  writer's  opinion,  however,  the  tendency  ot  rails  to 
creep  is  greatest  in  the  vicinity  of  curve  except  possibly  on 
long,  descending  grades,  where  the  speed  of  the  train  has  to 
iDe  controlled  by  air-brakes.  It  is  customary  on  all  railroads 
to  super-elevate  the  outer  rail  on  curves  for  passenger  train 
speeds.  Any  train  passing  over  the  curve  at  the  precise 
speed  for  which  it  is  elevated  will  have  equal  wheel  reac- 
tions as  between  the  inside  and  outside  rails.  Freight  trains 
ordinarily  traverse  curves  at  slower  speeds,  and  as  the  speed 
decreases,  the  wheel  reaction  becomes  less  than  one-half  the 
■weight  of  the  truck  for  the  outside  wheels,  and  correspond- 
ingly more  than  one-half  the  weight  ot  the  truck  on  the  in- 
side wheels.  By  reason  of  the  length  of  arc  on  the  inside 
Tail  being  shorter  than  the  arc  on  the  outside  rail  for  equal 
angles  subtended  at  the  center  of  the  curve,  there  is  a 
tendency  for  the  inside  wheels  to  run  ahead  of  the  outside 
wheels.  In  other  words,  the  axle  joining  the  wheels  will 
uot  be  radial.  The  inside  wheels  will  continue  to  run  ahead 
until  the  flange  pressure  on  the  forward  outside  wheel  and 
the  rear  inside  wheel  of  the  truck  reaches  a  point  in  excess 
of  the  weight  carried  on  the  wheels,  multiplied  by  the  coeffi- 
cient of  friction.  At  this  point  the  truck  must  rotate  in  an 
approximately  horizontal  plane,  and  one  of  two  things  must 
happen;  (a)  the  outside  wheel  slide  forward,  or  (b)  the  inside 
wheel  slide  backward. 

It  is  believed  that  when  freight  trains  traverse  curves  at 
speeds  less  than  those  for  which  the  curves  have  been  super- 
elevated,  the  outside  wheels  carrying  the  lesser  load  will 
slide  forward.  When  this  ocurs,  the  tendency  of  the  outside 
rails  to  slide  in  the  direction  of  the  train  movement  is  aug- 
mented materially.  Incidentially,  when  this  occurs,  it  is  be- 
lieved that  the  rolling  effect  on  the  inside  rail  occurs,  which 
causes  the  top  of  the  inside  rail  to  flatten  out  and  produces 
what  is  commonly  called  "fins."  It  is  blieved  that  this  ex- 
plains why  rail  will  run  at  certain  parts  of  the  line  in  one  di- 
rection on  one  side  to  a  greater  extent  than  on  the  other. 

The  writer  has  found  that  a  very  effective  way  of  reducing 
the  creeping  of  rails  is  to  maintain  the  track  gauge  at  4  ft. 
8%  in.  on  curves.  As  the  gauge  is  permitted  to  widen,  the 
trucks  make  longer  chords  before  slewing,  and  when  slewing 
occurs,  it  is  with  some  violence,  not  only  increasing  the  rail 
wear,  but  also  increasing  the  creeping. 

It  would  be  interesting  to  know  whether  the  tendency 
which  the  writer  has  observed,  and  from  which  observations 
he  reaches  the  foregoing  conclusions  as  to  the  cause  of  creep- 
ing rail,  has  been  observed,  with  similar  results,  by  others. 
It  has  also  been  the  writer's  experience  that  the  tendency  to 
creep  is  much  less  marked  where  the  rail  has  been  laid  and 
maintained  with  proper  expansion.  Where  maladjustments 
of  expansion  occur,  the  tendency  for  rails  to  creep  is  espe- 
cially marked,  and  the  difficulty  of  anchoring  it  successfully 
against  creeping  greatly  augmented. 

Discussion  by  B.  H.  Bryant. — Sixteen  years  ago  the  speaker 
left  a  certain  railroad,  at  which  time  the  trouble  that  resulted 
from  creeping  rails  had  not  been  entirely  overcome.  He  is 
convinced  that  this  was  due  to  the  poverty  of  the  company, 
which  prevented  the  general  application  of  the  plan  that  Was 
finally  adopted  to  deal  with  it.  This  plan  was  not  a  com- 
plicated one.  as  it  consisted  of  having  sectioiis  of  angle-hars 
rolled  and  cut  into  short  lengths,  about  5  in.,  or  long  enough 
to  stagger  the  slots  in  the  base  of  each  pair  of  short  angle- 
bars  to  correspond  with  the  standard  angle-bars  and  suit  the 
punching  in  a  joint  tie-plate.  These  short  angle-bars  were 
bored  for  a  track-bolt,  and  the  rails  were  bored  with  a  track 
drill  to  permit  the  application  of  two  or  three  pairs  ot  the 


bars  to  each  rail;  by  this  system  each  rail  was  firmly  an- 
chored to  four  or  five  ties,  and  the  result  was  most  gratifying. 
The  speaker  is  of  the  opinion  that  if  the  number  of  ties  to 
the  mile  of  track  is  increased  as  the  average  size  of  the  ties 
decreases,  if  every  tie  Is  tie-plated,  if  all  spikes  at  the  joints 
are  driven  in  the  slots  in  the  angle-bars,  and  three  short 
angle-bars  are  attached  to  each  rail  in  the  manner  outlined, 
the  creeping  of  rails  on  the  ties  will  stop. 

It  might  be  added  that  if  angle-bars  with  wide  flanges,  that 
permit  the  punching  of  a  perfect  hole  in  the  flange,  instead  of 
a  slot,  are  used  for  both  the  standard  and  short  bars,  a  firmer 
anchorage  of  rails  to  ties  will  be  secured  than  is  possible  with 
slotted  angle-bars.  If  creeping  track  takes  the  place  of 
creeping  rails  as  a  result  of  the  more  secure  fastening  of 
rails  to  ties,  the  situation  will  become  serious  and  some  of 
the  other  expedients  mentioned  by  Dr.  Waddell  will  have  to 
be  adopted. 


Chart  for  Recordiug  Progress  in  Caisson 
Sinking 

In  order  to  show  readily  the  daily  progress  in  foundation 
work  during  the  construction  of  the  mail-order  building  now 
being  completed  in  Winnipeg  for  the  T.  Eaton  Co.,  Ltd.,  the 
shart  shown  below  was  devised  by  H.  L.  Small,  resident  engi- 
neer at  Winnipeg  for  Graham,  Anderson,  Probst  &  White, 
who  are  the  architects  in  charge  of  the  work. 

The  complete  chart  used  by  Mr.  Small  is  not  shown,  as  it 
was  very  long  and  charted  a  large  number  of  caissons,  the 
sinking  of  which  proceeded  continuously,  three  or  four  new 
caissons  being  started  daily.  All  of  the  important  charac- 
teristics of  Mr.  Small's  chart  are  shown,  however,  in  the  accom- 
panying diagram,   which  gives  the  record   of  two  groups   of 


Caisson    Progress   Diagram. 

caissons,  one  group  begun  and  completed  at  the  commence- 
ment of  the  work,  and  the  other  group  begun  and  completed 
near  the  close  of  the  foundation  w-ork,  the  records  of  the  in- 
termediate caissons  being  omitted  from  this  diagram. 

The  general  utility  of  the  chart  is  readily  evident.  In  the 
first  two  columns  are  set  down  the  caisson  numbers  and  the 
dates  upon  which  excavation  is  started.  Then,  under  the  appro- 
priate date,  and  opposite  the  caisson  number,  at  the  end  of 
each  day  the  engineer  records  the  depth  to  which  the  caisson 
has  been  sunk  below  the  top  of  the  lagging,  which  in  turn 
is  referred  to  grade.  In  the  three  right-hand  columns  are 
recorded  the  dates  on  which  rock  is  struck,  the  official  depth 
below  grade,  and  the  date  of  concreting. 

To  show  daily  to  what  extent  the  work  is  proceeding  in 
exact  accordance  with  the  predetermined  schdule,  stepped 
lines  are  drawn  down  the  chart,  outlining  the  tentative  or 
scheduled  starting  and  finishing  dates  for  the  sinking  of  the 
various  caissons,  ten  days  being  allowed  for  the  sinking  of 
each  caisson. 

Deviation  from  the  schedule  is  shown  at  the  beginning  of 
the  sinking  of  a  caisson,  if  it  be  on  the  side  of  lateness,  by 
shaded  blocks  at  the  right  of  the  tentative  starting  line,  as 
for  caissons  114,  11.5,  108,  109  and  107.  If  the  sinking  begins 
earlier  than  called  for  by  the  schedule,  depth  figures  at  the 
left  of  the  stepped  line  indicate  such  priority,  as  for  caissons 
9  to  37,  inclusive.  When  work  on  a  caisson  is  finished  in  ad- 
vance .of  the  schedule,  a  shaded  block  is  drawn  at  the  left  of 
the  finishing-date  (or  right-hand)  stepped  line,  as  in  the  case 
ot  cai.ssons  116,  117,  118.  110,  20,  23,  34  and  37.  When  work 
is  completed  later  than  time  schedule,  depth  figures  appeared 
on  the  right  of  the  right-hand  stepped  line,  as  in  the  case  of 
caissons  114,  115,  113,  119,  107,  9  and  21.  We  are  indebted  to 
The  Canadian  Rngineer  for  the  above  illustration  and  descrip- 
tion. 
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Experiences  in  Pile  Driving 

Some  interesting  points  on  [jilo  driving  were  given  by  Col. 
''harlea  I!.  Gow  of  Boston,  Mass.,  in  an  Informal  discussion 
Oct.  20  before  the  Boston  Society  of  Civil  Engineers.  The 
discussion  is  printed  in  the  December  Journal  of  the  society, 
from  which  the  matter  following  is  taken: 

The  question  of  whether  or  not  piles  can  be  successfully 
driven  through  certain  classes  of  soils  is  one  upon  which 
there  is  much  disagroenient.  In  an  experience  covering 
several  years,  during  which  the  writer  has  had  occasion 
to  excavate  to  con?iderable  depth  in  various  sections  of 
this  locality  (Boston),  he  has  been  impressed  with  the  great 
number  of  instances  where  broken  or  damaged  piles  have 
been  uncovered.  Especially  has  this  condition  been  notice- 
able in  those  districts  where  there  exist  considerable  de- 
posits of  coarse  gravel  filling,  through  which  the  piles  must 
penetrate  in  order  to  reach  the  natural  underlying  soils. 
Take  for  example  the  section  known  as  the  Park  Square 
railroad  property.  This  area  was  formerly  a  portion  of  the 
Back  Bay  marshes.  The  flats  were  reclaimed  by  depositing 
over  them  gravel  filling  to  a  depth  of  from  15  to  18  ft.  The 
original  surface  was  of  mud  extending  to  a  depth  of  from 
15  or  IS  ft.  more,  and  was  underlaid  with  a  natural  deposit  of 
blue  clay  into  which  piling  must  be  driven  in  order  to  obtain 
a  satisfactory  bearing.  The  gravel  filling  has  been  thor- 
oughly consolidated,  so  that  it  would  probably  offer  a  satis- 
factory resistance  against  settlement  under  ordinary  condi- 
tions of  loading  were  it  not  for  the  existence  of  the  silt  be- 
low it  which  renders  the  use  of  some  form  of  piling  abso- 
lutely necessary.  To  penetrate  the  silt  a  pile  must  first  be 
driven  through  this  upper  layer  of  coarse  gravel,  where  great 
difficulty  is  encountered. 

Observation  of  many  piles  uncovered  in  this  general  lo- 
cality indicates  that  a  very  large  proportion  of  the  piles  fail 
to  penetrate  this  gravel  stratum.  Apparently,  the  pile  tip 
as  it  advances  through  the  gravel  carries  ahead  of  it  a  large 
number  of  stones  and  pebbles  which  ultimately  are  gathered 
into  an  enlarged  mass,  preventing  further  penetration.  Fur- 
ther driving  usually  results  in  some  form  of  damage  to  the 
piles.  Sometimes  the  tip  is  broomed  and  mushroomed  into 
a  mass  of  crushed  fiber;  again  the  pile  may  fail  by  diagonal 
shear  or  by  telescoping  one  part  upon  another;  frequently 
these  piles  are  found  with  their  lower  portions  broken  off 
and  deflected  laterally  almost  at  right  angles. 

In  one  case,  in  which  the  writer  encountered  difliculty  in 
driving  piles  through  this  material,  the  trouble  was  over- 
come by  sharpening  the  pile  tips  almost  to  a  point,  so  that 
the  several  stones  encountered  would  be  deflected  to  one 
side  and  not  carried  down  in  advance  as  in  the  case  of  the 
ordinary   tip. 

There  are  many  authorities  who  claim  that  wooden  piles 
can  be  successfully  driven  through  stone  rip-rap.  The  writer 
has  uncovered  a  number  of  piles  in  his  experience  which 
have  been  driven  into  riprap  but  never  has  he  found  one 
which  has  penetrated  such  material  for  any  considerable 
•  depth.  In  such  cases  the  tips  of  the  piles  are  soon  deflected 
in  one  direction  or  another,  as  they  encounter  the  inclined 
surface  of  the  stones  constituting  the  rip-rap,  with  the  re- 
sult that  they  become  broken  and  broomed  into  a  mass  of 
Iiulp.  It  is  probably  true  that  such  piles  obtain  a  sufficient 
hold  by  means  of  this  brooming  so  as  to  maintain  them 
in  place,  but  if  there  is  unsuitable  foundation  material  under 
the  rip-rap  the  piles  will  be  of  no  assistance  in  overcoming 
its  effects. 

A  very  common  cause  of  failure  on  the  part  of  piling  to 
carry  its  load  is  the  stopping  of  the  piles  before  good  bot- 
tom is  reached.  In  many  instances  such  piles  develop  ap- 
parent resistances  to  further  driving  due  to  the  high  frictional 
units  developed  in  some  of  the  upper  layers  of  soil  pene- 
trated. This  may  easily  lead  to  the  assumption  that  the 
pile  has  brought  up  in  good  soil,  when  as  a  matter  of  fact 
the  tip  still  remains  in  poor  material.  Under  such  circum- 
stances the  load  applied  to  the  pile  is  transmitted  to  the 
layer  of  filling  possessing  the  high  frictional  value  and  is 
further  distributed  by  this  stratum  on  to  the  soft  underly- 
ing soil  which  slowly  yields  under  the  pressure,  causing 
ultimate  settlement  of  the  structure. 

When  the  pile  tip  brings  up  in  a  sandy  or  gravelly  soil 
there  is  usually  no  difliculty  in  securing  the  necessary  resist- 
ance required  to  carry  the  load  safely.  When,  however,  the 
supporting  medium  is  of  clay,  there  is  often  some  question 


as  to  when  it  is  safe  to  stop  driving.  Clays  are  usually  of 
a  plastic  nature,  and  generally  speaking  are  apt  to  be  stiffer 
when  first  encountered  than  at  a  greater  depth.  It  is  usually 
possible  to  drive  piles  into  clay  to  any  desired  distance  with 
little  variation  in  penetrations  under  successive  blows.  It 
is  also  commonly  found  in  this  locality  (Boston)  that  in 
attempting  to  apply  the  Engineering  News  formula  to  such 
cases,  they  frequently  do  not  give  satisfactory  results.  If, 
however,  the  pile  is  permitted  to  remain  undist\irbed  for  a 
few  hours,  it  will  require  several  additional  blows  to  pro- 
duce again  the  original  penetration,  and  if  the  formula  is 
applied  to  these  rodriving  results  very  high  load  values  will 
usually  be  obtained.  In  explanation  of  this  phenomenon  it 
may  be  said  that  during  the  original  driving  a  rough  and  ir- 
regularly shaped  hole  is  made  in  the  clay  by  the  projecting 
surfaces  of  the  pile.  As  soon  as  driving  ceases,  the  clay 
closes  in  around  the  pile,  completely  filling  each  depression 
and  crevice,  and  gripping  the  pile  surface  so  firmly  as  to 
offer   an   enormous   resistance   to   further  penetration. 

During  the  construction  of  a  pile  wharf  at  the  Boston 
Army  Supply  Base,  some  long  piles  were  found  extremely 
deficient  in  carrying  power  by  the  usual  application  of  the 
driving  formula.  One  40-ft.  pile  when  driven  to  grade  gave 
a  10-in.  penetration,  indicating  a  safe  carrying  capacity  of 
only  4  tons,  whereas  it  was  designed  to  carry  15  tons.  A 
test  load  applied  to  this  pile  showed  no  settlement  at  12 
tons  and  only  a  slight  settlement  at  18  tons.  The  12-toh 
load  was  adopted,  and  has  since  been  carried  without  any 
indication  of  overloading. 

Similiar  conditions  were  encountered  in  driving  founda- 
tion piling  for  the  wet  slips  of  the  Victory  Destroyer  Plant 
at  Squantum.  Piles  which  gave  values  of  not  more  than  2 
to  3  tons  by  application  of  Engineering  News  formula  sub- 
sequently supported  test  loads  of  10  to  12  tons  without  ap- 
preciable settlement. 

A  more  recent  example  of  similar  behavior  of  piling  driven 
into  soft  clay  was  noted  in  connection  with  the  pile-driving 
operation  at  the  new  John  Hancock  Bldg.  at  the  Back  Bay 
district.  In  this  case  many  piles  gave  initial  penetration 
values  for  last  blows  of  from  5  to  7  in.,  whereas  redriving 
tests  after  a  set  of  24  hours  reduced  these  figures  to  from 
Vs  to  %  in. 

All  of  the  instances  cited  to  show  that  the  usual  driving  for- 
mula is  very  conservative  when  applied  to  the  soft  clays  of 
this  locality.  Of  course  the  greater  the  depth  of  embed- 
ment which  a  pile  has  in  such  clays,  the  more  certain  one 
may  be  as  to  its  sufficiency. 

Vibration  may  often  be  an  aid  to  the  settlement  of  piles, 
and  its  effects  should  be  guarded  against.  When  structures 
are  subject  to  vibratory  forces  the  impulses  may  readily  be 
transmitted  to  supporting  piles,  and  in  such  cases  piling 
which  has  successfully  carried  its  designed  static  load  may 
yield  under  the  influence  of  the  vibrations  which  tend  to 
disturb  and  alter  the  condition  of  the  soil  immediately  ad- 
jacent to  the  piles.  Under  such  circumstances,  deeper  pene- 
tration and  lighter  loading  are  indicated  as  probably  de- 
sirable. 

The  splicing  of  piles  where  extremely  long  sticks  are  re- 
quired is  often  necessary  or  desirable.  The  joint  between 
the  sections  may  be  secured  by  a  variety  of  methods.  An 
ordinary  carpenter's  splice,  when  the  ends  are  halved  into 
one  another  and  bolted,  probably  gives  the  strongest  and 
also  the  most  expensive  splice.  A  simple  mental  sleeve  if 
of  suflicient  length  and  thickness  is  also  effective.  Often- 
times the  two  ends  are  butted  together  and  spliced  with 
outside  cleats,  just  as  splints  might  be  applied.  In  sotne 
cases  no  other  precautions  are  taken  than  to  dowel  the  two 
ends  together,  using  the  top  section  as  a  follower  to  drive 
the  advance  section. 

If  the  spliced  pile  is  driven  in  a  perfectly  straight  line  and 
the  soil  is  such  as  to  Introduce  no  deflecting  forces,  such 
piling  can  usually  be  successfully  driven,  regardless  of  the 
type  of  splice  used.  If,  however,  the  driving  is  difficult  and 
there  are  tendencies  which  cause  the  pile  to  deviate  from 
a  straight  line  during  the  process  of  driving,  the  splice  must 
be  as  strong  as  the  balance  of  the  pile  or  failure  at  this 
point  is  likely  to  result. 

When  long  piles  are  driven  in  very  soft  material,  and  addi- 
tional resistance  is  required  beyond  that  developed,  the  re- 
sult may  usually  be  accomplished  by  lagging  the  pile  ver- 
tically with  2-in.  by  4-in.  or  4-in.  by  6-in.  strips  bolted  to  it. 
This    serves   to    increase   the    surface    exposed    to    frictional 
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contact  with  the  soil  and  likewise  produces  added  compres- 
sion in  the  surrounding  soil  because  of  the  greater  displace- 
ment. 

Sometimes  it  becomes  necessary  to  drive  piles  through 
water  in  locations  where  the  bottom  is  difficult  to  penetrate. 
Such  piles  may  be  rendered  stable  by  depositing  rip-rap 
around  them.  In  other  similar  cases  it  may  be  desirable 
to  remove  the  hard  material  by  dredging  and  to  backfill  the 
space  after  the  piles  have   been  driven. 

The  use  of  a  follower  in  driving  piles  is  not  always  deemed 
satisfactory,  but  there  are  many  cases  where  its  use  may 
be  beneficial.  In  driving  into  clay  or  plastic  soils,  it  is  usually 
possible  to  bring  the  pile  heads  to  any  desired  elevation, 
because  in  such  soils  the  resistance  seldom  reaches  the  poinl 
of  absolute  refusal.  A  follower  may  sometimes  be  used  in 
such  cases,  allowing  the  pile  to  be  driven  from  the  original 
surface  and  its  head  stopped  at  the  desired  grade,  eliminat- 
ing the  cutting  of  the  piles  and  permitting  the  pile  driving 
to  proceed  the  excavation.  This  method  was  successfully 
adopted  some  years  ago  during  the  construction  of  the 
Merropolitan  High  Level  Sewer  at  Hough's  Neck,  Quincy. 
The  same  piling  contractor  later  drove  foundation  piling  for 
a  section  of  sewer  in  Chelsea,  the  driving  being  followed 
down  through  a  considerable  depth  of  silt  which  closed  in 
and  filled  the  hole  after  the  follower  was  withdrawn.  A 
compressed  air  tunnel  was  subsequently  driven  over  these 
piles,  and  a  masonry  sewer  constructed,  for  which  the  piles 
served  the  purpose  of  a  foundation. 


Railway  Construction  in  1920 

The  mileage  of  new  railway  completed  in  1920  was  less 
than  half  of  that  for  the  previous  year,  according  to  statistics 
collected  by  the  Railway  Age.  During  1920  only  313.7  miles 
of  first  track  was  completed,  as  compared  to  686  miles  in 
1919,  while  the  total  completed  mileages  (first,  second  and 
other  multiple  main  tracks)  for  the  two  years  were  414.3  and 
1,355.7  respectively.  The  most  important  decrease,  however, 
or  at  least  the  one  having  the  most  bearing  upon  the  oper- 
ating efficiency  of  the  roads  was  that  concerned  with  the  con- 
struction of  second,  third  and  other  main  track.  For  second 
track  this  fell  from  681.55  miles  in  1918  and  405.32  in  1919  to 
but  90.87  for  1920.  Only  1.89  miles  of  third  track  were  built 
as  compared  with  76.95  in  1918  and  27.54  in  1919.  The  de- 
crease in  the  construction  of  other  main  track  was  equally 
as  marked.  In  Canada  there  was  some  decrease  in  total 
mileage  constructed  as  compared  to  the  year  1919,  but  a  con- 
siderable increase  over  that  for  the  years  1917  and  1918.  Dur- 
ing 1920,  305.39  miles  of  new  lines  and  31.60  miles  of  second 
track  were  built,  or  a  total  of  336.99.  While  lower  than  the 
442.4  miles  of  1919,  it  indicates  a  resumption  of  the  policy 
of  expansion  which  the  Canadian  roads  have  been  following 
in  tapping  and  building  up  new  sections  of  the  country. 

The  following  table  from  the  Railway  Age  shows  the  new 
track  built  in  the  various  states  in  1920. 


Miles 


TTnited   Stales — 

Alaska    

Arizona     

Arkansas    

California     .... 

Colorado     

Florida     

Gporp-ia     

Illinois     

Kansas    

Kentucky     

Louisiana     

Maryland     

Michigan     

Mississippi     .  . . . 

Missouri     

New  Jersey     . . 
New  Mexico     . 

New  York    

Ohio    

Oklahoma    . . . . 

Oregon     

Pennsylvania     . 
Tennessee     .... 

Texas     

Utah     

Viririnia     

West    Virginia 
Wisconsin     . . .  . 


Total 
Canada    . . . 


No.  Co's  First  Second 

building.      track.  track.  Total. 

1  37.00             37.00 

1  5.00             5  00 

2  9.00             9.00 

5  54.74             54.74 

1  1.10  1.10 

2  12  20             12.20 

2  .=;  "0             5.00 

1                 2.00  36.54  38.54 

1                 0.50             0.50 

4  19.S71            21.r,7 

3  31.1.T              31.15 

1                  2.72              2.72 

1  0.50  0.50 

1  9,52             9.52 

2  0.S6  11. S5  12.71 
2                  1.97  2.24'  5.95 

1                  9.00              9.00 

1                   1.40  1.4li  2.92 

1  1.33  27.24=  34.07 

2  IS. 00              IS  00 

4  S.fiO              S.OO 

4                 fi.12  0.39<  fi.no 

1                 2.50             2.50 

.3  .i4.no  1.70  56.00 

1                  3.60              3.60 

1                  0.20              0.20 

3  16.45  1.75  18.20 
1  6.10  6.10 
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313  71 
305.39 


90.87 
31.60 


414.35 
336.99 


'1.80  miles  of  third  track  also  completed.  =1.74  miles  of  fourth  or 
more  track  also  completed.  "0.09  mile  third  track  and  5.99  miles 
fourth  or  more  track  also  completed.  -"Clu  mile  of  fourth  or  more 
track  also  completed. 


Railway  Terminals  and  Yards 

An  interesting  discussion  of  a  very  important  subject  was 
presented  at  the  annual  meeting  of  the  American  Society  of 
Mechanical  Engineers  by  Mr.  Wm.  Barclay  Persons,  of  New 
York  City.  While  perhaps  of  particular  importance  and  in- 
terest to  New  York  engineers,  the  following  abstract  of  Mr. 
Parsons'  paper  should  appeal  to  others,  as  similar  problems 
are  certain  to  present  themselves  in  other  large  cities  in  the 
future. 

Terminals  form  the  largest  item  in  railway  construction 
cost  and  the  most  expensive  item  of  cost  in  railway  opera- 
tion. What  proportion  of  the  total  cost  is  represented  by 
terminals  and  terminal  yards  is  impossible  to  say,  but  a  high 
official  of  one  trunk  line  entering  New  York  recently  made 
the  guess  that  perhaps  the  reproduction  cost  of  their  end  and 
intermediate  terminals,  together  with  equipment,  would  be 
as  much  as  all  the  remainder  of  the  road  with  its  equipment. 
On  the  average,  does  it  seem  unlikely  that  at  least  30  per 
cent  of  the  physical  valuation  of  the  railways  in  the  United 
.estates  would  be  represented  by  terminals  and  terminal 
yards?  Any  figures  short  of  a  detailed  valuation  must  be  a 
guess,  though  a  guess  based  on  experience. 

To  make  a  similar  guess  as  to  the  cost  of  terminal  opera- 
tion would  be  more  difficult  and  with  perhaps  a  less  accurate 
basis.  There  is  no  segregation  of  cost  figures  that  will  give 
a  reliable  estimate  as  to  how  much  of  the  total  expense  of 
transportation  is  absorbed  by  the  terminals  as  compared  with 
that  absorbed  by  train  transportation  on  the  open  track.  The 
ratio  will  obviously  depend  on  the  length  of  haul,  being 
greater  when  the  haul  is  between  nearby  points  such  as  Phila- 
delphia and  New  York  and  less  when  between  Chicago  and 
New  York;  but  on  the  average  can  it  be  safely  put  as  less 
than  the  estimated  construction  cost  ratio  of  30  per  cent? 

Again,  the  writer  would  like  to  give  figures  as  to  such  cost 
of  final  delivery,  but  conditions  vary  so  much  in  different 
cities  that  no  reliable  statistics  can  be  given.  Several  inves 
tigations  have  been  made  in  New  York  and  one  established 
the  figure  of  cost  of  trucking  from  the  railway  freight  house 
to  the  consignee's  warehouse  as  amounting  to  as  much  as  SO 
per  cent  of  the  whole  railway  charge  for  carriage  from  Buf- 
falo or  Pittsburgh  to  New  York.  Place  any  figures  you  like 
within  reason  as  the  part  of  the  total  railway  charge  that 
should  be  allocated  to  the  cost  of  passing  a  car  through  a 
New  York  terminal  yard  and  the  unloading  of  the  goods,  and 
it  is  evident  that  it  costs  much  more  to  handle  a  ton  of  freight 
through  New  York  to  the  point  of  ultimate  destination  than 
it  does  to  haul  that  same  ton  some  400  miles,  including  in 
the  latter  expense  the  cost  incurred  in  handling  the  goods  in 
the  originating  and  intermediate  terminal  yards. 

In  regard  to  proper  charges  for  the  use  of  terminal  facili- 
ties, it  is  obvious  that  rates  can  be  raised  so  high  that  the 
resultant  gross  returns  will  show  declines  and  not  increases. 
Managers  must  therefore  see  that  rates  are  not  carried  be- 
yond the  critical  point,  or,  to  put  it  another  way,  they  must 
see  that  business  is  conducted  economically.  But  that  re- 
sponsiblity  is  also  placed  on  the  shipper.  If  he  would  avoid 
further  raises  in  rates  he  can  aid  by  focusing  public  atten- 
tion on  the  unnecessary  burdens  placed  by  legislation  on 
transportation  companies,  on  the  failure  of  the  transportation 
companies  to  use  their  properties  in  the  best  manner  to  pro- 
duce the  most  economical  results  for  all  concerned,  or  on 
the  failure  of  public  authorities  to  co-operate  with  the  trans- 
portation companies  and  with  each  other. 

How  can  savings  in  terminal  expense  be  obtained?  In  the 
old  competitive  days  it  was  necessary  for  each  company  to 
have  its  own  complete  terminals  and  to  prevent  competitors 
from  obtaining  facilities  as  ample  or  so  well  located  There 
resulted,  consequently,  as  many  terminal  yards  as  there  were 
companies,  and  frequently  each  terminal  yard  had  its  own 
separate  arrangement  for  the  handling  of  every  class  of 
commodity.  Under  the  present  law  the  systems  are  not  ac- 
tually combined,  nevertheless  the  cut-throat  competition  has 
been  removed,  and  the  companies  are  not  only  free  but  are  en- 
couraged to  eliminate  wasteful  duplication.  The  Chicago 
Terminal  Commission  has  already  answered  this  question  \>y 
saying  that  "there  are  decided  advantages  in  co-operatiive 
operation." 

In  191S  railways  in  different  parts  of  the  country  began  to 
put  such  co-operative  operation  in  effect  and  reports  show 
that  savings  of  very  measurable  proportions  resulted.  In  the 
northwestern,  central-western  and  southwestern  sections  cov- 
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ering  twenty-eiglil  states,  estimated  annual  savings  amount- 
ing to  $5,750,000  have  already  been  obtained.  Would  there  not 
be  really  great  savings  if  all  the  terminal  facilities  in  all  our 
cities  should  be  pooled  and  duplications  be  avoided? 

The  question  has  been  put,  "What  can  the  railways  do  to 
reduce  the  cost  of  terminal  operation?"  The  complement 
question  can  also  be  put,  "What  can  the  shippers  do?"  A 
few  years  ago  shippers  used  both  railway  freight  houses  and 
cars  as  places  of  free  storage  for  long  and  indefinite  periods. 
High  demurrage  charges  rigorously  enforced,  however,  have 
greatly  reduced  this  irregular  and  wasteful  proceeding,  and 
in  fairness  to  all  parties  it  should  be  stopped  entirely.  There 
is  perhaps  only  one  way  in  which  this  can  be  done  and  that 
is  by  having  the  railway  companies  do  all  the  unloading  and 
delivery,  either  by  their  own  agencies  or  by  some  authorized 
single  agent  acting  for  them.  To  cover  the  cost  of  this  de- 
livery service,  freight  rates  would  have  to  be  raised  corre- 
spondingly, hut  the  total  would  be  much  less  than  the  present 
cost  to  shippers,  which  is  a  combination  of  the  railway  charge 
and  their  own  trucking  expense. 

At  a  meeting  in  New  York  where  terminals  are  being  dis- 
cussed one  cannot  refrain  from  speaking  of  New  York's  termi- 
nals, nor  is  it  proper  to  refrain  because  New  York's  terminals 
are  really  the  affair  of  the  whole  country.     In  what  can  be 
called   the   Metropolitan   District,   embracing  a   part   of   New 
Jersey   as   well   as   the  city   of   New    York,   there  is   located 
nearly   one-twelfth    of   the    whole    population   of    the    United 
States,  and  this  same  district  is  the  greatest  manufacturing 
center  of  the  Uniled  States.     Forty  per  cent  of  the  export  and 
import  traffic  of  the  whole  country  passes  through  the  port. 
There  is  but  one  railway  whose  freight  tracks  reach  Man- 
hattan Island.     All  the  other  lines  maintain  the  connection  by 
lighters.     One   hundred   years  ago  it  was  the   Hudson  River 
that  furnished  an  outlet  for  the  Erie  Canal  and  carried  New 
York  to  the   first  place  among  American   cities,  thus   estab- 
lishing  its    ever-increasing   commercial    supremacy.     On   the 
advent  of  railways  they,  one  by  one,  except  the  Hudson  River 
Railroad,   located   their  terminals   on   the   Jersey   shore    and 
lightered   their  traffic   across   the   water.     As   their   business 
developed  they  increased  their  facilities,  and  as  the  city  grew 
they  created  new  points  of  delivery,  but  always  maintaining 
their  separate  and  individual  identities.     The  consequence  is 
that  every  railway  coming  from  the  West  maintains  on  the 
Jersey   shore  great  yards  occupying  valuable   space   whence 
freights  are  transferred  by  floats  to  various  points  not  only 
on  the  edge  of  Manhattan  Island,  which  was  New  York  when 
railway  traflic  originated,  but  to  the  greater  parts  of  what  is 
now  New  York,  namely,  Brooklyn,  I^ong  Island  and  the  Bronx. 
Is  this  necessary?     It  it  is  not  necessary,  is  it  the  best  and 
most  economical  arrangement?     Should  not  the  terminal  fa- 
cilities  of  the   several   roads   be   pooled,   thus    concentrating 
operation  on  the  part  of  the  railways?     Instead  of  maintain- 
ing special  delivery  stations  in  New  York,  can  there  not  be 
a  combining  there,  with  perhaps  a  further  segregation  into 
places  for  delivery  according  to   commodities?     If  the  prin- 
ciple of  "store  door"  delivery  be  adopted  there  seems  to  be 
no   necessity    for    water-front    terminals    in    New    York    and 
water-front  yards  in  Jersey.     New  yards  with  switching  con- 
nections at  both  ends  can  be  constructed  with  modern  freight 
houses    and    unloading    tracks    equipped    with    labor-saving 
freight-handling  machinery.     These  could   be  located   in  any 
convenient  place,  even  on   the   wide   expanse  of   the   Jersey 
meadows.     To  them  motor  trucks  with  trailers  carrying  not 
part  but  full  loads  would  transport  merchandise  between  cars 
and  points  of  origin  or  destination  in  any  part  of  the  Metro- 
politan District.     In  such  a  system  would  there  not  be  econ- 
omy in  handling,  time  saved  in  trans-terminal  shipments  and 
a  relief  to  street  congestion   through  diminished  number  of 
trucks?     The  first  two  are  for  the  immediate  benefit  of  the 
railways  and  shippers,  but  the  last  is  for  the  benefit  solely 
of  the  city. 

There  is  a  fourth  advantage  in  which  the  nation  as  a  whole 
and  the  Metropolitan  District  would  share  jointly.  Already 
New  York's  harbor  terminal  facilities  are  overtaxed  and  there 
Is  danger  of  surplus  foreign  traffic  seeking  against  natural 
laws  other  and  consequently  'ess  well-situated  ports.  The  free- 
ing of  such  a  large  area  of  water-front  property  now  held  for 
local  freight  purposes  only  would  render  available  a  site  for 
the  finest  kind  of  ocean-steamship  terminals.  This  property 
is  most  advantageously  located  for  such  purposes.  It  would 
have  complete  rail  connection  with  all  lines  and  could  be 
physically   improved   with   piers  having  ample  storage  facili- 


ties and  cargo-handling  machinery.  The  opportunity  would 
be  presented  whereby  the  port  of  New  York  could  be  almost 
indefinitely  extended  and  with  advantages,  vastly  superior  to 
those  now  existing  or  obtainable  elsewhere. 


How  Traction  Companies  Remove 
Snow 

As  a  result  of  the  severe  storms  of  February,  1920,  many 
electric  companies  found  themselves  unprepared  to  cope 
with  storms  of  real  magnitude.  Mr.  R.  C.  Cram,  Engineer 
of  the  Brooklyn  Rapid  Transit  System,  sent  out  a  question- 
naire to  railway  corapsnies  to  find  out  how  they  were  pre- 
pared to  handle  storms.  Representative  replies  from  the 
East,  Middle  West  and  West  are  summarized  as  follows  in 
a  recent  report  of  the  New  York  State  Bureau  of  Municipal 
Information. 

Buffalo. — The  snow  fighting  equipment  of  the  International 
Ry.,  consists  of  sweepers,  snowplows,  and  rotaries,  and  only 
in  case  the  line  becomes  blocked  and  it  is  impossible  to  open 
it  up  with  any  other  equipment  is  shoveling  resorted  to. 
This  company  seldom  removes  any  snow  from  the  streets 
by  carting  away  or  otherwise,  as  an  agreement  for  this  work 
is  in  effect  with  the  city,  and  the  company  is  assessed  a 
fixed  portion  of  the  cost.  The  railway  company  does,  how- 
ever, remove  all  snow  from  the  tracks,  in  which  work  it  is 
unassisted  by  the  city.  The  snow  fighting  equipment  is 
placed  in  operation  very  quickly  after  snow  begins  to  fall 
and  before  2  in.  has  actually  accumulated. 

Chicago. — Chicago  railways  have  large  wing  plows  pro- 
pelled by  three  work  cars.  The  snow  fighting  equipment  of 
the  Chicago  surface  lines  consists  of  96  sweepers,  11  power 
plcws,  81  drag  plows,  49  wing  plows,  and  7  large  sprinkler 
cars  converted  into  wing  plows.  During  the  heavy  snowfall 
of  two  years  ago  the  heaviest  drifts  were  successfully  cleared 
from  the  tracks  and  from  an  area  wide  enough  for  other 
traffic  outside  the  tracks  by  the  use  of  a  large  wing  plow- 
attached  to  a  work  car.  Sufficient  power  to  operate  this 
equipment  against  the  heavy  drifts  was  derived  by  coupling 
three  heavily  motored  and  weighted  work  cars  together.  A 
single  system  was  connected  between  cabs  so  that  all  three 
raotormen  could  simultaneously  turn  on  their  controllers. 
This  combination  appeared  to  be  capable  of  moving  any- 
thing, and  it  was  this  equipment  which  made  it  possible  to 
cope  with  the  unprecedented  snowfall  without  suspension 
of  service. 

The  practice  in  Chicago  is  to  clean  not  only  the  16-ft.  area 
over  the  track,  but  also,  by  means  of  the  various  wing  plows, 
to  push  the  snow  back  toward  the  curbs  in  order  to  clear 
a  roadway  for  trucks  and  automobiles.  This  is  the  only 
way  such  vehicles  can  be  persuaded  to  stay  off  the  tracks. 
The  organization  to  handle  this  work  is  so  perfected  that 
upon  occasion  an  army  of  employes  can  be  called  from 
their  homes  and  put  into  action  in  less  than  an  hour's  time. 
Each  man  knows  by  prearranged  plan  just  where  he  is  to 
report  and  what  he  is  to  do  if  he  is  called  and  given  the 
command  "snow."  The  men  are  fed  on  the  job  by  the  com- 
pany, so  that  there  is  no  stopping  of  the  snow  fighting  work 
through  desertion  in  search  of  food  and  warmth. 

A  liberal  use  of  salt  at  all  switches  and  special  work  lo- 
cations at  the  beginning  of  a  storm  is  considered  one  of  the 
secrets  of  keeping  the  cars  moving.  A  very  close  contact 
with  the  Weather  Department  is  another,  serving  as  it  does 
as  a  means  of  anticipating  what  preparations  may  be  neces- 
sary. 

Denver. — In  Denver  in  addition  to  the  usual  complement  of 
snow  plows  and  sweepers  the  Denver  Tramway  Co.  uses 
work  cars  and  autos  to  carry  trackmen  to  salt  the  switches, 
and  if  the  storm  is  so  severe  that  operation  has  to  cease, 
work  cars  and  flat-cars  are  used  upon  which  to  load  the 
snow,  for  removal  from  the  streets.  Wing  boards  are  used 
on  flat-cars  to  push  the  snow  farther  away  from  the  track. 
When  the  snow  is  removed  from  the  streets  by  flat-cars, 
the  special  mechanical  pusher,  built  by  the  company  and 
described  in  the  issue  of  the  Electric  Railway  Journal  for 
May  10,  1919,  page  924,  is  used.  A  few  years  ago,  at  the 
time  of  a  heavy  snowfall,  three  men  with  this  pusher  were 
able  to  perform  the  work  which  otherwise  would  have  re- 
quired a  gang  of  15  shovelers.  Flat-cars  containing  from  10 
to  14  cu.  yd.  of  snow  were  loaded  at  an  average  rate  of  6 
minutes  per  car.     The  pusher  running  day  and  night  at  a 
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cost  of  ?9  per  shift  for  labor  was  able  to  unload  more  snow 
than  was  handled  off  flat  cars  by  the  city  at  Sixth  Ave.  with 
a  cost  of  more  than  $80  per  shift. 

The  Denver  Tramway  Co.  has  no  obligations  or  arrange- 
ments with  the  city  in  regard  to  snow  removal,  nor  is  any 
contract  made  with  outside  firms  for  this  work.  As  soon 
as  the  snow  begins  to  fall  sweeper  crews  are  ordered  to  re- 
port for  duty.  The  removal  work  depends  upon  weather 
conditions,  the  hour  of  day,  the  kind  and  amount  of  snow 
fall,  the  time  of  year  and  the  reports  of  car  crews  and  in- 
spectors as  to  whether  or  not  the  two-motor  car  lines  are 
beginning  to  drag.  In  the  event  of  a  complete  tie-up  of  traffic, 
due  to  an  abnormal  snowfall,  the  method  of  procedure  is  out- 
lined in  a  standing  order  covering  the  work  in  detail.  This 
standing  order  is  corrected  each  fall  to  cover  any  changes 
in  organization,  routes,  etc.,  which  seem  of  value  as  a  re- 
sult of  the  experience  of  the  preceding  year. 

Rochester. — In  addition  to  its  snow  plows  and  sweepers, 
the  Rochester  Lines  of  the  New  York  Rys.  use  two  snow- 
scraper  cars  and  a  car  with  an  ice-cutting  attachment,  which 
cuts  the  ice  and  snow  from  between  the  rails.  This  com- 
pany has  an  agreement  with  the  city  by  which  each  pays 
50  per  cent  of  the  cost  of  removing  snow  on  streets  where 
car  tracks  are  located  and  each  has  a  definite  area  to  clean. 
The  company  removes  the  snow  from  the  main  street  inter- 
sections in  the  center  of  the  city  and  the  city  removes  the 
snow   between  these  intersections  from  the   curb  to  curb. 

The  New  York  State  Rys.  do  not  contract  for  snow  re- 
moval, but  when  necessary,  teams  are  sometimes  hired  by 
the  day.  Sewer  manholes  are  used  for  the  disposal  of  snow, 
and  this  method  results  in  much  shorter  hauls.  In  some 
cases  manholes  are  located  at  the  spot  where  removal  of 
snow  is  necessary,  thereby  decreasing  the  time  of  snow  re- 
moval  and   reducing   the   cost   of   hauling. 

The  city  of  Rochester  is  mapped  out  in  routes  for  the 
snow  sweepers  and  plows  to  follow  and  these  are  classified 
as  Routes  1,  2,  3,  and  so  forth.  This  information  is  posted 
in  each  snow  equipment  for  the  information  of  the  train- 
men so  that  each  crew  will  know  just  what  streets  to  follow 
and  clean,  and  it.  in  turn,  reports  back  to  the  dispatcher's 
office  by  telephone  at  the  end  of  each  route  or  line.  A  rec- 
ord is  kept  in  the  dispatcher's  office  of  each  equipment  lo- 
cation and  of  streets  cleaned,  so  that  any  time  during  the 
storm  the  superintendent  and  his  assistants  know  where 
each  sweeper  and  plow  is  located. 

As  soon  as  the  equipment  is  called  out,  this  depending  on 
the  density  of  fall,  the  location  (city,  suburban  and  inter- 
urban  lines)  and  what  amount  of  snow  is  previously  on  the 
ground,  salters  and  switch  cleaners  are  dispatched  to  the 
main  sections  of  the  city,  while  two  trucks  are  loaded  with 
salt  and  men  are  sent  to  the  outskirts  to  clean  and  salt  the 
switches.  Each  truck  has  its  own  route  to  cover.  About 
20  salt  boxes  are  distributed  at  principal  locations  about  the 
city  where  there  is  a  large  amount  of  special  work.  The 
railway  company  has  a  private  telephone  dispatching  sys- 
tem operated  from  a  central  office  in  the  main  office  build- 
ing with  a  telephone  at  the  end  of  each  car  line  and  at 
other  principal  locations.  This  has  proved  invaluable  in  car- 
rying out  the  snow-fighting  program. 


Revising  Specifications  for  Telephone  Poles. — At  the  re- 
quest of  the  overhead  systems  committee  of  the  National 
Electric  Light  Association  the  Forest  Products  Laboratory 
is  collecting  data  on  the  taper  and  strength  of  various  pole 
species,  including  southern  yellow  pine,  chestnut,  western 
red  cedar  and  northern  white  cedar.  In  order  to  check  up, 
or,  if  need  be,  revise  their  standard  specifications  for  poles. 
Data  are  also  being  collected  on  the  efficiency  of  various 
treatments  commonly  used  for  poles.  These  data  are  based 
on  the  results  of  service  tests  by  the  Forest  Products  Lab- 
oratory that  have  extended  over  a  period  of  approximately 
14  years. 


51  Per  Cent  of  People  of  U.  S.  Live  in  Cities.— The  urban 
population  of  the  United  States,  or  people  living  in  places  of 
2,500  or  more,  is  54,318,032,  or  51.4  per  cent  of  the  country's 
total  population,  and  the  number  of  people  living  in  rural 
territory  is  51,390,739,  the  census  bureau  announced  last 
week.  In  1910  the  urban  population  represented  45.8  per 
cent. 


Protection  of  Grade  Crossings  by 
Humps 

At  a  meeting  of  the  American  Association  of  Highway 
Officials  in  Washington  on  Dec.  16,  1920,  Mr.  Hunter  Mc- 
Donald, Chief  Engineer  of  the  N.  C.  &  St.  L.  Ry.,  read  a 
paper  on  the  above  subject,  abstracts  from  which  we  give 
below,  taken  from  the  Railway  Age. 

"Watchmen,  wigwag  signals,  alarm  bells,  and  even  safety 
gates  are  often  ineffective  in  preventing  men  from  recklessly 
sacrificing  or  jeopardizing  their  own  lives  and  those  of  their 
children  and  friends  by  what  is  often  nothing  less  than  crim- 
inal carelessness.  We  have  had  instances  where  cars  have 
collided  with  coaches  of  the  train  after  the  engine  and  sev- 
eral cars  have  already  passed  over  the  crossing.  We  recog- 
nize that  separation  of  grades  is  the  only  absolute  remedy, 
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Section   and    Plan   for   Humo   at   Grade   Crossing. 

but  this  is  a  slow,  tedious  and  expensive  process,  involving 
always  the  question  of  the  equitable  distribution  of  the  costs 
of  the  work  and  the  raising  of  the  necessary  funds.  What- 
ever funds  the  railroads  may  have  at  their  command  in  the 
early  future  are  already  badly  needed  to  place  and  keep 
their  properties  in  condition  to  move  their  traffic  safely  and 
promptly. 

"Electric  appliances,  such  as  gongs  and  w-igwags,  when 
out  of  order  are  a  decided  menace  at  that  very  moment,  in- 
viting the  driver  to  cross  in  fancied  security,  although  a 
train  may  at  that  very  moment  be  approaching.  Any  small 
boy  with  a  piece  of  wire  on  dragging  parts  of  equipment  can 
short-circuit  the  apparatus  and  give  a  false  clear  signal.  It 
is  almost  impossible  to  keep  such  apparatus  always  in  work- 
ing order,  and,  even  when  working,  their  warnings  are  often 
disregarded. 

"For  a  number  of  years  I  have  been  observing  the  opera- 
tion of  so-called  'Humps,'  which  have  been  installed  at  grade 
crossings  on  many  of  the  highways  and  on  the  speedway  of 
the  parks  in  the  city  of  Memphis.  The  secretary  of  the 
Park  Commission  of  Memphis,  under  whose  direction  the 
humps  have  been  installed  and  operated  for  eight  years  past, 
recently  wrote  our  general  counsel  that  no  crossing  accident 
had  taken  place  since  they  were  erected.  He  states  that  in 
one  instance  the  driver  of  a  machine  running  at  a  speed  of 
about  25  miles  an  hour,  was  thrown  out  of  the  car  and  his 
arm  broken.  Suit  was  brought  against  the  city,  but  the  city 
won  on  the  ground  that  a  warning  sign  had  been  placed  at 
a  sufficient  distance  in  advance  of  the  hump  to  enable  the 
driver  to  slow  down. 
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We  believe,  that  pending  the  consummation  of  the  ideal 
grade  separation,  a  forceful  speed  deterrent  is  absolutely 
essential,  and  that  persuasive  methods  are  of  no  avail.  No 
law  limiting  the  privileges  of  the  individual  can  be  effective 
unless  applied  by  force.  We  are  convinced  that  the  hump 
affords  the  least  oppressive  means  of  applying  the  force 
necessary  to  secure  the  proper  reduction  of  speed  and  neces- 
sary caution  at  grade  crossings." 

The  general  counsel  of  the  N.  C.  &  St.  L.  Ry.  has  prepared 
a  law  which  it  is  proposed  to  have  introduced  into  the  Ten- 
nessee legislature,  providing  for  humps  or  other  speed  re- 
striction devices  under  the  direction  of  the  State  Highway 
Commission,  on  all  grade  crossings  of  railroads  within 
the  state  not  already  adequately  protected. 

The  proposed  bill  provides  for  a  hump  in  the  roadway,  on 
each  side  of  the  railroad  track;  to  be  made  sufTiciently  high 
and  abrupt  to  compel  a  reduction  of  speed  by  reckless  driv- 
ers. It  stipulates  that  within  00  days  from  its  passage  the 
State  Highway  Commission  and  other  State  and  county  offi- 
cers, constructing  new  roads  or  maintaining  existing  roads, 
shall  construct  at  each  crossing,  within  3  00  ft.  and  not  less 
than  fiO  ft.  of  the  center  of  the  railroad,  and  on  each  side,  a 
hump,  extending  entirely  across  the  highway.  The  hump 
is  to  be  7  ft.  6  in.  wide  at  its  base  and  sloping  10°  on  each 
side,  meeting  in  a  rounded  apex.  The  (oe  of  the  hump  must 
be  not  less  than  6  in.  thick  and  its  total  thickness  must  be 
not  Ipss  than  1  ft.  4  in.  at  the  center.  The  proposed  law 
would  not  apply  to  crossings  in  cities  or  towns. 

The  bill  lequires  also  the  erection  of  signs,  from  100  ft. 
to  150  ft.  from  the  hump,  bearing  the  words  "Slow — Hump." 
The  failure  of  the  state  officers  to  comply  with  the  law  shall 
be  deemed  a  misdemeanor  and  subject  to  $25  fine,  or  im- 
prisonment from  five  to  ten  days.  The  railroads  would  be 
required  to  pay  one-half  the  expense  of  the  humps. 


Methods  of  Splicing  Piles 

In  an  informal  discussion  last  fall  before  the  Boston  So- 
ciety of  Civil  Engineers,  much  valuable  information  on  pile 
driving  practices  was  brought  out.  James  R.  Rollins  of  Hol- 
brook,  Cabot  &  Rollins,  stated  that  some  engineers  splice 
piles  by  driving  the  first  length,  sawing  it  off,  putting  a  1%- 
in.  dowel  18  in.  long,  9  in.  into  each  length,  then  putting  a 
splice  pipe  about  24  in.  long  over  the  joint,  driving  the  top 
section  of  the  pile  into  the  splice.  Another  way  is  to  use 
four  pieces  of  lagging  4  in.  by  6  in.,  15  ft.  long,  bolted 
through  the  piles  at  joint.  When  piles  drive  easy,  much  in- 
creased holding  power  can  be  obtained  by  lagging  the  piles 
as  just  described.  This  method  is  used  extensively  in  pier 
construction  In  New  York  Harbor. 

Mr.  Prank  W.  Hodgdon,  Engineer  Massachusetts  Commis- 
sion on  Waterways  and  Public  Lands,  mentioned  where  the 
contractor  used  the  longest  piles  available  and  where  they 
apparently  went  down  full  depth,  but  in  a  material  so  soft 
that  the  engineers  were  practically  sure  they  would  settle 
when  loaded.  Accordingly  a  6-in.  square  timber  about  20  ft. 
long  was  put  on  the  end  of  a  60-ft.  pile;  strips  4  in.  by  6  in., 
20  ft.  long  were  bolted  on  four  sides  of  the  piles.  All  this 
lagging,  bolts  and  all,  was  driven  down  below  the  bottom 
of  the  dock,  so  that  the  whole  thing  was  buried  in  the  sup- 
porting earth.    They  were  held  together  thoroughly. 


Special  Features  at  Chicago  Good  Roads  Show. — An  inter- 
esting feature  of  the  12th  National  Good  Roads  Show  which 
will  be  held  Feb.  9-12  at  the  Coliseum,  Chicago,  will  be  a 
demonstration  by  the  Division  of  Tests,  U.  S.  Bureau  of 
Public  Roads,  in  the  conduct  of  the  impact  tests  that  the 
Bureau  is  using  to  determine  the  ability  of  different  soils 
to  sustain  roads  and  to  measure  the  amount  of  wear  caused 
by  heavy  traffic.  Actual  subgrade  investigations  also  will 
be  conducted  at  the  show  to  demonstrate  how  the  movement 
of  water  in  different  soils  can  be  controlled  and  road  failures 
reduced.  It  Is  expected  that  this  road  show  will  surpass  in 
the  number  and  variety  of  its  exhibits  any  of  the  previous 
shows  held  by  the  association.  The  exhibits  will  include 
the  various  kinds  of  machinery,  appliances  and  transporta- 
tion equipment,  as  well  as  the  materials  and  methods  used 
in  highway  coii^trnrUnn  and  maintenance. 


New  Specifications  for  Stone 
Ballast 

At  the  1920  convention  of  the  American  Railway  Engineer- 
ing Association  the  Committee  on  Ballast  presented  in  tenta- 
tive form  specifications  for  stone  ballast  which  were  referred 
back  with  instructions  to  put  them  in  final  form  for  adoption, 
in  a  recent  bulletin  of  the  Association  tlie  committee  has  com- 
pleted this  specification  ready  for  presentation  at  the  1921 
annual  meeting  in  March.  A  few  of  the  more  important 
items  in  the  specifications  follow. 

Tests — Weight. — Not  less  than  %  cu.  ft.  of  the  stone  ac- 
curately measured,  and  dried  for  not  less  than  12  hours  in 
dry  air  at  a  temperature  of  between  125  and  140°  F.  shall  be 
weiglied.  A  high  quality  stone  is  considered  to  be  one  weigh- 
ing 168  lb.  per  cubic  foot. 

Strength. — Two-inch  cubes  of  the  stone  shall  be  sawed  to 
reasonably  accurate  dimensions  and  the  top  and  bottom  faces 
made  accurately  parallel.  For  the  primary  tests,  the  test 
specimens  shall  be  dried  for  two  hours  in  dry  air  at  a  temper- 
ature of  between  120  and  140°  P.  and  at  the  time  of  the  test 
the  temperature  of  the  specimen  shall  be  not  less  the  50°. 

A  high  quality  stone  is  considered  as  testing  10,000  lb.  per 
square  inch. 

Solubility. — One-fourth  cubic  foot  of  the  rock  shall  be 
crushed  and  thoroughly  washed.  The  particles  shall  then  be 
placed  in  a  glass  vessel  and  covered  with  clear  water.  The 
vessel  shall  be  thoroughly  shaken  for  five-minute  periods  at 
12-hour  intervals  for  48  hours.  If  any  discoloration  of  the 
water  occurs,  the  rock  shall  be  deemed  soluble  and  undesir- 
able for  use  as  ballast. 

Wear  or  Durability — (Test  No.  1). — One-half  cubic  yard  of 
washed  stone,  which  will  pass  through  the  maximum  and  be 
retained  on  the  minimum  screen,  shall  be  spread  over  a  wire 
mesh  or  iron  surface  to  a  depth  of  not  more  than  3  in.,  and 
exposed  to  a  dry  heat  of  from  125  to  140°  F.  for  a  period  of 
two  hours.  After  the  dried  stone  is  carefully  weighed  it 
shall  be  given  10,000  revolutions  in  a  tumbler  approximately 
4  ft.  in  diameter,  of  not  less  than  two  cubic  yards  capacity, 
and  operating  at  25  revolutions  per  minute. 

The  sample  shall  then  be  passed  over  a  screen  of  the  mini- 
mum dimension  provided  for  sizing  the  ballast,  again  washed 
and  dried  in  the  same  manner  as  before  the  test,  and  again 
carefully  weighed. 

Test  No.  2  (Quick  Weathering  Test). — One-half  cubic  yard 
of  stone  shall  be  dried  and  weighed  as  for  Test  No.  1.  It 
shall  then  be  immersed  in  water  for  six  hours  and  then  while 
still  wet,  be  placed  in  a  refrigerating  plant  and  subjected  to 
«,  temperature  of  approximately  zero  F.  for  two  hours.  It  shall 
then  be  removed  and  the  temperature  gradually  raised  in 
two  hours  to  100°  and  that  heat  continued  for  two  liours, 
when  it  shall  be  immersed  as  before  and  again  subjected  to 
approximately  zero  temperature. 

The  freezing  and  thawing  shall  be  repeated  to  a  total  of 
ten  exposures.  If  any  tendency  to  disintegrate  is  observ- 
able the  stone  should  be  considered  unsuitable  for  ballast. 

A  high  quality  stone  for  ballast  will  not  show  a  decrease 
in  fragments  which  will  pass  the  minimum  sizing  screen  of 
more  than  4  per  cent. 

Absorption. — One-half  cubic  yard  of  washed  stone,  which 
will  pass  through  the  maximum  and  be  retained  on  the  mini- 
mum screen,  shall  be  spread  over  a  wire  mesh  or  iron  surface 
to  a  depth  of  not  more  than  .3  in.,  and  exposed  to  a  dry  heat 
of  from  125  to  140°  F.  for  a  period  of  6  hours.  After  the 
dried  stone  Is  carefully  weiglied  it  shall  be  submerged  in 
clean  water  for  a  period  of  96  hours.  It  shall  then  be  re- 
moved from  water  and  exposed  to  a  normal  air  in  the  shade 
and  at  a  temperature  between  40  and  80°,  and  allowed  to 
drip  for  30  minutes,  when  it  shall  again  be  weighed  and  the 
difference  in  weight  shall  be  used  to  determine  the  rate  of 
absorption. 

A  high  quality  stone  for  ballast  will  have  an  absorption  of 
not  more  than  0.50  lb.  per  cubic  foot. 

Cementing  Quality. — A  5-lb.  sample  of  the  rock  thoroughly 
washed  and  dried  shall  be  crushed  until  it  will  pass  through 
a  screen  of  one-fourth  inch  mesh.  This  material  shall  be 
placed  in  a  ball  mill  which  contains  two  steel  shot  weighing 
20  lb.  each,  and  the  mill  revolved  at  the  rate  of  30  revolutions 
per  minute,  until  it  has  made  2,000  revolutions  for  each 
pond  of  sample  in  the  mill. 

Sufficient  clean  water  shall  be  added  to  make  a  consistent 
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mortar,  which  shall  then  be  moulded  into  one-inch  cubical 
briquettes,  formed  under  10  lb.  pressure.  All  of  the  briquettes 
shall  then  be  allowed  to  dry  20  hours  in  air,  when  one-third  of 
them  shall  be  tested  for  compressive  strength. 

One-third  shall  be  kept  for  four  hours  in  a  steam  bath,  and 
the  remainder  shall  be  immersed  for  four  hours  in  clean 
water  at  a  temperature  between  50  and  60°  F.  and  then  tested 
for  compressive  strength. 

If  in   any   of  these   tests   a   compressive   strength   greater 

than lb.  per  square  inch  is  developed  the  material  shall 

be  deemed  unsuitable  for  ballast. 

Of  the  stone  available,  that  from  which  the  briquettes  show 
the  minimum  strength  should  be  used;  a  high  quality  stone 
will  show  not  to  exceed  4  lb.  per  square  inch. 

Requirements — Breaking. — Stone  for  ballast  shall  be  broken 
into  fragments  which  range  with  fair  uniformitty  between 
the  size  which  will  in  any  position  pass  through  a  2i^-in.  ring 
and  the  size  which  will  not  pass  through  a  %-in.  ring. 

Test  for  Size  (Maximum). — A  sample  weighing  not  less 
than  150  lb.  shall  be  taken  from  the  ballast  as  loaded  in  the 
cars  and  placed  in  or  on  a  screen  having  round  holes  2%  in. 
In  diameter.  If  a  thorough  agitation  of  the  screen  fails  to 
pass  through  the  screen  95  per  cent  of  the  fragments,  as  de- 
termined by  weight,  the  output  from  the  plant  shall  be  re- 
jected until  the  fault  has  been  corrected. 

Minimum.— A  sample  weighing  not  less  than  150  lb.  shall 
be  taken  from  the  ballast  as  loaded  in  the  cars;  weighed 
carefully  and  placed  in  or  on  a  suitable  screen  having  round 
holes  %  in.  in  diameter.  The  screen  shall  then  be  agitated 
until  all  fragments  which  will  pass  through  the  screen  have 
been  eliminated.  The  fragments  retained  in  the  screen  shall 
then  be  weighed  and  if  the  weight  is  less  than  95  per  cent 
of  the  original  weight  of  the  sample  the  output  of  the  plant 
shall  be  rejected  until  the  fault  is  corrected. 

Handling. — Broken  stone  for  ballast  must  be  delivered  from 
the  screens  directly  to  the  cars  or  to  clean  bins  provided  for 
the  storage  of  the  output  of  the  crusher.  Ballast  must  be 
loaded  into  cars  which  are  in  good  order  and  tight  enough 
to  prevent  leakage  and  waste  of  material  and  are  clean  and 
free  from  stand,  dirt,  rubbish  or  any  other  suBstance  which 
would  foul  or  damage  the  ballast  material. 


A  Machine  for  Straightening  Bent  Track 
Spikes 

A  machine  developed  for  the   purpose  of  reclaiming   bent 
usuable    track    spikes    is    illustrated.      The    machine    weighs 

about  70  lb.,  is  made 
of  high  grade  elec- 
tric steel  castings, 
heat  treated,  and  all 
wearing  parts  are 
case  hardened.  The 
spikes  are  squeeged, 
thereby  eliminating 
excessive  wear  in 
the  grooves.  The 
grooves  are  com- 
monly made  for  two 
sizes  of  spikes: 
9/16  by  51/2  and  % 
by  6,  but  the  manu- 
facturers will  fur- 
nish them  for  any  size  required.  It  is  claimed  that  the  ma- 
chine will  straighten  a  spike  that  is  bent  and  twisted  at 
nearly  right  angles.  The  machine  is  known  as  the  Butler 
Spike  Shaper.  It  is  manufactured  by  the  Werner  Machine 
Co.,  West  Allis,  Wis. 


Butler    Spike    Shaper. 


Town  to  Run  Electric  Railway. — Citizens  of  the  town  of 
Hampton,  N.  H.,  have  voted  to  purchase  the  Exeter,  Hamp- 
ton &  Amesbury  Street  Railway,  at  a  cost  not  to  exceed 
$80,000,  with  the  understanding  that  if  the  road  failed  to 
pay  expenses  the  town  of  Exeter  would  make  an  annual  con- 
tribution of  .$2,500  for  a  term  of  five  years.  The  road,  which 
is  20  miles  in  length,  was  built  in  1897. 
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Aberthaw   Construction  Go's.  In- 
structions for  Its  Field  Men 

In  response  to  many  requests  for  literature  and  instruc- 
tions for  the  field  force,  the  Associated  General  Contractors 
is  investigating  the  practice  of  contractors  in  regard  to  sup- 
plying job  literature.  Inquiry  has  developed  the  fact  that 
contractors  are  not  only  awake  to  the  possibilities  but  also 
that  certain  companies  are  supplying  their  field  men  with 
valuable  instructions.  One  of  these  sets  of  instructions,  that 
of  the  Aberthaw  Construction  Co.,  Boston,  Mass.;  is  reviewed 
at  some  length  in  the  December  Bulletin  of  the  association. 
The  review  follows  in  full. 

Contractors  who  envy  the  manufacturer  who  can  set  his 
mill  running,  and  then  go  away  and  cut  coupons,  will  want 
to  know  more  about  the  Book  of  Aberthaw.  While  it  would 
be  impossible  entirely  to  eliminate  the  process  of  "taking 
it  up  with  the  office"  in  construction,  the  possible  saving 
in  correspondence,  delays,  and  executive  time  and  patience 
which  might  be  effected  on  any  job  is  shown  in  the  Aber- 
thaw Bible.  The  secret  of  this  method,  which  has  proved 
successful,  is  as  old  as  science.  It  involves  four  steps:  (1) 
the  collection  of  ideas,  policies,  and  methods  which  have 
proved  of  value,  (2)  their  orderly  classification  and  analysis, 
(3)  the  adoption  of  general  rules  and  policies  therefrom, 
and  (4)  a  permanent  record  of  the  results  easily  accessible. 
The  Aberthaw  Construction  Co.  of  Boston  furnishes  each 
of  its  superintendents  with  a  loose-leaf  manual,  the  subject 
matter  of  which  deals  with  company  policies,  methods,  and 
the  details  of  carrying  out  a  building  contract.  All  prac- 
tices relating  to  forms,  reports,  accounting  and  office  detail 
are  covered,  and  policies  affecting  the  more  intangible  prob- 
lems such  as  relations  with  the  owner,  the  architect,  the 
engineer,  the  sub-contractor  and  company  employes,  are  care- 
fully set  forth.  It  is  intended  not  only  to  standardize  the 
work  of  different  contracts  and  thus  effect  substantial  econo- 
mies for  both  owner  and  contractor,  but  also  to  give  instruc- 
tions and  information  concerning  the  hundred  and  one  de- 
tails which  frequently  are  overlooked,  and  which  mean  much 
for  smooth  sailing.  Unlike  its  great  namesake,  the  Aber- 
thaw Bible  exists  to  be  added  to  and  revised  continually, 
and  any  new  policy  or  practice  which  has  proved  successful 
is  ultimately  given  its  proper  place  in  this  company  book  of 
books. 

Laying  Out  the  Work. — In  spite  of  the  utmost  care  in  lay- 
ing out  new  work  the  superintendents  often  omit  important 
details  which  may  handicap  them  until  the  end  of  the  job. 
To  prevent  such  occurrences,  the  Aberthaw  book  supplies 
detailed  instructions  for  use  in  organizing  the  work. 

Certain  transactions  are  negotiated  by  the  Boston  office. 
These  are  explicitly  stated  to  avoid  confusion;  also  certain 
materials  and  supplies  are  purchased  by  the  home  office  or 
carried  in  the  company  yard  and  concerning  these,  full  in- 
formation is  given.  Other  questions  pertaining  to  the  con- 
struction which  must  be  considered  at  the  outset  are  an- 
swered in  the  company's  standard  drawings.  These  draw- 
ings, which  are  reduced  in  size  for  use  in  the  manual,  have 
been  adopted  after  thorough  trial.  They  save  a  great  amount 
of  time  on  the  job  and  eliminate  the  possibility  of  poorly 
designed  structures.  By  the  use  of  such  drawings  less  claim 
is  made  upon  the  superintendent's  time,  which  may  then  be 
more  fully  devoted  to  managing  the  work  and  improving 
methods.  About  fifty  of  these  are  supplied,  among  which  are 
included  the  following: 

Temporary  buildings  Centering 

Hoisting  towers  Runways 

Derricks  Brick  elevators 

Scaffolds  Temporary  stairways 

Track  lay-outs. 
Insuring  Efficient  Methods.— The  methods  used  by  the 
Aberthaw  Co.  on  building  operations  have  become  suffi- 
ciently standardized  to  be  included  in  the  manual  of  con- 
struction. They  are  explained  in  such  detail  that  any  serious 
error  in  the  method  employed  is  practically  impossible.  The 
following  paragraph,  for  example,  is  an  excerpt  pertainin>« 
to  concreting  under  water: 

Doi  not  place  concrete  under  water  if  this  can  be  avoided.  It 
unavoidable,  pour  concrete  through  a  chute  so  that  it  reaches  the 
bottom  without  passing  through  open  water.  Avoid  all  movement 
of  water  where  concrete  is  beinR  deposited.  Equalize  the  pressure 
imnipdiatel.v  by  filling  to  the  natural  grade  of  the  water  any  por- 
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tion  of  the  work  completed  and  do  not  again  pump  out  until  the 
concrete  ia  thorouehly  set.  Do  not  place  concrete  in  water  con- 
taminated with  sewerage,  acid,  mud,  or  other  Impurities. 

Winter  concreting  may  be  safely  carried  on  by  follow- 
ing the'directions  pertaining  to  aggregate  thawing,  placing, 
heating  and  protecting  work.  In  fact,  a  good  method  of 
handling  nearly  every  piece  of  the  work  from  sub-surface  to 
interior  finish  has  been  supplied  for  the  superintendent's 
reference. 

Maintaining  Cordial  Relations  with  Employes. — The  Aber- 
thaw  Co.  has  formulated  a  definite  labor  policy  based  upon 
thorough  investigation  and  each  member  of  the  field  organ- 
ization is  kept  informed  through  the  Bible  of  the  principles 
governing  the  treatment  of  workmen.  The  following  quota- 
tion from  the  manual  is  illustrative  of  these: 

The  officials  of  the  Aberthaw  Company  are  fully  alive  to  the 
necessity  of  having  the  good  will  and  co-operation  of  every  mem- 
ber of  the  organization.  It  is  hoped  that  all  will  feel  free  to  talk 
over  matters  with  the  company  officials  at  any  time,  whether  it 
be  of  the  nature  of  a  suggestion  for  improved  methods,  criticism 
of  policy  or  some  grievance  which  might  be  eliminated.  It  is  the 
intention  of  the  company  to  treat  all  with  the  utmost  fairness  and 
to  maintain  a  keen  regard  for  the  rights  of  its  employees.  The 
Company  is  making  every  effort  to  give  its  men: 

1.  As  steady   employment  as  possible. 

2.  Proper  compensation  In  proportion  to  their  value. 

3.  Help  in  getting  them  located  where  they  will  be  the  most 
effective. 

4.  Instructions  to   improve  their  value. 

To  carry  out  the  principles  stated  above  and  to  raise  the 
standard  of  efficiency  of  the  whole  force,  a  labor  depart- 
ment is  maintained.  An  important  feature  of  the  labor  policy 
are  the  Service  Book  and  the  Laborer's  Record  Card,  the 
purpose  and  value  of  which  are  carefully  set  forth  in  the 
superintendent's  manual.  The  first  is  issued  to  employes 
who  have  given  satisfactory  service  under  two  or  more  of 
the  company's  superintendents;  or,  in  special  cases,  upon 
extended  service  of  unusual  satisfaction  under  one  individual. 
The  Record  Card  is  issued  to  men  showing  exceptional  ability 
on  the  work,  especially  in  concreting  operation.  Holders  of 
cards  and  books  receive  preference  in  employment.  Special 
inducement  is  offered  them  to  improve  their  status  and  re- 
main with  the  company.  A  list  of  the  Bookmen  is  printed 
in  the  manual  of  instructions  and  also  kept  in  the  Boston 
office,  which  attends  to  placing  them  on  other  work  as  de- 
sired. Instructions  also  provide  the  manner  of  paying,  hir- 
ing, changing  rate  and  dismissing  employes.  Special  instruc- 
tions apply  to  men  engaged  in  accounting,  correspondence 
and  recording. 

Standardizing    Field    Office    Work. — Standard    practice    for 
handling  the  field   office   work,   as  laid  down   in  the  manual 
saves  a  large  volume  of  correspondence  with  the  home  office, 
and  enables  it  to  compare  the  progress  and  cost  of  different 
jobs.     About    60    forms    are   provided    for   the    clerical    force 
which  tie  in  with  the  filing  system  and  final  records  in  such 
a  manner  that  a  detached   history  of  each  job   is   available 
at  the  end.     The  following  are  a  few  of  these  forms: 
32.     Sub-contractors  charges  memorandum. 
39.     Job  cash  statement. 
54-a.  Weekly  cost  summary. 
57.      Labor  cost  record. 
93.      Sand  and  gravel  book. 

177.      Safety   inspector's  daily   report. 

216.     Plant  and  tool  record. 

By  the  use  of  forms  pertaining  to  material  work  a  great 
volume  of  detail  is  eliminated,  thus  simplifying  the  work  of 
material  accounting.  The  duties  of  the  material  clerk  in 
handling  his  records  are  explained  in  such  a  manner  that 
he  need  spend  little  time  wondering  how  to  handle  some 
matter  or  in  "taking  it  up  with  the  office."  The  amount  of 
writing  is  reduced  to  a  minimum,  and  by  use  of  these  forms, 
office  men  may  concentrate  their  efforts  upon  accuracy. 

Handling  Equipment. — As  questions  pertaining  to  shipping 
often  create  trouble,  directions  are  given  for  shipping  by 
freight  and  express,  and  for  keeping  the  car  records.  The 
shipping  of  plant  between  jobs  and  the  home  yard  receives 
special  attention.  Equipment  is  also  standardized  by  the 
company:  and  the  machines  and  accessories  common  to 
building  operation  which  are  maintained  in  the  home-yard 
ready  for  transit  to  any  job,  are  listed  in  the  manual.  Equip- 
ment accounting,  renting  and  repairing  are  handled  in  ac- 
cordance with  a  fixed  policy  which  is  fully  explained  and  as 
ready  accessible  to  the  newest  as  to  the  oldest  superintend- 


ent. .MI  jilant  is  divided  into  classes  according  to  life  for 
determining  the  amount  of  depreciation.  From  the  informa- 
tion given  on  this  subject,  the  rental  charge  for  tools  and 
equipment  may  be  found.  The  care  of  equipment  is  ex- 
plained and  a  definite  system  of  accounting  is  fixed  for  dis- 
tributing the  expense,  which  ties  in  with  the  whole  system 
of  accounting  and  time-keeping. 

Checking  Expenses  Daily. — To  assure  an  accurate  distribu- 
tion of  time  to  the  respective  work  units,  the  duties  and 
the  system  of  handling  pay-rolls,  overtime,  etc.,  are  fully 
explained ;  and  an  index  of  the  Mnemonic  system  of  cost 
distribution  used  in  segregating  expense,  is  contained  in  the 
manual.  As  a  result  distribution  is  made  daily  as  the  work 
proceeds  and  constant  comparison  with  the  Bogey  Score 
or  estimate  analysis  is  thus  possible.  Such  comparison  gives 
an  effective  means  of  controlling   costs. 

Reducing  Accidents. — Closely  connected  with  the  work  of 
reducing  costs  is  accident  prevention.  Instructions  for  the 
superintendent,  for  the  company  accident  inspector  who 
makes  the  daily  report  of  the  job,  and  for  the  foreman  to  fol- 
low in  guarding  against  accident,  are  given,  and  the  safety 
appliances  whicli  must  be  installed  on  each  job  are  listed. 

A  special  list  of  dynamite  "Dont's"  for  foremen  is  illustra- 
tive of  the  care  with  which  each  subject  is  covered. 

Other  questions  upon  which  a  superintendent  may  need 
advice  are  called  to  attention  and  discussed  in  the  instruc- 
tions.    Among   these   are   such   matters   as   the   following: 

Handling  extras,  company  signs,  legal  advice,  shipping 
and  routing,  sanitation,  expediting,  handling,  sub-contracts, 
closing  the  work,  and  turning  in  the  records. 

Standards  Established. — The  Aberthaw  Bible  has  been  the 
means  not  only  of  standardizing  work,  but  also  of  raising  the 
efficiency  and  esprit  de  corps  of  the  whole  field  organization. 
Far  from  Jtilling  individual  initiative,  it  has  relieved  the 
force  of  much  routine.  The  company  standards  thus  estab- 
lished have  given  the  firm  an  individuality  among  both  its 
employes  and  its  clients,  which  goes  far  to  remove  the  curse 
of  corporate  organization. 


Army  Construction  Division  Association  to 
Have  Reunion 

The  annual  reunion  of  those  who  were  identified  with  the 
Construction  Division  of  the  Army  during  the  war  will  be  held 
at  the  Morrison  Hotel,  Chicago,  on  Feb.  25  and  26.  The  after- 
noon of  the  first  day  and  the  morning  and  afternoon  of  the  sec- 
ond day  will  be  devoted  to  business  sessions  and  the  annual 
banquet  will  be  held  on  the  evening  of  Feb.  26.  The  mem- 
bership of  the  Construction  Division  Association  consists  of 
those  who  served  in  the  Construction  Division  of  the  Army 
during  the  war.  either  in  uniform  or  as  civilians.  The  offi- 
ce) s  are:  President,  Colonel  Clark  C.  Wright,  of  George  C. 
Nimmons  &  Co.,  122  S.  Michigan  Ave.,  Chicago.  111.;  Vice- 
President,  Colonel  J.  N.  Willcutt.  of  R.  D.  Willcutt  &  Sons 
Co.,  Boston,  Mass.;  Secretary.  Major  George  Gibbs,  Jr.,  Wash- 
ington, D.  C;  Assistant  Secretary.  William  Kennedy,  office 
of  Colonel  Evan  Shelby.  63  Wall  St.,  New  York  City;  and 
Treasurer.  Major  A.  C.  King.  8  S.  Dearborn  St.,  Chicago,  111. 
Colonel  E.  C.  Stockdale,  of  Page  &•  Hill,  19  S.  La  Salle  St.. 
Chicago,  is  chairman  of  the  Entertainment  Committee. 


Novel  Method  of  Tunnel  Driving. — A  novel  method  of  driv- 
ing a  tunnel  heading,  practiced  in  the  Nordhausen  mining  dis- 
trict of  Germany,  is  described  as  follows  in  a  recent  issue  of 
Compressed  Air  Magazine:  Instead  of  following  the  usual 
practice  of  driving  two  or  three  shot  holes  inclined  toward 
each  other  in  the  center  to  unkey  the  surface  of  the  work, 
the  holes  are  bored  quite  close  together  parallel  with  the 
axis  of  the  drift  and  locally  known  as  "canon-shots."  These 
are  arranged  and  fired  to  make  a  hole  of  no  great  diameter 
in  the  center  of  the  face  by  crushing  the  rock.  Then  a  ring 
of  shot-holes  is  bored  around  this  central  opening  and  fired. 
This  removes  a  considerable  mass  of  rock,  thereby  greatly 
enlarging  the  central  opening.  Another  ring  of  holes,  more 
widely  spaced,  clears  the  face.  The  novelty  consists  in  the 
closely  situated  central  crushing  holes.  Being  so  near  to- 
gether, it  is  not  necessary  to  have  a  primer  and  fuse  in  each. 
The  concussion  of  one  shot  is  sufficient  to  fire  the  rest.  The 
resulting  face  of  the  heading  is  left  flatter  and  in  better  con- 
dition for  starting  the  next  drive.  The  success  ot  this  method 
must  evidently  depend  largely  upon  the  character  of  the 
rock. 
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A  Modern  Method  of  Laying  New 

Rail 

The  Lehigh  Valley  R.  R.  has  developed  a  rail  laying 
method,  in  which  has  been  incorporated  the  use  of  such 
labor  saving  equipment  as  locomotive  cranes,  air  compresors 
and  drills,  etc.,  which  has  resulted  in  increased  output  and 
reduced  costs.  With  this  method  daily  averages  are  being 
made  of  from  SO  to  110  rail  length  per  hour,  all  completely 
bolted,  spiked,  etc.,  and  ready  for  sei-yice,  while  in  special 
instances  as  many  as  1.59  rails  have  been  laid  in  one  hour. 
The  method  is  described  in  tlie  Railway  Age,  from  which  the 
matter  in  this  article  is  taken. 

In  conducting  this  work  the  necessary  labor  has  been  se- 
cured by  assembling  the  section  forces  employed  in  the  local- 
ity where  the  rail  is  to  be  laid.  The  work  is  then  so  planned 
as  to  be  carried  on  in  a  series  of  progressive  stages  or  steps, 
such  as,  pulling  spikes,  throwing  out  old  rail,  etc.,  each  step 
being  assigned  to  a  required  number  of  men.  In  practically 
all  but  a  tew  cases  the  individual  gangs  or  sub-divisions  of 
the  forces  are  composed  of  section  gangs  complete  with  their 
foremen  or  multiples  thereof.  The  foremen  work  with  their 
men  as  well  as  supervise  them.  This  feature  in  itself  has 
been  found  to  speed  up  the  work  materially. 

With  the  forces  and  equipment  assembled  and  all  assign- 
ments understood  the  track  upon  which  rail  is  to  be  laid  is 
taken  over  completely  and  operations  commenced.  During 
the  period  of  laying  the  remaining  track  is  operated  as  a 
single  track  section.  Through  the  close  co-operation  of  the 
operating  department  little  delay  has  been  caused  by  the 
adoption  of  this  method,  even  under  comparatively  heavy 
traffic.  It  is  a  question  whether  or  not  the  delays  caused  by 
laying  rail  under  traffic  do  not  equal  or  exceed  the  delays 
when  the  track  is  given  over  entirely. 

At  stated  before,  the  method  is  based  on  progressive  steps 
witli  all  new  materials  distributed  previously  along  the  sec- 
tion to  be  laid.  The  old  track  is  not  disturbed  under  any 
circumstances  until  the  time  when  it  is  taken  over.  The  se- 
quence of  the  various  stages  is  in  general  as  follows:. Joints 
are  broken  every  10  rail  lengths,  spikes  pulled,  one  rail 
thrown  out,  old  tie  plates  removed,  creosoted  wood  plugs 
placed  in  old  spike  holes,  ties  adzed,  new  tie  plates  placed, 
new  rail  laid  with  locomotive  crane,  rail  center  spiked  and 
gaged,  joints  placed  and  bolted,  holes  drilled  and  bond  wires 
installed,  track  gaged  and  full  spiked,  signals  connected  up 
and  work  generally  finished  up. 

Where  one  crane  is  used  a  force  of  about  200  men  are  re- 
quired to  keep  the  crane  working  to  its  capacity  and  the 
work  proceeds  one  rail  at  a  time,  the  crane  being  moved 
back  to  the  point  of  starting  at  the  completion  of  the  laying 
of  the  first  line  of  rail  and  starting  on  the  second  rail.  With 
two  cranes  a  duplicate  organization  follows  the  first  crane 
preparing  the  other  rail  for  the  second  crane,  both  of  which 
are  followed  by  a  finishing  gang  of  about  double  the  size. 

Rail  bonding  is  carried  on  by  means  of  portable  units  of 
air  compressors  and  their  drills.  One  compressor  generally 
handles  four  drills  requiring  a  crew  of  six  men.  The  saving 
of  labor  in  this  item  has  been  very  marked  and  a  much 
greater  output  has  been  obtained  in  addition  to  increasing 
the  life  of  the  drills  from  five  to  eight  times.  In  connection 
with  this  class  of  equipment  several  pneumatic  wrenches 
were  tried  o>it  recently  for  the  purpose  of  running  up  the 
nuts  on  the  track  bolts.  The  average  time  consumed  for  run- 
ing  up  one  fi-bolt  splice  and  moving  to  the  next  was  about  30 
seconds. 

Figuring  on  a  one-crane  basis,  as  any  multiple  up  to  four 
can  be  used  efficiently  on  one  set  of  tracks  provided  there 
arc  sufficient  men  available,  the  following  is  a  typical  organ- 
ization in  detail:  The  men  comprising  this  organization  are 
listed  in  the  exact  sequence  under  which  they  pass  over  the 
track. 

A   TYPICAL,   ONR-CRANE    ORGANIZATION. 
ADVANCE  WORK. 
H  men  rtmovinfr   e\ery   tenth    joint   on    the   old    rail. 
24  men  pullins  spikes.     Thi.s  includes  2  foremen. 
14  men  swineins  out  old  rail.    Two  foremen  with  .lection  gangs. 
^'  men  throwinpr  out   old   tie   plate. 

3  men  plaoinff  creosoted   tie  plugs  in  spike  holes. 
2  men  driving  creosoted   tie   plugs  in   spike  holes. 

12  men  adzing  tics.      One  section  foreman    Included. 
2  men  sweeping  off   ties  after  adzing. 
5  inen  placing  new   tie   plates.      One  foreman   included. 

This  covers  the  preparatory  work  for  the  crane,  which  has  the 
following  organization: 

4  men  on  rail,  two  on  each  end  to  steady-  and  guide  it  into  i)Iace. 


1  man  on  crane  hook.     The  foreman  in  charge  of  crane   forces. 

1  man  on  expansion    template. 

2  men  driving  spilies  on  inside  of  new  rail. 

2  men  driving  spikes  on  outside  of  rail  after  laid. 

1  man  with  lining  bar  to  bar  rail  to  place  as  laid. 

2  men  operating  crane.     The   operator  and  fireman. 

The  locomotive   crane  was   followed  by  the   following  gang- 
1  man  adzing  joint  ties  for  a  1  to  20  cant. 
10  men  placing  new  joints.     Two   foremen  included. 
5  men  removing  rail   anchors  from  old   rail. 

1  man  placing  insulated  joints, 
12  men  gaging  new  rail. 

.34  men  full   spiking. 

30  men  bolting   up  joints. 

This    was    followed    by    the    bonding    layout    and    the    finishing 
gangs: 

4  men  operating  air  drills. 

2  men  operating  motor   cars   and   distributing   bond   wires. 

1  man  operating  air   compressor. 

2  men  bonding  new   rail. 

5  men  clearing  out  for  rail  anchors.     One  foreman  included. 
5  men  placing  new   rail  anchors.     One  foreman   included. 

2  men  operating  motor  cars,   two  trailers  with  extra  tools,   etc. 

3  men  checking   up   on   tie   plates,   spiking   and   joints,    etc.     One 
foreman  included. 

3  men  carrying  drinking  water. 

1  man  charging  wire  at  signal  connections. 

1  man  soldering  signal  connections. 

With  the  experimental  introduction  of  the  pneumatic 
wrenches  the  organization  was  changed  slightly  from  that 
shown  above,  the  30  men  assigned  to  bolting  being  removed 
and  the  following  substituted  for  them: 

2  men  on  pneumatic  wrenches. 

1  man  tapping  joints  into   place. 

1  man  on  air  hose. 

1  man  opeiating  motor  ear. 

1  man  operating  air  compressor. 

In  the  particular  instance  mentioned  above  a  stretch  of 
track  between  two  switches  located  nearly  2%  miles  apart 
was  laid  with  13G-lb.  rail  in  a  total  elapsed  time  of  7  hours 
10  minutes,  or  at  the  rate  of  107  rail  lengths  per  hour  for  a 
total  of  770  rails.  The  force  shown  totals  up  to  205  men  in 
the  first  case  and  180  men  with  the  introduction  of  the 
wrenches. 


Operations  of  Sea-Going  Hopper  Dredges  in 
New  York  Harbor 

In  a  discussion  of  Mr.  A.  W.  Robinson's  paper,*  "Larger 
Ships,  Better  Harbors  and  Better  Dredges,"  presented  Oct. 
S  before  the  American  Society  of  Civil  Engineers,  Col.  Ed- 
ward Burr,  Corps  of  Engineers,  U.  S.  Army,  gave  some  in- 
teresting information  on  the  operation  of  sea-going  hopper 
dredges  in  New  York  Harbor.  Ambrose  Channel,  with  a 
depth  of  40  ft.,  and  a  width  of  2,000  ft.,  was  excavated  with 
sea-going  dredges  of  the  hopper  type;  66,000,000  cu.  yd.  were 
removed  at  an  average  cost  of  6.12  ct.  per  cubic  yard,  the 
distance  to  the  dump  being  on  the  average  10  miles.  Of 
this  quantity,  47,428,000  cu.  yd.  were  removed  through  the 
operation  by  the  United  States,  on  force  account,  of  four 
dredges  built  for  this  work,  the  average  cost  being  5.36  ct. 
per  cubic  yard,  including  all  expenses,  but  with  credit  for 
the  remaining  value  of  the  dredges  on  the  completion  of  the 
work.  The  material  was  sand  varying  from  fine  to  coarse, 
with  some  small  gravel  and  varying  quantities  of  mud  up  to 
20  per  cent.  A  large  number  of  dumps  of  stone  were  en- 
countered and  increased  the  cost  of  the  work. 

When  Ambrose  Channel  was  completed,  there  remained  on 
hand  two  of  these  dredges  for  which  there  was  then  no 
employment  for  ocean-bar  dredging,  and  they  have  since 
been  used  on  the  improvement  of  the  interior  channels  of 
the  port  with  marked  success  in  two  important  respects,^ 
economy  and  non-obstructiveness  to  traffic.  Five  years'  op- 
eration in  the  main  channels  of  the  inner  harbor,  all  the 
year  round  on  a  24  hour  basis,  have  resulted  in  no  com- 
plaints from  navigators  and  few  accidents,  none  of  which 
has  been  serious. 

Although  these  dredges  were  designed  to  handle  the  sand 
of  the  ocean  bar,  they  are  used  with  marked  economic  suc- 
cess in  removing  mud,  such  as  the  Hudson  River  silt,  in  the 
inner  harbor,  and  have  been  successfully  used  tm  clay  or 
gravel  and  cobbles.  The  Raritan  (bin  capacity  2,884  cu.  yd.) 
in  the  course  of  about  6  years  dredged  5,565  loads  from  Am- 
brose Channel  at  rates  varying  between  1.4  and  10.1  cu.  yd. 
per  20-in.  pump  per  minute  of  pumping  time,  and  averaged 
6.04  cu.  yd.  per  pump  per  minute  of  pumping  time  (362.4  cu. 
yd.  per  hour  per  pump  and  725  cu.  yd.  per  hour  for  the  dredge) 
for  the  entire  job  under  all  the  varying  conditions  of  dredg- 
ing, weather,   and   material,  including  some  dredging  at  an- 
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chor,  all  of  which  militate  against  the  dredge.  In  Hudson 
River  silt  the  Raritan  has  averaged  over  600  cu.  yd.  per 
pumping  hour  for  considerable  periods.  These  figures  are 
"bin  measurement,"  and  neglect  the  material  dredged  and 
carried  overboard  in  the  overflow  which,  although  small  In 
sand  or  other  heavy  material,  is  relatively  large  in  light 
material,  and  should  be  credited  to  the  dredging  equipment 
considered  merely  as  an  excavator. 

As  transportation  units  when  the  spoil  must  be  deposited 
at  a  distance  they  are  also  most  edicient.  Notwithstanding 
the  relatively  high  overhead  material,  and  labor  costs  result- 
ing from  greater  first  cost  and  operating  cost  as  compared 
with  the  customary  unit  composed  of  a  tug  and  one  or  more 
dump  scows,  New  York  transportation  or  disposal  cost  from 
points  in  the  Upper  Harbor  for  hopper  dredges  is  less  than 
50  per  cent  of  the  cost  of  scow  disposal.  This  results  from 
sea-worthiness  and  greater  speed  (9  to  10  knots)  and  con- 
sequent practical  independence  of  tide  and  weather  condi- 
tions. Figures  of  actual  cost  are  reliable  only  for  the  period 
covered  by  them,  on  account  of  constantly  and  widely  vary- 
ing prices  of  labor  and  material,  particularly  coal,  but  the 
disposal  costs  for  two  hopper  dredges  averaged  about  0.4 
ct.  per  cubic  yard  mile  in  1919. 


New  Signal  Lamp  for  Triangulation  Work 

For  triangulation  in  which  the  lines  are  shorter  than  the 
average  length  the  IT.  S.  Coast  and  Geodetic  Survey  has  found 
need  for  a  signal  lamp  requiring  less  current  and  therefore 
loss  expense  for  dry  cells,  than  the  present  high-power  lamp 
designed  for  lines  up  to  ISO  miles. 

This  need,  according  to  a  bulletin  of  the  Survey,  is  thought 
to  have  been  filled  by  the  design  and  construction  in  the  in- 
strument section  of  a  new  signal  lamp,  made  up  from  a  Ford 
automobile  headlight  with  7-in.  reflector,  mounted  in  an  open 
frame  of  wood,  so  as  to  permit  of  adjustment  in  altitude  and 
azimuth,  provided  with  a  sighting  tube,  a  11-ohm  rheostat, 
and  a  switch  tor  continuous  lighting,  as  well  as  Morse  coding. 
The  outside  dimensions  are:  lOVi  in.  wide,  11  in.  high,  eVa 
in.  deep.     The  weight  is  7%  lb. 

An  appeal  to  the  lamp  engineer  for  a  bulb  carrying  a  fila- 
ment of  the  same  diameter  and  length  as  those  employed  in 
pocket  flashlights,  but  wound  with  special  view  to  the  pro- 
jection of  a  beam  with  smallest  possible  angle,  resulted  in 
the  production  of  a  new  bulb  in  which  the  filament  is  coiled 
into  a  helix  0.05  inch  long  and  0.04  inch  diameter.  The  bulb 
is  of  the  G-12  size  and  is  gas  filled.  It  is  rated  3.7  volts  and 
0.6  ampere. 

The  apparent  beam  candlepower  at  distance  of  100  ft.  .^f 
this  new  lamp  was  determined  by  the  Bureau  of  Standards  as 

follows: 

VoU<;  Ampore.                       Candlepower. 

4.2  0.57 

4.6  -61 

5.4  -66 

It  is  thought  that  about  10  or  15  dry  cells  of  the  ordinary 
Cin.  size  will  be  ample  for  one  triangulation  station. 


26,000 
45.000 
74,000 


Method  of  Loading  "Gopher  Holes" 

"Gopher  holes"  at  one  of  the  large  open  pit  iron  mines  in 
Northern  Minnesota,  are  loaded  by  pouring  the  black  pow- 
der directly  from  the  can  into  a  small  wooden  launder, 
which  is  inclined  so  that  the  powder  will  run  into  the  hole. 
The  launder  is  of  sufficient  length  to  reach  the  end  of  the 
hole,  so  that  the  explosive  may  be  poured  in  without  leav- 
ing a  train  of  powder,  and  the  inner  portion  of  the  hole  may 
be  filled  first.  The  "gopher  holes,"  states  the  Engineering 
and  Mining  Journal,  from  which  this  note-  is  taken,  are 
usually  15  in.  in  diameter  and  sometimes  as  much  as  25  ft- 
long  They  are  dug  into  the  stripping  banks  by  means  of 
long-handled  shovels  and  are  usually  "sprung"  or  chambered 
before  the  charge  of  powder  Is  placed.  The  springing  con- 
sists of  a  preliminary  blasting  with  dynamite  so  that  the 
"gopher  hole"  is  enlarged  inside.  From  5  to  10  kegs  (25  Tb.) 
o£  black  powder  are  used  for  the  final  blasting.  This  prac- 
tice of  "gopher  holing"  is  used  to  bring  down  high  banks 
in  the  open  pits  where  it  is  desired  to  entirely  remove  the 
overburden  or  to  break  down  the  bank  which  might  be  a 
menace  to  the  men  working  below. 

A  covered  box,  provided  with  a  hopper  bottom  and  fastened 
to  one  end  of  a  closed  launder,  is  sometimes  used  for  the 
same  purpose.     The  powder  is  poured  directly  into  the  hop- 


per, the  cover  shut,  and  a  plug  closing  the  bottom  of  the 
hopper  is  removed  by  a  cord  through  the  cover,  permitting 
the  powder  to  run  out.  The  launder  is  then  given  an  oscil- 
lating motion,  so  that  the  powder  will  run  into  the  hole. 
This  contrivance  is  safer  than  the  launder  previously  de- 
scribed, as  it  is  possible  to  protect  the  powder  from  the 
danger  of  flying  sparks. 


The  Sorry  Plight  of  the  Patent 
Office* 

Various  engineering  societie.i  have  recently  been  giving 
support  to  an  effort  to  relieve  the  desperate  condition  of  the 
U.  S.  Patent  Office  by  passing  the  Nolan  Patent  Office  Bill, 
H-  R.  11984. 

The  purpose  of  this  bill  is  to  increase  the  examining  and 
clerical  forces  of  the  Patent  Office  and  to  raise  their  salaries 
so  as  to  give  that  office  a  sufficient  force  and  at  salaries  that 
will  attract  and  hold  competent  men  to  enable  it  to  make  its 
examinations  with  that  reasonable  promptness  which  is  nec- 
essary to  make  it  worth  while  applying  for  them  and  with 
such  thoroughness  as  to  reduce  the  percentage  of  errors  to 
as  low  a  limit  as  sufficient  time  for  the  work  and  proper  quali- 
fications can  possibly  effect. 

The  bill  has  been  passed  by  the  House  of  Representatives. 
without  amendment  and  by  a  large  majority. 

A  hearing  on  the  bill  was  held  by  the  Patent  Committee  of 
the  Senate,  but  in  order  to  remove  objection  to  unani- 
mous consent  to  a  special  hearing  by  the  Senate,  before  ad- 
journment of  the  session,  the  Patent  Committee  of  the  Senate 
consented  to  amendments  so  seriously  reducing  the  force  and 
salaries  of  the  bill  as  passed  by  the  House  of  Representatives 
as  to  reduce  the  examining  and  clerical  forces  below  the  num- 
bers now  actually  employed  in  the  Patent  Office.  The  in- 
creases of  the  salaries  provided  in  the  bill  were  also  cut 
down  to  where  they  are  seriously  inadequate  to  attract  or 
hold  a  sufficient  uumber  of  qualified  men  to  enable  the  Patent 
Office  to  do  its  work.  The  steady  exodus  of  examiners  from 
the  Patent  Office,  which  has  been  going  on  for  some  time,  has 
not  been  stayed  at  all  by  the  passage  of  the  bill  by  the  Senate. 
The  bill  has  been  referred  to  a  conference  committee  of  the 
Senate  and  House. 

On  Oct.  21,  1920,  Engineering  Council  unanimously  passed 
some  resolutions  with  reference  to  this  important  matter. 
which  follows: 

Whereas,  The  United  States  Patent  Office  is  vitally  important  to 
our  industries,  to  induce  the  production  of  scientific  and  technical 
improvements  and  to  erable  our  industries  to  keep  abreast  o£ 
those  of  other  countries;  and 

Whereas,  The  volume  of  work  of  the  Patent  Office  for  many 
years  has  increased  much  more  rapidly  than  its  examining  and 
clerical  forces  have  been  increased,  and  the  work  in  the  past  fiscal 
year  has  increased  36  per  cent  above  the  work  of  the  previous 
year;  and 

Whereas,  The  salaries  of  examiners,  except  for  a  war  bonus, 
have  only  been  increased  10  per  cent  in  70  years  and  are  so  low 
that  resignations  of  examiners  are  constantly  occurring  In  a  steady 
stream,  averaging  25  per  cent  per  annum,  and  resulting  in  such 
frequent  changes  that  much  inefficiency  unavoidably  results 
therefrom,  even  where  examiners  are  qualified  for  the  work,  and 
many  men  are  necessarily  employed  as  examiners  who  cannot 
pass  the  examination  required  to  qualify  for  their  positions;  and 
the  salaries  of  the  clerical  forces  are  considerably  below  the  aver- 
age of  salaries  for  corresponding  work  in  the  governmental  de- 
partments generally;   and 

Whereas,  As  a  result  of  such  situation,  the  Patent  Office  Is  at 
such  a  great  disadvantage  that  it  unavoidably  grants  an  undue 
proportion  of  defective  patents,  resulting  in  heavj'  losses  both  to 
the  inventors  and  the  public,  due  to  useless  development  and  un- 
necessary litigation,  and  the  Patent  Office  is  so  far  behind  in  its 
work  that  the  value  of  many  transactions  with  it  is  greatly  re- 
duced and  in  some  instances  destroyed  by  the  delay;  and 

Whereas,  As  a  partial  remedy  for  such  situation  Nolan  Bill 
H.  R.  11984  was  introduced  Into  Congress  providing  for  an  in- 
creas^  m  the  examining  corps  of  the  Patent  Office  of  but  5.8  per 
cent  and  an  increase  in  the  clerical  force  of  but  3.9  per  cent,  and 
providmg  increases  in  the  salar>-  for  the  position  of  primary  ex- 
aminers from  J2,700  to  ?3.900  and  of  assistant  examiners  In  pro- 
portion, and  providing  increases  in  the  salaries  of  the  clerical 
force  only  to  bring  them  up  approximately  to  the  average  cor- 
responding  salaries  of  other  Governmental  Departments  and  Bu- 
reaus, and  as  the  cost  of  the  increased  salaries  and  force  of  the 
bulletin   of  the   American   Railway   Engineering   Abso- 
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said  Nolan  bill  was  more  than  met  by  an  ini-rease  in  tlie  Iccs 
for  patents  provided  therein;   and 

Whereas.  The  United  States  Senate  so  amended  the  said  Nolan 
Tain  that  instead  of  increasing  it  decreases  the  examining  corps  by 
15.7  per  cent  and  reduces  the  clerical  force  by  about  1  per  cent 
below  the  present  insufficient  numbers  of  said  examining-  corps 
and  clerical  force  actually  employed  in  the  Patent  Office,  as  well 
as  reduces  the  salaries,  both  of  the  examining  and  the  clerical 
force.?,  so  that  the  total  present  payroll  is  reduced  5,9  per  cent, 
notwithstanding  that  the  increase  in  the  fees  for  patents  which 
were  made  to  provide  funds  for  the  increased  force  and  salaries 
were  retained  in  the  bill;  and 

Whereas,  In  the  opinion  of  Engineering  Council,  the  general 
effect  of  the  changes  in  force  and  salaries  made  by  the  Senate 
would  amount  to  a  catastrophe  for  the  Patent  Office;  and 

Whereas,  The  salary  of  $3,900,  provided  in  the  bill  as  it  passed 
the  House  of  Representatives,  is  low  for  the  position  of  Principal 
Examiner  when  compared  with  the  salaries  paid  by  private  cor- 
porations and  employers  for  engineers  having  a  similar  grade 
of  responsibilities  and  requirements— that  is,  engineers  required 
to  make  and  assume  responsibility  for  final  decisions  in  impor- 
tant matters  and  to  have  highly  technical  knowledge— especially 
as  sucn  examiners  must  have  both  legal  and  technical  knowledge 
and  notwithstanding  allowance  for  the  fact  that  Governmental 
salaries  are  not  as  high  as  those  paid  by  private  interests;  ami 
the  salaries  for  other  grades  of  examiners  are  low  in  proportion: 
now,   therefore,   be  it 

Resolved,  That  Engineering  Council,  representing  45,00p  engi- 
neers, regards  it  of  large  importance  that  the  numbers  of  the 
examining  and  clerical  forces  for  the  Patent  Office  and  the  salaries 
therefor  in  Nolan  Patent  Bill  H.  R.  11984  be  restored  to  those  in 
the  bill  as  it  passed  the  House  of  Representatives;  that  the  bill 
be  freed  from  any  riders,  such  as  Secion  9  thereof,  which  may 
delay  or  jeopardize  the  passage  thereof,  and  that  the  bill  be  mad. 
a  law  at  the  earliest  possible   moment. 

Engineering  Council,  having  on  the  21st  day  of  October,  1920. 
passed  a  resolution  urging  the  restoration  to  their  original  value.'^ 
of  the  figures  for  the  examining  and  clerical  forces  of  the  Patent 
Office  and  the  salaries  therefor  in  the  Nolan  Patent  Office  Bill  H. 
R.  119S4,  recommends  that  the  constituent  engineering  societies 
-which  i  represents  requests  their  memberships  to  communicate 
with  their  Representatives  and  Senators  in  Congress,  urging  action 
in  accordance  with  the  said  resolutions. 

As  the  Patent  Office  is  steadily  losing  more  and  more  of  ite 
competent  men  and  is  rapidly  getting  farther  and  farther  be- 
hind  in  its  work,  and  as  to  get  much  farther  behind  would 
mean  for  it  practically  to  cease  to  function,  and  as  the  bill, 
as  amended  by  the  Senate,  is  wholly  inadequate  to  accom- 
plish its  purpose,  and  would  be  worse  than  useless,  every 
effort  should  be  made  to  induce  Congress  to  restore  the  fig- 
ures of  the  bill  to  their  values  as  passed  by  the  House  of  Rep- 
resentatives. 


New  Electric  Barney  Hauling  Machine 

A  new  type  of  electric  Barney  hauling  machine  is  being 
■used  by  the  Boston  &  Albany  R.  R.  at  its  Beacon  Park  plant. 
AUston,  Mass.  For  coaling  locomotives,  this  railroad  has  a 
large  coaling  plant  consisting  of  a  frame  building  containing 
large  hoppers  over  which  is  a  standard  gage  track  on  which 
the  coal  cars  are  run.  This  upper  track  is  reached  by  a  long 
grade  of  26.67  per  cent.  A  train  load  of  loaded  coal  cars  is 
left  on  one  siding  and  one  car  is  pulled  forward  into  position 
by  a  small  electric  car  puller  built  by  the  Mead-Morrison 
Manufacturing  Co.,  East  Boston,  Mass.  When  the  car 
reaches  its  proper  position,  the  small  car  puller  is  discon- 
nected and  the  large  machine  shown  in  the  upper  illustration 
Is  started.  A  ■'billy-goaf  which  is  of  cast  iron  and  which 
runs  on  -wheels  on  a  narrow  gage  track,  is  pulled  by  a  IVz-in. 
diameter  steel  cable  connected  to  the  hoist  drum.  Tills 
"billy-goat"  normally  rests  in  a  narrow  concrete  trench  be- 
tween the  rails,  and  when  pulling  is  started,  if;  butts  the 
rear  of  the  standard  coal  car.  This  pushes  the  car  up  the 
long  incline  until  it  reaches  the  top  over  the  hoppers,  where 
it  discharges  its  coal  through  gates  on  the  bottom  of  the 
car.  Tracks  are  on  each  side  of  the  coaling  house  so  that 
locomotives  can  get  their  coal  from  chutes  which  are  on 
each  side  of  the  house.  After  the  car  is  emptied,  it  is  started 
down  the  incline  and  in  this  case  pushes  against  the  "billy- 
goat."  At  the  bottom  of  the  run  the  "billy-goat"  is  allowed 
to  travel  at  full  speed  so  that  it  can  get  away  from  the  car 
which  slows  down  when  leaving  the  incline  and  going  on  to 
the  level  track.  The  "billy-goat"  then  goes  out  of  sight  be- 
tween the  rails  and  the  car  takes  a  flying  switch  on  to  a 
side  track  used  only  for  empties.  'When  it  is  considered  that 
the  figured   rope  pu!l   is  eo.non  lb.,  it   will  be  seen  that   it  is 


quite  necessary  to  have  the  hoist  fitted  with  suitable  auto- 
matic devices  to  prevent  the  car  from  starting  backwards 
on  the  incline  should  the  electric  current  be  cut  off  for  any 
reason.  In  the  immediate  foreground  of  the  upper  illustra- 
tion will  be  seen  the  Mead-Morrison  patented  releasing  auto- 
matic brakes.  This  unit  is  the  safety  device,  which  prevents 
the  load  from  overhauling  the  machine  should  the  electrical 
current  fail.  Its  application  is  stated  to  be  so  quick  and 
sure  that  the  load  never  gains  momentum,  but  is  stopped 
instantly.  At  the  right  of  the  picture  will  be  seen  the  operat- 
ing lever,  which  releases  this  automatic  brake  so  that  the 
car  may  be  safely  lowered  back  on  to  the  horizontal  track. 


Upper:  New  Mead-Morrison  Hoist.  Lower:  Car  Puller  in  Operation. 

The  hand  lever  shown  at  the  right  is  for  operating  the  steel 
jaw  clutch  on  the  main  pinion  shaft  and  the  hand  wheel  is 
for  the  powerful  brakes  on  the  drum  flange.  The  approxi- 
mate shipping  weight  of  the  machine  is  30,100  lb. 


Drilling  Frozen  Chunks  of  Earth  with 
Steam  Jet 

stripping  at  the  open  pit  mines  on  the  Mesaba  iron  lange 
of  Minnesota  is  carried  on  during  the  winter  months.  In 
ordinary  practice  the  ground  in  front  of  the  steam  shovel 
is  loosened  by  means  of  blasting,  and  in  this  procedure  holes 
are  first  drilled,  either  by  means  of  jumper  drills  or  steam 
jets,  loaded  with  dynamite,  and  then  fired.  It  frequently 
happens  that  large  mases  of  earth  are  overcast  by  the  shovel 
and  occupy  positions  above  the  shovel  cut,  where  they  are 
not  only  a  source  of  danger,  but  are  of  such  size  that  they 
cannot  be  conveniently  handled  by  the  steam-shovel  dipper. 
In  this  event  the  chunks  are  drilled  and  then  blasted.  The 
steam  jet,  according  to  the  Engineering  and  Mining  Journal, 
lias  proved  very  useful  in  drilling  through  frozen  chunks. 
In  this  work  a  length  of  steel  pipe  is  sharpened  at  one  end 
and  the  other  is  placed  in  a  steam  hose.  Steam  is  obtained 
from  the  steam-shovel  boiler,  and  in  some  instances  several 
lines  of  hose  are  supplied.  When  the  steam  is  turned  oh, 
the  operator  forces  the  point  of  the  drill  into  the  frozen 
ground,  turning  it  as  he  does  so.  A  steel  plate  Is  ulaced 
on    the    pipe    in    s^rh    a    manner   as    to    protect    tho   operator 
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from  till'  sieani  or  pieces  of  earth  that  may  be  blown  out  of 
til.,  ilrill 


Indiana  Road  School. — The  seventh  annual  Indiana  Road 
School  will  be  hold  at  Purdue  University,  Lafayette,  Ind.,  on 
Jan.  IStli.  lIHh  and  20th.  The  annual  meetings  of  the  Indiana 
County  Highway  Superintendents'  Association  and  the  In- 
diana Highway  Contractors'  Association  will  be  held  in  con- 
nection with  the  school. 


News    Letter 

ST.    LOUIS    ITEMS. 
By   A.    B.   Koenlg. 
J.  \V.  McMurray  traded  an  apartment  house  and  a  farm  he  had 


Personals 

F.  B.  Hayes  has  Leiii  appoiiUtd  <  it.v  •  n^inc  <  r  <>f  I'endleton.  Ore. 

Charles  Hackel  has  hem  .ippointed  iliief  inKineer  of  the  Tren- 
ton  ,st   Mercer   Cojniy  Traction  Co.  of  Tniiton,  N.  .1. 

Arthur  H.  Blanchard,  ConsuItinR  IliKhway  and  Transport  Engi- 
neer, Ann  Arbor.  Mloh..  ha.s  been  retaln<;d  by  the  city  of  Colorado 
.Springs  In  eonn.:tion   with   it.s  $1,200,000  pavinjf  program. 

Llewellyn  N.  Edwards  has  recently  assumed  the  duties  of  bridge 
en^'ineer  for  the  Maine  Highway  Commission.  Aunusta,  \Ie.  Pre- 
vious 10  accepting  this  position  he  was  senior  highway  bridge  en- 
gineer, U,  S.  Bureau  of  Public  Koad.s,  assigned  to  Pistrict  No.  6. 
which  embodies  the  states  of  Oklahoma,  .Vrkansas,  Texas  and 
I/oulslana. 

C.  Duckworth  of  Salt  Lake  City.  Utah,  roadmaster  of  the  West- 
ern Pacific  R.  R.  between  Gerlach  and  Elko.  .Vev..  has  been  ap- 
pointed engineer  of  the  eastern  division  of  the  road,  with  he>\d- 
iiuarters  at  Elko.  He  succeeds  H.  C.  JIaxon.  who  was  kiileil  in  a 
eollision  of  velocipedes  on  the  Western  Pacific  near  Saldura,  I'tah. 
-November  30. 


near  Kansas,  City  for  one  of  the  best   farms   in  Callaway  County, 
Mo.     AInck  Is  going  to  breed  fancy  cattle  a-s  a  side  issue. 

Ira  A.  Celt.,  1210  W.  7th  St.,  Sioux  Falls,  S.  D.,  has  22  miles  of 
road  work  in  Lyon  County,  la.,  to  sublet.  There  Is  some  splendid 
machine  work  on  this  Job. 

The  Ameiican  Locomotive  Company  of  Pittsburgh  has  purchased 
iai>  acres  of  gro-.md  in  Granite  City,  111.,  where  it  ivill  erect  a 
plant  to  cost  $15,000,000,  according  to  announcement  by  the  com- 
pany. The  East  St.  Louis  Locomotive  and  Car  Company,  which 
roceutlv  tought  a  147-acre  site  south  of  the  free  bridge,  will  erect 
a  plant  there  to  repair  locomotives  and  cars.  The  company  is 
capitalized  at  $.5,000,000.  The  location  of  these  two  plants  in  this 
district  is  expectad  to  create  a  railroad  eciuipment  center  similar 
to  the  street  car  manufacturing  center  the  St.  Louis  district  has 
included  for  many  years.  The  strip  of  land,  which  was  sold 
through  bankers  and  real  estate  operators  of  the  tn-cities.  extends 
lor  a  mile  in  one  direction.  The  Wabash  Railroad  tracks  extend 
alon^  its  western  boundary  and  the  tracks  of  the  Terminal  Rail- 
road along  its  eastern  edge.  Several  other  trunk  lines  run  through 
•he  surrocnding  territory,  most  of  which  terminate  in  East  St. 
r.,oiiis.  A  large  mileage  of  snitching  and  connecting  track  will  be 
built   near  the  factory,  it  is  said. 

Mulvill  Pros,  are  putting  in  four  sidings  for  the  Chicago  & 
.\Iton   H.   R.  at  Auburn,   111. 

Th.'  same  ccmpanv  which  put  through  the  construction  of  the 
electric  line  from  Kansas  City  to  Excelsior  Springs  and  St.  Joseph 
is  now  working  on  plans  for  building  a  line  across  Missouri  from 
St  Louis  to  Kansas  Citv.  The  new  road  is  to  follow  an  old 
.survev  east  of  Independence  via  Pink  Hill  and  Iilecklin  to  Hig- 
ginsville  and  Marshall,  thence  to  Arrow  Rock,  where,  the  Missouri 
Riv<»r  is  to  be  crossed,  and  it  is  said  that  Columbia  and  Fulton 
will  be  on  the  proposed  route.  Several  days  ago  a  representative 
of  the  company  was  at  Odessa  interviewing  farmers  in  regard  to 
securing  permission  to  cross  their  line.  It  is  the  plan  to  run  the 
line  as  near  as  possible  midway  between  the  Chicago  &  Alton 
and  the  Missouri  Pacific.  This  would  leave  Odessa  about  five 
miles  south  of  the  electric  line.  The  new  company  claims  to  h.ave 
pl.-ntv  of  monev  to  build  the  line  and  is  not  asking  for  .iny  stock 
subs-riotions  from  persons  along  the  line.  It  is  said  that  many 
farmers  in  the  neighborhood  of  Oak  Grove  are  giving  a  right-of- 
way  free  of  charge. 

S    Hannefin  will  finish  his  work  on  the  Frisco  R.  R.  at  Eureka 
Mo.,  in  a  few  days.    Wants  a  job  for  his  12-team  outfit. 

The,  entire  Antire  road.  15  miles  in  length,  from  Valley  Park  to 
Eureka.  Mo.,  will  be  resurveyed  and  relocated  prepar.^tory  to  sur- 
facing it  under  an  order  issued  by  the  County  Court  at  Clayton 
to  Road  Engineer  Elbring.  The  court  also  decided  that  the  con- 
necting icad  west  of  Eureka,  to  Tilenton  and  Pacific,  which  with 
the  Vntire  road  forms  part  of  the  projected  Ozark  Trail,  should 
be  ■straightened  and  leveled.  The  road  is  to  be  widened  from  30 
to  40  feet.  The  Rankin  estate,  through  whose  property  the  road 
runs  west  of  Eureka,  has  agreed  to  permit  the  straightening  of 
the  road  by  a  new  survey  without  damages.  The  Tavern  Rock 
.Sand  Co.  has  also  given  permission  to  detour  the  road  by  its 
quarry  near  Pacific  to  avoid  a  steep  hlU  over  which  the  road  now 
passes. 

.T.    ly.    Simmons.    La   Plata.    Mo.,    has   his   10-team    outfit   idle, 
l-ooking  around  for  a  new  grading  job. 

Billy  Danklif  has  finished  his  work  on  the  Northwestern  R.  R. 
in  Illinois.     Is  wintering  his  outfit  at  Mt.  Olive,  n. 

V  certificate  was  granted  to  the  Chicago  &  Alton  R.  R.  Co. 
Dec  "^  to  construct  new  vards  to  cost  approximately  $1,000,000  In 
Springfield,  III.  A  round  house,  additional  trackage  and  the  pos- 
sible movinf."  of  the  C.  &  A.  shops  from  Bloomington  are  provided 
for  in  the  plans.     Work  will  start  early  next  spring. 

Frank  I'almer  has  a  10-ton  outfit  idle  at  Kimball,  Nebr. 
C&l'jmbus    S.    .Tones    is    moving    an    outfit    on    to    some    station 
work  on  the  Texas  Pacific  R.  R.  in  I^ouisiana.    Jones  has  several 
good  st.ation  outfits  idle  that  he  can   place  on  work   immediately. 
.\ddress  him  care  of  Koenig  Labor  Agency,  St.  I^ouis.  Mo. 

The  St  iK^iuis  Chapter  of  the  American  Association  of  Engi- 
neers has  appointed  a  committee  to  investigate  the  feasibility  of 
financing  and  erecting  a  club  to  house  the  chapter  rooms  and 
provide  living  riuvrters  for  unmarried  members.  S.  Sammelmann. 
assistant  chief  engineer  of  the  Division  of  Sewers  and  Paving  of 
the  City  of  St.  Louis,  has  been  made  chairman  of  the  committee. 

Ira  J.  Printy  reports  splendid  progress  with  his  road  work  in 
southern  Illinois. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig  I>abor  Agency.  612  Walnut  St..  St.  Louis.  Mo.;  503 
Delaware  St..  Kansas  City,  Mo.,  or  1020  Douglas  St.,  Omaha.  Nebr. 

The  St.  Louis  County  Court  on  Jan.  11  ordered  that  $280,000 
road  bonds,  of  th?  $3,000,000  Issue  voted  for  Feb.  15,  191fi,  be  ad- 
vertised for  sale.  This  Is  the  second  lot  of  that  issue  to  be  placed 
upon  the  market,  {520,000  having  already  been  sold  and  3S  roads 
with  bridges  and  culvei^s  built.  The  bonds  are  in  denominations 
of  $100  and  $1,000  .and  will  bear  4^4  per  cent.  They  are  to  mature 
In  20  vears.  or  whenever  the  court  calls.  In  the  latter  case  they 
mav  be  exchanged  for  refunding  bonds  at  l^i  per  cent.  The 
present  market  price  of  St.  Louis  County  road  bonds  is  below  95. 
the  minimum  price  for  which  they  may  be  legally  sold,  and  the 
court  has  decided  to  hold  private  sales  if  brokers  bid  under  95. 
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Charles  Scott,  supervisor  of  bridges  and  buildings  cm  the  Buffalo. 
Kochester  &  Pittsburgh  R.  R.,  with  headquarters  at  East  Sala- 
manca. N.  Y.,  has  l>een  promoted  to  acting  engineer  of  masoni-y 
with  the  same  headqu.arters.  succeeding  George  H.  .'Stewart.  W. 
i;.  ^laley  has  been  promoted  to  acting  supervisor  of  bridges  and 
I'uildings   to   succeed   Mr.    Scott. 


Frank  A.  Burr  of  Providence.  R.  I.,  has  been  appointed  to  the 
faculty  of  Rhode  Island  State  College  to  fill  the  vacancy  caused 
by  the  absence  of  Prof.  Royal  L.  Wales,  who  is  now  engaged  in 
rea^arch  work  in  the  Bureau  of  Standards  at  Washington.  During 
Prof.  Wales'  leave  of  absence,  which  covers  a  period  of  eight 
months.  Prof.  Samuel  H.  Webster  has  been  designated  acting  dean 
f->f  engineering. 

National  Engineering  Service  Corporation,  with  principal  olflces 
in  Kansas  City,  Mo.,  and  business  offices  in  New  York  and  Chi- 
cago, has  been  engaged  to  have  full  charge  of  all  of  the  engi- 
neering and  construction  of  water  power  Project  No.  59,  Arizona. 
Nevada  and  Hualapai  Indian  Reservation,  consisting  of  seven 
power  sites  in  the  Colorado  River.  This  is  one  of  tha  notable 
water  power  projects  under  consideration  at  the  present  time.  It 
is  expected   that   active   work  will   be  undertaken    immediately. 

Robert  E.  Horton,  Harry  Barker  and  Robert  C.  Wheeler  have 
become  as.scciated  under  the  lirm  name  of  Ilorton,  Barker  & 
Wheeler  U.  continue  their  consulting  enginetring  practice  for- 
merly carried  on  under  the  names  of  Robert  E.  Horton.  Consulting 
Hydraulic  Engineer,  Albany.  N.  Y.,  and  Harry  I!.arker  and  Robert 
C.  Wheeler.  Engineers.  New  York  City.  The  new  firm  will  have 
its  headquarters  in  Albany.  N.  Y.,  with  offices  in  New  York. 
Harrisburg,  Pa.,  and  engineering  laboratorj-  in  Voorheesville, 
N.  Y..  and  will  specialize  in  power  development  and  transmis- 
sion, water  supply,  sewerage  and  sewage  disposal,  public  utility 
rates  aid  valuation. 

Albert  M.  Wolf,  C.  E.,  and  Lawrence  M.  Harper  have  asso- 
ci.atea  undei-  the  firm  name  of  Wolf  &  Harper.  Engineers,  to 
conduct  a  general  engineering  business,  with  oflices  at  Room  150S. 
7  West  Madison  St.,  Chicago.  Mr.  Wolf  has  for  the  past  TO  years 
been  associc.ted  with  Condron  Company,  Engineers,  Chicago,  en- 
gaged in  the  design  and  supervision  of  construction  of  bridges  and 
industrial  buildin.gs  of  all  kinds,  as  principal  assistant  engineer 
in  charge  of  design  for  five  years  and  as  engineer  and  secretary 
of  the  company  for  two  years.  Mr.  Harper  has  been  engaged  in 
mechanical  and  structural  engineering  work  for  the  past  12  years, 
having  in  that  time  ser\-ed  as  mechanical  engineer  for  the  Condron 
Company,  The  Arnold  Compan>'.  and  the  Northwest  Engineering 
Company;  as  engineer  in  charge  of  construction  for  The  Foun'la- 
tion  Company,  and  as  structural  engineer  for  Herman  J.  Esser. 
Architect.  Milwaukee.  The  new  firm  will  specialize  ui  the  com- 
plete design  of  commercial  and  industrial  buildings  and  struc- 
tures, power  plants,  the  valuation  and  appraisnl  of  properties,  and 
the  preparation  of  engineering  reports. 


Obituaries 

civil   engineer,   died 


.Ian.    10   at   his    liome 


Richard    H.    Lamscha. 
in  Butler.  N.  J. 

David  Carlisle  Humphreys,  dean  of  the  School  of  Applied  Sci- 
ence of  Washington  and  Lee  University,  died  Jan.  10.  Professor 
Humphreys  was  born  at  Chatham  Hill.  Va.,  Oct.  14.  1855.  From 
1879  to  1SS5  he  was  United  States  assistant  engineer  on  improve- 
ments on  the  Missouri  river.  He  became  adjunct  professor  of 
applied  mathematics  at  W'ashington  and  Lee  University  .and  in 
18S9  was  elected  professor  of  civil  engineering  and  became  dean 
of  the  school  of  applied  science  in  1904. 


Industrial   Notes 

J.  H.  Libberton,  formerly  manager  of  the  Service  Bureau,  Uni- 
versal Portland  Cement  Co.,  member  technical  problems  com- 
mittee, Ptitland  Cement  Association,  and  member  joint  committee 
on  standard  specifications  for  concrete,  is  now  connected  with  the 
General  Chemical  Co.  at  its  offices.  25  Broad  St..  New  York  City. 
He  will  handle  service  and  .sales  of  Hard-N-Tyte.  a  chemical 
crystalline  hardener  for  concrete. 

Wm.  R.  Elden,  for  14  years  associated  with  the  Lidgerivood 
Manufacturing  Co.  as  engineer  and  salesman  at  its  Chicago  oHIce, 
has  resigned  his  position  to  join  the  organization  of  Sauerman 
Bros.,  322  S.  Dearborn  St.,  Chicago.  In  this  new  position  Mr. 
Elden's  experience  in  designing  and  specifying  hoisting  engines 
will  be  utilized  in  preparing  specifications  for  the  power  equp- 
ment  furnished  tc  purchasers  of  Sauerman  dragline  r.\hleway 
excav.ators  and   Sauerman   bottomless  power  scrapers. 

The  Hallldie  IVIachlnery  Co.,  L.  C.  Smith  Bldg.,  Seattle.  Wash., 
has  been  appointed  representatives  of  the  Conveyors  Corporation 
of  America  Chicago,  formerly  the  American  Steam  <^onveyor 
Corporation.  They  will  handle  the  sale  of  the  American  steam 
conveyor  and  American   trolley  carrier  in   the  states  of  « ashing- 

The  Great  Western  Contracting  Co..  Kansas  City,  Mo.,  i-epre- 
sentatives  for  the  Conveyors  Corporation  of  Ainerica.  Chicago, 
has  changed  the  name  of  its  organization  to  The  Rawlings  Indus- 
trial Equipment  Co.  This  organization  is  sales  enpneer  for  the 
manufacturers  of  power  plant  machinery.  Besides  handling  coal 
and  ash  conveyors  for  the  Conveyors  Corporation  of  America.  It 
also  is  representative  of  the  Springfield  Boiler  Co.  and  the  Cooling 
Tower  Co. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street   Cleaning 

(d)  Municipal    Mi-scellanies 


(e>    Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani 

tatioQ 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)    Quarries    and    Pits 

(b)  Management    and        (d)   Steam   Railways,   Con- 
Office    System  struction   and   Maintenance 

(e)   Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


(d>    Miscellaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management     and     Office 

System 
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Pandering  Politicians  and  the  Duty 
of  Professional  Engineers 

A  charge  persisted  in  without  knowledge  of  the  facts  is 
nothing  short  of  slander.  This,  In  essence,  was  what  Abra- 
ham Lincoln  said  (60  years  ago)  in  his  Cooper  Union  speech 
in  New  York  City.  We  may  safely  broaden  this  generaliza- 
tion to  read:  Persistent  statements  not  based  on  investiga- 
tion of  facts  are  tantamount  to  deliberate  falsification. 

We  concede  that  the  average  man  is  as  yet  very  careless 
in  his  assertions,  and  that  he  sees  nothing  reprehensible  in 
being  wrong.  But  when  being  wrong  in  an  assertion  works 
injury  to  someone,  the  asserter  is  morally  but  little  above  a 
common  liar. 

During  the  past  few  years  when  public  utility  owners  and 
managers  have  been  begging  the  public  for  relief  from  ex- 
cessively low  rates  for  services  rendered,  there  have  been 
numberless  printed  assertions  by  public  officials  to  the 
effect  that  existing  rates  were  high  enough  to  yield  a  fair 
return  upon  actual  investments.  Even  where  appraisals  by 
reputable  engineers  and  audits  by  accountants  have  belied 
such  assertions,  rarely  have  the  asserters  had  the  honesty 
to  investigate  the  facts.  Instead,  their  usual  practice  has 
been  to  ignore  all  evidence  and  persist  in  their  unprovable 
statements. 

To  such  a  pass  has  this  form  of  Immorality  brought  things 
that  several  state  legislatures  are  to  be  asked  to  rescind 
laws  relatin.g  to  state  regulation  of  puhlic  utility  rates. 
When  mayors  and  other  public  officials  persist  in  telling 
the  public  that  street  railways  can  profitably  carry  pas- 
sengers at  5  or  6  ct.,  is  it  any  wonder  that  many  people 
have  come  to  regard  state  utility  commissioners  as  being  the 
tonls  of  utility  companies? 

In  one  state  the  governor  has  ousted  all  the  utility  com- 
missioners, because  they  incurred  the  ill  will  of  certain 
people  on  account  of  rate  Increases  granted  to  public  utili- 
ties. In  another  state  one  of  the  most  fearless  and  capable 
of  utility  commissioners  has  resigned,  apparently  disgusted 


with  the  charges  made  not  merely  by  some  mayors  but  by 
some  newspapers  that  the  commission  has  done  nothing  but 
raise  utility  rates  unnecessarily.  If  the  engineering  so- 
cieties in  such  states  were  a  few  years  in  advance  of  their 
present  development,  probably  the  public  would  receive  au- 
thoritative expressions  of  engineering  opinion  that  would 
contradict  and  perhaps  silence  the  false  statements  of 
demagogic  mayors.  The  time  is  certainly  overripe  for  pro- 
tests from  associations  of  professional  and  business  men 
against  the  baseless  assertions  and  the  selfish  acts  of  poli- 
ticians who  are  pandering  to  the  worst  side  of  human  nature. 
The  public  would  like  to  ride  on  street  cars  for  a  nickel. 
They  would  like  better  to  ride  for  nothing.  Hence  the  public 
is  not  only  willing  to  toe  convinced,  but  is  half  convinced 
before  any  one  has  spoken  that  the  "predatory  railway  kings" 
are  robbing  them.  The  silence  of  men  who  know  better — • 
engineers,  business  men  and  editors — is  taken  as  evidence 
that  the  statements  of  the  pandering  politicians  are  true. 

It  will  not  do  to  excuse  ourselves  from  the  duty  of  speak- 
ing and  acting  now.  We  have  "passed  the  buck"  times  with- 
out number,  until  a  few  more  passings  will  find  us  all  ridin.g 
in  street  cars  as  slowly  and  expensively  operated  as  the 
elevators  in  the  typical  city  hall.  America  is  face  to  face 
with  municipal  ownership  of  street  car  systems,  of  gas  and 
electric  plants.  Steadily  and  with  unrelenting  pressure, 
the  economic  life  of  public  utility  companies  is  being 
squeezed  out.  State  commissions  and  courts  are  trying  to  be 
just,  but  an  ignorant  public  is  constantly  threatening  them 
and  doing  all  that  it  can  to  block  their  efforts.  The  ignorance 
of  the  public  is  mainly  ascribable  to  the  silence  of  the  men 
who  are  most  competent  to  speak  not  only  with  authority 
but  with  freedom  from  selfish  motives — the  professional 
engineers. 

Whether  there  is  to  be  municipal  ownership  of  all  utilities 
or  not,  professional  engineers  will  be  employed.  Many 
engineers  think  that  their  chances  of  securing  adequate  com- 
pensation are  Ijetter  under  public  than  under  private  ad- 
ministration.    At  all   events   there  is  so   little   to  choose  in 
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that  respect  that  engineers  as  a  body  can  not  be  charged 
with  selfish  motives  In  advocating  fair  rates  for  public  utiiity 
corporation  services  and  fair  treatment  of  public  utility  com- 
missions. 

Apropos  of  the  unsound  attitude  of  most  municipal  officials 
relative  to  public  utility  rates,  we  quote  from  a  recent  ad- 
dress before  the  League  of  California  Municipalities  by  W. 
E.  Creed,  president  of  the  Pacific  Gas  and  Electric  Co.: 

On  the  habit  of  Jumping  at  conclusions  without  knowledgo  of  the 
facts,  I  Clip  the  offlclal  procedure  when  an  application  for  in- 
creased rates  is  filed. 

The  city  council  meets.  It  forthwith  passes  a  resolution  and 
Instructs  the  city  attorney  to  oppose  the  application.  The  city  at- 
torney issuer  his  public  pronouncement,  duly  accompanied  by  pho- 
tograph, saying:  "I  will  fight  to  the  last  ditch,"  as  he  raises  his 
eyes  to  heaven  and  prays  to  God  to  give  him  strength  that  justice 
may  triumph  and  right  prevail. 

Never  in  all  my  experience,  and  I  have  been  in  the  public 
utility  business  a  good  many  years  as  a  lawyer  and  as  an  ex- 
ecutive, never  in  all  my  experience  have  I  ever  heard  of.  read,  or 
seen  a  resolution  by  a  city  council  directing  a  city  attorney  to 
Investigate  the  facts  .and  to  reason  from  those  facts  to  a  sound 
conclusion  in  the  public  interest.  Apparently  some  public  officials 
are  not  concerned  about  the  facts,  but  are  stalwart  nevertheless 
In  their  conclusions. 

A  rate  inquiry  ought  not  to  be  an  adversary  proceeding,  but 
should  be  a  mutual  and  co-operative  investigation  of  the  tactsy 
proceeding  upon  the  theory  that  cither  too  high  or  too  low  a  rate 
Is  an  injury  both  to  the  utility  and  to  the  public. 


Where  Six  Men  Are  Requiredito 
Do  the  Work  of  Two 

Building  contractors  have  witnessed  a  growing  tendency 
on  the  part  of  the  unions  to  specify  in  great  detail  what  kind 
of  work  each  class  of  worker  shall  be  permitted  to  do.  Such 
restrictions  are  by  no  means  confined  to  the  building  trades. 
For  example,  the  following  testimony  was  recently  given 
by  E.  T.  Whiter  before  the  U.  S.  Railroad  Labor  Board: 

A  .headlight  generator  to  be  removed  and  replaced  requires  the 
electrician  to  disconnect  the  wires,  the  sheet  metal  worker  to  dis- 
connect the  pipes,  a  machinist  to  unbolt  and  remove  the  gen- 
erator and  apply  a  new  generator,  the  sheet  metal  worker  to  con- 
nect the  pipes  and  the  electrician  to  connect  the  wires.  As  these 
employes  usually  have  helpers,  it  means  six  men  are  employed  on 
a  Job  that  ordinarily  should  be  done  by  a  machinist  and  helper. 

Craft  rules  of  this  sort  should  be  opposed  with  the  utmost 
vigor.  But  building  contractors  have  been  inclined  in  re- 
cent years  to  accept  such  rules,  and  pass  along  to  building 
owners  the  added  cost  of  construction,  rather  than  engage 
in  a  controversy  that  might  tie  up  construction  for  an  in- 
definite time.  However,  American  employers  in  other  lines 
seem  to  have  reached  the  limit  of  their  patience.  Illustrative 
of  a  determination  not  to  countenance  such  restrictions  we 
may  cite  the  recent  announcement  of  William  Cramp  and 
Sons,  the  great  ship  builders,   that: 

We  expect  our  employes  to  ignore  all  laws  enacted  by  labor 
organizations  for  the  restriction  of  output.  It  is  our  intent  to  deal 
fairly  and  Justly  with  the  rates  of  pay,  and  we  shall  e.xpect  our 
employ  in  return  to  give  us  an  honest  output  for  each  hour  of  em- 
ployment. 

We  believe  that  the  main  objection  that  most  employers 
have  to  the  "closed  shop"  is  viewed  in  the  quotation  just 
given.  When  labor  unions  cease  practices  intended  to  limit 
output,  much  of  the  opposition  to  labor  unions  will  cease. 
Unfortunately  that  day  seems  far  off,  for  while  some  labor 
leaders  have  announced  their  belief  in  the  doctrine  of  un- 
restricted output,  none  have  yet  begun  an  active  campaign 
to  rid  the  unions  of  restrictive  practices. 

The  "full  crew  laws"  that  have  been  passed  In  several 
states  are  still  fresh  in  the  minds  of  railway  executives, 
nor  can  they  forget  how  the  unions  persuaded  the  govern- 
ment to  abolish  the  "piece  rate  system"  in  railway  shops. 
Such  object  lessons  have  also  had  a  profound  effect  upon 
other  American  employers  than  those  in  the  railway  field. 
Nor  can  they  have  failed  also  te  see  the  significance  of  such 
facts  as  the  enormous  restriction  of  output  by  British  coal 
miners  and  their  steadfast  opposition  to  the  Introduction 
of  coal   cutting  machines. 


The  Decline  in  Prices  of  Construc- 
tion Materials 

The  wholesale  commodity  index  price  of  the  Bureau  of 
Labor  averaged  189  for  December,  as  compared  with  an 
average  of  100  for  the  year  1913.  The  average  for  metals 
was  157  and  for  building  materials  it  was  266  for  December. 
Metal.s  have  therefore  declined  20  per  cent  and  building  ma- 
terials have  declined  22  per  cent  from  the  "peak"  prices  of 
last  April.  Metals  have  apparently  reached  "bed  rock",  but 
the  average  of  building  materials  is  still  high. 

It  is  interesting  to  note  that  metals  averaged  184  and 
building  materials  161  for  December  1918,  at  a  time  when 
the  average  of  all  commodities  was  206. 

The  U.  S.  Steel  Corporation  should  be  given  credit  for 
having  kept  steel  prices  from  joining  the  enormous  inflation 
that  occurred  in  1919  and  1920,  the  peak  of  which  was  reached 
in  May  1920,  when  the  average  commodity  i)rice  index  was 
272.  Had  all  other  manufacturers  of  construction  materials 
followed  a  .similar  policy,  there  would  have  occurred  no 
such  slump  in  building  activity  as  marked  the  close  of  1920. 
In  May,  1919,  the  index  price  of  building  materials  was  164,  i 
but  a  year  later  it  had  risen  to  341,  thus  more  than  dou-  I 
bling;  whereas  metals  rose  from  152  to  193  during  the  same 
period;  or  an  increase  of  less  than  30  per  cent. 

The  U.  S.  Steel  Corporation  was  running  its  plants  in  De- 
cember at  90  per  cent  of  their  capacity,  which  speaks  for 
itself  as  to  the  wisdom  of  holding  to  moderate  prices  rather 
than  attempting  to  charge  all  that  the  market  would  stand 
temporarily. 

The  index  price  of  building  materials  was  313  for  October 
and  274  for  November,  indicating  a  decline  of  13  per  cent 
in  one  month;  but  for  December  it  was  266,  indicating  a 
decline  of  3  per  cent.  A  further  marked  decline  before  April 
is  probable. 


Temper  Brittleness  of  Steels. — An  extensive  review  of  the 
literature  on  this  subject  has  been  made  the  result  of  which 
is  summarized  as  follows  in  the  Jan.  7  Technical  News  Letter 
of  the  U.  S.  Bureau  of  Standards:  Certain  steels  which 
have  been  liardened  by  quenching  from  temperatures  above 
the  A3  point  and  tempered  at  temperatures  ranging  from 
about  450  to  600°  C.  show  less  impact  values  if  they  are 
cooled  slowly  from  tempering  temperature  as  compared 
with  those  cooled  quickly.  The  cause  of  this  prenomenon, 
which  is  also  referred  to  as  "Krupp  Frankheit",  has  not  yet 
been  clearly  established.  The  property  of  temper  brittleness 
has  been  found  present  in  carbon  steels  .25  to  4.  per  cent  C, 
nickel,  chrome-nickel,  chromium,  and  certain  other  alloy 
steels.  Chrome-nickel  steels  of  the  same  chemical  compo- 
sition and  heat  treatment  have  been  found  to  vary  widely 
in  their  susceptibility  to  temper  brittleness  and  even  in  the 
opposite  direction,  i.  e.,  the  slowly-cooled  specimens  were 
tougher  than  the  quickly-cooled  ones.  The  process  of  manu- 
facture appears  to  have  more  of  an  influence  than  small 
changes  in  chemical  composition,  thus,  steels  made  by  the 
acid  open-hearth  process  are  more  prone  to  temper  brittle- 
ness than  electric  or  crucible  steels.  The  opinion  has  been 
advanced  that  the  degree  of  work  and  the  temperatures  em- 
ployed during  the  process  of  fabrication  from  the  ingot  bear 
some  relation  to  the  degree  of  susceptibility  to  temper  brit- 
tleness. Other  factors  appearing  to  have  an  influence  on  the 
suhject  are  the  temperature  of  hardening  preceding  tem- 
pering treatment,  degree  of  hardening,  as  cooling  in  water, 
oil  or  air,  the  rate  of  cooling  from  tempering  temperature, 
phosphorous  content,  and  the  furnace  atmosphere  in  which 
the  material  is  treated.  Other  questions  bearing  upon  the 
problem  and  upon  some  of  which  no  general  agreement  has 
been  reached  and  concerning  which  but  little  knowledge  ap- 
pears to  be  available  are:  relations  between  microstructure 
and  susceptibility  to  temperature  brittleness,  path  of  rup- 
ture, heating  and  cooling  curves,  relation  between  impact 
values  and  tensile  test  values  as  well  as  the  Brinell  hardness 
values,  and  the  influence  of  the  shape  of  the  notched  speci- 
men upon  impact  test  values. 


A.  A.  E.  Has  Over  24,000  Members. — The  American  Associa- 
tion of  Engineers  had  24.026  members  at  the  close  of  busi- 
ness on  Jan.  13.  Two  years  ago  on  that  date  the  membership 
was  about  2,400. 
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Methods  and  Plant  for  Constructing 

Concrete  Substructure  of  New 

York  County  Court  House 

A  combination  of  mixing,  tiauling  and  spouting  units  de- 
signed especially  to  meet  the  conditions  of  the  job  is  being 
used  in  the  construction  of  the  concrete  substructure  for 
the  new  $20,000,000  court  house  for  New  York  County.  This 
structure  is  being  erected  on  Center  St.,  New  York  City,  a 
few  hundred  feet  from  the  great  municipal  building.  The 
contract  for  the  substructure  was  awarded  Aug.  15,  1920,  to 
Rodgers  &  Hagerty,  Inc.,  New  York  City,  for  about  $2,000,- 
000.  The  excavation  required  under  this  contract  was  about 
500  ft.  long,  320  ft.  wide  and   30  ft.  deep  and  involved  the 


footing  trenches,  and  since  the  concrete  is  placed  in  the 
form  of  several  complete  rings  with  comparatively  narrow 
annular  spaces  between  them,  a  system  of  distribution  of 
concrete  on  the  surface  of  the  pit  or  by  means  of  cableways 
or  derricks  would  have  involved  the  use  of  transporting  ap- 
paratus that  would  greatly  interfere  with  construction  opera- 
tions, the  form  work  and  the  finished  and  unfinished  por- 
tions of  the  concrete.  It  was  also  evident  that  there  was 
no  room  for  a  mixing  plant  concentric  with  the  work  nor 
opportunity  of  access  to  and  from  it  had  it  been  installed 
there.  Consequently  an  isolated  mixer  plant  and  a  special 
system  of  conveying  and  distribution  was  necessary  that 
would  not  interfere  with  the  operations  that  practically  cov- 
ered all  of  the  excavated  pit. 

The  problem  was  studied  by  the  engineering  department 


Installation    of   Concrete    Distributing    Plant,    Aggregate    Storage,    Ml  Xing  Plant  and  Ramp  at  Left.     Slide  for  Reinforcement  Bars  at  Right. 


removal  of  94,000  cu.  yd.  of  material.  This  excavation  work 
was  described  in  our  Jan.  19  issue. 

Type  of  Sub-Structure.— The  masonry  included  in  the  con- 
tract consists  of  foundation  rings,  the  sub^jasement  floor  and 
the  exterior  walls  extending  up  to  street  grade. 

The  foundation  ring  system  consists  of  four  concentric, 
reinforced  concrete  rings,  the  outer  two  being  hexagonal  in 
plan  and  the  inner  two  being  circular.  The  extreme  outside 
ring  supports  the  exterior  walls,  these  walls  in  turn  forming 
the  archways  of  the  completed  building.  It  is  proposed  to 
make  the  floor  a  reinforced  concrete  slab  about  2  ft.  thick, 
the  top  of  this  slab  system  being  at  the  same  elevation  as 
the  tops  of  the  concentric  footings  and  supported  on  haunch 
walls,  which  are  a  part  of  the  rings.  As  the  floor  will  be 
subjected  to  hydrostatic  pressure  from  below,  the  slab  will 
be  anchored  down  to  the  footings  by  a  system  of  steel  bar 
reinforcing. 

A  very  large  amount  of  steel  reinforcement  is  embedded 
in  horizontal  planes  near  the  tops  and  bottoms  of  the  rings, 
besides  vertical  reinforcement  bars.  Inside  the  center  ring 
there  are  eight  small  independent  rectangular  column  piers. 
The  concrete  in  the  sub-structure  has  a  total  volume  of  about 
19,000  cu.  yd.  of  1:2:4  mixture  made  with  1-in.  broken  stone 
and  reinforced  with  about  1.250  tons  of  Havemeyer  deformed 
bars,  most  of  them  in  mill  lengths  of  38  ft.,  bent  parallel  to 
the  curves  of  the  rings. 

Concreting  System. — Since  the  concrete  footings  included 
in  the  Rodgers  &  Hagerty  contract  occupy  more  than  one- 
half  of  the  area  of  the  excavation  and  were  to  be  constructed 
simultaneously  with  the  completion  of  the  excavation  of  the 


of  R.  E.  Brooks  Co.,  50  Church  St..  New  York,  which  worked 
out  a  satisfactory  solution  and  design  for  the  conveying  and 
distribution  plant  eventually  installed  by  the  contractor,  with 
the  assistance  of  plant  engineers,  F.  I.  Ginsberg,  E.  Gwynn 
and  Robinson,  in  co-operation  with  F.  W.  Allen,  chief  engi- 
neer for  the  contractors.  This  system  is  very  simple  and 
efficient  and  will,  it  is  estimated,  save  a  considerable  per- 
centage of  the  cost  that  would  have  been  involved  by  the 
adoption  of  any  of  the  other  methods  under  consideration 
at  the  time  the  contract  was  awarded.  It  harmonizes  well 
with  the  policy  of  excavation  which  executed  all  of  that 
work  with  improved  appliances  and  power  machinery,  prac- 
tically eliminating  hand  la1)or.  It  secures  a  better  quality 
of  work,  more  rapid  execution,  eliminates  liability  of  delay 
from  labor  troubles  and  affords  very  considerable  advan- 
tages by  the  use  of  the  most  efficient  plant  and  capable 
workmen. 

The  essential  features  were  the  selection,  combination  and 
installation  of  standard  high-class  plant,  the  value  of  which 
has  been  abundantly  demonstrated  in  previous  successful 
operations,  and  which  were  so  combined  and  arranged  as  to 
give  the  required  service  with  rapidity,  economy  and  relia- 
bility without  involving  any  experimental  features,  elaborate 
arrangement  or  unusual  operations  requiring  especially 
skilled   attention. 

The  plant  is  composed  of  units  of  commercial  apparatus 
so  co-ordinated  and  arran.ged  as  to  be  very  flexible  in  opera- 
tion, to  be  easily  manipulated  and  to  involve  little  or  no 
waste   construction. 

Part  of  the  contractor's  regular  stock  equipment  was  titi- 
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llzed  advaiUiiKeously.  iind  the  remainder  of  the  plant  which 
was  Installed  is  not  only  adapted  to  secure  the  greatest  rapid- 
ity, efficiency  and  economy  of  construction  of  this  work  but 
to  be  desirable  as  permanent  equipment  available  for  al- 
most any  kind  of  heavy  concrete  construction. 

On  the  completion  of  the  present  contract  the  plant  may 
be  transferred  to  some  other  job,  or  may  be  sold  in  the 
open  market  for  a  price  which,  subtracted  from  the  purchase 
price,  should  leave  a  small  difference  that  would  represent 
a  very  light  unit  charge  for  handling  and  mixing  the  con- 
crete. 

The  genera]  system  is  that  of  mixing  the  concrete  on  tlie 
site  at  a  point  entirely  outside  of  the  excavation  and  con- 
struction work,  hoisting  it  to  a  height  of  about  120  ft.,  and 
then   spouting  it  directly    to   position    in    lho   forms.     The 


base  of  a  wooden  tower  35  ft.  high,  surmounted  by  a  10-yd. 
and  a  20-yd.  storage  bin  for  sand  and  broken  stone.  The 
mixer  discharges  directly  into  a  1-yd.  quick-shift  bucket 
hoisted  in  an  Insley  steel  tower  160  ft.  high.  The  bucket  au- 
tomatically discharges  into  a  hopper  fixed  on  a  sliding  frame 
at  any  required  height  in  the  tower,  from  which  the  con- 
crete is  distributed  through  an  Insley  continuous  line  chute 
suspended  from  a  1^/4-in.  plow  steel  cable  led  from  the  tower 
to  the  top  of  the  mast  of  the  guy  derrick  installed  on  a 
wooden  falsework  tower  30  ft.  high  in  the  geometric  center 
of  the  building. 

l''r(im  the  top  of  the  70-ft.  mast  the  cable  continues  to  an- 
chorage to  a  deadman  located  on  the  site  beyond  the  limit 
of  the  general  excavation.  The  end  of  tho  cable  is  looped 
around  a  sheave  that  is  shackled  to  a  2-in.  turnbuckle  with 
2-fl.  adjustment  that  is  connected  to  a  wire  rope  loop  en- 
gaging two  horizontal  timbers  in  the  bottom  of  a  pit  10  ft. 
deep,  backfilled  and  covered  with  a  heavy  load  of  sione. 

The  central  derrick  is  independently  guyed  and  is  used  to 
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special  feature  is  the  arrangament  by  which  the  concrete  is 
conveyed  from  the  hoisting  tower  to  the  geometric  center 
of  the  construction  and  thence  distributed  by  a  duplex  sys- 
tem of  pivoted  chutes  to  any  point  within  a  radius  of  about 
200  ft.,  all  of  the  appartus  being  kept  at  a  comp.aratively  higli 
elevation  with  unobstructed  clearance  beneath  it  for  tie 
operation  of  the  steam  shovels,  pumps,  pump  lines,  form 
construction  and  concretinfr  over  every  part  of  'iie  ares,  to 
be  built,  thus  avoidirg  all  interference,  delays,  or  expon.=e 
of  removing  and  rehandlin;:  i)iant,  equipment  or  materials. 

Kxcepting  electricity  for  lighting,  operating  the  centrifugal 
pumps  and  some  minor  uses  which  is  purchased  from  a  com- 
mercial company,  power  is  furnished  by  a  250-HP.  battery  of 
three  horizontal  steam  boilers,  although  two  of  them,  work- 
ing to  capacity,  can  provide  for  all  the  machinery  now  op- 
erated, with  a  consumption  of  between  5  and  6  tons  of  coke 
per  24-hour  day,  most  of  this  steam  being  used  in  the  8- 
hour  day  shift.  Ordinarily  the  principal  requirements  are 
for  the  operations  of  the  two  hoisting  engines,  the  pile 
driver  hammer,  the  concrete  mixer,  the  cement  hoist  and 
the  concrete  hoist  and  reserve  Cameron  pumps. 

The  Spouting  System. — The  1-yd.  concrete  mixer  is  in- 
Stalled  about  10  ft.  above  the  surface  of  the  ground  in  the 


support  the  counterweight  chutes  and  auxiliary  chutes  in  the 
center  of  the  operation.  This  derrick  is  rigged  up  with  "bull- 
wheel,  and  with  the  use  of  the  boom  swinging  engine  in  the 
base  of  the  derrick  structure  proper,  can  be  handled  by  one 
man  without  any  loss  of  time.  At  the  end  of  the  50-ft.  boom 
section  chute  there  is  suspended  from  the  end  of  the  boom 
a  50-ft.  extra  heavy  counterweight  section  chute  which  in 
turn  supports  a  50-ft.  standard  counterweight  chute  which 
gives  a  radius  of  150  ft.;  which  radius  is  increased  60  ft.  by 
the  use  of  additional  chutes  which  give  a  complete  working 
radius  of  210  ft.  from  the  center  of  the  building. 

The  entire  arrangement  of  counterweighted  truss  and 
boom  chutes  can  revolve  360°  around  the  center  of  the  build- 
ing and  each  of  the  counter  weighted  chutes  can  revolve 
360°  at  any  point  of  the  concentric  circle  it  makes  in  the 
derrick  revolution,  thus  fully  commanding  all  portions  of 
the  area  of  the  building.  The  first  truss  has  a  5.000-lb.  con- 
crete counterweight  and  the  second  one  has  a  1,000-lb.  coun- 
terweight, while  the  load  suspended  from  the  boom  hook  is 
about  20.000  lb.  The  chutes  have  a  slope  of  1  on  3,  which 
provides  for  free  delivery  of  concrete  at  all  times. 

So  far  the  best  day's  record  is  470  yd.  with  a  total  force 
of  about  20  men,  only  3  men  being  required  to  convey  the 
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cc/ucrete  to  the  forms.  The  concrete  is  of  medium  consist- 
ency so  that  it  Immediately  settles  to  a  horizontal  surface 
in  the  forms  and  does  not  require  tamping  or  spading.  At 
the  end  of  everv  shift  the  concrete  bucket  and  the  line  of 
chutes  are  washed  out  with  water  to  prevent  any  concrete 


it  for  the  motor  trucks  that  are  spotted  there  while  the  op- 
erator opens  both  of  the  two  gates  and  fills  the  trucks  in 
about  1  minute.  Each  truck  averages  from  20  to  22  round 
trips  in  one  8-hour  shift. 

At  the  court  house  the  trucks  are  backed  up  a  plank  paved 


Pouring    Concrete    in    Outer    Forms 
from  adhering  or  setting  on  them,  and  at  the  commencement 
of  every  shift  the  chutes  are  also  flushed  with  water  to  pro- 
vide for  the  more  easy  flow  of  the  concrete. 

Handling  Concrete  Materials.-^For  the  sut)-structure  con- 
tract there  are  required  about  17,000  yd.  of  1-in.  broken  stone 
from  the  Calvin  Tompkins  quarries  at  Tonipkins  Cove,  on 
the  Hudson  River,  9,000  yd.  of  sand  from  Cow  Bay,  Long 
Island,  and  114.000  bags  of  Portland  cement  of  the  Pennsyl- 
vania Cement  Co.'s  brand,  all  of  which  are  delivered  by  the 
contractor's  fleet  of  about  50  Pierce-Arrow  motor  trucks. 

The  cement  is  hauled  about  half  a  mile  from  the  dock 
to  the  cement  storage  shed,  which  has  a  capacity  of  30,000 
bags.  Prom  here  it  is  loaded  by  hand  into  a  1-yd.  steel 
bucket  hoisted  in  a  steel  tower  about  40  ft.  high  to  the  charg- 
ing platform  of  the  concrete  mixer,  where  the  bags  are 
opened  and  emptied  by  hand  into  the  charging  hopper  and 
the  empty  bags  dropped  through  a  chute  in  the  floor  to  the 
bag  house,  where  they  are  cleaned  by  a  hand-operated  Cen- 
tury cement  bag  shaker  that  recovers  2  or  3  bags  of  cement 
from  every  100  empty  bags.  The  empty  bags  are  placed  in  a 
Rowe  "baling  machine,  which  folds  and  compresses  them  and 
holds  them  while  they  are  securely  wired  in  lots  of  50.  This 
arrangement  insures  a  considerable  economy  in  saving  ce- 
ment and  bags  and  in  preparing  the  bags  for  transportation 
so  that  none  can  be  lost,  damaged  or  withdrawn  from  the 
package  in  transit. 

Sand  and  broken  stone  are  delivered  at  the  pier  at  the 
toot  of  Jefferson  St.,  East  River,  on  barges  of  500  to  600 
yd.  capacity,  which  are  unloaded  by  a  1-yd.  clam-shell  bucket 
operated  by  a  derrick  and  hoisting  engine  which  deliver  to 
an  elevated  hopper  bin  of  15  yd.  capacity  which  is  used  al- 
ternately for  stone  and  sand.  The  bottom  of  the  bin  is 
about  8  ft.  above  the  deck  of  the  pier,  with  clearance  under 


From    Duplex    Revolving    Spouts. 

incline  fill  against  a  timber  sill  over  which  they  dump  at 
the  edge  of  the  storage  pile,  the  lower  portion  of  which  is 
partly  confined  by  wooden  bulkhead  walls.  A  I'/i-yd.  clam- 
shell bucket  operated  by  a  60-ft.  derrick  boom  reclaims  the 
stone  and  sand  dumped  from  the  trucks  and  constantly  keeps 
filled  the  small  bins  in  the  concrete  tower.  When  not  em- 
ployed in  this  service  it  reclaims  the  sand  and  stone  dumped 


/  Iff  ft-'' 


Form   for   Octagonal    Foundation    Ring, 


(5) 


7S 


Engineering  and  Contracting  for  January  26,  1921. 


at  the  loot  of  the  storage  and  trims  them  up  in  tall  piles, 
always  formlns;  a  larpe  reserve  stock  for  use  if  tlie  Ueliv- 
ery  of  the  barges  is  interrupted.  The  stone  and  sand  are 
drawn  through  bottom  gates  in  the  elevated  bins  to  the 
charging  hopper,  so  that  the  mixer  can  be  operated  at  max- 
innim  speed.  Large  sleam  colls  are  installed  on  tlie  ground 
under  the  bottoms  of  the  storage  piles  so  that  in  cold  weather 
the  entire  piles  can  be  healed  and  keep  the  aggregate  at  a 
suitable  temperature  tor  mixing  whenever  the  temperature 
is  high  enough  to  permit  the  concrete  work  to  be  carried  on. 
Provisions  are  also  made  for  healing  the  conerele  mixing 
water  with  live  steam  if  necessary. 

Concrete  Forms. — Tlie  foundation  walls  are  built  succes- 
sively and  each  ring  is  built  in  successive  sections  in  wooden 
forms  made  up  of  panels  about  20  ft.  long  and  7  ft.  high, 
built  on  carpenters'  benches  adjacent  to  the  work  and  put 
in  position  by  hand.  They  are  of  very  simple  construction, 
made  of  1-in.  tongue-and-grooved  boards.  The  larger  pieces 
are  built  first  nnd  are  stripped  after  the  concrete  is  from 
24  to  36  hours  old,  thoroughly  scraped,  and  reassembled  for 
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Pairs  of  Curved   Reinforcement   Bars  Used   as   Rangers  on   Concrete 

Forms. 

the  next  section,  and  so  on,  thus  using  I  hem  from  .'!  to  .'i  times 
each.  A  force  of  carpenters  are  continually  occupied  in 
building,  setting,  stripping  and  cleaning  the  forms. 

The  form  panels  are  set  against  vertical  outside  posts 
usually  made  of  3x6-in.  timber,  spaced  about  4  ft.  apart. 
These  timbers  are  connected  by  plain  horizontal  %-in.  round 
rods  2  ft.  apart  vertically  that  pass  transversely  through  the 
forms  and  are  permanently  left  there.  They  are  made  of 
ample  length  and  project  beyond  the  faces  of  the  verticals, 
where  they  pass  through  "Universal  clamps"  provided  with 
set  screws.  These  clamps  are  adjusted  to  the  right  position 
which  determines  the  width  of  the  forms,  after  which  opera- 
tion the  set  screws  are  screwed  up  tightly,  holding  the  panels 
In  position  against  internal  pressure  and  obviating  the  neces- 
sity of  cutting  threads  on  the  ends  of  the  rods.  The  rods 
are  hea\y  enough  to  resist  considerable  pressure  from  the 
wet  concrete  and  stiff  enough  not  to  unduly  sag  in  the  long 
span  between  the  sides  of  the  form,  and  also  serve  to  sup- 
port and  hold  in  position  any  of  the  reinforcement  bars  which 
are  wired  to  them. 

When  the  forms  are  to  be  stripped  it  is  only  necessary 
to  loosen  the  set  screws,  remove  the  clamps,  and  take  off 
the  verticals  and  panels,  leaving  the  %-in.  rods  projecting 
several  inches  beyond  the  face  of  the  concrete.  These  projec- 
tions are  then  cut  off  flush  with  the  surface  of  the  concrete, 
leaving  no  holes  to  be  pointed  and  no  steel  outside  the  con- 
crete. 

Reinforcement  Steel. — Notwithstanding  their  massive  char- 
acter, their  abundant  bearing  surface,  and  the  excellent  qual- 


ity of  the  sand  on  which  ihey  are  seated,  the  foundation 
walls  are  reinforced  with  a  very  large  amount  of  reinforce- 
ment bars  up  to  1-in.  square,  and  usually  in  38-ft.  lengths 
as  received  from  the  mill.  Near  the  bottoin  of  the  wall  there 
are  fotir  tiers  of  rods  about  4  to  6  in.  apart;  two  tiers  being 
transverse  under  column  bearings  and  two  tiers  longitudinal 
The  bottom  tier  rods  are  supported  on  concrete  blocks  man- 
ufactured at  the  site  and  are  wired  together  at  intersec- 
tions, forming  a  complete,  independent  framework,  put  in 
position  before  the  concreting  is  commenced.  In  the  upper 
part  of  the  wall  there  are  two  tiers  of  horizontal  rods  cor- 
responding to  those  in  the  bottom,  and  suspended  by  wire 
rope  loops  from  transver.se  caps  reaching  across  the  forms 
from   side   to   side. 

The  reinforcement  bars  are  delivered  by  motor  trucks  and 
skidded  to  the  bottom  of  the  excavation  on  four  lines  of  in- 
clined timbers  on  the  slope  of  the  pit,  and  at  the  bottom  are 
assorted,  stored,  cut  to  length  and  bent  as  required.  The 
longitudinal  rods  in.  the  curved  rings  are  all  bent  to  the  re- 
yuired  radius  in  a  motor  driven  3-roIl  bender  at  the  rate 
of  80  bars  per  hour,  by  a  gang  of  6  men  supplying 
and   taking  away  the  bars  from  the  machine. 

These  curved  bars  have  been  utilized  for  out- 
side walling  pieces  on  the  forms,  pairs  of  bars 
being  set  at  top,  bottom  and  intermediate  points 
of  the  verticals,  and  wired  in  position,  thus  saving 
a  considerable  amount  of  timber  and  the  work  of 
cutting  it  to  the  proper  curvature,  as  well  as  pre- 
senting a  neater  appearance,  being  more  conve- 
nient, and  without  at  all  injuring  the  steel  for  its 
final  use  as  reinforcement  in   the  concrete. 

The  spacers  used  to  separate  the  bottom  tiers 
of  reinforcement  rods  and  keep  them  above  the 
bottom  of  the  forms  have  a  uniform  thickness  of 
3  in.  and  are  made  of  1:2  cement  mortar  cast  in 
slabs  about  6  ft.  wide  and  10  ft.  long  on  wooden 
platforms  with  removable  side  pieces  3  in.  high  on 
each  of  the  four  sides.  These  pieces  are  clamped 
in  position  and  the  space  between  them  is  filled 
■with  mortar,  screeded  off  to  the  level  of  the  tops, 
of  the  side  strips.  As  soon  as  the  mortar  is  suffi- 
ciently set  a  straight  edge  is  laid  across,  connect- 
ing corresponding  marks  on  opposite  sides,  and 
serves  as  a  guide  for  a  thtn-bladed  scoring  tool 
which  cuts  through  the  full  thickness  of  the  slabs, 
dividing  the  concrete  into  strips  3  in.  wide  and 
about  18  in.  long.  After  these  have  set  from  12  to 
24  hours,  the  side  pieces  are  removed  and  the 
small  pieces  are  detached  if  necessary  by  again 
cutting  through  the  joints  with  the  scoring  tool. 
They  are  then  ready  for  placing  in  the  forms, 
where  they  make  an  integral  part  of  the  monolithic  mass, 
thus  providing  for  the  accurate  positioning  of  the  steel  with- 
out introducing  any  foreign  or  objectionable  element  into 
the  concrete.  The  blocks  are  made  by  3  men  who  can  read- 
ily turn  out  2,000  in  one  8-hour  shift. 

Guy  Lowell,  the  architect,  is  represented  by  a  well-or- 
ganized staff,  including  Major  John  H.  House,  Jr.,  in  general 
charge;  Wm.  B.  Claflin,  superintendent  of  construction;  E. 
•  W.  Jacobus,  clerk  of  the  works,  and  Harry  W.  Andrews,  de- 
signing engineer  of  structural  steel.  Moran,  Maurice  & 
Proctor  are  consulting  engineers  for  the  foundations. 

On  Dec.  1,  Rodgers  &  Hagerty,  Inc.,  had  completed  about 
70  per  cent  of  the  contract  and  work  is  being  vigorously 
prosecuted  by  an  average  force  of  200  men  under  the  direc 
tion  of  Field  Superintendent  Harry  Stone  and  Managing 
Field  Engineer  Walter  Caccia.  James  J.  Kelly,  of  this  or- 
ganization, is  in  charge  of  the  surveying  parties  required 
for  the  work. 


Recent  Government  Publications  on  Paints. — The  follow- 
ing circulars  are  now  ready  for  distribution  and  may  be 
bought  frotn  the  Superintendent  of  Documents,  Washing- 
ton, D.  C,  at  5  ct.  a  copy:  Bureau  of  Standards  Circular  102 
— Recommended  specification  for  composite  thinner  for  thin- 
ning semi-paste  paints  when  the  use  of  straight  Unseed  oil 
is  not  justified;  Circular  103 — Recommended  specification 
for  Spar  varnish;  Circular  104 — Recommended  specification 
for  asphalt  varnish;  Circular  105 — Recommended  specifica- 
tion for  liquid  paint  drier. 
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Solving  the  Housing  Problem 

By  CHAS.  F.  DINGMAN, 

Engineer,   Flynt   Bi'ilding  &   Construction   Co.,   Palmer,   Mass.. 
Charlotte,   S.  C,  and  New  York  City. 

Before  we  can  properly  attempt  the  solution  o£  the  prob 
lem  of  present  distressing  housing  shortage  it  is  necessary 
that  we  should  know  just  what  the  problem  is  and  how  it 
came  to  exist  as  a  problem. 

There  seems  to  be  a  general  impression,  particularly 
among  people  living  outside  of  the  larger  cities,  that  the 
housing  problem  is  something  of  very  recent  origin.  Those 
who  have  lived  in  the  large  cities  icnow  that  the  housing 
problem  has  existed  there  for  a  long,  long  time,  but  that  it 
has  recently  become  much  more  universal  and  much  more 
acute. 

The  problem  in  the  cities  has  not  always  been  merely  a 
question  of  a  sufficient  number  of  flats,  tenements,  or  apart- 
ments, as  they  may  be  termed,  but  has  also  been  a  question 
of  sufficient  light,  air,  comfort  and  privacy.  And — without 
sufficient  light,  air,  comfort  and  privacy  it  is  absolutely  im- 
possible to  maintain  those  standards  of  public  health  and 
morality  that  are  essential  to  the  development  of  an  orderly, 
self-respecting  and   law-abiding  citizenry. 

During  the  recent  war  the  rapidly  mounting  costs  of  all 
those  things  which  enter  into  the  construction  of  dwellings, 
as  well  as  the  restrictions  imposed  by  the  Government, 
caused  an  almost  absolute  stoppage  of  house  construction 
except  for  a  few  developments  undertaken  by  Governmental 
departments  in  connection  with  war  work. 

Before  the  war  the  speculative  builder,  who  put  up  great 
numbers  of  houses  and  disposed  of  them  individually  upon 
comparatively  easy  terms  of  payment,  had  been  one  of  the 
most  important  factors  in  supplying  the  continual  need  for 
new  homes  in  and  near  the  larger  and  more  rapidly  grow- 
ing communities,  while  the  individual  owner  and  the  man 
who  built  to  rent  usually  took  care  of  the  demand  in  the 
smaller  communities  and  the  industries  which  were  sit- 
uated away  from  the  centers  of  population  provided  homes 
for  some  portion  of  their  own  employes. 

The  war,  however,  with  its  upsetting  of  all  established 
price  levels,  completely  eliminated  the  speculative  builder 
and  the  builder  of  small  means  from  the  field.  Continually 
mounting  costs  have  kept  them  out  of  the  field-  until  quite 
recently  and  have  very  effectually  checked  all  but  the  most 
necessary  housing  projects  of  the   industries. 

So  now  we  And  ourselves  facing  a  nationwide  shortage  of 
nearly  a  million  homes.  It  is  true  that  just  at  present  the 
shortage  of  work  occupies  a  more  prominent  place  in  the 
public  mind  than  does  the  shortage  of  homes,  but  the  short- 
age is  still  there  and  will  become  even  more  prominently 
noticeable,  as  soon  as  employment  conditions  become  normal 
again.  Meanwhile,  short  sighted  policies  and  actual  short- 
age of  ready  funds  conspire  to  increase  the  shortage  of 
homes  by  failing  to  take  advantage  of  the  present  available 
surplus  of  labor  and  put  it  to  work  building  homes. 

If  we  would  realize  how  great  this  shortage  of  homes  is 
we  need  only  stop  and  consider  that  it  would  require  at 
least  five  years  of  the  most  active  work  (660,000  new  homes 
constructed  per  year)  to  bring  us  even  to  the  same  ratio 
of  number  of  homes  to  number  of  families  that  existed  just 
before  the  war. 

In  1916,  when  the  average  cost  of  all  buildings,  houses, 
factories,  etc.,  was  only  $1.82  per  square  foot,  we  were  spend- 
ing at  the  rate  of  $475,000,000  per  year  for  new  homes.  In 
1920,  with  an  average  cost  per  square  foot  of  $4.32,  about 
two  and  three-quarter  times  as  much  as  in  1916,  we  only 
spent  $591,000,000. 

This  means  that  we  only  built  about  half  as  many  new 
homes  in  1920  as  in  1916,  yet  our  population  was  appreciably 
larger  and  we  still  had  the  great  deficiencies  of  1917  and 
1918  to  make  up.- 

There  are  many  people  who  have  felt  that,  because  auto- 
mobiles are  becoming  cheaper  and  because  commodity  prices 
in  general  have  declined  sharply,  touilding  material  prices 
must  come  down  and  stay  down. 

It  is  true  that  building  material  prices  have  fallen  sharply 
in  the  recent  past,  whether  they  will  remain  down  or  will 
start   upward   again   shortly   is   a  matter   of   conjecture,   but 


there  are  many  reasons  why  a  rising  scale  of  building  ma- 
terial prices  may  safely  be  predicted. 

In  the  first  place,  while  building  material  prices  are,  of 
course,  regulated  in  a  general  way  by  the  same  forces  which 
regulate  the  prices  of  all  commodities,  building  material 
prices  have  been  subjected  to  some  very  exceptional  forces 
in  the  recent  past.  The  effect  of  this  is  shown  by  a  com- 
parison of  the  graph  of  building  material  prices  and  gen- 
eral  commodity  prices. 

Building  material  prices  lagged  behind  general  commodity 
prices  in  the  upward  climb  until  the  effect  of  the  war's  great 
drain  upon  the  available  timber  supply  and  the  exhaustion 
of  all  reserve  stocks  of  manufactured  building  materials 
was  felt.  Then  building  material  prices  overtook  general 
commodity  prices  and  have  kept  above  them  ever  since. 

The  drain  which  was  made  upon  the  available  supply  of 
structural  timber  is  something  that  cannot  be  made  up  for 
many  years.  The  great  need  for  houses  will  increase  rather 
than  decrease  the  demand  for  lumber  and  timber. 

Over  $300,000,000  was  voted  for  public  improvements  at 
the  last  general  election;  this  is  only  a  partial  report  and 
does  not  cover  the  entire  country,  and  all  of  these  improve^ 
ments  use  some  of  the  same  kinds  of  materials  and  labor 
as  are  used  in  buildings. 

Two  and  a  half  billion  dollars  worth  of  buildings  were 
projected  last  year  that  have  not  yet  been  placed  under 
contract. 

So  it  seems  that  any  house  construction  program  may 
be  safely  undertaken  now  without  fear  that  the  value  of  the 
investment  will  shrink  materially  in  the  near  future. 

So  much  for  the  problem  and  its  causes.  The  solution  is, 
of  course,  to  build  houses.  The  new  problem  of  size,  type 
and  kind  of  houses  and,  possibly  even  more  important,  the 
problem  of  financing  then  present  themselves  for  solution. 

It  is  not  practicable  to  offer  one  general  plan  that  will  be 
suitable  for  every  community.  Local  conditions  of  popula- 
tion, industries,  transportation,  climate  and  topography  must 
be  given  due  consideration,  so  the  best  that  can  be  done 
here  is  to  state  what  has  been  done  in  other  communities. 

Perhaps  the  most  satisfactory  method  of  supplying  homes, 
from  an  employer's  viewpoint,  is  to  have  each  industry  pro- 
vide and  own  houses  which  they  rent  to  their  employes. 
This  arrangement  insures  the  industry  that  it  will  have 
homes  for  the  people  it  desires  to  employ  and  makes  it 
practicable  to  retain  a  particularly  desirable  class  of  em- 
ployes. 

Years  ago  mill-owned  tenements  were  not  very  attractive 
structures;  recently,  however,  the  tendency  has  been  to 
supply  such  attractive,  comfortable  homes  at  such  reasonable 
rents  that  no  private  landlord  can  hope  to  build  tenements 
in  the  same  village  and  rent  them  at  a  figure  that  will  re- 
turn  the  interest  on  his  investment. 

In  communities  where  several  industries  draw  upon  the 
resident  supply  of  labdr  home  building  corporations  have 
been  formed  to  provide  the  houses  and  either  sell  them  or 
rent  them  to  the  occupants. 

Among  other  cities  and  towns  where  home  building  cor- 
porations have  operated  with  satisfactory  results  are  Read- 
ing, Pa.;  Keene,  N.  H.;  Poughkeepsie,  N.  Y.;  Tonawanda 
and  North  Tonawanda,  N.  Y.;  Gastonia,  N.  C,  and  Rich- 
mond, Va.  In  each  of  these  places  I  understand  that  the 
corporation  was  organized  by  the  local  Chamber  of  Com- 
merce. 

The  plan  in  Reading  was  to  secure  25  business  men  who 
would  each  subscribe  $5,000  to  the  initial  fund  and  the  money 
thus  obtained  was  used  to  build  25  houses,  each  containing 
six  rooms  and  a  bath. 

The  houses  were  built  in  blocks  of  five  and  are  sold  at 
$5,500  for  the  end  houses  and  $4,750  for  the  others.  This 
is  a  much  lower  figure  than  it  has  been  possible  to  obtain 
in  New  England;  the  average  cost  per  room  of  most  well 
constructed  developments  has  ranged  from  $1,000  to  $1,400 
per  room,  exclusive  of  land  and  improvements. 

In  New  Jersey  a  rather  extensive  bungalow  development 
has  been  undertaken  by  a  speculative  builder  and  his  prices 
run  about  $1,550  per  room,  including  land  and  Improvements, 
which  would  equal  about  $1,400  per  room  for  the  house  only. 

The  payment  plan  used  in  selling  the  houses  at  Reading 
is  one  which  would  be  feasible  in  almost  every  community. 
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It   only   requires  an   initial   payment  of  $500,  the  balance  is 

talten  care  of  as  follows: 

First  mortgage,  by  s.-ivlnKs  bank.  BO  pi-r  cent  of  total $2,850.00 

Second  mortgage  to  Building  and   lx)an  Association 950.00 

Note  to  company,  to  be  paid  oft  at  the  rate  of  $2  per  week      450.00 

f4.250.00 

The  monthly  payments  can  then  be  so  arranged  that  they 
cover  all  interest  charges  and  a  sufficient  amount  on  the 
principal  to  retire  the  second  mortgage  in  10  years  or  less. 

The  method  pursued  in  Poughkeepsie  is  very  much  simi- 
lar to  that  at  Reading  except  that  the  Poughkeepsie  com- 
pany rents  houses,  when  available,  to  those  who  do  not  d- 
sire  to   purchase. 

Besides  those  places  where  housing  corporations  have 
been  operating  successfully  there  are  many  other  communi- 
lips  where  corporations  have  been  organized  but  have  not 
yet  commenced  operations.  In  ji  great  many  in.stances  the 
delay  is  due  to  a  belief  that  it  will  be  possible  to  build 
houses  much  more  economically  later  on  than  it  is  at  pres- 
ent. In  more  cases  it  has  been  because  the  cost  of  build- 
in  p  houses  was  underestimated  in  the  first  placa  and  suffi- 
cient financing  was  not  arranged  for. 

At  Piltsfield.  Mass..  the  General  Electric  Co.  has  estab- 
lished a  Homebuilding  Bureau  for  the  purpose  of  encourag- 
ing employes  to  provide  themselves  with  homes.  The  Bu- 
reau does  not  build  or  sell  houses  but  employs  an  engineer 
who  advises  the  employes,  aids  in  drawing  up  contracts  and 
inspects  houses  during  their  construction. 

The  engineer  of  the  Bureau  also  arranges  for  a  first  mort- 
gage loan  of  about  60  per  cent  at  one  of  the  local  banks  and 
a  second  mortgage  loan  of  about  30  per  cent  with  the  G.  E. 
Employes'  Homebuilding  Trust.  This  makes  it  necessary 
for  the  employe  to  finance  only  about  10  per  cent  of  the 
cost  of  his  home  immediately. 

I  recently  wrote  to  a  great  number  of  bank  officials  in  all 
of  the  New  England  states  and  asked  them  for  their  ideas 
as  to  what  could  be  done  to  provide  the  many  homes  that 
are  needed  right  now.  Barlkers  are  naturally  greatly  inter- 
ested in  any  movement  that  will  promote  the  prosperity  of 
their  communities,  because  the  prosperity  of  the  commu- 
nity and  of  the  bank  are  likely  to  be  very  closely  related.  I 
found  that,  while  most  bankers  do  not  feel  in  a  position  to 
take  the  initiative  in  any  building  projects,  they  are  willing 
to  do  their  fair  share  of  the  financing  of  any  house  construc- 
tion that  is  undertaken  on  a  well  considered,  conservative 
plan. 

Of  course,  during  the  recent  past,  many  bankers  have  felt 
that  construction  costs  were  grossly  inflated  and.  for  that 
reason,  have  not  been  as  liberal  as  they  might  have  been  in 
fixing  the  amount  to  be  loaned  on  a  property.  I  think  that 
feeling  is  now  past  and  the  loans  are  more  likely  to  come 
up  to  promoter's  expectations. 

I  also  wrote  to  the  secretaries  of  commercial  organiza- 
tions in  cities  and  towns  all  over  the  eastern  states  to  get 
an  idea  of  what  the  actual  demand  was.  Only  two  cities. 
Toledo,  O.,  and  Wilmington,  Del.,  reported  a  surplus  of 
houses. 

In  Wilmington  the  surplus  was  explained  by  the  fact  that 
the  closing  down  of  our  industries  had  caused  thousands  of 
people  to  move  away  and  in  Toledo  the  surplus  is  so  small 
that  it  will  probably  be  wiped  out  very  soon. 

Every  other  secretary  who  replied  reported  a  very  keen 
demand  for  more  houses  and  many  reported  that  plans  are 
now  under  way  to  form  housing  corporations  or  to  relieve 
the  shortage  in  some  way. 


A  New  Concrete  Floor  Hardener 

A  chemical  compound  for  hardening  the  surface  of  con- 
crete floors  and  making  them  water  tight  has  been,  placed 
on  the  market  by  the  General  Chemical  Co.,  25  Broad  St.. 
New  York  City.  The  compound  is  known  as  "Hard-N-Tyte." 
It  is  sold  in  crystal  form  and  the  solution  is  easily  made  on 
the  job  by  dissolving  the  crystals  in  water.  The  solution  is 
flushed  on  the  surface  and  spread  with  a  long  handled  brush 
or  broom.  For  sidewalls  the,  application  is  made  with  a 
brush.  It  is  stated  that  the  expense  of  treating  concrete 
with  "Hard-N-Tyte"  approximates  2  ct.  per  square  foot,  in- 
cluding the  laljor   for   application. 


Should  the  Builder  Be  Licensed? 

In  an  article  in  our  Dec.  22  issue  -Mr.  O.  \V.  Jtosenthal,  pres- 
ident Kosenthal-Cornell  Co.,  Chicago,  advocated  licenses  for 
building  contractors.  The  negative  side  of  this  question  is 
set  forth  by  Mr.  C.  A.  Crane,  secretary  General  Contractors' 
Association  of  New  York,  in  the  December  Bulletin  of  the 
Associated  General  Contractors,  from  which  we  quote  as  fol- 
lows : 

This  is  not  a  new  question  by  any  means.  It  has  been 
under  consideration  by  the  Associated  General  Contractors 
almost  from  the  organization  meeting.  Bills  with  that  object 
in  view  have  been  introduced  the  past  few  years  in  many 
State  Legislatures.  New  York  had  one  a  few  years  ago  to 
license  all  builders  in  concrete  construction.  As  we  recall, 
it  died  in  committee,  and  but  one  contractor  appeared  to 
speak  in  its  favor.  It  was  opposed  by  the  New  York  General 
Contractors'  Association. 

If  a  State  license  were  to  be  a  guarantee  of  integrity  and 
responsibility,  we  would  be  for  it.  Mr.  Rosenthal's  article 
infers  that  it  would,  but  we  disagree  with  his  conclusions. 
It  would  add  nothing  to  the  reputation  of  the  reliable  builder, 
but  would  be  exploited  by  the  irresponsible  holder  as  evi- 
dence of  fitness  he  did  not  possess.  The  answer  of  those 
favoring  license  will  be  that  the  requirements  and  examina- 
tions should  be  so  strict  and  searching  that  none  but  the 
reliable  could  qualify.  Again  we  say  if  that  could  be  as- 
sured, we'd  be  for  it.  Examinations,  however,  do  not  develop 
proof  of  reliability  and  integrity;  they  can  do  no  more  than 
reveal  a  certain  amount,  more  or  less,  of  theoretical  knowl- 
edge with  a  statement  of  the  applicant's  experience  on  which 
his  practical  knowledge  is  based. 

Licensing  a  Reporter  to  Be  a  Plumber. — Some  years  ago  an 
enterprising  reporter  took  a  series  of  civil  service  examina- 
tions in  New  York  for  professional  and  mechancial  positions 
in  the  city's  service.  Without  any  practical  experience  in  any 
of  them  he  passed  every  test  with  a  high  average,  and  was 
offered  appointments  to  several  positions,  not  one  of  which 
he  was  qualified  to  fill.  As  w'e  recall,  he  passed  at  the  head 
of  the  list  in  the  plumbers'  examination,  although  he  had 
never  wiped  a  joint  in  his  life  and  didn't  know  red  lead  from 
solder.  His  purpose  was  to  write  a  story  exposing  the  falli- 
bility of  civil  service  examinations  and  showing  that  they 
were  no  protection  against  the  employment  of  incompetents. 
Positions  of  higher  responsibility  such  as  chief  engineer  are 
not  usually  in  the  classified  civil  service.  Such  appointments 
are  made  not  as  the  result  of  an  examination,  but  because 
the  appointee  has  demonstrated  some  pre-eminent  ability  in 
his  particular  calling. 

What  Makes  a  Builder? — How  many  builders  in  the  coun- 
try could  offhand  qualify  on  even  the  simplest  of  technical 
questions?  There  are  any  number  of  first  class,  capable  con- 
tractors and  builders  who  couldn't  read  a  blue  print  to  save 
their  lives.  They  hire  men  to  do  that,  but  they  have  that 
something  in  them  which  no  amount  of  book-learning  or  even 
experience  can  instill — that  contractor's  sixth  sense  that 
some  men  seem  born  with,  and  without  which  no  one  becomes 
a  big,  successful  contractor.  As  evidence  of  this,  how  many 
engineers  who  have  made  .great  reputations  in  their  profes- 
sion, have  succeeded  as  contractors?  Yet  they  could  pass 
the  toughest  technical  examination  with  flying  colors. 

Mr.  Rosenthal  cites  as  an  argument  for  licensing  the 
builder,  the  fact  of  state  control  over  doctors,  lawyers,  archi- 
tects and  engineers.  We  think  the  comparison  is  far-fetched. 
A  thorough  university  training  is  indispensable  for  the  prac- 
tice of  those  professions,  and  we  are  not  convinced,  nor  have 
we  heard  it  advanced,  that  a  college  education,  is  a  sine  que 
non  for  a  builder.  Doctors'  and  lawyers'  operations  are  based 
on  confidential  personal  relations,  the  very  nature  of  which 
requires  that  only  the  selected  few  shall  be  permitted  to  prac- 
tice. The  control  by  license  of  architects  and  engineers  is 
comparatively  new  and  has  been  adopted  by  11  states  thus 
far.  We  think  it  proper  that  the  man  upon  whose  design 
the  safety  of  a  structure  depends,  should  demonstrate  his 
capacity  and  knowledge  for  making  the  design  before  being 
permitted  to  hang  out  his  shingle.  We  think  the  records  will 
show  there  have  bpen  more  building  and  structural  failures 
through  faulty  design  than  faulty  methods  of  construction.  A 
strict  license  law  for  architects  and  engineers  will  do  more 
to  safeguard  building  than  licensing  the  builder. 
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Is  Contracting  a  Business  or  a  Profession? — Contracting 
is  more  of  a  business  than  a  profession.  Certain  elements 
in  it  require  professional  men,  technical  graduates,  and  so 
do  certain  elements  in  the  manufacture  of  steel,  but  does  any 
one  contend  that  the  steel  manufacturer  should  be  licensed? 
Contractors  are  manufacturers  in  a  sense — in  some  instances, 
legal  decisions  have  been  rendered  to  that  effect.  They  are 
assemblers  of  material  to  form  a  finished  product.  Skill  and 
expeiience  are  necessary — absolutely  essential — to  do  that 
assembling  correctly,  .just  as  they  are  necessary  to  the  suc- 
cessful iron-master.  But  more  than  skill  and  experience  in 
the  mere  assembling  are  necessary  for  the  successful  builder 
or  contractor.  Like  the  iron-master,  merchant  or  manufac- 
Ui-er,  he  must  be  a  sound  financier,  a  trained  executive,  an 
able  administrative.  Without  these  qualities  all  the  technical 
knowledge  in  the  world  couldn't  make  him  a  successful 
builder.    And  examinations  would  fail  to  reveal  them. 

For  these  reasons  we  fail  to  see  how  the  public  would 
benefit  or  be  protected  by  a  license  law  for  builders.  Even 
in  those  professions  which  it  is  concededly  proper  to  license, 
the  mere  fact  of  the  license  does  not  bring  or  hold  clients. 
Success  with  the  lawyer,  doctor,  architect,  or  engineer  de- 
pends on  the  personal  equation.  It  is  the  inevitable  rule  of 
the  furival  of  ihe  fittest  that  places  the  best  at  the  forefront. 
Reputation  brin.as  business,  and  so  it  will  be  always. 

What  Determines  Reliability? — If  an  owner  selects  a  builder 
merely  because  his  bid  was  the  lowest,  without  inquiring 
into  his  reputation,  that  is  lamentably  poor  business  on  the 
owner's  part.  If  the  builder  makes  a  mess  of  it,  he  won't 
do  any  more  work  for  that  particular  owner  and  sooner  or 
later,  will  automatically  be  driven  out  of  the  building  busi- 
ness. Such  failures  don't  injure  the  responsible  builder — 
in  the  end  they  help. him.  New  men  will  always  be  breaking 
into  the  game,  and  license  or  no  license,  only  a  few  will  suc- 
ceed. 

A  license  law  for  any  class  of  business  is  defensible  on 
two  grounds;  that  the  business  is  of  such  nature  that  it 
should  be  under  control  of  the  police  power  of  the  commun- 
ity: and  that  the  license  fees  produce  substantial  revenue. 
Neither  one  of  these  in  our  opinion  applies  to  the  building 
business.  Governmental  regulation  of  business  tends  to  po- 
litical interference  and  usually  results  in  the  last  state  of 
affairs  being  worse  than  the  first.  We  think  it  was  Presi- 
dent-elect Harding  who  said  we  needed  less  Government  in 
business  and  more  business  in  the  Government.  We're  for 
that  idea. 


Hardness  of  Steels  Produced  by  Abrasion. — The  relative 
hardness  of  various  types  of  steels  produced  by  subjecting  all 
to  the  same  abrading  influences  has  been  determined  by  the 
U.  S.  Bureau  of  Standards  with  the  following  results:  In 
all  cases  except  the  high-carbon  austenitic  steel,  no  pro- 
nounced effect  of  the  abrasion  upon  the  steels  used  in  these 
experiments  was  observed.  In  all  cases  the  hardness  of  plain 
carbon  steels  is  increased  among  steels  of  this  type  the 
steel  containing  0.85  per  cent  shows  the  greatest  increase  in 
hardness.  The  alloy  steels  generally  show  a  smaller  increase 
in  hardness  of  abraded  surface  than  plain  carbon  steels,  and 
in  some  cases  they  show  a  decrease  of  surface  hardness. 
High-carbon  austenitic  steel  shows  a  marked  decrease  of 
Brinell  and  scleroscope  hardness.  This  process  of  abrasion 
viewed  in  the  light  of  Beilby's  Theory  may  be  considered 
as  resulting  in  the  production  of  amorphous  matter  at  the 
expense  of  crystalline  matter  which  affects  the  hardness  of 
the  abraded  surface  of  the  metal  but  probably  not  the  gen- 
eral character  of  its  structure.  As  to  the  decrease  of  Brinell 
and  scleroscope  hardness  of  high-carbon  austenitic  steel,  the 
followin,g  explanation  may  be  suggested:  According  to  Bene- 
dick's Pressure  Theory,  the  martensite  should  be  present 
in  a  greater  amount  on  the  lower  layer  of  the  examined 
specimen  than  in  the  inner  portion  and  it  seems  possible  that 
if  the  surface  layer  is  ground  away  the  next  or  more  austen- 
itic layer  should  be  found  to  be  somewhat  softer. 


December  Contracts  of  Fabricating  Sliops.— The  records  of 
the  Bridge  Builders'  &  Structural  Society,  from  reports  col- 
lected by  its  secretary,  show  that  during  the  month  of  De- 
cember. 1920,  47,000  tons  of  fabricated  structural  steel  were 
contracted  for  throughout  the  United  States,  equivalent  to 
26  per  cent  of  the  entire  capacity  of  the  bridge  and  structural 
shops  of  the  country. 


Cost  Factors  of  Engineering 
Practice* 

By  CHARLES  H.  YOUNG, 
President  Central  States  Engineering  Co.,  Muscatine.   Iowa. 

In  attempting  to  analyze  the  subject  of  cost  factors  in 
engineering  practice  it  was  discovered  that  they  were  of 
a  great  variety  and  were  dependent  upon  the  class  of  service 
that  an  engineer  in  practice  performed.  There  are  involved, 
also,  the  kind  of  organization,  the  kind  and  extent  of  trade 
area  tributary  to  the  locality  within  which  the  engineer 
functions  and  the  amount  of  energy  spent  in  educational 
work  of  clients  and  of  the  engineer,  himself,  in  continuance 
of  business,  the  manner  of  development  and  the  period  of 
development. 

It  seems  that  there  is  no  general  method  of  pi-ocedure 
adopted  by  the  various  engineers,  so  that  a  standardization 
of  factors  could  not  tie  made  applicable  to  each  and  every 
case.  ~ 

Classes  of  Engineers. — It  is  therefore  necessary  to  divide 
rhe   engineers   into   seven    (7)    classes: 

Class  A,  an  engineer  who  may  or  may  not  have  a  technical 
education,  who  has  office  at  home  and  operates  a  one  man 
practice. 

Class  B,  an  engineer  who  has  a  small  office  and  employs 
assistants  part  time  and  operates  balance  of  time  in  one 
man  pi-actice. 

Class  C,  an  engineer  who  has  business  organization, 
stenographer,  chief  engineer,  and  departments,  employing 
a  number  of  men  in  order  that  he  may  perform  various 
classes  of  service. 

Class  D,  an  engineer  who  holds  some  position  which  pro- 
vides office  equipment  and  salary  and  devotes  part  time  to 
private  practice. 

Class  E,  a  professor  who  devotes  excess  time  to  private 
practice  in  order  that  he  may  gain  such  experience  as  will 
enable  him  to  be  better  qualified  to  teach  the  subject  which 
he  has  in  hand. 

Class  F,  an  engineer  who  consults  only  on  special  projects 
and  confines  himself  to  developnient  on  only  large  projects 
along  a  particular  line. 

Class  G,  an  engineer  who  does  some  contracting  and  fills 
in   his   time    practicing   engineering. 

Cost  of  Engineering  Education. — It  might  seem  proper  at 
this  time  to  discuss  somewhat  the  cost  of  an  engineering 
education  because  this  is  the  foundation  for  a  lasting  super- 
structure of  engineering  practice.  Considering  that  the  cost 
of  a  college  education  is  1500  per  year  and  that  some  classes 
of  engineers  would  require  a  four  year  course  and  some  six 
years,  some  engineers  would  acquire  a  larger  part  of  their 
education  from  their  personal  ability  to  study  out  problems 
in  their  own  way.  Really  when  you  consider  education  in 
engineerin.g,  the  practical  education  is  the  important  part. 
Billy  Sunday's  diagnosis  of  an  educated  man  is  a  man  who 
knows  a  little  and  knows  where  to  get  what  he  wants  when 
he  wants  it  and  knows  how  to  use  what  he  gets  when  he 
gets  it.  So  the  factor  of  education  would  fluctuate  in  that 
it  would  depend  upon  a  man's  ability  to  practically  apply  his 
knowledge  before  it  could  be  ascertained  what  the  value 
was  of  that  knowledge  to  his  business.    In  general,  however: 

Class  A  would  require  4  years  at  $2,000,  practical  experience  $1,000. 

Class  B  would  require  4  vears  at  $2,000,  practical  experience  $1,500. 

Class  C  would. require  4  years  at  $3,000.  practical  experience  S.'S.OOO. 

Class  D  wculd  require  4  years  at  $2,000,  practical  experience  $.^.000. 

Class  E  would  require  6  years  at  $S.OOO,  practical  experience  $3,000. 

Class  F  would  require  6  vears  at  J.'i.OOO.  practical  experience  $3,000. 

Class  G  would  require  4  years  at  $2,000.  pi-actical  experience  52,000. 

It  has  been  computed  that  25  per  cent  of  their  time  is  all 
that  classes  D  and  E  could  devote  to  practice  beciause  of 
other  duties.  In  considering  practical  experience,  a  5  year 
period  has   been   used. 

NKCHSSARY    [•'.QriPMENT. 

Class  A,   loots  and   fixtures,   transportation   facilities $2,000 

Class  n.   tools  and  fixtures,   transporl.il  ion    facilities 3,000 

Cla.ss  C.    tools  and    Hxlurcs.   lraiisiiort:Llioii    facilities 1,500 

Class  D,   tools  and   li.xtures,    transp.>rtation  facilities 3.000 

Class  K,   tccls  and    (ixlur-'S.    transpoi-t:il  ion    facilities 1.000 

Class  F.   tools  ami   fixtures,    transportation   facilities 2,000 

Class  G.    tools  and   llxtnres.    transportation    facilities 3,000 

Continuance  of  Business. — Ordinarily,  the  first  year  of 
Class  A's  time  furnishes  him  50  to  70  per  cent  employment; 

♦"Paper  j'.iesented  at  last  annual  meetinp  of  the  Iowa  Engineering 
Society,  held  at  Des  Moines,  Iowa,  .Tan.  18-20. 
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second  year  60  to  80  per  cent  employment;  third  year  full 
time.  After  the  third  year,  he  usually  enters  into  Class  B 
and  continues  with  50  per  cent  assistants  the  fourth  year, 
75  per  cent  assistants  the  fifth  year,  and  full  time  assistants 
the  sixth  year.  If  he  is  successful  and  energetic  and  has  the 
personality  and  natural  ability  he  will  enter  the  seventh  year 
with  more  than  one  assistant  and  be  In  Class  C.  In  the 
tenth  year  of  practice  he  has  good  chances  of  operating  three 
or  four  departments,  if  he  is  energetic. 

It  may  be  necessary  some  time  during  this  career  for 
him  to  enter  Class  D  in  order  to  fill  in  part  time  in  some 
position  or  he  may  be  side  tracked  into  Class  E  for  a  time 
or  permanently.  There  is  also  a  chance  of  side  tracking  into 
Class  G  but  very  few  enarineers  reach  Class  F  until  after 
long  years  of  experience.  Very  often  Class  E  starts  in  Class 
A  and  develops  more  rapidly,  arriving  usually  in  Class  F 
after  he  has  the  business  ability.  It  seemed  necessary  to 
discuss  this  question  because  these  facts  are  the  founda- 
tion for  considering  the  cost  factors  in  engineering  prac- 
tice and  it  almost  seems  as  though  any  formula  which  might 
be  created  would  consist  almost  wholly  of  variables  and 
a  very  few  constants.  In  solving  for  X,  which  would  rep- 
resent the  income  of  the  various  classes,  only  general  state- 
ments can  be  made  which  would  be  modified  by  the  various 
conditions  entered  into. 

Items  in  Engineering  Practice:  It  can  be  said,  however, 
that  there  are  items  which  enter  into  almost  every  prac- 
tice which  might  be  enumerated  as  follows: 

Promotion  Expense:  This  item  covers  the  expense  of  pro- 
moling  jobs,  dues  to  associations,  etc.  It  is  necessary  for 
the  engineer  to  keep  up  with  the  time.<5  in  order  that  he  can 
better  serve  his  clients  just  the  same  as  any  lawyer,  dentist, 
or  doctor,  who  is  a  professional  man,  must  acquaint  himself 
with  the  newest  ideas.  He  must,  also,  watch  the  chauge  of 
personnel  of  different  bodies  of  men  and  keep  them  In  touch 
with  his  qualifications  in  the  work  he  is  doing  in  order 
that  the  best  Interests  of  his  business  might  be  perpetuated. 

Bonds:  This  item  represents  the  cost  of  surety  bonds 
which  amounts  to  1  per  cent  of  the  penalty  of  the  bond  or 
1  per  cent  of  the  bond  required.  As  the  amount  of  the  bond 
furnished  is  fixed  by  the  narties  requiring  the  bond,  this  is 
an  indefinite  expenditure.  The  amount  of  the  bond  is  paid 
by  the  engineer  and  is  an  Item  of  expense. 

Insurance:  This  item  represents  the  cost  of  working 
men's  compensation  which  is  compiilsory  under  the  Iowa 
State  Law.  It  is  71  ct.  per  hundred  for  surveyors,  9  per 
cent  per  hundred  for  draftsmen,  2%  per  cent  per  hundred 
for  engineers  on  tile  ditches,  $3.75  per  hundred  for  engineers 
on  floating  dredge  work,  $3.45  per  hundred  for  engineers 
on  suction  dredges  and  other  classes.  This  item  fluctuates 
from   time   to   time. 

Traveling  Expense:  This  item  represents  the  expense  of 
traveling  to  jobs  you  do  not  get  and  the  visiting  to  jobs 
under  construction  In  order  to  ascertain  information.  There 
are  many  trips  necessary  in  order  to  get  final  settlement 
on  the  work  after  it  is  completed.  This,  also,  includes  ex- 
penses to  society  meetings  in  order  to  keep  up  with  the 
times. 

War  Tax:  This  item  must  be  an  item  on  all  costs  as  it 
represents  the  tax  not  only  on  profits  but  also  on  telephone, 
telegraph,  and  express  bills. 

Interest  on  Investment:  This  Item  must  be  a  part  of  all 
estimates  of  cost  amounting  at  present  to  7  per  cent. 

Interest  on  Jobs:  This  is  not  interest  on  investment  but 
interest  only  on  money  borrowed  to  carry  on  jobs  during 
the  process  of  the  work.  That  is,  engineers  must  receive 
their  wages  and  expenses  must  be  paid  regardless  of  whether 
or  not  collections  are  made.  Very  few  assistant  engineers 
have  enough  money  to  wait  until  preliminary  expense  Is 
paid.  Again,  a  great  many  warrants  mu.st  be  discounted 
from  1  to  4  per  cent  dependent  upon  the  credit  of  the  project 
before  the  I)anks  will  cash  them,  because  the  banks  have  to 
hold  these  warrants  until  the  bond  issue  is  put  through. 
Many  warrants  are  marked  "Not  Paid  for  Lack  of  Funds." 

Discount:  As  mentioned  above  it  is  necessary  some  times 
to  discount  warrants  and  hold  bills  between  board  meet- 
ings. Some  times  one  cannot  cash  these  warrants  for  several 
years. 

Job  Expense:  This  Item  Includes  miscellaneous  transpor- 
tation of  men,  expense  of  lost  time  for  men  who  receive 
steady  pay,  storage,  job  office  rent,  etc. 

(10) 


Repairs:  This  includes  the  cost  of  repairs  to  tools  and 
equipment  arid  tools  lost  or  stolen. 

Depreciation:  Every  engineer'  has  depreciation  on  his 
equipment  which  amounts  to  10  per  cent  per  annum  on  the 
cost  of  equipment.     In   some   cases   this  should   be  doubled. 

Risk:  This  factor  is  indeterminate.  Sometimes  during 
preliminai-y  surveys  the  bills  are  not  paid.  The  preliminary 
bond  sometimes  is  insufficient'  or  the  work  Is  held  up  by 
legal  procedure  so  as  to  be  detrimental  to  the  engineer's 
pay.  The  money  must  ofttimes  be  borrowi;d  for  an  indefi- 
nite time  to  carry  on  business  and  discounts.  Fees  for  testi- 
mony at  $1.35  to  $4.00  per  day  can  be  enforced  by  law. 

Office  Expense:  This  item  represents  stenographer,  rent, 
light,  heat,  janitor,  postage,  telephone,  telegraph,  control 
systems,  books,  supplies,  advertising  and  expenses  of  like 
nature  which  every  business  must  pay. 

Salaries:  This  question  of  salaries  would  be  a  local  one 
and   be   easily   determined    by  a   summation   of   the  salaries 
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paid  during  the  year  but  it  is  hard  to  anticipate  just  what 
salaries  should  be  paid  on  any  particular  job  because  of  the 
lluctuation  of  the  other  factors  involved.  One  can  only 
draw  general  conclusions  after  a  definite  experience  In  a 
particular  locality  and  after  a  careful  computation  of  costs 
and  the  various  factors  involved,  before  he  can  determine 
what  is  a  fair  amount  to  pay  in  salaries.  It  is  often  hard 
to  tell  until  several  months  into  the  next  year's  business 
what  the  profit  of  the  business  is,  until  all  the  collections 
have  been  made  for  the  previous  year  up  to  January  first. 
Sometimes  accounts  of  one  year  will  not  be  paid  for  months 
after  the  year's  work  has  been  completed.  Therefore,  the 
determination  of  profit  cannot  definitely  be  ascertained  until 
one  knows  whether  or  not  he  had  any  bad  accounts.  Many 
a  business  has  failed  not  because  the  profit  was  not  in  the 
procedure  of  the  work  but  because  the  accounts  of  the  busi- 
ness could  not  be  collected. 

Method  of  Cost  Keeping. — The  method  of  cost  keeping 
which  we  have  adopted  is  to  make  out  a  ticket  In  duplicate 
for  each  job  performed  each  day.  We  file  one  of  these 
tickets  under  the  client's  name  and  one  ticket  under  the 
employees  name.     From  these  tickets  under  the  employees 
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name  we  make  up  his  salary  and  from  the  tickets  under 
the  client's  name  we  make  up  the  client's  bill,  which  might 
consist  of  the  work  of  several  men.  These  tickets  are  ?,  in. 
by  5  in.  and  can  be  filed  away  in  an  ordinary  3  in.  by  5  in. 
card  index  box.  They  are  made  up  in  little  books.  50  to  a 
book,  and  each  man  makes  out  his  own  ticket.  Below  is  a 
copy  of  the  form  which  we  use. 

In  transferring  this  item  to  the  client's  bill  it  is  itemized 
in  columns  of  Chief  Engineer,  Assistant  Engineer,  etc.,  as 
shown   in   copy   of  form   below. 


Organization  Outlines. — Engineers  operating  in  Class  C, 
especially,  must  devise  some  operating  plan  or  method  of 
operation  and  feed  it  down  to  the  different  departments  in 
some  systematic  method.  There  is  a  cost  factor  here,  then, 
of  devising  ways  and  means  to  economically  transmit  the 
responsibility  to  the  various  departments.  Quite  a  bit  of 
money  can  be  saved  clients  where  men  in  different  depart- 
ments are  experienced  and  advanced  in  a  particular  class 
of  work,  thus  rendering  competent  service  which  could  not 
be   otherwise  rendered  by   one   engineer  who   would   not   be 
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Ko  material  is  secured  without  an  order  and  this  keeps 
the  amount  of  materials  purchased  on  the  stubs  of  our  order 
book.  This  way,  we  are  able  to  keep  an  itemized  account 
of  every  transaction  and  every  item  whether  it  be  transpor- 
tation, time  on  promotion,  traveling  expenses  or  any  of  the 
items   above    enumerated. 

One  factor  that  is  indeterminate  but  miist  be  taken,  into 
account  is  the  loyalty  of  the  employee  and  his  abidance  by 
the  ethics  of  the  profession.  Ofttimes  this  item  is  very  large 
■when  one  has  to  keep  training  men  over  and  over  again  to 
■fill  the  different  departments  of  the  work.  While  it  is  al- 
ways a  source  of  gratification  to  see  one's  employees  ad- 
vance there  oftlimes  becomes  a  limit  to  the  amount  of  salary 
that  can  be  profitably  paid.  Ofttimes  one  year  is  a  good 
year  and  another  year  is  a  bad  year,  so  that  the  cost  of  doing 
business  would  fluctuate  with  business  coaditious  and  the 
employee  not  having  the  facts  at  hand  might  jump  at  con- 
clusions and  often  attempt  to  supplant  the  employer  after 
he  had  been  nursed  and  fed  to  a  healthy  condition  by  a  well 
meaning  parent.  As  a  usual  thing,  this  class  of  employee 
receives  the  same  treatment  when,  in  later  years,  he  fills 
the  shoes  of  his  employer. 

Profit  Sharing  Plan. — Whether  or  not  the  employer  would 
receive  an  apportionment  of  the  profit  would  depend  upon 
his  loyalty,  his  attention  to  business  and  the  success  of  his 
work,  and  the  class  of  service  the  engineer  performed.  And 
again  it  would  depend  upon  the  value  of  business  over  a 
period  of  years,  taking  the  good  years  with  the  bad  years, 
the  successful  collections  of  accounts,  and  the  education  of 
clients.  This  factor  of  education  of  clients  would  fluctuate 
greatly  with  the  need  for  the  same.  However,  any  business 
needs  to  educate  its  clients.  Very  few  clients  understand 
the  functions  of  an  engineer  because  they  would  almost 
need  to  be  engineers  themselves  in  order  to  realize  what 
is  necessary  to  produce  certain  results.  The  clients  of  an 
engineer  are  just  like  any  ordinary  man  who  goes  lo  our 
legislature.  They  cannot  be  expected  to  be  versed  in  every 
question  from  the  boll-weevil  to  the  flying  machine  but  they 
must  inform  themselves  upon  various  subjects  in  order  to 
determine  their  course  in  voting.  I^ikewise.  if  an  engineer 
does  not  give  his  clients  a  conception  of  engineering  service, 
then  he  cannot  expect  much  business.  It  is  my  opinion  that 
the  education  of  clients  is  one  of  the  largest  factors  of  cost 
which  enters  into  the  engineering  practice. 


versed  in  all  kinds  of  engineering  business.  This  factor, 
then,  would  aid  in  the  economic  carrying  out  of  a  project 
of  larger  magnitude.  We  are  showing  below  an  organiza- 
tion outline  which  might  be  a  factor  in  successful  opera- 
tion,  consequently  a  factor  of  cost. 

Summary. — An  attempt  has  been  made  in  the  above  dis- 
cussion to  present  the  factors  of  cost  in  order  that  any 
engineer  in  business  might  apply  these  factors  of  a  cost 
keeping  system  and  thus  over  a  period  of  years  localize 
different  cost  factors  to  the  class  cf  business  which  he  per- 
forms and  to  the  community  in  which  he  operates.  An 
attempt  has  also  been  made  in  the  table  to  set  out  as  nearly 
as  possible  the  separation  of  cost  factors  encountered  in 
each  class  of  business  enumerated  above.     It  is  needless  to 
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say  that  it  was  necessary  to  estimate  a  number  of  these 
factors  but  with  the  factors  at  hand  any  engineer  will  be 
a.ble  to  fill  in  his  own  table  and  to  recognize  that  such  fac- 
tors exist  if  he  has  not  previously  realized  it.  Some  of  the 
factors  may  not  be  involved  in  some  classes  of  business  but 
the  engineer  in  practice  can  select  those  factors  which  are 
applicable  to  his  particular  class  and  ultimately  arrive  at  his 
own  conclusions.  It  has  been  recognized  that  the  reason 
wliy  computations  vary  in  engineering  lines  is  because  en- 
gineers do  not  operate  on  the  same  basis  and  do  not  perform 
the  same  service  for  a  given  price.  Engineers  do  not  all  have 
the  same  will  power  to  put  projects  across  under  adverse 
conditions.     So  the  percentage  of  "I  WILL  DO  IT"  which  a 
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TAl'A.V.    SlIOWIN'O    C(JSI'    ITHMS     ICNTERINO    INTO 
BNGINKERING   rilACTICI':. 

Tliis  table  to  be  fillfrt  in  by  pnKiiic.«r  from  actual  costs  in  his 
own  bUHinoss.  because  tlie  probieni  is  a  local  one.  and  efficiency 
varies  very  Kreatly  in  dilTerent  classes  of  work.  Tbls  table  is 
worked  out  for  tlir  puriMise  of  aidiiit;  an  enfiiiu-t-i-  lo  jncUide  all 
the  items  ■  ' 
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man  possesses  would  be  a  factor  in  the  cost.  This  is  a 
larger  factor  than  might  be  anticipated  at  first  sight.  It 
has  been  said,  that  if  all  en.elneers  engaged  their  services 
on  the  same  basis  that  ultimately  the  engineering  profession 
would  receive  what  it  is  justly  entitled  to  for  services  ren- 
dered and  the  clients  would  better  understand  what  they 
were  receiving  for  the  price  they  paid.  The  existence  of 
this  condition  has  caused  the  writer  to  attempt  to  analyze 
cost  factors  in  order  that  a  basis  for  standardization  could 
be  arrived  at  with  a  view  to  rendering  some  small  service 
to  the  engineering  profession  as  a  whole  and  to  the  general 
public  as  well. 


Service  Department  A.  A.  E.  Finds  Jobs  for  3,243  Engineers 
in  1920.— Three  thousand,  two  hundred  and  forty-three  engi- 
neers were  placed  in  positions  during  1920  by  the  Service 
Department  of  the  American  Association  of  Engineers,  ac- 
cording to  a,  report  just  issued  by  that  department.  This 
number  of  men  placed  is  the  number  for  which  records  were 
actually  received  showing  that  positions  were  filled  and  does 
not  include  very  many  positions  which  were  undoubtedly 
filled  but  for  which  reports  of  placement  were  not  made  by 
the  employer  or  the  employee.  The  Service  Department 
handled  7,617  positions  during  1920.  filling  about  half  of 
them;  35,254  references  to  positions  were  made  to  individual 
members  of  the  association  in  the  course  or  the  year.  The 
total  annual  salary  for  all  the  positions  filled  during  the  year 
was  about/  58,500.000.  The  lowest  salary  paid  by  any  posi- 
tion filled  was  ?125  a  month.  The  highest  salaried  position 
was  $15,000  per  annum.  The  average  salary  of  positions 
filled  was  in  the  neighborhood  of  $200  a  month. 


How  to  Secure  Best  Results  in  Con- 
structing Concrete  Floors 
for  Foundries 

Methods  of  constructing  roncrrte  tlnors  for  foundries  were 
described  by  Mr.  H.  C.  Boyden  of  the  Portland  Cement  Asso- 
ciation in  a  paper  presented  last  fall  at  the  annual  meeting 
of  the  American  Foundrynien's  Association.  An  abstract  of 
the  paper  follows: 

In  general  the  floor  should  not  be  less  than  5  in.  thick,  and 
in  foundries  making  heavy  castings  the  thickness  should 
be  7  in.  Concrete  with  a  compressive  strength  of  3,000  to 
5,000  lb.  per  square  inch  can  readily  be  made  if  a  few  sim- 
ple but  important  rules  are  followed.  The  first  is  that  an 
analysis  should  be  made  of  the  aggregate — sand  and  pebbles 
or  broken  stone — that  is  to  be  used,  and  the  proportions  that 
will  give  the  greatest  strength  be  determined  and  adopted. 
There  is  only  one  such  proportion  for  each  aggregate  and  it 
can  readily  be  found.  "Abrams'  Table  of  Proportions  and 
Quantities"  has  recently  been  published  and  gives  full  infor- 
mation on  this  point.* 

The  second  rule  is  to  use  just  as  little  water  in  mixing  the 
concrete  as  possible,  and  at  the  same  time  have  a  workable, 
pjastic  mixture.  Up  to  a  certain  point  the  compressive 
strength  of  concrete  increases  as  the  water  ratio  decreases, 
and  the  limiting  water  ratio  is  considerably  below  the  ratio 
required  to  give  a  workable,  plastic  mixture.  The  water 
ratio  is  always  figured  as  gallons  of  water  to  one  sack  of 
cement. 

The  proper  water  ratio  varies  for  different  aggregates  and 
mixtures  so  that  it  must  be  determined  for  each  case.  To 
determine  it  a  simple  test,  called  the  "slump  test,"  has  been 
devised.  A  frustum  of  a  cone  4  in.  in  diameter  at  the  top, 
8  in.  in  diameter  at  the  bottom  and  12  in.  high,  made  of 
sheet  metal,  is  filled  with  the  concrete  to  be  tested,  which  is 
placed  in  the  casing  in  layers,  and  carefully  worked  with  an 
iron  rod  while  being  placed.  The  casing  is  immediately 
lifted  off  and  the  settlement  or  "slump"  is  measured.  For 
a  foundry  floor  the  proper  slump  is  between  1  in.  and  1%  in. 
A  greater  slump  indicates  the  use  of  too  much  water. 

As  a  guide  in  determining  the  proper  amounts  of  water 
to  be  used  the  following  approximation  may  be  useful:  With 
a  1:2:4  mixture  use  6  to  6%  gal.  of  water  for  each  sack  of 
cement;  for  a  1:2:3  mixture  use  5%  to  6%  gal.,  and  for  a 
1:1%:"  mixture,  use  5%  to  6  gal. 

The  third  rule  is  to  mix  the  concrete  thoroughly;  if  a 
me-'hanical  mixer  is  used,  it  should  be  turned  at  least  one 
minute  after  all  the  ingredients,  including  the  water,  have 
been  placed  in  the  drum.  If  the  concrete  is  mixed  by  hand, 
it  frhould  be  turned  at  least  five  times  on  the  mixing  plat- 
form. JIachlne  mixing  is  advisable  because  of  the  uniform- 
ity of  the  product  thus  secured. 

For  a  foundry,  a  concrete  floor  should  ne  built  in  one 
course  and  .'should  either  be  continuous  or  in  sections  with- 
out expansion  joints,  except  that  if  desired,  joints  may  be 
made  next  to  the  building  walls.  If  the  building  is  divided 
into  bays  by  columns,  each  section  may  •■•over  an  entire 
bay;  the  floor  can  be  laid  in  alternate  bays  and  the  omitted 
bays  filled  in  after  the  first  ones  have  hardened. 

The  floor  should  not  be  troweled  with  a  steel  trowel,  but 
should  be  rolled  with  a  steel  roller  8  or  10  in.  in  diameter, 
about  6  ft.  lon.g,  and  weighing  about  100  !b  This  rolling 
will  add  greatly  to  the  strength  of  the  floor  by  squeezing 
out  any  excess  water,  thereby  reducing  the  water  ratio.  Suit- 
able protection  for  the  floor  during  its  early  hardening  period 
should  be  provided,  as  this  greatly  influences  the  compres- 
sive strength  and  resistance  to  wear. 

In  order  to  attain  its  maximum  strength  and  hardness  a 
concrete  floor  must  be  kept  warm  and  damp  during  this 
peiiod.  Covering  a  concrete  floor  with  damp  sand,  as  soon 
as  it  has  hardened  sufficiently,  and  keeping  it  damp  by  fre- 
quent sprinkling  for  the  first  10  days  will  increase  its  com- 
pressive strength  over  75  per  cent  and  its  resistance  to  wear 
over  40  per  cent.  Still  better  results  will  be  secuired  it  this 
protection  can  be  continued  for  three  weeks.  It  is  b.^st  not 
to  use  the  floor  until  four  weeks  after  it  is  laid. 
The  question  of  whether  the  surface  of  the  floor  will  spall 


•See  fingineeringr  and  Contracting,  May  5,  1920. 
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when  inolien  metal  is  spilled  upon  it  is  not  serious.  It  would 
be  well,  however,  to  avoid  the  use  of  granite  or  quartz  gravel 
aggregates  in  the  construction  of  such  floors,  because  those 
materials  do  i^ot  stand  heat  as  well  as  certain  other  ag;;re- 
gates.  Trap  rock  possibly  makes  the  best  aggregate  for  re- 
sisting heat,  and  slag,  limestone,  or  limestone  gravel  may 
be  used  with   excellent   results. 

Hot  metal  where  spilled  on  a  concrete  floor  will  not  pop 
unless  the  floor  is  wet  or  the  concrete  contains  moisture.  A 
concrete  floor  can  become  moist  in  only  two  vays:  I>^irst 
from  water  ppilled  on  the  surface,  and  second  oy  absorbing 
water  from  the  ground  ben-^ath.  The  spilling  cC  water  on 
the  floor  suvffice  is  under  the  control  of  the  slioi)  foreman 
and  ui  il.«!  niolders  themselves,  and  '.he  results,  viz..  the  pop- 
ping of  spilled  metal,  will  be  the  same  no  matter  what  type 
of  floor  is  used.  The  second  cause  of  moisture  in  a  concrete 
floor,  absorption  from  the  sub-base,  can  be  avoided  by  prop- 
erly draining  the  sub-base  and  spreading  a  few  inches  of 
porous  gravel,  cinders  or  other  suitable  material  over  the 
ground  before  laying  the  floor.  Furthermore,  if  the  concrete 
is  properly  made,  it  will  be  watertight  and  will  not  absorb 
water  in  this  manner. 


Comments  on  Construction  of  Dry  Kilns 

Any  of  ihe  ordinary  building  materials — wood,  brick,  tile, 
or  concrete— may  be  used  in  the  construction  of  a  dry  kiln. 
The  choice  between  them  will  depend  upon  the  relative  im- 
portance of  the  first  cost,  maintenance,  and  fire  hazard.  The 
following  comments  on  each  type  are  based  on  the  pxpeii- 
ence  of  the  U.  S.  Forest  Products  Laboratory. 

Where  insuranfce  rates  permit,  a  well-built  wood  kiln  is 
very  satisfactory,  wood  being  a  very  good  insulator,  easily 
repaired,  and  cheaper  than  the  other  materials.  The  chief 
objection  to  the  use  of  wood,  aside  from  fire  risk,  is  its 
tendency  to  swell  and  shrink  with  alternate  moist  and  dry 
conuitions,  causing  more  or  less  working  of  the  frame  and 
loosening  of  nails.  All  lumber  should  be  thoroughly  sea- 
soned. Fir.  Douglas  fir,  yellow  pine,  redwood,  cypress,  and 
similar  woods  with  low  shrinkage  rates  should  be  used  for 
sheathing  and  sills.  For  frame  timbers  any  good  straight- 
grained  material  is  suitable.  The  sheathing  should  be  ship- 
lap  laid  horizontally  and  nailed  twice  at  each  stud,  in  the 
middle  and  at  the  bottom  of  the  board.  Outside  walls  should 
be  sheathed  on  both  sides  or  sheathed  inside  and  plastered 
outside.  They  should  also  be  insulated  with  a  good  moisture- 
proof,  heat-resistant  insulator.  The  ordinary  quilt  insula- 
tions sewed  between  so-called  waterproof  paper  have  not 
proved  satisfactory  in  dry  kiln  construction.  Walls  should 
be  painted  on  the  inside  with  asphaltic  paint.  Where  lumber 
is  plentiful,  crib  or  laminated  construction  may  be  used,  the 
walls  being  built  up  of  2  by  6-ln.  planks  laid  flat,  and  the 
roof  of  similar  material  laid  tight  together.  It  the  planks 
are  well  seasoned  and  well  manufactured,  this  form  of  con- 
struction permits  very  little  heat  loss;  but  if  the  lumber  is 
lov,'  grade  and  knotty,  a  tight,  weather-resistant  construction 
is  extremely  difllcult  to  obtain.  The  shrinkage  of  the  walls 
is  excessive,  and  causes  considerable  trouble  at  door  jambs 
and  where  pipes  pass  through  the  walls. 

Brick  or  hollow  tile  is  procurable  almost  everywhere,  and 
where  permanency  is  desired  is  usually  more  sati.'jfactory 
than  wood.  The  brick  or  tile  should  be  hard  burned.  The 
walls  should  be  laid  up  in  tempered  or  cement  mortar.  Un- 
equal expanfion  in  the  exterior  walls,  caused  by  the  differ- 
ence in  temperature  of  the  outer  and  inner  faces,  is  almost 
certain  to  create  numerous  small  cracks,  which  should  be 
painted  up  with  an  elastic  cement  rather  than  mortar.  A 
kind  of  Ule  should  be  chosen  that  has  openings  runnin.g  hori- 
zontally rather  than  vertically  in  the  wall.  The  tile  sliould 
be  scored  for  plastering.  Both  sides  of  tile  walls  should  be 
plastered  with  cement  mortar.  When  brick,  tile,  or  concrete 
kilns  are  over  .50  ft.  long,  it  is  advisable  to  build  both  the 
exterior  and  interior  walls  12  in.  thick,  particularly  if  fire- 
proof roofs  are  used. 

Walls  of  monolithic  concrete  or  of  concrete  blocks  are 
highly  absorbent  of  moisture  unless  thoroughly  waterproofed. 
It  is  very  difficult  to  hold  a  high  humidity  within  a  kiln 
whose  walls  absorb  moisture  readily.  The  heat  loss  through 
such  walls  is  also  very  great. 


Organized   Labors'  Experiment  in 
Cooperative  Building* 

By  BERNARD  PETERSON. 
Through  the  recent  formation  of  the  Building  Trades 
Unions'  Construction  and  Housing  Council  organized  labor 
in  Boston  has  entered  the  field  of  general  contracting,  with 
the  purpose  of  establishing  itself  as  a  real  factor  in  the 
campaign  to  speed  up  the  production  of  houses  to  relieve 
the  present  shortage. 

Essentially  a  labor  organization,  this  council  departs  in 
several  respects  from  the  old  line  of  unionism.  In  its  under- 
lying principles  the  council  expresses  the  aversion  of  the 
trade  unions  which  organized  it.  for  the  "direct  action" 
policy  with  which  the  structural  unions  so  frequently  have 
been  charged.  In  its  form  of  organization  the  council  takes 
pains  to  steer  clear  of  strikes,  lockouts,  injunctions  and  en- 
.  tangling  alliances  that  might  interrupt  its  work.  In  its 
charter  provis^ions  it  recognizes  the  disadvantages  of  dealing 
with  labor  unions  that  are  not  incorporated,  and  stipulates 
that  inasmuch  as  the  unions  generally  are  not  incorporated, 
no  paid  officials  of  any  labor  union  shall  hold  office  in  the 
Building  Trades  Unions'  Construction  and  Housing  Council. 
The  council  itself  is  incorporated  and  assumes  the  legal  re- 
sponsibilities of  a  corporation;  it  therefore  does  not  want  to 
involve  its  affairs  in  the  influence  and  actions  of  bodies  that 
are  not  incorporated. 

Now  equipped  with  a  charter,  which  it  received  on  October 
4.  1920,  a  complete  set  of  officers,  a  committee  on  financing 
that  has  plans  already  developed  for  a  co-operative  bank,  a 
staff  of  engineers  and  architects  and  approximately  600 
shareholders,  it  is  ready  to  go  to  work.  In  fact  it  has  under- 
taken one  job  already  and  has  almost  completed  its  first 
house. 

How  the  Council  Was  Organized. — The  prospective  scope 
of  this  movement  in  Boston  will  be  better  understood  when 
it  is  known  how  the  movement  started  a  few  months  ago. 
Its  leaders  today  say  that  they  were  actuated  in  the  first 
instance  by  a  desire  to  vindicate  their  craft  against  the 
general  accusation  that  it  was  a  destructive  force,  aiming 
in  revenge  at  the  blowing  up  of  buildings  and  bridges.  They 
smarted  under  these  accusations  and  wanted  to  prove  to  the 
community  that  they  not  only  are  a  peaceful  class  of  work- 
men, but  endowed  with  intelligence  and  experience  to  under- 
take the  whole  job  of  financing,  managing  and  building. 
Hence  al!  the  building  trades  unions  in  Greater  Boston  were 
invited  to  send  five  delegates  each  to  a  conference  a  few 
months  ago.  Only  plain  woi'king  men.  who  earned  their 
livings  with  their  hands  and  tools  in  the  various  lines  of 
building  activities,  and  no  union  officials  or  any  representa- 
tives of  unions  drawing  salaries  from  the  unions  were  invited. 
The  165  workmen  no  assembled  formed  the  Building  Trades 
Unions'  Construction  and  Housing  Council.  They  applied  for 
a  charter,  and  on  October  4  secured  a  Massachusetts  charter 
that  is  so  broad  in  its  scope  that  it  permits  the  council  to  go 
into  general  contracting,  lend  money,  deal  in  building  mate- 
rial and  real  estate,  and  go  into  almost  any  kind  of  business 
it  might  desire.  The  corporation  is  capitalized  at  $100,000, 
divided  into  shares  of  $10  each,  but  no  shareholder  can  buy 
more  than  ten  shares.  Up  to  October  25.  or  when  the  cor- 
poration w-as  twenty  days  old,  it  had  sold  shares  for  $6,570, 
representing  close  to  600  subscribers.  As  soon  as  it  is  ready 
to  begin  on  its  financial  campaign,  its  officers  believe  they 
can  easily  raise  all  the  money  they  want,  because  there  are 
approximately  'f2,000  union  men  in  the  building  trades  whose 
thirty-three  locals  are  all  represented  in  the  co-operative 
council,  in  addition  to  50,000  other  union  men  affiliated  with 
labor  organizations  in  Greater  Boston.  If  each  of  the  union 
men  buys  one  share  each  and  pays  for  it  at  the  rate  of  $1  a 
week  for  ten  weeks,  a  large  building  fund  would  soon  be 
raised. 

Solving  the  Problem  of  Finance. — The  next  move  planned 
is  the  .or.ganization  of  a  co-operative  bank  to  become  the 
depository  of  their  funds.  By  means  of  this  co-operative 
bank  the  Co-operative  Council  proposes  to  finance  the  build- 
ine  of  homes  for  members  or  outsiders,  the  bank  taking  the 
first  mortgage.     Under  the  state  law,  a  bank  may  lend  up  to 

•Prom  tlio  .lanuary  Bulletin  of  the  Associated  General  Con- 
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about  80  per  cent  of  the  value  of  real  estate,  and  if  the  co- 
operative method  of  building  keeps  the  cost  substantially 
below  the  current  market  value  of  the  house,  it  is  expected 
that  the  80  per  cent  of  the  value  will  go  a  long  way  tow^ard 
covering  the  total  cost.  The  owner  also  will  put  money  into 
the  house,  and  the  co-operative  council  will  take  a  second 
mortgage  for  the  difference  between  the  cost  and  the  loan 
obtained  from  the  bank  plus  the  owner's  cash  on  hand.  In 
this  way  the  cooperative  council  expects  to  make  the  financ- 
ing of  a  house  sufficiently  easy  to  stimulate  the  building  of 
homes  among  the  workmen. 

Settling  Materials  and  Labor  at  the  Source.— At  present 
the  council  goes  into  the  open  market  to  'Duy  material.  It 
had  to  do  that  for  the  first  house  it  started,  and  expects  to 
have  to  do  it  for  the  jobs  on  which  it  is  figuring  at  present, 
but  it  is  planning  also  on  a  co-operative  brick  yard,  a  co- 
operative gravel  pit,  co-operative  lumber  yards,  and  a  gradual 
expansion  of  this  co-operative  idea  to  include  all  the  building 
materials  that  it  can  conveniently  finance. 

Union  wages  are  to  be  paid  and  union  conditions  observed, 
but  there  can  be  no  strike  on  the  job,  or  any  lockout,  and 
the  job  cannot  become  involved  in  any  injunctions  proceed- 
ings that  might  be  brought  against  the  labor  unions,  since 
no  paid  union  officials  are  connected  with  the  council.  For, 
while  the  co-operative  movement  is  one  of  union  men,  it  is 
not  a  labor  union  in  itself,  but  a  corporation. 

Having  control  of  the  union  labor  within  the  building 
crafts  to  command  as  it  wishes,  the  council  figures  on  its 
ability  to  furnish  sufficient  workers  in  each  case  to  coii- 
struct  each  home  quickly  and  economically,  with  the  mini- 
mum loss  of  time.  The  officers  admit  that  they  are  not  yet 
trained  in  the  necessary  office  work  such  as  bookkeeping, 
typewriting  and  accounting,  but  tuey  can  command  the  serv- 
ice of  experts  in  those  lines,  too,  since  there  are  unions  to 
call  upon  for  assistance.  Moreover,  the  council  is  taking  full 
advantage  of  the  expert  advice  it  can  get  from  Harvard  Uni- 
versity, Wellesley  College  and  from  lawyers  in  Boston,  whose 
generous  helpfulness  in  starting  the  movement  right  the  coun- 
cil acknowledges.  Besides  this  a  large  number  of  members 
of  the  council  are  taking  courses  in  banking  and  accounting, 
architecture,  blue  printing,  etc.,  at  the  Trade  Union  College 
In  Boston  to  equip  themselves  for  the  "office"  work  of  this 
co-operative  building  movement. 

How  a  Job  Is  Handled. — How  does  this  Building  Trades 
Unions'  Construction  and  Housing  Council  propose  to  handle 
a  job?  It  gets  a  prospect.  Presumably  it  is  a  union  man 
who  wants  to  build  a  house.  In  fact,  the  job  it  is  figuring 
on  now  is  a  home  for  a  working  man  whose  family  has  almost 
enough  money  to  cover  the  cost.  This  job  is  taken  up  for 
discussion  in  the  council  meeting,  at  which  there  is  a  mason, 
a  carpenter,  a  bricklayer,  a  plumber,  a  glazier,  a  plasterer 
and  others  present  familiar  with  the  practical  work.  There 
Is  also  an  architect  present  who  works  for  the  council.  The 
representatives  of  each  specific  craft  involved  are  asked  to 
estimate  the  cost  of  their  part  of  the  work,  and  then  all  the 
estimates  are  gone  over  by  a  final  authority,  summed  up 
and  a  bid  submitted.  If  the  job  is  awarded  to  the  council, 
one  of  the  members  is  designated  to  take  general  charge  of 
the  vork,  and  as  the  work  progresses  he  will  call  a  practical 
workman  from  the  various  crafts  to  supervise  the  carpenter 
work  and  the  bricklaying,  etc.,  paying  such  foreman  the 
wages  he  would  receive  if  engaged  for  a  similar  position  by  a 
general  contractor.  During  the  progress  of  the  work  the 
general  foreman  will  be  in  consultation  with  -the  owner,  per- 
mitting any  changes  in  the  plans  that  the  owner  may  desire. 

The  actual  operation  of  this  novel  plan  of  co-operation  on^ 
Its  first  job  is  significant.  When  it  undertook  the  construc- 
tion of  this  house  the  council  was  not  in  a  position  to  finance 
the  job  as  a  contractor  would,  so  the  owner  financed  it  Um- 
self.  Consequently  the  council  submitted  its  estimate  of  cost, 
which  is  reported  to  be  practically  30  per  cent  under  the 
going  market,  and  it  secured  the  job.  It  was  then  agreed 
between  the  council  and  the  owner  that  the  owner,  watching 
the  process  of  construction,  should  have  the  privilege  of 
Introducing  any  element  of  saving  by  substitution  of  mate- 
rial or  change  of  plans,  and  when,  the  house  is  completed  the 
owner  should  pay  the  council  a  certain  percentage  on  the 
actual  cost.  Within  three  weeks  the  council  had  the  roof 
on  the  house,  and  by  Christmas  the  house  will  be  ready  for 


occupancy.  Present  Indications  are  .that  the  actual  cost  will 
be  well  under  the  council's  estimated  cost. 

The  Underlying  Purpose.— Until  the  council  has  had  a 
little  more  experience  it  cannot  decide  upon  a  fixed  per- 
centage of  cost  as  its  own  compensation,  but  John  F.  Nason, 
its  president,  says  that  its  purpose  is  to  fix  by  experiment- 
ing a  definite  margin  that  shall  constitute  the  council's  com- 
pensation for  supervising  the  construction  of  a  house.  He 
says  that  this  margin  will  be  equivalent  to  one  contractor's 
fair  profit,  based  on  actual  cost,  and  will  save  the  owner  the 
several  profits  that  go  to  subcontractors  under  the  ordinary 
method  of  construction.  With  that  saving  the  council  hopes 
to  appeal  to  a  somewhat  restricted  class  of  customers,  aiming 
in  the  first  instance  to  stimulate  house-building  and  house- 
owning  among  the  workmen  themselves  and  always  to  keep 
out  of  the  speculative  real  estate  market. 

In  its  many  ramifications  the  plan  is  a  composite  of  the 
numerous  plans  that  have  been  suggested  in  various  parts  of 
this  country  and  in  England,  the  result  of  a  long  study.  The 
leaders  claim  that  it  is  wholly  different  from  anything  that  has 
been  undertaken  before  in  the  United  States.  Operations  under 
it  will  be  confined  to  Boston  and  the  few  cities  and  towns  in 
the  Immediate  vicinity.  New  York  has,  however,  inquired 
into  the  Boston  plan  and  Worcester  is  said  to  be  contemplat- 
ing the  formation  of  a  council. 
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Prices  of  Bridge  and  Culvert  Materials 
in  Iowa  in  1920 

The  following  tables  from  the  December  issue  of  the 
Service  Bulletin  of  the  Iowa  State  Highway  Commission 
show  the  range  of  prices  for  various  bridges  and  culvert 
materials  during  the  1920  construction  season.  The  figures 
were  obtained  from  the  records  of  the  Bridge  Department 
of  the  Commission  and  cover  the  season  up  tp  Dec.  1: 

CORRUGATED   CULVERTS. 
Price  per  !in.  ft.,  f.  o.  b.  County. 


Class  A — 

Class  A. 
Size.  Range  in  price. 

12    in 5D. 90  to  $1.08 

15   in 1  21  to    1.65 

IS    in 1.43  to    1.90 

24    in 2.05  to    2.43 

30    in 3.45  to    4.35 

36    in 4.14  to    5.40 


Avg-.l  Size. 


Class    B. 
Range  in  price. 


Size. 
3x12.. S 
3x14..  S 
3x16 


4.92136 

L-UMEER— Price  per  il.    f 
Range  in  I 

Descr.  price. 

•$45  to  $55 


vO. 99112    in .$0.83  to  $0.98 

1.5l|l.-)    in 1.25  to    1.56 

1.71118   in 1.50  to    1.80 

2.39  24    in 2.0O  to    2.60 

4.4Sl!0    in 3.25  to    4.20 

in 3.75  to    5.02 


o.  b.   County. 

Range  in 


S.    S 


Avg.  ISize.        Descr.  price. 

Fir     .$45  to  $55     $51.4013x12.  .F.    S.    Fir  $46  to  $60 

Fir       50  to    60       54.0013x14.  .F.    S.    Fir  50  to    62 

Fir       alto    80       54.2013x16.  .F.    S.    Fir  51  to    64 
STRUCTURAL,    STEEL. 


Avg. 

$0.93 
1.43 
1.68 
2.27 
3.80 
4.69 


Avg. 

$50.25 
53.40 
55.60 


Descr. 
F.  o.  b. 
Erected 


Co 


Trusses. 

Range 
in  price. 

$7  to  $9.00 

9  to  12.50 


I 

Descr. 
F.   o.   b.   Co 

10.80  Erected     . . 
PILING. 


Avg. 

$7.63 


I-Beam. 

Range 

in  price. 

$5.65  to  $6.90 

7.00  to    9.00 


Red    Celar. 
Size.  Range  in  price. 

16    in $0.30  to  $0.46 

20    in 32  to      .48 

24    in 33  to      .55 


Avg. 

$0,346 

.373 

.402 


Cypress. 
Size.  Range  in  price. 

16   in $0.18  to  $0.40 

20    in 28  to      .40 

24   in ..     .31  to      .45 


During  1920  the  dealers  net  price  per  bbl.  of  cement  f. 
Cedar  Rapids  in  car  load  lots  has  ranged  from  $2.71 
.m   average   price  of  $2.39. 

One-half  inch  reinforcing  bars  have  ranged  in  price 
$4.10  per  cwt.  to  $5.38  with  an  average  price  for  the 
of  $4.90.  Three  quarter  inch  bars  have  ranged  from 
per  cwt.  to  $5.25  with  an  average  for  the  year  of  $4.82. 


Avg. 

$6.13 

7.55 


Avg. 

$0,283 

.297 

.329 

O.  h. 
with 


from 
year 
$4.12 


Arkansas  Engineering  Society  to  Join  A.  A.  E.— The  Ar- 
kansas Engineering  Society  voted  unanimously  on  Jan.  17 
to  make  application  for  a  charter  as  a  chapter  of  the  Ameri- 
can Association  of  Engineers.  The  vote  was  taken  at  the 
annual  meeting  held  in  Little  Rock.  The  society  is  asking 
for  jurisdiction  over  the  state  of  Arkansas  with  the  exception 
of  student  chapters.  The  Arkansas  Society  includes  mem- 
bers from  all  over  the  state  of  Arkansas  and  is  the  only 
state  organization  of  engineers  in  that  state.  It  is  about  the 
eleventh  society  of  engineers  to  amalgamate  with  the  associa- 
tion; others  have  been  the  Oregon  Society  of  Engineers,  En- 
gineers' and  Architects'  Association  of  Southern  California, 
Southwestern  Society  of  Engineers,  Navy  Technical  Associa- 
tion, North  Carolina  Engineers'  Society,  Michigan  Engineer- 
ing Society,  Northwest  Society  of  Highway  Engineers,  Idaho 
Society  of  Engineers,  and  the  Engineers'  Club  of  Kansas  City. 
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Light  Mobile  Equipment  Used  in 

Construction  of  Mast  Foundations 

for  Radio  Station 

The  construction  of  mast  foundations  at  the  Tuckerton 
station  of  tlie  Radio  Corporation  of  America  presented  a 
difficult  situation  which  was  overcome  by  the  use  of  light, 
mobile  equipment. 

The  station  is  situated  on  the  Jersey  Meadows  about  6 
miles  from  Tuckerton,  N.  J.,  and  was  originally  built  for  the 
German  Government.  Since  coming  Into  possession  of  the 
Radio  Corporation  of  America  after  the  war  a  decision  was 
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Arrangement   of   305    Ft.    Steel    Mast    and    Guys    at    Radio    Station, 
Tuckerton,   N.  J. 

reached  to  increase  Its  capacity,  and  a  contract  was  accord- 
ingly awarded  to  The  J.  G.  White  Engineering  Corporation 
to  erect  six  steel  masts,  each  305  ft.  high. 

The  foundations  for  these  masts  were  excavated  in  swampy 
material,  which  necessitated  sinking  coffer  dams  to  a  depth 
of  8  to  10  feet  for  each  of  the  6  masts  and  24  anchorages. 
On  account  of  the  poor  bearing  quality  of  the  soil  it  was 
found  necessary  to  drive  piling  in  each  coffer  dam. 

As  the  ground  was  not  able  to  sustain  heavy  plant  it  was 
deemed  expedient  to  design  a  special  rig  for  driving  these 
piles.  This  was  accomplished  by  equipping  a  light  pile 
driver  with  a  gasoline  hoist  and  supplementing  it  with  gaso- 


as  wide  a  bearing  as  possible.  Each  tractor  was  coupled 
to  an  ordinary  light  gravel  wagon  of  the  stick-box  type 
equipped  with  extra  wide  tires.  These  were  able  to  travel 
on  the  meadows  in  any  direction  and  operated  in  a  most 
economical  manner. 

It  was  necessary  to  the  design  of  the  foundations  to  have 
them  extend  above  the  elevation  of  the  ground  from  8  to  10 
ft.  To  pour  this  concrete  it  was  decided  to  use  Koehring 
"Dandy"  one-batch  mixers  operating  in  conjunction  with  style 
"B"  30  ft.  belt  conveyors  manufactured  by  the  Barber-Greene 
Co.  This  equipment  which  is  shown  in  the  illustration  is 
light  and  can  be  easily  and  quickly  moved.  The  conveyors 
proved  entirely  satisfactory  for  raising  the  concrete  to  the 
necessaiy  elevation  that  would  permit  of  .a  distribution  by 
chutes  into  the  forms.  The  concrete  was  admitted  to  the 
conveyor  through  a  wooden  hopper  having  an  opening  di- 
rectly over  the  belt  which  allov/ed  a  discharge  without  scat- 
tering the  material  and  a  delivery  without  waste.  It  was 
found  necessary  to  place  a  wiper  made  of  belting  or  rope 
on  the  top  of  the  chute  under  the  conveyor  in  order  to 
keep  the  belt  clean. 
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Concreting   Anchors   Using    Belt   Conveyor  for   Raising    Concrete   to 
Necessary   Elevation. 

line-operated  jetting  equipment  of  suJBciont  power  to  in- 
sure penetration  of  the  piling  to  the  desired  depth. 

This  same  situation  presented  a  problem  in  concreting 
the  foundations  and  in  distributing  sand,  gravel,  cement  and 
lumber,  as  well  as  steel  for  the  masts.  A  unit  consisting 
of  one  mast  and  four  anchorages  required  approximately  250 
yd.  of  concrete,  making  an  average  of  50  cu.  yd.  for  each 
individual  pour. 

After  a  careful  study  of  the  situation  there  was  employed 
for  material  distribution  two  B^ordson  tractors  especially 
equipped   with  an  extension  to  the  traction  wheel  to  afford 


Loss  of  Creosote  By  Evaporation  From 
Open  Tanks 

The  amount  of  creosote  lost  through  evaporation  in  open 
tank  treatments  has  been  shown  in  experiments  at  the  For- 
est Products  Laboratory  to  be  in  proportion  to  the  area  of 
the  exposed  surface  and  the  volatility  of  the  oil.  At  the 
treating  temperature  of  195°  F.,  the  loss  of  creosote  in 
pounds  per  square  foot  per  day  may  be  computed  from  the 
equation. 

Log  L=;.0165  V  — .347 
in  which  L  is  the  loss  in  pounds  per  square  foot  of  exposed 
surface,  and  V  the  percentage  of  the  creosote  distilling  toe- 


Curve  Showing  Loss  of  Creosote  by   Evaporation. 

low  270°  C      Or  the  loss  may  be  Cound  without  computation 
from  the  curve  of  this  equation  given  below. 

The  .equation  and  curve  given  here  are  applicable  only 
when  the  temperature  of  the  treating  bath  is  in  the  neigh- 
borhood of  195°  F.  At  higher  and  lower  temperatures,  con- 
stants other  than  .0165  and  .347  should  be  used,  and  these 
constants  have  not  yet  been  determined. 


Engineers'  License  Bill  Contains  Reciprocity  Clause.— 
At  its  regular  monthly  meeting  Jan.  14,  the  Boston  Chapter 
of  the  American  Association  of  Engineers  approved  the  re- 
vised bill  as  drawn  up  by  the  Legislative  Committee  of  the 
chapter  for  the  registration  of  the  professional  engineers  of 
the  state  of  Massachusetts.  One  of  the  features  of  the  bill 
is  a  provision  to  allow  engineers  of  other  states  to  practice 
in  Massachusetts  provided  those  states  in  turn  allow  Massa- 
chusetts engineers  to  practice  in  their  states.  The  bill  is 
now  before  the  State  Legislature. 


General  Contractors'  Convention. — The  annual  convention 
of  the  Northwestern  Association  of  General  Contractors  will 
be  held  in  the  St.  Paul  Hotel,  St.  Paul,  Minn.,  March  11 
and    12. 
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The  Writing  of  Engineering 
Reports 

Useful  sugfieslions  on  the  preparation  of  reports  on  en- 
gineering projects  are  given  by  fliarles  B.  Dreed,  Professor 
of  Railway  and  Highway  Kngineering  at  Massachusetts  In- 
stitute of  Technology,  in  the  January  Tech  Engineering 
News.     His   article    follows: 

Report  writing  may  be  defined  as  the  art  of  answering 
responsively  the  question  assigned  in  such  a  manner  as  to 
compel  the  nontechnical  mind  to  comprehend  the  conclu- 
sion   intended. 

Lucid  language  is  necessary  to  comprehension.  The  re- 
dundancy and  incoherency  of  many  modern  authors  is  in 
sharp  contrast  to  the  simple  language  of  the  old  classical 
writers.  A  study  of  the  style  of  the  letter  will  be  profitable 
to  the  young  engineer,  whose  college  training  in  written  work 
has  been  largely  in  preparing  mathematical  data  in  tabulated 
form  for  the  approval  of  a  professor  who  is  familiar  with 
the  technicalities  of  the  subject  matter.  An  engineering  re- 
port Is  usually  made  to  a  body  of  laymen.  It  therefore  in- 
volves, first  of  all,  a  reco,gTiition  of  the  limited  technical 
knowledge  of  the  reader,  and  then  an  attempt  to  place  before 
that  mind  the  results  of  technical  work  in  the  language 
familiar  to  the  reader.  Technical  results  and  conclusions 
can  usually  be  expressed  in  ordinary  language  and  in  con- 
cise form.  It  is  not  always  so  easy  to  express  the  details  of 
the  research  leading  up  to  the  conclusions  without  the  use 
of  some  technical  terms. 

Engineering  reports  are  often  made  to  a  commission,  an 
industrial  executive  committee,  or  to  financiers.  The  re- 
port is  made  use  of  ^y  these  men  to  aid  their  judgment  as 
to  the  business  prudence  of  some  project.  The  engineer's 
report  is  only  one.  though  often  a  very  essential  element 
considered  in  determining  the  adoption  or  the  abandonment 
of  a  proposition. 

Report  writing  logically  requires  so  broad  a  treatment  that 
it  is  advisable  to  consider  here  only  one  general  type  of 
engineering  report,  namely,  a  report  on  the  feasibility  of  a 
construction  project.  Such  a  report  should  be  laid  out  as 
follows:  First  the  title;  this  should  appear  on  the  outer 
face  of  the  cover.  It  should  contain  the  elements  suggested 
in  the  following  example. 

Report  upon 
Feasibility  and  Cost  of  Construction 
of 
Black  River  Improvement 
Made   to 
The  Black  River  Chemical  Co.,  Madison,  Tenn. 
by 
,Tames  W.  Towne. 
Consulting  Engineer 
November  15,  1920. 
The  title  is  sometimes  repeated  on  the  first  sheet  of  the 
report,  but  this   is  not  necessary. 

The  next  page  should  be  the  Table  of  Contents,  which  is 
obviously  .•completed  last,  although  it  should  be  laid  out  at 
the  start,  as  it  forms  the  skeleton  of  the  report. 

Next  comes  the  Letter  of  Transmittal,  which  is  addressed 
to  the  official  to  whom  the  report  is  to  be  made,  care  being 
taken  that  the  official's  title  is  correctly  given  at  the  head 
of  this  letter.  It  is  a  brief  letter  stating  that  in  compliance 
with  directions  received  from  him  on  a  certain  date  this 
report  is  respectfully  submitted;  this  letter  is  signed  by 
the   engineer. 

The  Directions  under  which  the  engineer  is  working  then 
follow.  This  is  an  exact  copy  of  the  letter  assigning  the 
work  to  the  engineer  or  it  is  a  concise  relation  of  the  direc- 
tions therein  given.  Its  purpose  is  to  acquaint  the  reader 
with  the  question  which  the  report  is  to  answer,  since  the 
reader  is  often  not  the  one  who  actually  wrote  the  letter  of 
directions. 

The  Conclusions  in  Brief  are  then  given.  These  will  usu- 
ally lie  stated  in  one  or  two  pages  of  typewritten  matter. 
This  should  be  in  the  nature  of  a  direct  and  responsive 
answer  to  all  of  the  questions  propounded  in  the  letter  of 
directions.  Its  purpose  is  to  permit  the  reader  to  obtain  the 
conclusions  without  laboriously  wading  through  the  entire 
report. 
Next    comes    the   Detailed   Engineering   Report.      It   may 


properly  contain  a  statement  ot  the  existing  data  used  and  its 
dependability,  surveys  and  investigations  made,  sources  of 
information,  projects  considered  but  rejected,  with  the  rea- 
sons for  rejection,  the  design  adopted,  together  with  an 
analysis  of  its  advantages  and  disadvantages,  and  finally 
the  reasons  for  its  adoption.  This  section  comprises  an 
analysis  rather  than  a  tabulation  ot  the  data. 

Scientific  data  which  are  of  little  or  no  use  to  the  non- 
technical mind  should  be  put  in  Appendices  at  the  end  of  the 
report.  These  will  include  tabulations  of  engineering  results, 
data  used  as  a  basis  for  conclusions,  report  of  specialists 
who  have  been  called  in  to  investigate  a  particular  phase 
of  the  problem. 

There  can  be  no  doubt  that  the  psychological  effect  of  an 
attractively  bound  and  neatly  typed  report  is  favorable.  But, 
while  attractivp  appearance  and  logical  presentation  are 
necessary,  the  real  value  of  any  report  lies  in  the  accuracy 
of  its  facts  and   reliability  of  its  conclusions. 


Floating  Oil  as  Protection  of  Con- 
crete from  Action  of  Sea  Water 

The  covering  of  harbors  and  tidal  rivers  with  refuse  from 
the  tanks  of  oil  burning  steamers  is  producing  results  which 
are  the  occasion  of  increasing  protest.  However,  the  some- 
vrhat  unexpected  outcome  of  the  special  concrete  and  sea 
water  test  by  the  Aberthaw  Construction  Co.  at  the  Navy 
Yards,  Charlestown,  Mass.,  points  to  some  value  from  the 
action  of  floating  oil  in  protecting  concrete  surfaces  between 
high  tide  and  low. 

In  1909  Aberthaw  hung  some  twenty-four  concrete  piles 
— 16  ft.  long— under  the  cap-leg  of  a  wharf  at  the  Navy 
Yard.  The  adjustment  was  such  that  the  lower  end  of  each 
pile  would  remain  submerged  at  all  tides,  while  the  top 
would   always   rise   above   high   water. 

Various  mixtures  of  various  degrees  of  wetness  were 
used  in  making  the  piles.  Twice— in  1913  and  again  in  1920 
—these  piles  were  hauled  out  of  their  sea  bath,  carefully 
examined,  and  photographed.  A  report  on  the  experiment 
was  issued  by  Aberthaw  in  1913.  A  new  report,  with  re- 
productions ot  the  previous  and  recent  photographs,  has  just 
been  printed  by  the  company,  and  is  ready  for  distribution. 
Of  the  specimens  examined,  those  which  exemplified  a  rich, 
wet  mixture  appeared  to  be  in  the  best  condition.  But  the 
last  examination  has  revealed  a  condition  of  the  specimens 
.which  has  not  hitherto  existed.  One  and  all,  they  were 
coated  from  hlgh-w^ater  mark  to  low  with  a  thick,  tenacious 
black  substance,  somewhat  resemhling  tar,  yet  considerably 
less  fluid  when  exposed  to  the  sun.  The  substance  varied 
in  thickness  from  more  than  M  in.  at  high  water  mark  to 
virtually  nothing  at  low,  and  adhered  so  closely  to  the  con- 
crete that  attempts  to  brush  or  scrape  it  oft  were  entirely 
unsuccessful. 

It  was  noticeable,  further,  that  where  this  coating  was  ad- 
hering, barnacles  and  other  forms  of  marine  life  which 
previous  inspection  had  revealed  clinging  in  profusion  to 
the  piles,  were  now  completely  eliminated.  In  so  far  as 
could  be  judged,  further,  erosion  or  corrosion  had  ceased 
with  the  advent  of  this  coating,  which,  to  all  appearances, 
offers  a  complete  protection  to  that  part  of  the  concrete  sur- 
face which  usually  suffers  from  intermittent  contact  with 
salt  water  and  the  upper  elements. 

Investigation  revealed  the  fact  that  the  ships  at  the  Navy 
Yard  are  using  large  quantities  of  fuel  oil  instead  of  coal, 
and  that  much  of  this  material  is  constantly  floating  on  the 
water,  not  only  at  the  Navy  Yard,  but  in  all  parts  of  Boston 
Harbor.  Mr.  G.  W.  Maker,  who  personally  made  the  last 
inspection  for  the  Aberthaw-  Construction  Co.,  points  out 
very  particularly,  however,  that  the  substance  adhering  to  the 
piles  is  not  merely  free  oil.  Somehow  or  other  it  has  under- 
gone a  sea-change;  perhaps  only  an  emulsification  together 
with  an  accompanying  washing  away  of  its  lighter  particles, 
but  a  change  sufficient  to  make  it  a  very  perfect  protection 
for  concrete  surfaces. 

Chicago  Building  Trades  Unions  Want  $1.25  Hourly  Rate 
for  Next  3  Years —Business  agents  of  32  unions  affiliated 
with  Chicago  Building  Trades  Council  voted  unanimously  to 
resist  any  reduction  from  the  present  $1.25  hour  wage  for 
union  building  workers.  They  also  voted  in  favor  of  contin- 
uing this  hourly  rate  of  pay  for  the  next  three  years. 
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Concrete  House  Construction  at 

Valley  View  Development  of 

IngersoU-Rand  Co. 

Like  many  other  industrial  concerns,  the  Ingersoll-Rand 
Co.  at  Phillipsburg,  N.  J.,  has  for  years  been  confronted  with 
the  problem  of  providing  suitable  homes  for  its  employees 
and  their  families.  As  a  start  in  solving  this  problem,  a 
tract  of  land  was  acquired  east  of  tlie  plant,  and  the  Phillips- 


so  that  their  facing  directions  could  be  varied  and  thus  pre- 
sent   different    street   entrances. 

The  tract  of  land  was  laid  out  with  winding  instead  of 
straight  streets.  The  houses  were  set  back  from  the  side- 
walk line  and  ample  parking  provided  between  side- 
walk and  street  curb..  Surface  finish  was  varied  by  the 
use  of  several  colors  for  the  stucco  coat,  and  window  flower 
boxes,  v/ith  shrubbery  in  the  yards,  helped  to  make  up  the 
outstanding  features  of  an  exceedingly  attractive  housing 
development. 

Valley  View  homes  are  truly  a  standardized  product.    Four 
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burg  Development  Corporation  was  organized,  with  Paul  R. 
Smith,  Architect  and  Town  Planner,  in  charge,  to  formulate 
plans  for  and  handle  the  entire  project.  The  development 
which  resulted  is  known  as  Valley  View. 

The  houses  in  the  development  are  of  concrete,  built  by 
the  system  of  construction  developed  by  C.  H.  Ingersoll  of 
"dollar  watch"  fame,  after  ideas  advanced  several  years  ago 
by  Thomas  A.  Edison.  Tlie  forms  used  are  of  wood  and  are 
set   up   for  a   complete   house   at    one   operation.     The   rein- 


and  six-room  houses  have  been  built,  but  as  the  six-room 
size  has  proved  more  popular,  additions  now  being  made  to 
the  development  are  six-room  houses  only,  li'irst  and  second 
Hoor  plans  of  these  are  shown  in  the  illustrations. 

The  houses  have  full  basements  with  pipeless  heater,  have 
modern  plumbing  and  are  lighted  by  electricity.  In  the 
kitchen  there  are  a  sink,  laundry  trays  and  kitchen  cabinets. 

Basement  walls  are  8  in.  thick,  and  the  first  and  second 
story  walls,  6  in.  thick,  of  1:2:4  concrete.     Floors  are  light 


Standard  Floor  Plans  for  First  and  Second  Floors  of  6-Room  House. 


forcement.  electric  wiring,  plumbing  and  similar  service 
installations  are  put  in  place,  and  then  concrete  is  placed 
continuously  from  basement  to  roof. 

Before  decision  was  reached  as  to  the  exact  size  and  de- 
sign for  these  houses,  very  careful  attention  was  given  to 
determining  what  could  be  done  to  prevent  an  appearance 
of  monotony,  that  many  people  believe  is  unavoidable  when 
a  group  of  houses  essentially  all  alike  are  built.  The  Valley 
View  houses  were  designed   with   three  different  elevations. 


beam  and  slab  construction,  resultin.s  in  a  beamed  ceiling 
effect.     Floors  are  covered  with  wood   flooring. 

Exterior  walls  are  floated  with  cement-mortar,  then  given 
a  thin  stucco  finish  applied  with  a  coarse  brush.  White, 
buff  and  salmon  are  among  the  colors  used  to  vary  surface 
tone.  Interior  of  outside  walls  is  plastered  on  Bishopric 
board  nailed  to  furring  strips  embedded  in  the  concrete,  so 
as   (o  provide  a   1-in.   air  space  for  insulation. 

Roofs  are  reinforced  concrete  beam  and  slab  construction. 
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The  basement  floor  Is  first  cast  as  o  stab 
and  6  by  6-inch  corner  posts,  story-high,  are 
set  up  on  ttc'dye  blocks  The  trusses  which 
support  the  forms  are  held  to  these  posts  by 
Iron  bands  tightened  by  wedges.  Concrete  Is 
cast  for  an  entire  house  at  the  roof  line  and 
Is  raked  out  over  the  floor  forms  to  the  re- 
quired thickness.  Front  and  rear  porch  steps 
may  be  cast  at  the  same  time  as  the  remainder 
of  the  house  or  may  6t'  cast  separately. 

Flues  are  lined  with  No.  26  gage  black  iron 
which  also  acts  as  Inside  forms.  Wiring  con- 
duits, pipes  for  plumbing,  etc.,  are  all  bent 
and  cut  on  arrival  at  the  work  so  that  wiring 
and  plumbing  Installations  are  reduced  to 
simple  standard  operations. 


lAHI.R    I— MATl'iltlAl,    QUANTITIES    AND    I^ABOR    COST    FOR 
C-ROOM  HOUSIO  BUILT  IN  1919. 

, Labor ^ 

Item.  Quainily  of  material.      Hours.     Cost. 

Excavating    : 85  cu.  yd 103     $      83.73 

Forms,  Erecting  443          195.30 

Removing    221           92.53 

Moving   equipment    ' 27           12.04 

Concrete    and    concreting  (  400  bags  cement 

(entire    building)     j    35  cu.  yd.  sand 

[   5.">  cu.  yd.  gravel 

Cellar  floors    66 

Steps     31»4 

Building  proper    185 

Placing   reinforcing    ...1.9511b 22 

Waterproofing    15  gal 38 

f  1,500   sq.     ft.     Bishopric  I 

Lathinpr     \            board    \  29% 

Ji  .IJS  I     500  wood  lath J 

Furring     1.120  lin.  ft.  1  by  2  in  hlVi 

f  50  bags  scratch  coat 

\  27  bags  white  coat 

[   2  bbl.  plaster  of  Paris 

Plastering    112V4 

Patching 9 

Flue  lining   112  lln.  ft.  black  iron  pipe..  11 

( 10  basrs  lime    ) 

Stucco  exterior  finish    ...(24  bags  stucco     {  162Vi 

;\  I  ill  work 

Window  and  door  frames ■. . . .  14^4 

Stairs     28M; 

Kitchen  cabinet   10 

Windows    20  sash    20% 

Doors    U  doors     17 

Carpentry  and  lumber 

Floors SOO  ft.  flooring   40 


Plaster  and   plastering. 


Inside    trim    1,960  lin.    ft. 

Framing  timbers    22S  ft.  2  by  3 

Spreaders     440  lin.    ft.    ... 

Floor  blocks  and 

grounds     1.500  lin. 

Painting,   exterior   2  gal. 

Interior     2  gal. 

Plumbing     Kitchen    on    first   floor   and 

bathroom  on  second  floor. 

Heating    Pipeless  furnace   

(Temporary    heat)    . . .  .Account     winter     construc- 
tion      


ft 

paint   . . 
varnish 


79% 


21 


124 
18 


32.44 
14.86 
81.34 
8.18 
17.03 

16.42 

31.94 


73.36 
6.26 
6.81 

88.40 

8.96 
16.46 

6.64 
12.72 
11.14 

24.39 
50.27 


10.58 
29.13 

71.86 
10.40 

2.16 


Z-fl^ods"'^^ 


around  house. 


2  Bon  S-0"o  c 
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Cross  SEcriort  of  W/ill 
Typical    Details  of  the   tngersoll  Concrete   House. 

Insulation  of  the  roof  is  obtained  by  suspending  the  ceiling 
on  joists,  thus  providing  an  air  space.    The  inside  of  parapet 
wall,   top   of   cornice   and   roof   surface   are 
coated   with   waterproof  paint.  ' 

The  only  wood  in  the  houses  is  the  floor 
covering,  doors  and  door  frames,  window 
frames  and  sash,  built-in  kitchen  cabinot 
and  trim. 

Table  I,  compiled  from  complete,  item- 
ized data  on  the  last  ten  houses  built  in 
1919,  shows  labor  cost  and  quantities  of  ma- 
terial required  for  one  of  the  six-room 
houses. 

Up  to  the  time  this  article  was  written, 
22  of  the  four-room  houses  and  29  of  the 
six-room  houses  had  been  completed.  Con- 
struction of  the  six-room  type  has  been  go- 
ing on  with  the  expectation  that  a  total  of 
75  houses  would  be  completed  in  the  de- 
velopment in  1920.  A  second  set  of  forms 
for  six-room  houses  is  now  in  use  so  that 
two  houses  per  week  may  be  finished. 


2.037     51,015.32 


there  is  an  annual  stipend  of  1600  and  freedom  from  all  fees 
except  the  matriculation  and  diploma  fees,  are  open  to  grad- 
uates of  approved  American  and  foreign  universities  and  tech- 
nical schools  who  are  prepared  to  undertake  graduate  study  of 
engineering,  physics,  or  applied  chemistry.  An  appointment 
to  the  position  of  Research  Graduate  Assistant  is  made  and 
must  be  accepted  for  two  consecutive  collegiate  years,  at 
the  expiration  of  which  period,  if  all  requirements  have  been 
met,  the  degree  of  Master  of  Science  will  be  confeiTed.  Not 
more  than  half  of  the  time  of  a  Research  Graduate  Assistant 
is  required  in   connection  with  the  work  of  the  department 


Concrete  Houses  in  Valley  View  Development  of  Ingersoll-Rand  Co. 


Research  Graduate  Assistantships  in  Engineering  Experi- 
ment Station,  University  of  Illinois. — To  assist  in  the  conduct 
of  engineering  research  and  to  extend  and  strengthen  the 
field  of  its  graduate  work  in  engineering,  the  University  of 
Illinois  maintains  14  research  graduate  assistantships  in  the 
Engineering  Experiment  Station.  Two  other  such  assistant- 
ships  have  been  established  under  the  patronage  of  the  Illi- 
nois Gas  Association.    These  assistantships,  for  each  of    which 


to  which  he  Is  assigned,  the  remainder  being  available  for 
graduate  study.  Nominations  to  these  positions,  accompanied 
by  assignments  to  special  departments  of  the  Engineering 
Experiment  Station,  are  made  from  applications  received  by 
the  Director  of  the  Station  each  year.  There  will  be  13  va- 
cancies, and  in  addition  two  in  gas  engineering,  to  be  filled 
at  the  close  of  the  current  academic  year.  Applications  for 
appointment  to  these  positions  should  be  sent  to  C.  R.  Rich- 
ard, Director,  Urbana,  111.,  before  March  1. 
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Selling  Construction  to  Labor* 

By   MEYEI4   BLOOMFIELD, 

Editor,  Bloomfleld's  Labor  Digest,  Boston,  Mass. 

Every  day  our  newspapers  print  items  which  have  to  do 

with  our  country's  basic  industries;   and  perhaps  the  largest 

amount  of  space  is  given  to  that  most  Important  of  industries, 

the  construction  and  building  industry. 

This  is  true  of  the  foreign  press  also.  It  you  scan  the 
English  journals,  you  will  find  a  similar  abundance  of  ref- 
erence to  the  building  trades.  Our  housing  situation  for  the 
pa=;t  three  vears  has  brought  out  the  true  importance  of  this 
industry  has  educated  the  public  to  the  basic  importance  of 
this  industry,  and  has  awakened  the  public  mind  to  the  ne- 
cessity of  acting  toward  it  in  a  way  which  will  help  to  keep 
it  sound  and  growing.  > 

But  this  awakening  has  not  gone  far  enough.  Although 
the  public  has  now  learned  something  about  its  dependence 
on  the  building  industry,  and  how  much  its  own  comfort  and 
convenience  in  carrying  on  its  affairs  hangs  together  with 
the  prosperitv  of  the  operators,  it  has  done  little  to  help  in 
a  constructive  way.  Obviously  those  connected  with  the  in- 
dustry must  take  the  needed  steps  themselves,  and  while  do- 
ing  so  continue  the  process  of  public  education. 

It  Is  clear  that  conditions  being  what  they  are,  no  industry 
can  be  expected  to  give  the  public  a  full  measure  of  the 
service  which  it  expects,  unless  there  is  some  team  work 
between  the  two.  .     v   ■. . 

Industry  Must  Advertise  Itself.— In  two  directions  the  build- 
ing industry  must  take  the  initiative,  and  enlist  general  co- 
operation : 

The  common  labor  supply  must  be  so  directed  as  to  re- 
sult in  some  sort  of  preference  in  favor  of  the  construction 
trades.  One  promising  source  of  such  supply  Is  in  the  in- 
creasing immigration  at  our  ports  this  year.  If  you  inter- 
view a  large  number  of  the  alien  workmen  who  land  at  Ellis 
Island  you  will  find  that  a  large  number  of  them,  If  they  have 
heard  of  anything  American  at  all,  have  heard  of  Detroit 
and  its  automobile  industries.  Many  of  them  are  headed 
in  that  direction.  Now  there  can  be  no  objection  to  this, 
of  course.  Every  industry  is  entitled  to  its  share  of  avail- 
able labor.     But  that  share  should  be  a  fair  one. 

It  may  be  that  at  certain  times  the  building  industry  can- 
not use  such  alien  arrivals.  But  there  are  other  times  when 
their  absence  in  this  industry  causes  a  serious  handicap,  and 
retards  the  building  operations  on  which  we  all  depend. 

Out  of  nearly  half  a  million  aliens  who  came  to  this  coun- 
try during  the  first  six  months  of  1920,  there  were  only  a  few 
thousand  men  skilled  in  building  occupations.  Something 
like  80,000  laborers  were  admitted,  but  more  than  twice  that 
number  returned  to  Europe  within  the  same  period.  It  is 
fair  to  say  that  the  building  trades  gained  little  or  nothing 
from  the  coming  of  these  few  thousand,  and  probably  lost  a 
good  deal  by  the  large  number  of  departures. 

What  should  be  done?  Either  the  public  agencies,  or  some 
private  agency  must  get  to  work  to  call  attention  to  the 
needs  and  the  opportunities  in  the  building  trades.  Natur- 
ally such  work  will  be  suspended'  in  dull  times,  but  it  should 
be  active  when  conditions  are  good.  I  am  suggesting  a  cam- 
paign of  "salesmanship." 

Our  acute  building  needs,  and  the  advantages,  of  this  in- 
dustry available  to  its  workers,  must  be  put  on  the  map  and 
known  to  every  "prospect." 

Building  Industry  Must  Recruit  and  Train  Workmen. — The 
second  necessary  step  is  in  the  direction  of  maintaining  the 
high  level  of  production  and  workmanship  which  the  industry 
and  the  public  alike  demand.  The  public  welfare  depends 
on  it.  The  only  sure  way  to  accomplish  this  is  through  sys- 
tematic training  of  those  who  are  looking  forward  to  careers 
in  this  industry. 

From  every  point  of  view  such  a  training  program  is  de- 
sirable. As  regards  the  individual  worker,  if  he  is  really 
concerned  for  maintenance  of  his  standard  of  living,  based 
on  his  productive  skill,  no  greater  danger  threatens  such 
standard  than  competition  from  his  fellows  of  lesser  skill 
and  ability. 

It  is  to  the  interest  of  every  worker,  and  this  is  true  of 
every  professional  man  as  well,  to  keep  a  high  standard  of 


performance  in  force  so  as  to  prevent  a  breakdown  of  their 
chief  asset— their  trade  skill. 

Clearlj,  too,  no  industry  can  make  any  headway  unless 
some  orderly  and  constructive  process  of  recruiting  its  work 
ers  and  insuring  a  proper  quota  of  competent  ones,  is  at 
work.  The  public  pays  the  bill,  as  do  employer  and  employe 
as  well,  when  no  such  process,  a  safeguard  to  all,  is  part  of 
the  industry's  program. 

A  system  of  apprenticeship  is  necessary  to  every  occupa 
tion  which  has  any  standards  of  service  and  workmanship  tc 
maintain.  Without  such  system,  there  is  no  assurance 
against  slipping  back  with  very  costly  results  to  all  con 
cerned. 

Every  great  industry — and  the  small  as  well — owes  it  tc 
itself  and  to  all  those  who  are  employed  in  it,  and  to  those 
who  look  to  it  for  skill  and  service,  to  guard  most  jealously 
the  hard  won  place  it  has  won  as  a  high  grade  occupation 
It  must  resist  cheapening  and  degrading  influences  which 
arise  out  of  poor  performance.  It  best  protects  its  future 
by  preparing  young  men  to  come  in  with  the  training  which 
alone  keeps  secure  the  ground  thus  far  gained.  More,  too, 
any  hope  of  further  advance  rests  on  an  increasing  number 
of  trained  men  attracted  to  the  industry. 

There  are  and  have  been  other  ways  of  developing  skill 
but  none  so  direct,  sure  and  economical  as  the  way  of  ap- 
prenticeship and  systematic  training,  because  apprenticeship 
is  a  positive  method  of  fixing  for  good  the  valuable  experi- 
ences   that   develop   in   a    given   industry. 

Training  is  insurance  for  all  who  care  to  see  their  occupa- 
tion grow  in  personal  opportunity,  in  public  esteem,  and  in 
genuine  service. 


*From   the  December   Bulletin   of   the  Associated   General    Con- 
tractors. 


Skillful  Underpinning  Prevents 
Warehouse  Collapse 

Replacement  in  successive  small  units  of  the  rotted  pile 
foundations  of  a  Chicago  warehouse  averted  partial  collapse 
of  the  building,  and,  perhaps,  obstruction  by  the  ruins  of 
the  nearby  channel  of  the  Chicago  River.  How  this  work 
was  handled  is  described  by  Mr.  J.  J.  Rosedale,  Construction 
Engineer  of  the  Industrial  Accident  Commission  of  the  State 
of  California,  in  California  Safety  News,  a  publication  of  the 
Commission.  A  lowering  of  the  water  level  since  the  founda- 
tions were  constructed  is  the  attributed  cause  of  failure.  Al- 
most complete  decay  of  the  pile  tops  and  grillage  capping 
was  disclosed  when,  after  serious  settlement  of  the  building, 
the  foundations  were  uncovered  and  unsuspected  danger  of 
sudden  collapse  appeared.  The  reconstruction  restored  the 
original  secure  condition  of  the  building.  It  is  an  8-story 
structure  with  brick  walls,  iron  columns,  steel  floor  beams 
and  wood  floors,  and  was  built  in  1872.  Originally,  the  front 
wall  was  on  line  with  the  second  row  of  columns.  After  a 
fire  in  1881,  the  building  was  widened  18  ft.  its  whole  length, 
the  addition  being  supported  on  pile-and-grillage  column,  and 
wall  footings  built  where  the  old  wharf  had  been. 

Settlement  began  to  be  noticed  about  two  years  ago,  but 
about  the  middle  of  1919  it  assumed  serious  dimensions.  A 
crack  in  the  west  end  wall  opened  from  footing  to  roof.  In 
the  front  wall  the  joints  opened  up  in  zigzag  cracks;  the  win- 
dow arches  cracked  and  spalled;  the  stone  lintels  broke  in 
two,  and  the  bottom  of  the  wall  shoved  out  about  2%  in.  In 
this  condition  of  progressing  failure  reconstruction  was  be- 
gun. 

So  dangerous  was  the  building  considered  by  the  contrac- 
tors that  they  feared  to  touch  the  foundations  until  the  front 
wall  had  been  anchored  as  firmly  as  it  could  be.  On  every 
other  floor,  at  each  transverse  line  of  columns,  holes  were 
drilled  through  the  walls  and  steel  rods  carrying  broad  out- 
side anchor  plates  were  carried  back  to  bands  on  the  third 
row  of  columns  and  pulled  taut.  The  settlement  had  been 
greatest  for  some  50  ft.  about  mid-length  of  the  front  wall, 
and  therefore  reconstruction  was  begun  here.  The  settle- 
ment to  be  overcome  was  nothing  to  7  in.  All  six  floors  of 
the  building  were  laden  with  sacks  of  coffee  and  chests  of 
tea,  the  load  being  estimated  to  be  about  150  lbs.  a  square 
foot. 

Two  steel  I-beams  about  26  ft.  long  were  set  parallel  on 
each  side  of  the  wall.  Needle  beams  resting  on  the  I-beams 
were  inserted  through  the  wall  and  the  I-beams  were  then 
blocked  and  wedged  up  to  a  firm  bearing.     A  6-ft.  section  of 
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tho"  wall  footin;;  was  tlit'n  cut  out.  the  grillage  removed,  the 
piles  out  off  to  sound  wood  below  water  level  and  the  trape- 
zoidal concrete  fooling  was  constructed. 

When  the  concrete  so  placed  had  set,  the  space  between 
footing  and  bottom  of  wall  was  filled  by  three  longitudinal 
rows  of  screw  jacks  set  so  as  to  touch  each  other.  Then 
another  6-ft.  section  was  I'emoveil  and  rebuilt,  and  so  on, 
until  the  whole  of  the  part  affected  by  settlement  had  been 
supported.  The  column  footings  were  leplaced  by  simiUir 
methods,  a  nest  of  24  jacks  being  put  under  each  column. 

When  the  operations  outlined  had  been  repeated  until  the 
columns,  the  front  wall  and  the  west  end  wall  (back  to  the 
crack)  were  on  jacks,  the  raising  was  begun.  By  simulta- 
neous advances  of  one-eighth  of  an  inch  the  jacks  were 
screwed  up  imtil  the  floors  and  w-alls  were  level.  During  the 
raising,  practically  all  the  cracks  were  closed.  Finally,  the 
jacks  were  removed  a  few  at  a  time  and  replaced  with  brick 
masonry.  To  insure  the  new  front-wall  footing  from  sliding 
forward  it  was  anchored  back. 


An  Informational  Service  Concerned  with  iVIetals  and  Al- 
loys.— An  Alloys  Research  Association  is  being  formed  with 
an  Alloys  Informational  Service  as  the  first  step.  This  is 
to  be  co-operative  on  the  part  of  those  interested  in  metals 
and  their  alloys.  An  Advisory  Committee,  composed  of  17 
prominent  technical  men,  was  formed  some  time  ago  and 
this  committee  has  evolved  a  plan,  in  conference  with  the 
Institute  of  Metals  Division  of  the  American  Institute  of  Min- 
ing and  Metallurgical  Engineers,  whereby  a  service  of  a  dif- 
ferent scope  from  any  now  existing  can  be  carried  on  for  the 
benefit  of  the  alloy  men.  It  is  now  planned  to  create  a  spe- 
cial scientific  staff  composed  of  a  director  and  a  corps  of 
assistants  who  will  give  all  their  time  to  rendering  a  service 
of  two  distinct  types:  (1)  Current  Informational  Service- 
supplying  information  as  to  new  results;  (2)  Reference  Serv- 
ice— supplying  as  fully  and  promptly  as  practicable  all  exist- 
ing information  relating  to  any  phase  of  a  subject.  The 
Board  of  Managers,  appointed  by  three  of  the  divisions  of 
the  National  Research  Council,  is  constituted  of  Mr.  Alfred 
D.  Flinn,  Secretary  of  the  Engineering  Foundation,  Dr.  R.  B. 
Moore  of  the  Bureau  of  Mines,  and  Mr.  W.  M.  Corse,  Secre- 
tary of  the  Institute  of  Metals  Division  of  the  American  Insti- 
tute of  Mining  and  Metallurgical  Engineers.  The  Research 
Extension  Division  of  the  National  Research  Council.  Wash- 
ington, D.  C,  which  is  aiding  in  the  organization,  will  be  glad 
to  supply  fuller  details  about  this  service. 


New  $100,000,000  Bridge  Proposed  at  New  York  City.^A 
further  ntep  toward  the  const rviction  of  a  new  Hudson  River 
bridge  at  New  York  City  was  taken  last  week  by  the  filing  of 
incorporation  papers  by  the  Hudson  River  Bridge  Corpora- 
tion. The  purposes  of  the  corporation  are  to  further  the 
objects  set  forth  in  the  charier  of  the  Hudson  River  Bridge 
Company,  created  by  act  of  Congress  in  1890,  by  organizing 
such  corporation  or  corporations  and  by  taking  such  other 
measures  as  may  or  will  bring  about  the  construction  of  a 
great  double-deck  highway  and  railroad  bridge  and  all  its 
necessaiy  appurtenances,  including  a  classification  and  termi- 
nal yard  in  New  Jersey,  an  elevated  railroad  on  the  west  side 
of  Manhattan  for  freight  and  passengers,  a  union  station  in 
Manhattan  for  the  railroads  now  terminating  in  New  Jersey, 
and  a  moving  platform  under  57th  St.  and  across  the  bridge. 
The  entire  plan  is  estimated  to  require  seven  to  eight  years 
and  a  total  investment  of  about  if200. 000,000,  of  which  ap- 
proximately one-half  will  be  represented  by  the  bridge  itself. 
The  work  will  be  done  with  private  capital.  Gustav  Linden- 
thai,  New  York  City,  is  chief  engineer  of  the  corporation. 


Output  of  Bricklayers. — The  Mason  Contractors'  Associa- 
tion of  tlie  United  Stiites  and  Canada  at  its  annual  conven- 
tion at  Detroit,  Dee.  6,  7  and  8,  adopted  a  resolution  that  it 
was  the  sense  of  the  convention  that  the  "journeyman  brick- 
layers of  the  United  States  and  Canada,  as  a  whole,  except 
in  isolated  cases,  are  now  producing  an  amount  of  work  that 
compares  favorably  with  that  of  pre-war  years,  and  that  they 
are  co-operating  with  the  mason  contractors  to  the  end  that 
the  public  may  be  given  more  production,  which  makes  for 
lower  building  costs  and  more  homes." 


More  Apprentices  Needed  in 
Building  Trades 

Senator  William  M.  Lakler.  of  New  York,  who,  as  Chair- 
man of  the  U.  S.  Senate  Special  Committee  on  Reconstruc- 
tion and  Production,  recently  completed  a  nation-wide  sur- 
vey of  the  housing  situation  of  the  country,  visiting  most  of 
the  larger  cities  as  far  west  as  Denver,  and  receiving  an- 
swers to  questionnaires  from  every  city  and  village  in  the 
United  States,  believes  that  one  of  the  most  important  prob- 
lems facing  (he  nation  today  is  that  of  obtaining  sufficient 
skilled  workmen  in  the  building  trades.  The  Senator  has 
written  letters  to  the  govarnor  of  every  state  in  the  union, 
urging  that  steps  be  taken  to  establish  trade  schools  in 
the  several  states  for  the  purpose  of  encouraging  young  "men 
to  learn  trades.  Senator  Calder  believes  that  the  building 
trades  offer  opportunity  for  young  Americans  unequaled  in 
any  other  line  of  business  in  the  country.  Senator  Calder's 
letter  to  the  governors,  which  set.s  forth  important  considera- 
tions  in  the  present  building  situation  follows: 

-V  comprehensive  study  of  the  causes  of  the  present  shortage  in 
housing  ;uid  of  ihe  -.-arious  factors  entering  into  the  building  in- 
dustry which  have  tended  to  retard  its  progress,  has  been  con- 
ducted by  this  committee  during  the  past  eight  months,  and 
although  wc  have  not  been  able  to  visit  every  state  in  the  Union, 
we  liave  covered  all  which  the  time  at  our  disposal  has  permitted, 
and  have  inteiTogated  authorities  from  all  over  the  country  in 
order  to  give  a  national  scope  to  the  study.  Our  investigation  has 
enabled  u.s,  as  a  result  of  the  perspective  thus  afforded,  to  ascer- 
tain some  of  the  things  which  will  remedy  the  conditions  which 
are  unsatisfactory  and  which  hamper  reconstruction. 

One  oi"  the  outstanding  factors  which  is  now  hampering  the 
building  industry  is  the  curtailment  at  the  source  of  supply  of 
skill.=d  tradesmen.  The  building  indu.stry  is  more  highly  organized 
than  any  ether  large  industry,  but  it  is  noticeable  everywhere 
that  its  members  are  now  getting  along  in  years  and  in  some  trades 
the  sKilled  young  man  is  a  rarity.  It  has  been  the  experience  of 
the  past  that  the  skilled  mechanic  in  the  building  trades  drops  out 
very  much  earlier  than  in  any  other  trades  and  is  forced  to  take 
up  other  or  less  skillful  employment.  His  pay  has  accordingly 
been  sqmtwhat  higher  than  the  usual  run,  but  the  necessity  for 
constant   replacement   has  been   ever  present. 

The  American  youth  takes  kindly  to  the  particular  trades  which 
require  a  liltle  more  skill  than  the  others,  and  so  we  find  among 
the  ^'lectricians.  the  plumbers  and  the  masons  numerous  young 
men  of  American  birth,  but  such  is  not  the  case  with  the  other 
trades.  l-teretofore  men  from  foreign  shores,  dissatistied  with 
the  political  and  .-social  conditions  existing  in  their  fatherland,  have 
come  to  this  country  and,  without  serving  a  technical  apprentice- 
ship, they  have  started  at  the  bottom  of  the  ladder  in  the  building 
trades.  Those  who  have  been  worthy  have  risen  to  heights  lim- 
ited only  by  their  ability.  The  coujitry  was  a  huge  industrial 
training  school  where  the  building  trades  were  taught  largely  to 
newcomers  to  our  shores,  but  the  ravages  of  war  cut  cff  this 
source  of  supply  and  the  result  is  apparent  on  every  hand.  The 
remer]>'  seoms  plain — more  apprentices  This  goes  to  the  essence, 
for  without  aijprentices  we  sliall  soon  be  short  of  journeymen  not 
only,  but  of  foremen  and  practical  employei*s.  The  problem  is: 
How  shall  this  be  achieved?  The  best  solution  seems  to  be  through 
the  festering  of  Duilding  trades  schools.  Some  of  the  states  have, 
under  their  labor  codes,  authorized  a  State  Industrial  Commission 
to  operate  an  Apprentice  Department. 

.\nother  thing  which  has  been  patent  in  all  of  our  investigations 
is  that  the  supply  of  labor  is  depleted  through  over-specialization. 
There  are  trades,  such  as  paper  hanging,  in  which  work  is  done  but 
a  few  months  in  the  year.  This  particular  trade  being  the  busiest, 
of  course,  just  prior  to  the  two  seasonable  rental  dates,  with  the 
result  thai  these  particular  trades  are  and  must  he  highly  paid, 
or  else  the  men  who  participate  therein  must  be  competent  to 
function  in  other  trades  in  the  off  seasons.  This  leads  to  the 
thought  that  extensive  government  aid  to  trade  schools  in  which 
appreatices  may  be  trained  in  a  sufliciently  wide  range  of  related 
activities  to  enable  them  to  adjust  themselves  to  changes  in  indus- 
trial conditions  and  seasonable  demands  of  the  construction  indus- 
try, would  be  bencfici.al  not  only  to  the  tradesmen  themselves  but 
t,i  the  body  politic. 

Summarizing  the  alMJve,  I  solicit  your  good  offices  in  promoting 
the  i.plactment  of  the  fast  dwindling  supply  of  building  trades- 
men through  an  adequate  system  o(  trade  schools  which  shall  be 
conducted  along  lines  mentioned  above,  and  I  request  that  you  at 
your  early  convenience  give  me  the  benefit  of  your  counsel  as  to 
what  has  been  done  in  your  state  along  this  line  or  what  you 
believe  can  be  done. 
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Examinations  for  Engineers' 
Licenses 

The  following  abstracts  of  the  examination  requirements  of 
all  states  in  which  engineers  are  now  required  to  obtain  li- 
censes before  being  allowed  to  practice,  together  with  the 
addresses  of  the  officers  to  whom  application  must  be  made, 
are  reprinted  from  the  November  Proceedings  of  the  Amer- 
ican Society  of  Civil  Engineers: 

Colorado.— Each  candidate  is  examined  in  that  branch  of 
engineering  in  which  he  is  proficient,  as  set  forth  in  his  ap- 
plication. The  Board  conducts  the  examination  in  such  a 
manner  as  it  deems  best  suited  to  determine  the  fitness  of 
candidates,  and  it  may  summon  any  licensed  engineer  to  as- 
sist in  preparing  for  and  in  conducting  examinations.  Fee 
for  examination  is  $10,  for  license  certificate  $.5,  and  for  re- 
newal certificate,  $5  annually.  Application  for  examination 
is  made  to  State  Engineer,  Secretary,  State  Board  of  Engi- 
neer Examiners,  Denver,  Colo. 

Florida. — The  Board  has  ruled  that  examinations  may  con- 
sist of  the  applicant's  sworn  statement  of  professional  educa- 
tion and  experience  in  responsible  charge  of  engineering 
work.  If  this  statement  is  not  complete  or  qualifying,  the 
Board  may  summon  the  applicant  to  appear  for  further  ex- 
amination, and  investigate  his  record  of  professional  service. 
Examinations  may  be  either  oral,  or  partly  oral  and  partly 
written.  Fee  for  examination  is  $15,  for  certificate  of  regis- 
tration $10  additional,  for  registration  without  examination 
$25,  and  for  renewal  of  certificate,  5  annually.  Application 
for  examination  is  made  to  the  Secretary,  State  Board  of 
Engineering  Examiners,   215  E.  Bay  St.,  Jacksonville,  Fla. 

Idaho. — Examinations  are  held  semi-annually  in  the  State 
Capitol,  Boise,  Idaho,  beginning  at  9  a.  m.,  the  second  Tues- 
day of  March  and  September.  Application  must  be  received 
10  days  before  the  date  of  examination.  Fee  for  residents 
is  $10,  for  non-residents  $25,  for  renewal,  $2  annually.  Appli- 
cation for  a  Certificate  of  Registration  is  made  to  the  Depart- 
ment of  Law  Enforcement,  Boise,  Idaho,  in  writing  under 
oath  in  such  form  and  accompanied  by  such  proof  of  the 
applicant's  fitness  to  practice  as  the  Department  may  from 
time  to  time  prescribe.  Must  be  accompanied  by  an  unmount- 
ed photograph  taken  within  a  year. 

Illinois. — Structural'  engineers'  examinations  include  writ- 
ten and  oral  tests,  and  embrace  subjects  normally  taught  in 
schools  of  structural  engineering.  They  occupy  three  days 
and  cover  theoretical  and  applied  mechanics,  definitions, 
general  engineering  knowledge,  stress  analysis,  static  and 
moving  loads,  design  and  construction  in  reinforced  con- 
crete, steel,  wood,  masonry  and  foundations.  Fee  for  exam- 
ination $10,  for  certificate  of  registration  $5,  for  examination 
to  determine  preliminary  education.  $5,  for  restoration  of  an 
expired  certificate  $5,  for  renewal  of  certificate  $1  annually, 
for  certificate  to  those  who  hold  a  like  certificate  from  an- 
other state  or  county,  $15.  Application  for  certificate  is  made 
upon  prescribed  blanks  to  the  Department  of  Registration 
and  Education,  Springfield,  111. 

Iowa. — Examinations  are  required  as  prescribed  by  the 
Board.  Fee  for  examination  $15,  for  certificate  of  registra- 
tion $10  additional,  for  certificate  without  examination  to 
person  registered  in  another  state,  $10.  Application  for  ex- 
amination is  made  to  the  State  Board  of  Engineering  Exam- 
iners. Box  923,  Des  Moines,  Iowa. 

Louisiana. — Examinations  are  required  of  all  who  are  not 
graduates  of  an  engineering  college  or  school  of  good  stand- 
ing. Examination  for  surveying  covers  geometry,  plane 
trigonometry,  plane  surveying  and  practical  use  of  instru- 
ments; for  engineering,  covers  in  addition,  physics,  including 
practical  problems  in  design  and  construction.  Fee  for  ex- 
amination $25,  for  registration  by  diploma  $25,  for  registra- 
tion of  holder  of  license  from  another  state  $15,  for  issuing 
license  certificate  $1,  engineering  renewal  license  $S  annually, 
surveying  renewal  license  $1  annually.  Application  for  license 
or  examination  is  made  to  the  State  Board  of  Engineering 
Examiners,  Maison  Blanche  Building  Annex,  New  Orleans, 
La. 

Michigan.— Examinations  are  required  of  all  who  desire 
to  begin  the  practice  of  architecture,  engineering  or  survey- 
ing as  principal  or  in  responsible  charge,  except  those  from 
other  states,  and  include  English  language  and  other  appro- 
priate subjects.  Fee  tor  examination  $5,  for  certificate  of 
registration  $15  additional,  for  certificate  of  registration  with- 
out examination  $20,  for  renewal  of  certificate  $5  every  five 


years.  Application  for  examination  is  made  to  the  State 
Board  of  E.xaminers  for  the  Registration  of  Arcihtects,  En- 
gineers, and  Surveyors,  80  Griswold  St.,  Detroit,  Mich. 

New  York. — Present  practitioners  must  obtain  licenses  be- 
fore May  14,  1922.  If  evidence  presented  in  the  application 
does  not  appear  to  the  Board  to  be  conclusive  or  warranting 
issuance  of  a  certificate,  applicant  may  present  further  evi- 
dence, which  may  include  the  result  of  a  required  examina- 
tion. Fee  for  certificate  to  practice  engineering  or  land  sur- 
veying $25,  for  certificate  to  practice  both  engineering  and 
land  surveying  $35.  Application  for  certificate  must  be  made 
on  a  prescribed  form  to  Regents  of  the  University  of  the 
State  of  New  York,  Albany,  N.  Y. 

Oregon. — Examinations  may  be  either  oral  or  partly  oral 
and  partly  written.  Fee  for  examinations  $10,  for  certificate 
of  registration  $5  additional,  for  certificate  of  registration 
without  examination  $15.  Application  for  examination  is 
made  to  the  Secretary,  State  Board  of  Engineering  Exam- 
iners, Corbett  Bldg.,  Portland,  Ore. 

Virginia. — Examinations  are  required  of  all  applicants  ex- 
cept those  from  other  states,  as  prescribed.  They  are  held 
at  least  once  each  year  at  Richmond,  Va.,  and  at  such  other 
places  and  times  as  the  Board  may  designate.  Fee  for  each 
examination  is  $20.  Application  tor  examinations  is  made  to 
the  State  Board  of  Examination  and  Certification  of  Archi- 
tects, Professional  Engineers,  and  Land  Surveyors,  Richmond, 
Va.  Registration  is  optional:  present  practitioners  are  not 
limited  as  to  time  within  which  to  register.     . 

Wyoming. — Examinations  are  required  of  all  applicants  ex- 
cept those  licensed  under  previous  acts,  and  consist  of  a 
written  examination  and  an  investigation  by  the  Board  of 
record,  training,  and  experience.  Fee  for  examination  $10, 
for  certificate  of  license  without  examination  $5.  Application 
for  examination  is  made  to  the  State  Board  of  Examining 
Engineers,  Cheyenne,  Wyo. 


Instrument  for  Automatic  Control  of 
Humidity  in  Shops 

Devices  for  controlling  humidity  in  shops  are  of  three 
types.  The  first  are  makeshifts,  such  as  wet  sawdust  strewn 
on  the  floor,  troughs  of  running  water  at  the  sides  of  the 
room,  or  simply  an  ordinary  sprinkling  can.  Such  crude  de- 
vices are  not  in  any  sense  self-regulating,  and  even  with  the 
most  careful  personal  attention  produce  only  haphazard  re- 
sults. The  sprinkling-can  type  of  humidifier  has  been  in  use 
for  hundreds  of  years  and  is  of  interest  chiefly  because  it 
shows  that  the  need  for  air-conditioning  apparatus  in  many 
industrial  plants  has  been  recognized  for  a  long  time.  A 
second  class  of  humi(Jifiers  includes  those  that  are  capable 
of  increasing  the  moisture  in  the  air  up  to  the  point  for 
V,  hich  they  are  set,  bvTt  cannot  decrease  it.  When  the  v.'eather 
forces  the  humidity  above  the  desired  point,  such  instruments 
remain  inactive.  Few  instruments  of  this  type  attempt  any 
control  of  the  temperature.  A  third  type  of  conditioning  ap- 
paratus is  that  which  is  able  to  hold  the  atmosphere  in  a 
room  at  a  constant  temperature  and  humidity  irrespective 
of  outside  conditions. 

An  instrument  which  absolutely  controls  both  the  tem- 
perature and  the  humidity  of  the  air  has  been  developed  at 
the  Forest  Products  Laboratory,  Madison,  Wis.  For  several 
years  this  apparatus  has  maintained  in  the  laboratory  wood- 
parts  storage  rooms  the  typical  climatic  conditions  found  in 
various  parts  of  the  LTnited  States,  ranging  from  the  hot, 
moira  climate  of  the  South  to  the  cold,  dry  climate  found 
in  the  mountain  regions.  The  same  type  of  instrument  also 
keeps  the  v.ood-working  rooms  at  the  laboratory  at  uniform 
temperature  and  humidity  year  in  and  year  out,  with  the 
result  that  the  wooden  articles  manufactured  there  give  the 
minimum  amount  of  trouble  afterwards  from  warping  and 
ch'  eking,  and  the  shop  conditions  are  healthful  and  com- 
fortable to  the  highest  degree.  These  instruments  have  re- 
quired very  little  personal  attention  since  they  were  in- 
stalled. 

1'he  principle  upon  which  the  laboratory  automatic  humid- 
ity-control apparatus  works  is  that  of  cooling  the  air  to  the 
dewpoint  temperature  for  the  desired  atmospheric  condition, 
saturating  it  with  moisture  at  that  point,  and  then  heating 
it  without  addition  of  moisture  to  the  required  room  tempera- 
ture.    For  any  given  room  temperature  it  is  possible  to  get 
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any   humidity   desired,   simply   by   choosing  the  temperature 
at  ■which  the  air  is  saturated. 

The  apparatus  consists  of  a  small  cabinet,  or  chamber, 
through  which  the  air  is  drawn  as  often  as  it  needs  to  be 
conditioned.  The  conditioning  chamber  contains  water 
sprays  whose  temperature  is  kept  constant  by  a  mixing 
valve.  These  sprays  suck  in  the  air  by  their  own  action, 
cool  it  to  the  temperature  at  which  it  should  be  saturated, 
and  give  it  all  the  moisture  it  can  hold,  As  the  air  leaves 
the  chamber  it  is  heated  to  room  temperature  by  coils, 
whose  steam  supply  is  controlled  by  a  thermostat  located 
in  the  outlet.  Thus  when  the  air  is  drawn  into  the  cham- 
ber it  may  be  too  hot  or  too  cold,  too  moist  or  too  dry,  but 
the  apparatus  automatically  humidifies  or  dehumidifies  it 
and  brings  it  to  the  correct  temperature  before  allowing  it 
to  pass  again  into  the  room.  Both  in  the  storage  rooms, 
where  the  air  needs  conditioning  very  infrequently,  and  in 
the  workrooms,  where  it  is  completely  changed  every  10 
minutes,  the  recording  instruments  show  that  the  atmos- 
pheric conditiuns  have  varied  to  only  a  slight  extent  through- 
out a  three-year  period. 

This  method  of  air  conditioning  was  developed  primarily  for 
woodworking  shops  and  wood  gluing,  finishing,  and  drying 
rooms.  It  is  adaptable,  however,  to  numerous  other  indus- 
trial plants,  including  textile  mills  and  chemical,  foodstuff, 
and  tobacco  factories,  in  which  close  control  of  atmospheric 
conditions  would  be  beneficial  to  both  the  material  being 
manufactured  and  the  health  of  the  employes.  It  is  prac- 
ticable wherever  there  is  a  supply  of  cold  water  and  steam 
heat. 

Drawings  of  the  apparatus  and  further  details  concerning 
its  installation  and  operation  may  be  had  on  application  to 
the   Forest  Products  Laboratory. 


New  High  Speed  Friction  Saw  for  Cutting 
Structural  Steel 

A  new  high  speed  friction  saw  designed  especially  for  the 
rapid  cutting  of  structural  steel  has  been  brought  out  by 
Joseph  T.  Ryerson  &  Son.  Chicago.  The  m.achine  consists 
of  a  very  heavy  cast  iron  base  of  box  section,  supporting 
the   horizontally   travelling   carriage   to  which   the   motor   is 


to  increase  the  friction.  The  blade  is  held  in  place  by  two 
heavy  cast  steel,  balanced  collars,  and  is  cooled  by  jets  of 
water  under  pressure  directed  against  the  cutting  edge.  The 
motor  is  entirely  enclosed  on  the  saw  end,  and  the  outer 
end  semi-enclosed  by  means  of  cast  grids  and  wire  mesh 
in  order  to  insure  ventilation.  Th©  shaft  is  of  liberal  pro- 
l)ortion,  made  of  the  best  alloy  steel  and  provided  with  a 
thrust  bearing  to  eliminate  endwise  movement  or  float  in 
the  armature  or  rotor.  Movement  of  the  carriage  is  ac- 
complished by  hand  or  power.  The  power  feed,  a  special 
electro-hydraulic  feeding  device,  consists  of  a  cylinder  and 
piston  connected  to  the  base  of  the  machine  and  under  side 
of  the  carriage  respectively,  a  1  H.P.  motor  driving  a  gear 
Dump,  suitable  tank,  pressure  relief  and  four-way  controlling 
valve.  The  machines  can  be  furnished  for  any  current  or 
voltage,  and  are  equipped  with  combination  hand  wheel  and 
electro-hydraulic  feed.  The  machines  are  built  in  four  sizes 
similar  in  size  and  differing  only  in  capacity.  For  the  rail- 
roads and  shops  handling  the  heavy  structural  work  the  No. 
3  or  No.  4  size  is  recommended.  For  the  shops  handling  the 
lighter  structural  work  the  No.  1  or  No.  2  size  is  recom- 
mended. 


Ryerson   High   Speed   Friction   Saw. 

bolted.  Large  rollers  on  ball  bearings  are  mounted  on  ec- 
centric shafts  to  provide  adjustment  for  wear  and  facilitate 
traversing  of  the  saw  carriage.  Bolted  directly  to  the  saw 
blade  side  of  the  carriage,  is  a  hood  of  heavy  sheet  metal, 
arranged  to  be  opened  for  the  purpose  of  examining  or  re- 
moval of  the  blade.  The  direct  mounting  of  the  disc  or  blade 
on  the  armature  shaft  of  the  motor,  the  special  heavy  duty 
motor  which  was  developed  after  years  of  systematic  ex- 
perimental work,  and  the  improved  feeding  mechanism  are 
features  of  this  saw.  The  blades  are  of  a  special  grade  of 
soft  steel,  balanced,  hollow  ground  and  nicked  on  the  edge 


Fixed  Fee  Basis  for  Contract  for 
Erecting  City  Buildings 

The  city  of  Cleveland,  O.,  has  adopted  the  "fixed  fee  basis" 
for  the  contract  for  constructing  its  new  hospital  buildings. 
The  procedure  is  outlined  as  follows  in  a  letter  to  contractors 
asking  them  to  submit  propositions: 

The  city  of  Cleveland  desires  to  make  an  immediate  Etart  on 
the  erection  of  the  new  city  hospital  buildings  and  to  complete 
them  in  the  shortest  possible  time.  As  the  plans  and  specifications 
cannot  be  sufficiently  developed  for  some  weeks,  in  order  to  enable 
the  awarding  ot  contracts  for  these  buildings  on  a  lump-sum  basis, 
and  for  the  reason  that  the  lal)or  and  materials  are  on  the  down- 
ward trend,  the  city  of  Cleveland  is  desirous  of  taking  advantage 
of  any  saving  which  might  be  effected  by  proceeding  with  the  work 
immediately. 

Therefore,  it  has  been  decided  to  erect  these  buildings  under 
the  provision  of  the  city  charter  which  enables  the  city  to  operate 
and  construct  buildings  under  the  "Direct  Employment  of  Labor 
and  Purch.Tse  of  Supplies"  Clause.  In  order  to  efficiently  carry 
out  work  ot  such  magnitude  on  this  basis,  it  is  desired  to  employ 
a  contractins  firm  to  take  full  charge  ot  the  construction,  to  render 
aid  in  the  purchase  of  supplies  and  materials  and  in  the  employ- 
ment of  labor,  and  in  rendering  all  other  such  services  as  are 
customary  and  required  of  a  general  contractor.  Therefore,  you 
are  respectfully  requested  to  submit  a  proposition  for  executing 
this  work,  on  what  is  known  as  a  "fixed  fee  basis,"  and  this 
proposition  must  be  delivered  in  writing  to  the  Director  of  Public 
Welf.are  not  later  than  12;00  o'clock  noon,  Thursday.  December  23, 
1920,  and  must  be  in  accordance  with  the  conditions  herein  con- 
tained. This  operation  outlined  shall  be  built  under  four  separate 
units,  r.amejy: 

A  Main  Ward  Building,  etc. 
A  Psychopathic  Building,  etc. 
Nurses'  Home  Building,  etc. 
Contagious  Disease  Building,  etc. 
♦.  The  reouirements  by  v.hich  you  are  to  be  guided  in  submitting 
this  proposition  are  as  follows:  The  fee  should  include  all  your 
overhead  expense  in  connection  with  your  general  office  expense, 
of  every  kind  and  description;  the  providing  for  the  paying  ot  the 
salary  of  a  high  grade  general  superintendent,  satisfactory  to  the 
city  architect,  who  shall  at  all  times  represent  you  at  the  Job  and 
receive  instructions  tor  >ou  from  the  city  architect  or  his  repre- 
sentar.i"es;  the  cost  and  expense  of  all  power  equipment  of  everj- 
kind,  such  as  derricks,  hoists,  motors,  concrete  inixers,  mortar 
mixers,  dump  cars,  steam  shovels,  locomotives;  the  providing  for 
Crete  buggies,  and  all  other  tools  required  to  carry  out  and  com- 
plete the  job,  in  such  numbers  as  may  be  in  the  opinion  ot  the  city 
architect  necessary  to  carry  on  the  work  as  rapidly  as  desired; 
the  maintenance  of  all  equipment  and  tools  in  repair,  the  cost 
of  the  cartage  of  all  equipment  and  tools  to  and  from  the  site,  and 
the  cost  ot  a  bond  to  the  city  of  Cleveland  in  the  amount  of  one- 
half  of  the  fixed  fee. 

All  trades  and  woik  shall  be  included  in  this  agreement  with 
the  exception  ot  the  mechanical  trades,  which  shall  be  classed  as 
plumbing,  heating,  ventilating,  electric  work  and  elevators. 

The  city  of  Cleveland  will  purchase  all  materials  through  its 
purciiasing  department  upon  the  requisition  for  quantities  of  such 
material  as  shall  be  estimated  by  the  contractor,  after  said  re- 
quisition has  been  delivered  to  the  city  architect  for  his  check  and 
approval.  The  city  shall  also  pay  all  men  employed  on  the  work 
(with  the  exception  of  the  general  superintendent  as  hereinabove 
mentioned)  each  week  upon  the  filing  of  the  pay  roll  with  the  city 
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architect  which  shall  be  later  filed  with  the  city  treasurer.  The 
city  shall  also  pay  for  insurance  covering  Indemnity,  liability  and 
workmen's  compensation. 

All  material  such  as  fuel  for  plant  operations,  also  scaffolding- 
and  all  materials  other  than  above  mentioned  will  be  supplied  by 

the  city. 

Each  firm  submitting  a  proposal  as  above  outlined  should  m- 
clude  a  statement  relative  to  the  service  which  the  firm  woujd  be 
capable  of  rendering. 

Plot  plan  drawings  showing  the  exact  location  of  these  units 
will  be  furnished  to  the  bidder  on  request  at  the  City  Architect's 
office.    A  tiiorough  explanation  of  the  procedure  will  be  given. 


and 


Building  Operations  in   1920 
Forecast  for  1921 

The  amount  of  money  involved  in  coustruclion  contracts 
during  1920  in  the  25  northeastern  states  of  the  country  was 
practically  the  same  as  in  1919.  according  to  statistics  com- 
piled by  the  F.  W.  Dodge  Co.  On  account  of  greatly  increased 
construction  costs,  this  amount  of  money,  something  over 
two  and  a  halt  billion  dollars,  paid  for  a  volume  of  construc- 
tion that  was  nearly  one-fourth  less  in  1920  than  in  1919. 

The  year  1920  opened  with  a  rate  of  construction  activity 
unprecedented  for  the  winter  season.  Total  contracts  reached 
a  maximum  of  over  three  hundred  million  dollars  in  the 
month  of  April.  From  that  time  on.  for  causes  well  known 
generally,  activity  declined  more  or  less  steadily  to  the  end 
of  the  year.  December  contracts  amounted  to  one  hundred 
million  dollars. 

Comparing  the  past  two  years,  the  most  conspicuous  fea- 
ture of  1920  was  the  decline  in  residential  construction.  This 
class  of  construction  represented  33  per  cent  of  the  total 
in  the  year,  1919,  and  22  per  cent  of  the  total  in  1920.  The 
amount  of  residential  floor  space  contracted  for  declined 
from  240,000,000  sq.  ft.  in  1919  to  136,000,000  sq.  ft.  in  1920. 
In  the  amounts  of  money  involved  in  1920  contracts,  in- 
dustrial plants  and  public  works  and  utilities  both  exceeded 
residential  buildings,  each  representing  about  23  per  cent 
of  the  year's  total. 

There  was  in  1920  an  increase  over  1919  in  actual  volume 
of  construction  of  educational  buildings. 

In  normal  years  the  total  estimated  cost  of  contemplated 
or  projected  work  reported  is  about  50  per  cent  in  excess 
of  the  total  amount  of  contracts  awarded.  In  1919  the  total 
of  projected  work  was  68  per  cent  in  excess  of  contracts 
awarded;  in  1920,  it  was  92  per  cent  in  excess  of  contracts 
awarded.  These  figures  give  an  indication  of  the  amount 
by  which  each  of  the  two  years  has  run  behind  its  announced 
construction    program. 

The  outlook  for  1921  is  set  forth  as  follows  in  the  F.  W. 
Dodge  Co.'s  review  of  building  activity,  made  public  on 
Jan.    9: 

The  construction  industry  enters  the  new  year  under  con- 
ditions very  similar  to  those  that  prevailed  at  the  opening 
of  the  year  1919. 

There  is  a  considerable  accumulated  demand  for  building, 
and  activity  is  very  slow  on  account  of  unstabilized  price 
conditions  and  hesitation  on  the  part  of  prospective  builders 
because  of  uncertainties  of  future  market  conditions. 

At  the  opening  of  1919  building  material  prices  had  re- 
mained, on  the  average,  at  about  the  same  level  for  four 
months.  They  continued  at  this  level  during  the  first  quarter 
of  1919.  About  April.  1919,  many  people  were  convinced 
that  building  costs  would  not  fall,  and  activity  increased 
rapidly.  About  two-thirds  of  the  total  of  that  year's  activity 
was  contracted  for  during  the  second  half  of  the  year. 

It  seems  likely  that  a  somewhat  parallel  movement  may 
be  expected  in  1921.  Material  prices  have  not  as  yet  reached 
the  stage  of  stabilization  they  had  reached  at  the  opening 
of  the  year  1919.  Apparently  some  further  declines  are  to 
be  expected.  It  seems  likely,  however,  that  the  period  of 
stabilization  and  of  hesitation  on  the  part  of  the  buying  pub- 
lic need  not  be  so  prolonged  as  it  was  two  years  ago.  When 
costs  are  actually  stabilized  it  should  be  more  easy  this  time 
to  convince  the  public  that  such  is  the  case. 

In  an  analysis  of  the  present  price  situation,  a  well-known 
authority  has  stated  that  the  upward  turn  in  material  prices 
will  probably  occur  some  time  in  1921  and  that,  in  conse- 
quence, building  costs  in  1921  will  be  somewhat  lower  than 
they  have  been  in  1920  or  will  be  in  1922  and  1923 


If  that  be  true,  then  price  conditions  will  be  more  favor- 
able to  building  activity  in  1921  than  they  were  in  1920  or 
will  be  next  year.  If  the  public  comes  to  believe  that  is  the 
case,  then  "a  resumption  of  activity  should  be  expected  in 
1921. 

Not  a  few  leaders  in  the  construction  industry  expect  a 
revival  of  construction  activity  in  the  spring,  to  be  followed 
by  increased  activity  through  the  summer  and  fall. 

Awakened  interest  in  construction  activity  is  shown  by 
the  fact  that  the  amount  of  contemplated  work  reported  in 
December  aggregated  more  than  for  any  month  since  June. 

A  volume  of  construction  equal  to  that  of  1919  on  a  cost 
basis  somewhere  near  the  1919  level  may  be  given  as  the 
most  reasonable  forecast  for  1921.  In  money  this  would 
involve  about  two  and  half  billion  dollars  for  the  25  north- 
eastern states  of  the  country,  the  same  as  the  figure  for  1920, 
though  on  a  cost  level  that  should  represent  a  volume  ap- 
proximately one-third  greater  than  the  1920  volume  of  con- 
struction. 

Should  conditions  develop  so  favorably  that  the  full  de- 
mand for  construction  may  assert  itself,  the  end  of  the  year 
might  possibly  show  a  total  of  as  much  as  three  billions  for 
the  25  northeastern  states. 

Developments  of  the  next  three  months  should  indicate 
whether  the  year's  total  of  construction  activity  is  likely  to 
be  nearer  to  two  and  a  half  to  three  billions  of  dollars. 

In  1921,  residential  construction  and  the  construction  of 
public  works  and  utilities  may  be  expected  to  predominate 
over  other  classes  of  buildings. 


New  Extension  Spring  Joint  Boxwood  Rule 

A  new  6  ft.  extension  spring  joint  rule,  particularly  de- 
signed tor  taking  inside  measurements  of  openings,  such  as 
door  and  window  frames  and  similar  fixed  points,  but  just 
as  handy  as  a  common  rule  for  ordinary  measuring,  has  just 
been  put  on  the  market  by  The  Luflcin  Rule  Co.,  Saginaw, 
Mich.  ■R^hile  somewhat  similar  in  pattern  to  a  spring  joint 
rule,  it  is  made  of  genuine  boxwood  in  natural  finish.  The 
first  section  of  the  rule  is  fitted  with  a  graduated  brass  slide, 
which  extends  readily  but  is  not  loose  and  cannot  fall  out, 
having  end  lock.     To  take  an  Inside  measurement,  open  the 
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New  Extension  Spring  Joint  Boxwood  Rule. 
rule  to  within  6  in.,  or  less,  of  the  distance  between  the 
points.  Extend  the  brass  slide  Iby  push  button.  Add  the 
measurement  on  the  brass  slide  to  that  shown  at  extreme 
end  of  rule,  which  gives  the  exact  distance.  The  extension 
slide  is  also  admirably  adapted  to  determining  depth  of 
mortises,  etc.  The  boxwood  sections  are  somewhat  heavier 
than  those  of  a  common  spring  joint  and  are  securely- 
fastened  at  joints,  making  the  rule  more  rigid  when  extended 
than  the  ordinary  folding  rule.  The  graduation  is  consecu- 
tive inches  and  16ths,  both  sides,  with  distinct  lines  and 
figures. 


Failure  to  Comply  with  Nebraska  Labor  Law  Costs  Ste«l 
Erector  $8,715. — The  state  labor  law  of  Nebra.'ika  requires 
that  contractors  erecting  steel  frame  buildings  must  thor- 
oughly plank  every  tier  of  iron  or  steel  beams  as  the  build- 
ing is  constructed.  Failure  to  comply  with  this  regulation 
recently  cost  a  contractor  $8,715.  Last  June  a  workman  em- 
ployed on  a  new  building  as  a  structural  iron  worker,  fell 
from  a  steel  beam  high  in  the  air  to  the  ground  and  was 
killed.  Under  the  Workmen's  Compensation  Law  ordinarily 
his  widow  would  have  received  but  $4,474.  However,  it  was 
revealed  that  the  builders  had  neglected  to  plank  the  floors 
of  each  story  as  the  building  progressed.  This  was  in  viola- 
tion of  the  Nebraska  labor  law.  Suit  was  led  against  those 
responsible.  The  case  was  settled  outside  of  court  and  the 
widow  was  awarded  an  additional  $8,715. 
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First  100  Cities  of  United  States 

The  first  100  cities  of  the  United  States  in  order  of  popu- 
lation, aecordlnK  to  the  figures  of  the  V.  S.  Bureau  of  Cen- 
sus, are  as  follows: 


ropiilation 

City.  i'Vl?-i"-, 

New  York.  N.  T o«MnQ 

Manhattnn   Borough    '•-SonVi 

Bronx    Borough no9?R? 

Brooklyn  Borough ^•"Ai^i^i 

Qu(>,'ns  Borough     J?2'2li 

Uichmond  Borough ,  ii?'35= 

Chicago.  III. ?-S9Vi?l 

PhllHclo'ph.a    Pa ^'^oo-vM 

Detroit.  M;ch ?Xf 'mr 

Cleveland.  Ohio   ll%-ll% 


St.  Louis.  Mo. 

Boston.  Mass 

B.'lltiniorp.    Md 

Pittsburgh.  Pa '. 

Los  Anculcs.   Calif 

San  Francisco.  Calif 

Buffalo.  N.  T 

Milwaukee,   V>Ms 

Washington,   D.   C 

New.\rk.  N.  J 

Cincinnati.  Ohio  

Now  Orleans,  La 

Minneapolis.  Minn 

Kansas  City.  Mo 

Seattle,  Wa.^^h 

Indianapolis,  Ind 

Jersey  City.  N.  J 

Rochester.  N.  Y 

Portland.  Ore 

Denver.   Colo 

Toledo.   Ohio    

Providence.  R.  I 

Columbus,    Ohio    

Louisville.  Ky 

St.  Paul.  Minn 

Oakland.  Calif 

Akron.   Ohio    

Atlanta,   Ga   ' 

Omaha,  Nebr 

Worcester,   Mass 

Birmingham,  Ala 

.Syracuse.    N.  Y 

Richmond.  Va 

New  Haven,   Conn ,. 

Memphis.  Tenn 

San  Antonio    Tex 

Dallas.  Tex 

Davton.    Ohio    

Bridgoport.    Conn 

Houston.   Tex 

Hartford,  Conn 

Scranton.   Pa 

Grand   Rapids.    Mich. .' 

Patorsor..   N.   J 

Youncstown.   Ohio    

Springfield,    Mass 

Des  Moines.  Iowa 

Ne.v  Bedford.  Mass 

Fall    River.    Mass ■■ 

Trenton.   N    J .'..... 

Na.<^hville.  Tenn 

Salt  Lake  City,  Utah ., . ., 

Camden,  N.  J 

Norfolk,   Va 

Albany,  N.  Y 

Lowell.  Mass 

Wilmington.  Del 

Cambridge.    Mass 

Reading,  Pa •  .' 

Fort  Worth.  Tex 

Sookane.    Wash 

Kansas  City.  Kans 

Yonkers.  N   Y 

Lynn.   Mass 

Duluth.    Mir.n 

Tacoma.  Wash 

Elizabeth.  N.  .T 

Lawrence.  Mass .■ 

Utica.   N.   Y- 

Erie.   Pa 

Somerville.   Mass 

Flint.  Mich 

Jacksonville,   Fla.    -  

Watorbury.  Conn.  

Oklahoma  City.  Okia 

Schenectady,   N.  T 

Canton,  Ohio 

Fort  AVayne .  Ind 

Bvansvilte,  Ind 

Savannah.   Ga 

Manchester.    N.    H 

St.  Joseph,  Mo 

KnoxviUe.   Tenn 

Fl  Paso.  Tex 

Bavonne.    N.   J 

Peoria.  Ill 

Harrisburg.  Pa. 
San  Dieeo.  Calif 
Wilkes-Barre.    Pa 

Allentown.   Pa.    .  .  

Wichita.  Kans     .  

Tulsa.   Okla 

Troy,  N.  Y 

.Sioux  City.   Iowa 
Soulh  Bend.  Ind. 

"Less  than  one- tenth  'jf  1  per  cent. 


772.897 

748.060 

733.826 

588.193 

576.673 

508,410 

506,775 
457,147 
437,571 

414,216 

401,247 

387.219 

380.582 
324.410 
315.652 
314.194 
297.864 
295,750 
258. 2S8 
256,369 
243,109 
....  237.595 

237.031 

234.891 

234.595 

216.361 

208.435 

200.616 
191.601 
179.754 
178,279 
171.717 
171,667 

162.519 

162.351 

161.379 

158,976 

152.559 

143.538 

138.076 

138.036 

.  137,783 

137,634 

135,866 

132,358 
129,563 
126.468 

121.217 

120. 4S5 

.:.....         119,289 

118.342 

..■ 118.110 

116.309 

115.777 

11^.344 

112.^59 

110,168 

109.694 

107.784 

106.482 
101,437 
101.177 

ino.226 

99,148 

98,917 

96.965 

95.682 

94,270 

94,156 

93,372 

93,091 

91.509 
91..';5« 
91,410 

91,258 

88.723 

87,091 

S6.549 
85.264 
83.252 
7S.384 
77,939 
77.818 

77.543 

76.754 

76.121 

75.917 
74.683 
73.833 

73.502 

72,128 

72.075 

72.013 
72.013 
70,983 
■{■Decrease. 


increase, 
1910-20. 
Per  cent. 
17.9 
—2.0 
69.8 
23.7 
64.3 
34.9 
23.6 
17.7 
113.4 
42.1 
12.5 
11.6 
31.4 
10.2 
80.7 
21.9 
19.6 
22.3 
32.2 
19.2 
10.4 
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Definitions  and  Specifications  for  Lime. — A  circular  (No. 
106)  of  the  U.  S  Bureau  of  Standards  dealing  with  the  above 
subject  la  now  ready  for  distribution  by  the  Superintendent 


of  Documents,  Washington,  D.  C,  at  5  ct.  per  copy.  The 
circular  describes  the  quantity  of  lime  required  for  malting 
plaster  and  mortar  as  well  as  the  amount  for  use  as  fer- 
tilizer. A  formula  for  making  whitewash  Is  liliewise  in- 
cluded. 


One  Big  Sign  for  All  Sub-Contractors  on  Building  Job. — 
Instead  of  plastering  a  building  job  with  a  lot  of  signs 
advertising  various  subcontractors,  the  general  contractors 
in  a  number  of  cities  are  displaying  one  big  sign  contain- 
ing the  names  of  all  the  sub-contractors  on  the  project.  This 
new  departure  not  only  makes  for  neatness,  but  it  gives  all 
the  concerns  connected  with  the  job  an  equal  amount  of 
publicity. 


Personals 

L.  B.  Blodgett  has  resigned  as  assistant  county  engineer  of 
Gogebic  County.  Michigan,  to  accept  a  similar  position  with  Hough- 
ton  County,    .Michigan. 

Edward  C.  Meyfarth,  assistant  city  manager  of  Jackson.  Mich., 
has  been  appointed  city  manager  to  succeed  A.  W.  D.  Hall,  who 
resigned   to   become   manager   of  Tampa.   Fla. 

The  Hounds-Clist  Co.,  general  contractors,  Seattle,  Wash.,  have 
opened  a  branch  office  at  333  Pittock  Block,  Portland,  Ore.  L.  W. 
Hansen,  construction  foreman  of  the  Seattle  office,  will  be  the 
Portland  manager. 

A.  S.  B.  Little,  first  assistant  engineer  of  the  Public  Utilities 
Commission  of  Illinois,  has  resigned.  He  is  said  to  have  accepted 
a  five-year  contract  with  New  York  City  to  handle  rate  matters 
of  the  city  before  the  Supreme  and  Federal  courts.  Mr.  Little  has 
been  in  the  service  of  the  Illinois  Commission  since  1914,  acting  in 
gas  litigation. 

James  Horton,  James  T,  Weir,  Clarence  Waterfield,  G.  H.  Mo- 
Ian  and  John  Wheelright  have  organized  the  Ogden  Construction 
Co.,  O^dcn.  Utah,  and  will  engage  in  a  general  contracting  business. 

Albert  C.  Coutu,  A,  P.  Coutu  and  Laurence  E.  Coutu  have  or- 
ganized the  C.  J.  Coutu  Sons  Co.,  of  Arctic,  R.  I.,  and  will  engage 
in   general   construction   work. 


Obituaries 

contractor  of  Portland.  Ore., 


died 


Michael  J.  Reisner,  a  buiidini 
Jan.   3   at   his   home   in   that  city 

Matthew  Cam,  builder  of  the  original  system  of  docks  and  piers 
for  the  port  of  Sheboygan,  Wis.,  died  Jan.  19  at  his  home  in  She- 
boygan,  aged   91. 

Maj.  A.  T.  Tomllnson,  construction  engineer,  died  Jan.  20  at 
his  home  in  Toronto.  Ont.  He  occupied  many  important  engi- 
neering positions  on  the  Denver  &  Rio  Grande  Ry..  Brooklyn  Ele- 
vated Ry..  New  York  Underground  Ry..  Chicago  Elevated  Rys.  and 
Boston  Elevated.  He  was  also  civil  engineer  for  White  &  Co., 
New  York,  coming  to  Montreal  in  1905  as  their  Canadian  engineer. 
He  had  charge  of  the  construction  of  the  hydro-electrical  devel- 
opment of  the  surplus  water  of  the  Soulanges  Canal  at  Cedars, 
Quebec.  He  also  directed  the  construction  of  a  trunk  sewer  for 
Edmonton  and  part  of  the  G.  T.  P.  From  1912  to  1914  Ma.1.  Tom- 
linson  was  chief  engineer  in  charge  of  the  surveys  and  location  of 
the  proposed  railway  from  Montreal  to  James  Bay.  For  the  past 
five  years  he  has  been  major  of  the  Canadian  Engineers  in  charge 
of  inspection  of  small  arms  ammunition  in  Dominion  arsenals. 


Industrial   Notes 

Wallace  &  Tiernan  Co.,  Inc.,  on  Jan.  15  opened  its  new  plant 
at  Newark.  N.  J.,  where  henceforth  all  activities  of  the  business 
will  be  conducted,  including  all  the  work  of  engineering,  design, 
manufacture,  assembly,  testing  and  shipping,  and  all  laboratory 
work,   as  well   as  sales  and   executive  supervision. 

The  National  Cast  Iron  Pipe  Co,  announces  that  immediately 
after  Feb.  1  its  new  warehouse  plant  at  Thirty-seventh  street  and 
South  Ashland  avenue.  Chicago,  will  be  in  operation.  A  complete 
stock  of  3-in.  to  24-in.  cast  iron  pipe  and  specials,  as  well  as  valve 
and  rcadwav  boxes,  will  be  carried  at  the  warehouse. 

The  John  F.  Byers  Machine  Co.,  Ravenna.  O.,  has  announced 
the  following  changes  and  additions  to  its  list  of  representatives: 
Mussflsns,  Ltd..  are  now  exclusive  sales  representatives  in  Can- 
ada with  offices  at  Montreal.  Toronto.  Winnipeg  and  Vancouver. 
Edward  R.  Bacon  Co.  of  San  Francisco  are  now  exclusive  Byers' 
aistributors  for  northern  California  and  the  northwest,  which  In- 
cludes Washington,  Oregon  and  Nevada.  Don  A.  Rathburn  Co., 
El  Paso,  are  exclusive  representatives  for  the  Panhandle  section. 
New  Mexico,  and  northern  Mexico.  F.  A.  Devlin,  formerly  presi- 
dent of  the  Empire  Engineering  &  Equipment  Co.  of  Pittsburah. 
who  represented  Byers  in  the  Pittsburgh  district  for  the  last  five 
years,  has  severed  his  connection  with  that  company  to  represent 
ijyers  exclusively   in   that  section. 

Howard  H.  Marsh,  for  nearly  eight  years  district  manager  of 
the  Railway  Age  and  other  publications  of  the  Simmons-Boardman 
Publishing  Co.  at  Cleveland.  O.,  has  resigned  to  become  president 
of  the  Victory  Equipment  Co..  with  office  at  444  Maison  Blanche 
Annex  New  Orleans,  La,  As  head  of  the  Victory  Equipment  Co, 
he  will  handle  the  following  accounts:  McMyler  Interstate  Co., 
Cleveland  locomotive  cranes,  pile  drivers  and  material  handling 
equipment:  Ball  Engine  Co..  Erie.  Pa.,  steam  shovels  and  railroad 
ditchers;  Schaefer  Equipment  Co..  Pittsburgh.  Pa.,  truck  lever 
connections,  brake  levers,  brake  rod  jaws  and  stake  pockets;  and 
Equipm<mt  Manufacturing  Co..  Cleveland,  trucks  and  trailers.  His 
education,  business  experience  and  wide  acquaintance  fit  Mr. 
Marsh  for  his  new  undertaking.  He  Is  still  a  young  man.  having 
graduated  at  the  University  of  Vermont  in  1903.  with  the  degree 
of  B.  S.  in  civil  engineering.  That  same  year  he  entered  the  em- 
ploy of  Engineering  News  (now  Engineering  News-Record)  as 
assistant  to  the  western  manager,  and  stayed  there  until  1907. 
when  he  was  appointed  western  representative  of  Engineering  and 
Contracting,  with  headquarters  in  Chicago.  He  left  the  latter  place 
to  go  to  Cleveland  as  district  manager  of  the  Simmonds-Board- 
man  Publishing  Co.  Mr.  Marsh's  removal  to  New  Orleans  is  due 
to  his  desire  to  be  near  his  family,  as  it  was  necessary  for  Mrs. 
Mar.sh  to  take  up  her  residence  in  the  southwest  in  order  that  her 
health  might  be  restored.  In  addition  to  his  other  work.  Mr.  Marsh 
will  represent  the  Simmons-Boardman  Publishing  Co.  in  the  south- 
western  territory. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street    Cleaning 

(d)  Municipal    Miscellanies 


(e)   Management    and    Office 
System 

Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and   Sani 

tatlon 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)    Quarries    and    Fits 

(b)  Management    and         (d)    Steam    Railways,    Con- 
Office    System  struct  ion   and   Maintenance 

(e)    Electric    Railway    Construction 
and   Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


( d)  Miscellaneous    Structures 

( e )  Properties     of     Materials 

(f)  Management     and     Office 

System 
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Index  of  E.  &  C.  Now  Ready 

The  index  for  Vol.  LIV  covering  the  July-December  issues 
ot  Engineering  and  Contracting  is  now  ready  for  distribution. 
Subscribers  desiring  a  copy  should  notify  us  at  once.  Those 
who  received  the  indexes  lor  the  previous  volumes  have  been 
listed  and  need  not  notify  us  again. 


A  Big  Road  Year  and  What  Engi- 
neers Can  Do  to  Make  it  Bigger 

There  is  excellent  prospect  that  1921  will  be  the  greatest 
road  construction  year  in  our  history.  Not  only  are  new 
appropriations  for  highways  unusually  large,  but  unexpended 
old  appropriations  are  abnormally  great.  A  very  large  part 
of  the  work  that  was  to  have  been  done  in  1920  was  held  up 
because  of  inability  to  get  freight  cars.  Moreover,  labor  was 
scarce  and  inefficient.  Now,  however,  the  railways  are  able 
to  supply  all  the  cars  needed,  and  laborers  are  back  to  their 
pre-war  efficiency. 

If  any  state  or  county  is  hesitating  about  adopting  a  lib- 
eral program  of  highway  improvement,  we  suggest  that  the 
local  civil  engineering  society  or  club  appoint  a  committee 
to  persuade  the  public  that  it  is  unwise  to  defer  road  work. 
Up  to  the  present,  engineers  have  rarely  made  organized 
effort  to  secure  public  improvements.  They  have  confined 
tlieir  effort  to  designing  and  supervising  public  works  after 
some  one  else  had  secured  the  appropriations  for  it.  But 
the  time  has  come  when  engineers  should  be  leaders  of 
public  opinion  in  all  matters  relating  to  public  works,  and 
that  means  that  they  should  become  promoters  of  worthv 
projects  for  public  improvements.  To  this  end  they  should 
address  chambers  of  commerce,  city  councils,  county  com- 
missioners and  state  legislators  whenever  questions  arise  as 
to  the  advisability  of  undertaking  any  important  public  im- 
provement. They  should  also  write  articles  for  local  papers, 
and  arrange  to  be  interviewed  by  newspaper  reporters.  Few 
engineers  seem  to  realize  that  newspaper  editors  are  always 
anxious  to  secure   expressions  of  opinion   about   public  mat- 


ters from  men  competent  to  pass  judgment  and  that  they 
gladly  welcome  a  telephone  message  asking  that  a  reporter 
be  sent  to  secure  an  important  interview.  Letters  to  the 
editor  are  effective,  but  not  half  so  apt  to  attract  attention 
as  an  interview.  A  person  who  is  interviewed  is  regarded 
as  a  person  of  importance,  whereas  the  writer  of  a  letter 
may  be  quite  unknown  and  merely  interestingly  garrulous. 
The  fine  art  of  getting  interviewed  is  known  to  most  law- 
yers and  business  men,  but  is  quite  unknown  to  the  average 
engineer.  Yet  it  is  an  art  easily  mastered  and  well  worth 
mastering. 


The  Attention  Value  of  the  Spoken 
Word 

Between  the  written  and  spoken  word  there  is  this  cardinal 
difference — the  written  word  can  be  pigeonholed,  the  spoken 
word  can  not.    Whatley,  in  his  Elements  of  Rhetoric,  says: 

It  is  notoriously  difflcult  to  withdraw  our  attention,  even  from 
a  trifling  talker  of  whom  we  are  weary,  and  to  occupy  the  mind 
with  leflections  of  its  own. 

This  psychological  principle  is  not  sufficiently  applied  by 
engineers.  It  is  our  custom  almost  to  ignore  it.  Is  a  legisla- 
ture in  session,  and  are  we  opposed  to  some  proposed  bill? 
Then  we  are  apt  to  send  our  written  objections,  if  we  pro- 
test at  all,  rather  than  go  in  person.  But  such  written  pro- 
tests are  usually  uneffective,  partly  because  they  are  never 
comprehended  and  partly  because  they  lack  attention  com- 
pelling quality.  Similarly  we  are  given  to  reading  engineer- 
ing papers  before  our  societies,  rather  than  uttering  our  opin- 
ions and  facts  extemporaneously,  although  w©  are  quite  well 
aware  that  reading  out  loud  is  hut  slightly  more  apt  to  hold 
the  hearer's  attention  than  his  own  reading  in  silence  holds  it. 

Ages  of  listening  to  the  voice  of  his  fellow-men  has  de- 
veloped in  man  a  sympathy  with  vocal  utterance  that  is  in- 
comparably stronger  than  that  aroused  where  the  eye  follows 
merely  the  symbols  of  the  voice.    To  quote  Whatley  again: 

The  personal  sympathy  felt  towards  one  who  appears  to  be 
delivering   hi.s    own    sentiments    is   such    that    it    usually   rivets    the 
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attention,  even  involuntarily,  thougli  to  a  discourse  which  appears 
hardly  worthy  of  It.  It  Is  not  easy  for  an  auditor  to  fall  asleep 
while  he  is  hearing  even  pirhaps  feeble  reasoning  clothed  In  indif- 
ferent language,  delivered  extemporaneously  and  in  unaffected  style; 
whereas  it  is  common  for  men  to  find  dlfllculty  in  l<eeplng  them- 
selves awake  while  listening  even  to  a  good  dissertation  of  the 
same  length  on  a  subject,  not  uninteresting  to  them,  when  read, 
though  with  propriety  and  not  In  a  languid  manner, 

Wliatley  was  writing  with  esppcial  reference  to  ministers, 
but  his  admonitions  are  applicable  to  all  men  who  aim  to 
convey  ideas  to  other  men. 

Our  Department  of  Agriculture  iiniiually  prints  and  circu- 
lates hundreds  of  tons  of  literature  tliat  should  be  read  by 
farmers.  But  the  slowness  with  which  farm  efficiency  im- 
proves is  eloquent  evidence  as  to  the  inaltentiveness  of  the 
average  farmer  to  what  he  sees  in  print.  Obviously  the  De- 
pnrtment  of  Agriculture  must  eventually  send  out  hundreds 
of  lecturers  to  teach  our  farmers  by  word  of  mouth.  We 
hazard  the  guess  that  one  winter  spent  in  such  vocal  teach- 
ing of  all  our  farmers  would  do  more  to  improve  agriculture 
than  six  years  of  printed  educational  propaganda. 

During  the  :!0-year  period  of  3  889  to  i;)U»  our  crop  output 
per  farmer  increased  only  20  per  cent,  in  spite  of  the  truly 
remarkable  quantity  of  excellent  agricultural  literature  pub- 
lished by  the  farm  papers  and  the  Department  of  Agriculture. 
This  20  per  oent  agi-icultural  increase  was  deduced  in  our 
issue  of  April  7,  1920.  In  the  same  issue  it  was  shown  that 
during  the  same  period  our  miners  increased  their  per  capita 
annual  output  70  per  cent!  This  difference  is  ascribed 
lai'gely  to  the  fact  that  our  mines  are  managed  by  mining 
engineers  who  not  only  read  mining  literature  but  attend 
conventions  to  discuss  mining  economics. 

It  requires  a  highly  trained  mind  to  read  understandingly 
and  persistently  a  great  deal  of  literature  of  an  educational 
character.  Even  trained  engineers  are  usually  somewhat 
deficient  in  abilty  to  read  attentively  all  that  they  should 
read.  How  much  greater  is  the  defect  of  farmers  and  other 
untrained  men  in  this  respect  is  obvious. 

Many  applications  can  be  made  of  the  principle  that  the 
spoken  word  is  superior  to  the  written  word  in  arousing  in- 
terest and  holding  attention,  but  we  suggest  at  this  time 
only  one  application.  Engineers  should  address  public 
bodies  whenever  there  is  a  discussion  of  matters  upon  which 
an  engineer  is  competent  to  express  an  opinion. 


Is  the  Quantitative   Theory  of 

Money  and  Prices  Discredited 

by  Recent  Events? 

"The  quantity  theory  of  money"  in  relation  to  prices  is 
receiving  caustic  criticism  from  some  editorial  writers.  For 
example,  the  editor  of  The  Saturday  Evening  Post  declares 
that  this  theory  is  discredited  by  the  recent  rapid  decline  in 
commodity  prices  in  the  face  of  a  rise  in  the  quantity  of 
money.     We   quote: 

This  hypothesis  was  one  basis  for  the  statement,  so  commonly 
made  last  summer,  that  prices  could  not  recede  rapidly  because 
the  volume  of  circulating  mediums  could  not  be  quickly  contracted. 

That  increase  in  production  of  goods  and  trade  leads  to  increase 
In  circulating  mediums  and  credit  was  amply  demonstrated  during 
the  past  five  years  That  recession  in  production  of  goods  and 
trAde  would  lead  to  contraction  of  currency  and  credits  was  also 
postulated,  especially  as  related  to  banking  credits.  But  that  prices 
could  fall  heavily  while  inflation  of  currency  was  being  increased 
was  not  contained  in  the  quantity  theory  of  money.  Yet  that  is 
exactly  what  is  happening  all  over  the  world.  In  November  and 
December  prices  were  descending  precipitously  almost  everywhere: 
inventories  of  goods  .shrank  overnight;  stocks  and  "bonds  con- 
tracted while  .one  looked  at  them. 

At  the  same  time  the  volume  of  note  circulation  and  of  banking 
credit  was  inflated  almost  to  the  bursting  point.  Other  factors 
continue  to  operate  to  maintain  the  volume  of  note  circulation:  the 
fall  In  prices  does  not  influence  it. 

It  is  true  that  our  per  capita  money  has  increased  slightly, 
(6  per  cent)  during  the  past  year,  and  that  wholesale  com- 
modity prices  have  fallen  considerably  during  the  same  time 
(25  per  cent).  This,  however,  does  not  discredit  the  quantity 
theorj'  of  money  and  prices,  for  this  theory  involves  more 
factors  than  money.  The  editor  of  the  "Post"  overlooks 
the  very  important  factor  of  velocity  of  circulation.  A  study 
of  that  factor  shows  that  its  decrease  entirely  accounts  for 
the  drop  in  wholesale  commodity  prices.  Total  money  in 
circulation    (M)    multiplied    by    the    number    of   times   It   Is 


turned  over  in  a  unit  of  time  (V)  gives  the  total  realized 
demand(D)  for  goods  and  services  or  MxV=:D.  During 
the  past  year  the  total  demand  (D)  has  decreased,  although 
money  (M)  has  increased  slightly:  but  during  the  same  time 
the  rate  of  money  turnover  (V)  has  decreased  slightly  more 
than  prices  have  decreased.  The  result  is  that  commodity 
prices  have  fallen  correspondingly. 

A  complete  quantitative  theory  of  commodity  prices  was 
published  in  our  issue  of  April  7.  1920:  and  it  was  there 
shown  that  the  following  formulas  gives  wholesale  index 
prices   of  commodities   with    great    accuracy: 

M  X  V 

W  = 

2xPxE 

Mr:=  total    money    in    circulation. 

V=r  velocity  of  circulation. 

P:=r  total   population. 

E  =  per  capita  productivity. 

W=:  wholesale  index   price  of  commodities. 

Thi.?  formula  agrees  closely  with  the  actual  wholesale  in- 
dex prices  of  the  Bureau  of  Labor  for  every  year  for  a  third 
of  a  century,  including  the  calendar  year  1020.  The  formula 
may  be  designated  as  a  quantitative  theory  of  money  and 
prices,  but  it  clearly  makes  evident  the  fact  that  there  are 
three  factors  other  than  money  which  must  all  be  consid- 
ered in  any  correct  analysis  of  changes  in  commodity  price- 
levels. 


Let  Contracts  Early 

The  past  year  from  a  higliway  construction  standpoint  was 
a  sad  disappointment.  It  started  with  every  indication  of 
being  "the  big.eest  road  building  year."  but  the  scarcity  and 
inefficiency  or  labor  and  above  all  the  difficulties  of  getting 
materials  due  to  railroad  congestion  early  hampered  construc- 
tion operations  and  later  resulted  in  almost  complete  stop- 
ping of  contract  letting.  But  conditions  are  different  now. 
For  the  first  time  in  5  years  the  railways  have  a  surplus  of 
cars  and  locomotives.  This  condition  cannot  last.  The  farm- 
ers will  not  Hold  their  crops  indefinitely.  Industry  is  not 
down  and  out.  It  will  not  be  long  before  the  transportation 
facilities  of  the  railroads  will  be  in  greater  demand  for  mov- 
ing wheat  and  corn  and  factory  products. 

Public  officials  should  take  advantage  of  the  present  sit- 
uation by  an  early  letting  of  contracts.  By  so  doing  the  suc- 
cessful bidders  will  be  able  to  place  their  orders  at  a  time 
when  manufacturers  can  ship  promptly  and  the  railways  can 
deliver  quickly.  Some  highway  commissions  realize  this.  The 
Iowa  Highway  Commission,  for  instance,  says  in  its  October- 
November  Service  Bulletin: 

The  Highway  Commission  urges  upon  contractors  the  purchase 
and  storage  of  rufllcient  buildinif  materials  during  the  winter 
months  to  if  possible  completo  their  work  under  contract.  To  fur- 
ther the  storage  of  materials  in  large  quantities  it  will  allow  esti- 
mates  up  to  90  per  cent  of  all  materials  properly  stored.  | 

Preparation  for  lettings  on  a  number  of  projects  is  being  rushed 
in  order  that  successful  contractors  may  have  an  opportunity  to 
.get  into  the  market  and  make  winter  purchases  of  materials  and 
in  order  that  tliey  may  profit  by  any  transportation  advantages 
that  can  be  secured  during  the  winter  months.     »'    *     • 

The  Commissior  docs  not  :inticipate  much  further  If  any  reduc- 
tion in  fhr-  price  of  building  materials.  The  advmtage  to  be  gained 
by  securing  materials  and  having  them  at  hand  promptly  when 
the  season  opens  would  seem  to  offset  any  possible  advantage  in 
priC2  that  can  reasonably  be  anticipated. 


Road  School  for  Kansas  County  Engineers. — The  Kansas 
State  Agricultural  College.  Manhattan.  Kan.,  will  hold  a  road 
school  for  county  engineers  from  Feb.  8  to  IS.  The  coursfr 
will  Include  9  lectures  on  general  economics  and  9  lectures 
on  engineering  economics.  There  also  will  be  the  following 
courses,  which  will  each  occupy  3  hours  per  day  for  9  days; 
only  two  of  these  can  be  chosen  by  a  student:  1.  Surveying, 
2.  Concrete:  Materials  and  Manipulation.  3.  Retaining 
Walls  and  Foundations.  4.  Design  and  Erection  of  Steel  High- 
way Bridges,  -t.  Design  and  Construction  of  Reinforced 
Highway  Bridges.  6.  Testing  of  Non-Bituminous  Highway 
Materials.  7.  Bituminous  Materials  and  Their  Tests.  8.  Con- 
struction and  Maintenance  of  Roads  and  Pavements.  9.  Prep- 
aration of  Federal  Aid  Pians.  10.  Economics  of  Highway  Lo- 
cation and  Construction  as  Applied  to  the  County  System.  L. 
E.  Conrad.  Professor  of  Civil  Engineering,  is  in  charge  oil 
the  Road  School. 
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Formulas  for  Determining  Width  of      Density  Tests  of  Concrete  Made 
Roadway  Under  Actual  Road  Building 


To  the  Editor:  In  your  issue  of  Sept.  1,  1920  (p.  201), 
appears  an  article  by  Mr.  R.  C.  Barnett,  entitled  'The  Devel- 
opment of  an  Economic  Theory  of  Highway  Transportation." 
In  this  article  on  page  202  he  quotes  two  formulas  which  he 
credits  to  me.  Evidently  these  formulas  were  taken  from 
an  article  which  I  wrote  especially  for  your  paper  and  which 
appeared  in  the  issue  of  April  2.  1919  (p.  328).  I  find  on 
careful  examination  that  the  formulas  in  Mr.  Barnetfs  article 
are  not  the  same;  either  they  have  been  changed  to  suit  his 
needs  or  were  erroneously  deduced. 

In  determining  width  of  roadway  required  for  one  line  of 
traffic,  where  b'  equals  overall  width  of  vehicle  in  feet  and 
S  equals  maximum  speed  in  miles  per  hour,  Mr.  Barnett  gives 

.the  formula: 

s 

Width  required  for  one  line  of  traffic  =  b'H . 

10 
An  inspection  of  Table  I  in  the  article  of  April  2,  1919  (p. 
:32S),  indicates  the  formula  to  be:  Width  for  one  line  of 
traffic  =  b'+ 1  + S '10.  Mr.  Barnetfs  version  would  provide 
no  clearance  for  standing  traffic.  In  recent  work  I  have 
changed  this  formula  (tor  minimum  value)  to  equal  b'  +  Va  + 
g 
—    The  other  formula  for  "allowable  density"  is  given  by  Mr. 

10 

5280  S 

"Barnett  as  13t  = in  which  Dt  equals  "traffic  density" 

2S=„,  +  V 
■or  number   of   vehicles   passing    per    hour.     S,,.   equals   maxi- 
mum speed  in  miles  per  hour.     V  equals  length  of  vehicle  in 
feet.     The  original  formula  as  given  by  me  was: 

Maximum  number  of  vehicles  per  hour  per  line  of  traffic 
5280  X  Average  miles  per  hour 


Conditions 


Headway 
SA  equals  Average  speed  in  miles  per  hour  of  a  given  line  of 
■vehicle.  S.„  equals  Maximum  (permissible)  speed  allowed 
in  miles  per  hour.  F  equals  factor  of  safety  (see  article), 
usually  2.  Mr.  Barnetfs  version  gives  exceedingly  low  values. 
While  these  formulas  are  simple  they  should  be  stated  ac- 
curatelv.  H.  J.  FIXMER. 

Paving  Engineer,  Board  of  Local  Improvements. 
Chicago. 


American  Engineering  Council  to  Meet  at  Syracuse.--The 
"Executive  Board  of  the  American  Engineering  Council  of  the 
Federated  American  Engineering  Societies  will  meet  Feb 
14  at  Syracuse,  N.  Y.  Herbert  Hoover  will  be  the  principal 
speaker,  and  it  is  expected  he  will  outline  the  new  council's 
plans  for  dealing  with  industrial  relations  and  particularly 
with  human  waste  as  it  affects  the  present  army  of  unem- 
ployed. Mr.  Hoover  will  sound  the  keynote  of  the  American 
engineer  in  urging  co-operation  with  Congress,  with  labor  or- 
ganizations, chambers  of  commerce  and  other  bodies  in  the 
campaign  planned  by  the  council  to  remedy  economic  ius. 
The  Syracuse  meeting  will  mark  the  beginning  of  a  move- 
ment to  organize  the  engineers  on  a  territorial  basis.  As  a 
result  of  a  report  submitted  to  the  council  by  Mr.  Hoover, 
-the  council  will  probably  encourage  the  formation  of  state  en- 
gineering councils,  a  process  already  under  way  in  many 
states,  including  Massachusetts  and  Minnesota.  Many  engi- 
neers are  in  favor  of  councils  of  engineers  in  every  state_  as 
territorial  of  the  Federated  American  Engineering  Societies. 
A  federation  of  New  York  State  engineers,  it  is  said,  is  a 
T)robabilty  of  the  near  future. 

Evolution  of  Illinois  Pavements.— "Traffic  demands  wider 
and  thicker  pavements,"  declares  S.  E.  Bradt,  of  the  Illinois 
Highwav  Commission,  in  a  recent  article  on  the  evolution  ot 
the  Illinois  Highway  Specifications.  In  191^.  Illinois  plans 
called  for  concrete  pavement  slabs  6  in.  thick  laid  on  crowned 
subgrade.  In  191.5  the  subgrade  was  made  Hat  "'"^'■easing  tne 
thickness  of  the  center  of  the  slab  to  7  in.  In  1919  this 
thickness  was  increased  to  8  in.  in  the  center  and  7  in.  at 
the  edges.  Present  plans  call  for  slabs  S  in.  thick  both  center 
and  sides.  Widths  called  for  have  advanced  from  10  ft.  in 
1913,  to  16  and  18  ft.-Service  Bulletin  of  Iowa  Highway 
■Commission. 


Density  tests  of  concrete  made  under  actual  road  build- 
ing conditions  in  Iowa  gave  results  that  compared  very 
favorably  in  the  important  factor  of  density  to  test  blocks  of 
concrete  produced  under  laboratory  conditions.  Out  of  27 
tests,  upon  eight  different  paving  projects  none  showed  a 
lower  density  than  that  in  tests  of  similar  quality  concrete 
previously  made  under  laboratory  conditions  which  showed 
a  range  in  density  from  70  to  80  per  cent.  The  results  of 
the  tests  are  summarized  in  the  following  table: 


Mixture. 
t-2-3% 
1-2-3V4 
1-2-3% 
1-2-3% 
]-2*-l 
1-2.4-2.4 
1-2.4-2.4 
1-3% 


Tamping 
method. 
]\iachine 
Slachine 
Machine 
Machine 
Machine 
Hand 
Hand 
Machine 


Material. 
Screened 
Screened 
Screened 
Screened 
Screened 
Screened 
Unscreened 
Unscreened 


No.  of 
specimens. 
2 
4 
4 
4 
4 
2 
3 
4 


Average 
density. 

.792 

.824 

.809 

.826 

.722 

.770 

.755 

.754 


The  methods  of  making  the  tests  and  the  purpose  for  which 
they  were  made  are  outlined  as  follows  in  a  Service  Bulletin 
of  the  Iowa  Highway  Commission: 
In  brief  the  objects  of  the  tests  were: 

To  acquire  data  upon  which  to  base  estimates  of  quan- 
tities of  materials  in  the  concrete. 

To  compare  compactness  of  concrete  tamped  in  various 
ways. 

To  compare  compactness  of  concrete  of  various  propor- 
tions of  cement,  sand  and  rock. 

In  carrying  out  the  tests,  molds  having  a  tight  bottom  and 
of  accurate  inside  dimensions  so  that  their  volume  was  ac- 
curately known,  were  set  upon  the  subgrade  and  the  con- 
crete operations  allowed  to  pass  over  them.  After  the  pave- 
ment w^as  finished  and  before  the  material  had  time  to  set, 
the  molds  were  pulled  out  and  specimens  of  concrete  in  the 
exact  degree  of  compactness  of  the  rest  of  the  pavement 
thus  secured.  While  still  green,  the  cement  was  separated 
from  the  coarse  aggregates,  and  both  dried  and  weighed. 
The  specific  gravity  of  the  materials  being  known  it  was 
then  possible  to  compute  the  total  amount  of  space  occu- 
pied by  the  material.  The  ratio  of  this  solid  volume  of  ma- 
terial to  the  total  volume  of  the  mold  is  a  measure  of  the 
compactness  of  the  concrete.  When  expressed  as  a  percent- 
age of  the  total  volume  it  is  called  the  density  of  the  con- 
crete. 

Conclusions  to  be  drawn  from  the  27  tests  made  by  the 
Materials  and  Testing  Department,  are  that  present  day 
methods  of  concrete  road  building  are  giving  concrete  of  a 
density  that  compares  favorably  with  that  of  concrete  made 
under  laboratory  conditions. 

That  under  favorable  construction  methods  the  data  indi- 
cates that  with  1:2:3%  proportions,  machine  finished  con- 
crete will  be  80  per  cent  dense. 

That  good  uniform  pit  run  gravel  containing  70  per  cent 
sand  and  mixed  in  the  proportion  of  1:3%  and  machine 
tamped  will  yield  concrete  75  per  cent  dense. 

These  tests  indicate  a  method  of  computing  quantities  of 
materials  for  mixtures  containing  varying  percentages  of 
sand.  If  the  cement  is  varied  to  keep  the  concrete  at  equiva- 
lent strength  the  density  will  decrease  as  the  sand  content 
of  the  aggregate  increases. 

The  results  of  the  tests  so  far  have  been  very  reassuring 
as  far  as  construction  practices  and  inspection  methods  are 
concerned.  The  tests  were  made  on  the  various  jobs  at  times 
when  the  construction  force  knew  nothing  of  them  in  ad- 
vance and  they  represent  actual  construction  practice.  The 
tests  will  he  continued  next  year  upon  a  large  number  of 
projects  and  under  more  varied  conditions. 


Oregon  Roads  Not  to  Be  Surfaced  Until  Base  Has  Stood 
Season's  Traffic— The  Oregon  State  Highway  Commission,  ac- 
cording to  the  Service  Bulletin  of  the  Iowa  State  Highway 
Commission,  has  announced  that^^ereafter  it  will  be  a  settled 
policy  that  no  surfacing  will  be  done  on  any  road  until  the 
base  has  withstood  traffic  for  one  or  more  seasons  and  been 
thoroughly  beaten  down  by  actual  traffic.  It  is  announced 
that  approximately  100  miles  of  road  will  meet  these  condi- 
tions for  paving  during  the  1921  season. 
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State  Highway  Construction  in  1920  and   1921 


Alabama. 
The  tdtal  expenditure  in  VXM  under  tlie  direction  of  the 
Plate  Highway  Department  for  roads  completed  in  that  year 
•was  $l,n«8.4G5.  In  addition  $55,000  was  expended  for  con- 
crete bridge  work.  The  mileage  completed  during  1!120,  and 
Its  cost  were  as  follows: 


AVERAGE    UNIT    PRICES.    1920. 


Total 

Miles. 

cost. 

10.54 

?S39,10B 

29.03 

190.204 

80.45 

492.;i29 

3.19 

40.827 

Av.   ccst 

per  mile. 

$42,943 

6,5S2 

5,695 

14,679 


1,  1921   (contracts 


Type  of  roads. 

Asphalt    pavement    on    con- 
crete ba.se 

Gravel   and   chert 

Sand-olay  

Road   graded 

The  mileage  under  construction  on  Jan. 

carried  over  from  1920)  was: 

Miles. 

Asphalt  pavement  on  concrete  base „*-JJ 

Gravel  roads  1,?,, 

Sand-clay    "'■•'■' 

The  estimated  expenditure  for  1921  is  $5,69S.729.  of  which 
the  state's  share  is  $2,796,804.     The  total  includes  a  concrete 
steel   bridge   estimated   to   cost   $142,932.     The  types   of 


and 


and   estimated   costs   are  as   follows: 


construction 

Type  of  roads.  ^^}r% 

Bituminous  macadam io,i= 

Gravel  roads   ?,  iq 

Sand-olay   "^-^ 

Asphalt  pavement  i--^^ 

Ala.,    is  State    Highway    En- 


Estimated  cost. 
$1,820,995 
3,046.045 
539,195 
124. 55S 


w.  s. 

gineer. 


Keller,    Montgomery, 


Arkansas. 

The  following  statistics  were  compiled  by  the  State  High- 
way Department,  of  which  V.  P.  Knott  is  State  Highway  En- 
gineer, from  information  furnished  by  the  various  road  im- 
provement districts  in  the  state: 

Under   construction, 
1920. 

Est.  cost, 

including 

^ading^  and 

structures. 

$  1,265,000 

23,500,000 

5,000,000 

5,120,000 


Type. 


Miles. 


Estimated 
expendi- 
tures   in 
1920. 


Earth     4c"4 

Gravel     2.326 


451 
309 


Macadam 

Penetration    

Macadam,  asphal- 
tic,  concrete 300 

Concrete    187 

Miscellaneous  ex- 
pen  d  1 1  u  r  e  s, 
bridges,  etc 

Totals    4.037 


379.500 
7.050,000 
1.500.000 
1,536,000 


Approxi- 
mate funds 

available 
for  1921 

upon  old 

contracts. 

$  400,000 
9.000.000 
2.000.000 
2,000.000 


9,225.000 
7.200,000 


4,700,000 
$56,010,000 


2.767.500 
2.160.000 


1.410,000 


$16,803,000 
approximately 


3,600,000 
2.880.000 


1,880.000 

$21,760,000 
30   per   cent 


Average 

cost   per 

mile. 

$  9,000 

12,000 

39,000 


The   work  on   the  above  mileage   is 
completed. 

The  State  Highway  Department  does  not  have  direct  charge 
of  construction,  this  work  being  entirely  in  the  hands  of 
local  boards.  The  above  figurea  therefore  should  be  regarded 
only  as  approximate  estimates. 

Colorado. 
HIGHWAY  CONSTRUCTION  IN  1920. 
Av.  width         Average 
Tvpc  nf  road.  Miles.         surfaced.         thickness 

feet.  in  Inches. 

Grading      64  ..  ■.. 

Gravel    surface 46  16  6 

Concrete    20  18  6% 

PROBABLE  CONSTRUCTION  IN  1921. 
Type  of  road.  Miles.    -Vmount   available'. 

Concrete    28    I  .„,„„»„„ 

Oravel 100    \         $3,400,000 

Grading    57  J 

AVERAGE   UNIT   CONTRACT  PRICES  IN   1920. 

Concrete  bridges,  per  cu.  yd ^^SSS 

Concrete  pavements,  per  sq.  yd 2.78 

Common  excavation,  all  other  than  rock,  per  cu.  yd 48 

Rock  excavation,   per  cu.   yd 2.02 

Earth  excavation  lor  pavement,  per  cu,  yd 1.33 

J.  E.  Maloney,  Denver,  Col.,  is  engineer  State  Highway 
Commission  of  Colorado. 

Connecticut. 
Owing  to   freight  and   material   conditions   the   amount  of 
state  highway  construction  last  year  in  this  state  was  very 
small.     The   following  tables  show  the   1920   conditions  and 
the  average  unit  prices: 

CONSTRUCTION,  1920. 

Average 

Type.  Miles.  width. 

Ft. 

16 

16 

18 

18 

18 

18-20 


Graded   

Gravel   

Macadam   

Bit.  macadam. 
Bit.  concrete. . 
Concrete   


1.93 

17.07 

17.70 

10.30 

7.78 

8.45 


Thick- 

Average 

ness. 

cost   per 

In. 

mile. 

» 

$12,000 

8 

16,000 

7 

20.000 

3  top  7  base 

40.000 

2  top  6  base 

59,000 

8-6 

59,000 

Telford,    sq.    yd $1.10 

.'-standard  catch  basin,  each.75.00 

Graded,    sq.    yd 80 

Gravel,   .sq.   yd 1.10 

Macadam,   sq.  yd 1.70- 

'A-\n.  bit.  macadam,  sq.  yd.  1.20 
5-in.  stone  base.  sq.  yd....  1.10 
Bit.  concrete  top,  sq.  yd....   2.00 

Concrete  base,   sq.   yd 1.70 

Concrete,  sq.  yd 3.40 


Earth  excavation,  cu.  yd... $1.60 
Borrow  excavation,  cu.  yd..  1.50 
Rock  excavation,  cu.  yd....  5.00 
Wet  excavation,  cu.  yd....  5.00 
1st  class  concrete,  cu,  yd. 25. 00 
2nd  class  concrete,  cu,  yd.. 15. 00 

New   masonry,    cu,   yd 10.00 

14-in.  C.  I.  culvert,  lln.  ft..  2.50 
IS-in.  C.  I.  culvert,  lln.  ft..  3.25 
24-in.  C.  I.  culvert,  lln.  ft..  4.00 
30-in.  C.   I.  culvert,  lin.  ft..   5.00 

The  appropriation  on  the  1921  work  has  not  yet  been 
made  by  the  State  Legislature.  Charles  J.  Bennett,  Hart- 
ford,  Conn.,  is   State   Highway  Commissioner. 

Delaware. 

HIGHWAY  CONSTRUCTION  IN  1920. 

Average  Average  Average 

width   sur-  thickness  cost  per 

Type  of  road.  Miles,      faced,  ft.  in  inches.  mile. 

Cement  concrete 48  16  7%  $55,000 

Penetration  macadam  . .     9  14  8  30,000 

25%  increase  over  1919  cost. 

PROBABLE  CONSTRUCTION  IN  1921. 


Type  of  road. 

Cement  concrete   

Penetration  macadam 


Miles. 

60 

6 


Amount 
available. 

$3  500.000 


The  average  unit  contract  price  last  year  for  cement  con- 
crete pavement  was  $18  per  cubic  yard,  and  for  excavation 
$1.50  per  cubic  yard.  In  1919  the  prices  were  $14  per  cubic 
yard  and  $1.25  per  cubic  yard. 

Owing  to  the  fact  that  the  program  of  the  State  Highway 
Department  for  the  year  1921  is  dependent,  in  part,  upon 
the  action  of  the  State  Legislature  which  is  now  in  session, 
it  is  not  possible  to  present  a  definite  program  for  the  pres- 
ent year.  There  will,  however,  be  placed  under  construction 
approximately  20  miles  of  16  ft.  concrete  road,  completing 
the  98-mile  boulevard  constructed  from  the  private  funds  of 
T.  Coleman  DuPont.  In  addition  it  is  hoped  to  let  approxi- 
mately 20  miles  of  State  Highway  and  30  miles  of  State  Aid 
Highway,  the  cost  of  the  latter  being  paid  for  jointly  by 
the  state  and  counties.  There  remain  56  miles  of  roadway  yet 
to  be  constructed  under  existing  contracts.  It  is  expected  this 
will  be  completed  during  the  coming  season.  New  Castle 
County  will  continue  and  probably  complete  the  work  be- 
tween Newark  and  Wilmington  which  is  on  the  main  route 
between  Philadelphia  and  Baltimore.  This  work  has  been 
in  progress  for  several  years  and  is  now  nearing  completion. 
Charles  M.  Upham,  Dover,  Del.,  is  chief  engineer  State 
Highway   Department. 

Idaho. 
During  1919  and  1920  10  miles  of  paved  roads.  380  miles 
of  gravel  road  and  275  miles  of  earth  road  were  completed  in 
this  state.  The  construction  program  for  1921  has  not  yet 
been  announced.  It  is  dependent  on  acts  of  State  Legislature 
and    Federal   aid. 

Illinois. 
During  1920  341  miles  of  hard  surfaced  roads  were  com- 
pleted: practically  all  of  this  construction  was  concrete,  built 
under  the  state  1919  specifications  which  called  for  a  thick- 
ness of  8  in.  in  the  center  and  7  in.  at  the  sides.  The  1920 
specifications  called  for  a  uniform  thickness  of  8  in.  through- 
out the  entire  pavement.  The  mileage  completed  during 
1£20  is  distributed  as  follows: 

Miles. 

Lincoln   Highway    51 

Dixie    Highway    46 

National  Old  Trails  Rnart   69 

Chicago-East  St.  Louis  Road    113 

Chicago -Waukegan  Road   9 

State  Aid  Work 53 

341 
There  are  still  uncompleted  contracts  on  the  above  roads 
approximately   as   follows: 

Miles. 

Lincoln   Highw.ay    12 

Dixie  Highway   20 

National  Old  Trails  Road   48 

Chicago-East   St.   Louis  P.oad    71 

Chirago-Waukegan   Road    11 

Slate  Aid  Work  : 28 

190 

In    addition,    contracts    were    awarded    in    1920    for    134.95- 

miles  of  grading  and  81  bridges  on  the  Bond  Issue  System; 

involving  a  total  amount   of  $3,427,070.     Of  these  contracts,. 

56.77  miles  of  grading  and  30  bridges  have  been  completed. 


(28) 
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A  recent  bulletin  of  the  State  Division  of  Higliways  has  the 
lollowing  regarding  the  1920  work: 

Th--  completion  of  341  miles  of  durable  roads  during  the  year  is 
more  than  we  anticipated  could  be  buUt  when  we  faced  the  car 
shortase  and  rulings  of  the  Interstate  Commerce  Commission  early 
in  the  season.  The  effort  put  forth  by  the  Department  and  the  con- 
tractors would  easily  have  built  double  the  mileage  if  conditions 
had  been  favorable.  At  the  beginning  of  the  season  there  were 
approximately  100  paving  machines  on  the  ground  set  up  "ready 
to  go-  only  waiting  for  the  materials  to  be  delivered.  Not  more 
than  53  of  these  equipments  were  in  use  at  any  one  time  during  the 
season,  and  the  average  through  the  season  was  considerably  under 
that  number.  This  situation  would  indicate  that  double  the  amount 
of  work  could  have  been  accomplished  if  the  railways  could  have 
transported  the  necessary  materials. 

The  record  of  the  year  should  not  be  closed  without  giving 
credit  to  the  contractors  who  fought  determinedly  to  complete 
thei-  contracts  even  in  the  face  of  this  discouraging  situadon.  The 
public  should  know  that  the  increased  cost  of  labor  and  materials, 
as  well  as  the  intermittent  supply  of  materials,  causing  the  con- 
tractors to  close  down  work  for  a  day  or  a  week  at  a  time,  while 
being  obliged  to  keep  their  men  on  the  pay  roll  in  order  that  their 
organization  should  not  be  dissipated,  has  in  many  cases  meant 
the  absorption  of  all  their  profits  and  in  some  instances  even  a 
direct  loss.  The  contractors  should  also  be  commended  for  their 
effort  to  conform  strictly  to  the  speciflcations  of  the  Department 
In  producing  a  road  of  good  quaUty  despite  the  unfavorable  condi- 
tions with  which  they  had  to  contend. 

It  is  not  possible  at  the  present  time  to  definitely  outline 
the  1921  program.  However,  the  State  Division  of  Highways 
of  which  Clifford  Older  is  chief  highway  engineer,  is  pre- 
paring to  call  for  bids  in  the  early  spring,  and  no  doubt  will 
continue-  to  award  contracts  tor  grading  and  bridge  worli,  as 
well  as  pavement  work,  it  conditions  are  favorable. 

The  above  mentioned  bulletin  also  gives  some  information 
regarding  the  outlook  for  the  present  year.  We  quote  from 
It  as  follows: 

In  November,  1918,  the  people  approved  the  issuing  of  $60,000,000 
In  bonds,   the  proceeds  of  which  were   to  be  used  in   the   improve- 
ment of  a  State  wide  system  of  4,800  miles  of  the  main  highways 
of   Illinois.      Of    this    mileage    approximately    650    miles    have 
improved:  and  162  miles  are  under  contract,   the  cost 
tion   to   be   paid   out  of   Federal-State    funds   already   appropriated. 
There  remains  therefore  4,000  miles  of  the  System  still  unimproved. 
Non3  of  the   $60,000,000  has  been   issued.     In   addition   to   the  fund 
to  be  derived  from  the  $60,000,000  bond  issue,  it  is  anticipated  that 
Federal  appropriations  will   be  continued.     These  two  sources 
undoubtedly   yield   a   sufflcient   fund   to   carry   on   the 
work  f  jr  the  next  few  years. 

The  indications  now  are  that  building  conditions  are  gradually 
improving.  We  can  safely  look  for  cheaper  materials  and  a  larger 
supply  of  labor  at  less  cost,  as  well  as  an  improved  transportation 
situation.  It  is  possible  that  during  the  coming  year  (1921)  we 
may  t-ee  the  cost  of  road  building  decreased  to  prices  prevailing  in 
the  spring  of  1919,  with  a  possibility  of  even  a  greater  reduction 
in  the  following  year.  It  is  also  the  opinion  of  the  majority  of  the 
prominent  financiers  of  the  country  that  within  the  next  few 
months  the  forces  now  working  towards  a  readjustment  in  all 
lines  will  bring  about  a  corresponding  readjustment  of  interest 
rates,  which  would  mean  the  ability  of  the  State  to  market  its 
road  bonds  on  a  mor«  satisfactory  basis  than  at  present. 

It  the  hopes  of  the  Department  are  realized  in  these  respects 
then  a  large  par:,  of  the  4,000  miles  still  unimproved  will  be  built 
during  the  administration  of  Governor-elect  Small.  It  is  well 
known  that  he  favors  as  diligent  a  prosecution  of  this  work  as  Is 
consistent  with  sound  business  principles.  He  is  ready,  whenever 
the  prices  of  materials  have  reached  a  satisfactory  basis,  to 
authorize  the  letting  of  contracts  as  rapidly  as  plans  and  specifica- 
tions ran  be  prepared  for  as  many  miles  as  can  be  built  during  the 
1921  season. 

With  the  readjustment  of  general  conditions,  which  we  all  con- 
fidently expect,  the  people  of  Illinois  can  look  forward  to  the  com- 
pletion of  its  State-wide  system  within  a  comparatively  few  years. 

The  bond  Issue  law  provides  that  as  far  as  it  is  practically 
possible,  work  shall  be  carried  on  in  tha  different  sections  of  the 
State  at  the  same  time.  It  is  needless  to  say  that  this  plan  will 
be  put  into  effect:  and  that  the  construction  of  the  bond  issue 
roads  will  be  scattered  generally  over  the  State;  however,  looking 
towards  connecting  the  1921  work  as  rapidly  as  possible  with  the 
roads  already  completed.  This  must  be  done  in  order  to  give  the 
people  the  greatest  benefit  within  the  shortest  space  of  time.  Out- 
side of  the  provisions  of  the  bond  issue  law,  it  is  desirable,  owing 
to  transportation  facilities,  to  scatter  the  work  in  order  to  bring 
into  use  in  the  handling  of  materials  as  many  as  possible  of  the 
principal  railway  systems. 

Iowa. 
In  spite  of  handicaps  due  to  lack  of  materials  and  shortage 
of  transportation  facilities  excellent  progress  was  made  last 
road   constniction.      The   following   table   shows   the 


Permanent  grading 

Graveling     

Paving    

Tilln.g  (lineal  feet) 


been 
construc- 


will 
construction 


year  on 


work  done  to  Dec.  1  on  9G  Federal  aid  and  primary  road  proj- 
ects In  66  counties: 

Mileage  Mileage 

in  contract.  oOmpIeted. 

972.83  M9.03 

224.54  102.52 

164.36  46.58 

2,380.000  1,061,500 

Of  the  above  amount  of  permanent  grading  697  miles  rep- 
resents permanent  grading  not  at  present  under  contract  to 
be  covered  fay  any  form  of  surfacing.  The  remainder  of  the 
permanent  grading  is  in  connection  with  paving  and  gravel- 
ling projects.  Out  of  the  697  miles  of  earth  roads  under 
contract  309. S2  miles  were  reported  complete  on  December  1st 

A  summary  of  the  work  of  the  Department  of  Road  Ad- 
ministration for  the  year  ending  Dec.  1,  1920,  is  as  follows: 

Projects  outlined — 

Federal  a  id  projects  6 

Primary  road  projects   !.!!!!  96 

Project  statements  approved — 

Federal  aid  projects   45 

Primary  road  projects   33 

Estimated  cost — 

Federal    aid   projects    %  8.842.425  10 

Primary  road  projects  10.289.946.68 

Federal  aid  requested  on   federal  aid  projects   3,455,100.00 

In  this  connection  it  might  be  added  that  all  federal  aid 
projects  that  have  thus  far  been  submitted  have  been  ap- 
proved. It  Is  not  contemplated  that  any  additional  federal 
aid  projects  will  be  submitted  until  additional  appropriations 
for  this  work  have  been  made  by  Congress. 

Plans  and  specifications  for  48%  projects  have  been  sub- 
mitted to  the  Bureau  of  Public  Roads.  These  plans  con- 
template improving  approximately  638  miles  of  road  at  an 
estimated  cost  of  $13,374,639. 

Plans  and  specifications  for  36  primary  road  projects  have 
been  submitted  to  the  board  of  supervisors  involving  the 
improvement  of  approximately  32.5  miles  of  road  at  an  esti- 
mated cost  of  approximately  13,690,000. 

Projects  agreements  covering  46%  federal  aid  projects,  in- 
volving a  total  mileage  of  597  miles  have  been  executed  by 
the  Secretary  of  Agriculture.  Approximately  $5,605,000  of 
federal  aid  funds  have  been  obligated  in  these  agreements. 
Incidentally,  it  might  be  mentioned  that  all  funds  that  must 
be  obligated  by  July  1,  1921,  are  already  covered  by  project 
agreements,  leaving  until  July  1,  1922,  to  cover  the  remain- 
ing funds  appropriated  tor  this  work.  The  total  amount 
remaining  to  be  obligated  is  approximately  $1,650,000. 

Contracts  have  been  awarded  on  74  different  projects,  in- 
volving a  total  mileage  of  approximately  790  miles  and  a 
total  estimated  expenditure  of  approximately  $11,500,000. 

The  above  are  the  principal  results  secured  through  the 
Department  of  Road  Administration  during  the  past  year. 
Bids  are  being  received  on  a  considerable  amount  of  work  for 
1921  construction.  Excellent  competition  is  prevailing,  par- 
ticularly on  grading  projects.  On  the  basis  of  recent  bids  it 
would  appear  that  the  1921  grading  work  will  be  approxi- 
mately 25  per  cent  cheaper  than  average  prices  prevailing 
for  1920  construction.  Good  competition  was  also  secured 
at  paving  lettings.  F.  R.  White,  Ames,  la.,  is  chief  engineer, 
State  Highway  Commission. 

Kansas. 
HIGHWAY  CONSTRUCTION  IN  1920. 


Tvpe  of  road.  Miles. 

Earth     23. S 

Gravel    26.3 

itacadam   13.3 

Concrete    35.6 

Brick    16.5 

PROBABLE  CONSTRUCTION  IN  1921. 

Type  of  road.  Miles. 

Earth     55.6 

Gravel    45.0 

Macadam    24.8 

Concrete     94.8 

Brick    38.2 

The  mileage  completed  in  1919  was  17.67  and  in  1920  97.90. 
The  total  mileage  incompleted  and  tmder  contract  is  300.73. 
The  following  notes  are  from  a  summary  of  the  biennial  re- 
port of  the  Kansas  Highway  Commission  of  which  M.  W. 
Watson  is  State  Highway  Engineer,  submitted  Jan.  1.  1921. 
to  the  State  Legislature. 

During  the  past  two  years  the  highway  program  has  been  sub- 
jected to  one  delay  after  another,  until  out  of  a  mileage  of  357.8S1 
placed  under  contract  it  has  been  impossible  to  complete  more 
than  100  miles.  The  delays  are  chargeable  to  three  primary  rea- 
sons: flrit.  lack  of  adequate  rail  tr.ansportation  for  materials:  sec- 
ond. *he  shortage  of  materials:  third,  labor  difficulties. 


Average 
vidth  sur- 
faced,  ft. 

30 
16  and  IS 
16  and  IS 
16  and  IS 
16  and  IS 

Average 
thickness 
In  inches. 

Average 

cost   per 

mile. 

9 

7»A 
7 
8 

$15,000-20.000 
30.000 
40.000 
60.000 
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The  first  reaison  Is  the  one  that  has  caused  more  trouble  in 
buildins:  highways  than  the  other  two  combined.  The  Interstate 
Commerce  Commission  since  the  railroads  left  Government  control 
has  been  issuing  priorities  and  restrictions  which  have  operated 
against  the  highway  work  in  almost  every  instance,  and  even  when 
special  permission  was  granted  to  furnish  equipment  for  hauling 
of  materials  for  certain  work  it  has  been  withdrawn  shortly  after 
perinisfion  was  granted.  As  a  large  part  of  the  material  entering 
into  our  highway  program  must  be  shipped  by  rail  it  has  proven 
unusually  difficult  to  carry  on  our  program  during  the  past  two 
years. 

.Second.  Highway  work  has  Increased  more  rapidly  during  the 
past  few  years  than  has  the  production  of  materials  required  for 
highway  construction  so  that  the  demand  for  material  exceeds  our 
present  available  supply.  There  are  undoubtedly  many  natural 
resources  that  have  as  yet  been  undeveloped  which  will  eventually 
assist  in  carrying  on  the  program  and  every  facility  should  be  pro- 
vided lor  the  investigation  of  our  resources  with  a  view  to  their 
commercial  development. 

Third.  Labor  conditions  have  affected  the  highway  program  as 
well  as  other  industries.  Labor  has  been  rather  shiftless  and  in- 
clined to  be  indifferent  towards  the  work.  Delays  in  receiving  ma- 
terial requiring  temporary  discontinuance  of  work  has  usually 
caused  the  contractor  to  lose  tl\e  bulk  of  his  force.  The  necessity 
of  vcorganizing  upon  again  starting  work  not  only  delayed  the 
work,  but  Increased  the  cost. 

Sever.al  other  reasons  have  been  responsible  for  a  part  of  the 
delay,  such  as:  sliortage  of  contractors  properly  equipped  and 
trained  in  this  work,  nnaneial  difficulties  and  weather  conditions 
during  the  past  season,  but  none  of  these  have  had  the  effect  of  the 
three  first  mentioned.  The  weather  has  been  unusually  bad  for 
highway  work  during  the  past  season,  but  had  the  material  been 
available  at  the  proper  time  much  more  work  could  have  been  ac- 
complished. Many  of  our  contractors  have  had  no  experience  in 
country  highway  construction;  and,  although  experts  at  city  work, 
have  been  unfamiliar  with  the  difficulties  that  they  have  encoun- 
tered in  the  highway  program  so  that  some  delay  has  been  en- 
countered fiom  this  source.  Financing  an  organization  has  been 
difficult  under  present  conditions,  especially  during  the  last  six 
months. 

Kentucky. 

HIGHWAY  CONSTRUCTION  IN  1920. 


Type  of  road.  Miles. 

Earth    101.2 

Gravel    52.1 

Waterbound  macadam. 110. 6 
Bituminous   macadam.     1.4 


Rock  asphalt  13.4 

Cement  concrete 6.7 

Brick   2.0 

Cinder  1-5 

Surface  treatment  ....100.1 
Widening  old  road 10.0 

The  amount  of  $7,000,000  is  available  tor  1921. 

able  construction  is  as  follows: 


Average 

Average 

Average 

width   sur- 

thickness 

cost   per 

faced,  ft. 

in  inches. 

mile. 

20-24 

10-16 

12-18 

113,000 

14-lS 

7-9 

27,000 

14-18 

7-9 

J  15-2  top    ) 

\    7-9  base  1 

16-20 

34,000 

18-20, 

8  at  center 

43,000 

16 

..... 

10-16 

14-18 

.■?0-24 

The  prob- 


Type   of   road.  Miles. 

Cement  concrete  lO.O 

Bituminous  or  rock  asphalt 60.0 

Waterbound   macadam    50.0 


Gravel     25.0 

Earth    75.0 

Other   types    60.0 

Jos.  E.  Boggs,  Frankfurt,  Ky.,  is  State  Highway  Engineer- 
Maine. 
HIGHWAY  CONSTRUCTION  IN  1920. 


Average 
width  sur- 
Miles.      faced,  ft. 
State  Highways. 
30  18 

18  IS 

18 

State  Aid. 
Gravel   150  18 


Type  of  road. 

Gravel    

Bituminous  macadam. 
Concrete    


Average 
thickness 
in  inches. 

8 
6 

7% 

8 


PROBABLE  CONSTRUCTION  IN  1921. 


Type  of  road. 


Gravel    

Bltuminou.^    macadam 
Concrete   


Miles. 
State  Highways. 
60 


State  Aid. 


60 
60 


J 


Average 

cost   per 

mile. 

(16,000 
32.S00 
41,850 

10,000 

Amoimt 
availal)le. 


$3,500,000 


1,500,000 
engineer,    State- 


Gravel    175 

Paul    D.    Sargent.   Augusta,    Me.,    is    chief 
Highway  Commission. 

Maryland. 
In    1920    the    State    Roads    Commission    of    Maryland    put 
under   construction    or    had    left   over   from    1919,    162    miles- 
of  roads,  which  contracts  were  completed  as  follows: 

lender 


Character  of  construction. 

contract. 
100.4.S 
2.60 

22.26 

7.04 

30.00 

Co 

mpleted 

Sheet  asphalt  on  concrete  base   

Sheet  asphalt  on  old  macadam  or  concrete 
base    

2.60 
19  4^ 

Waterix>und   macadam    

6  50 

Gravel   

19.38 

From  the  above,  it  will  be  seen  that  on  Nov.  15,  1920,  when- 
the  construction  season  ended  tor  the  winter,  the  state,  with 
the  exception  of  about  28  miles,  had  completed  its  construc- 
tion program  for  the  year,  and  this,  despite  the  acute  short- 
age of  transportation,  brought  about  by  lack  of  railway- 
oquipraent  for  transportation  purposes.  Of  the  28  miles  of 
uncompleted  work.  11  miles  were  gravel  contracts  in  South- 
ern Maryland  which  were  let  very  late  in  the  construction- 
season. 

Contingent  on  the  sale  of  $2,000,000  worth  of  state  bonds; 

in  February  and  on  securing  $8fi9,000  from  the  Government 

tor  Federal   Aid   projects.    Maryland    will   have    available   in- 

1921,    for    road,    bridge    and    maintenance,    including    federal, 

slate  and  county  work,  the  following  funds; 

Construction    $6,000,000 

Maintenance     1,600.000 

John  N.  Mackall.  Baltimore,  Md..  is  chairman  and  chief 
engineer  of  the  State  Roads  Commission. 

Mississippi. 
The   work    done   in    1920   is    summarized    in   the   following 
tabulation: 


Project 
number.  County. 

1 Ittawamba    . 

5 Rankin    

6 Newton    .... 

9 Kemper    . . . . 

10 Lincoln     

11 Amite    

13 Madison    

14 George    

15 Wilkinson    . . 

16 Simpson    .... 

17 Hinds    

18 Rankin     

£0 Walthall    ... 

21 Ijowndes    ... 

22 Benton    

24 Marshall    . . . 

2S Lowndes     . . . 

30 Lauderdale 

31 Alcorn    

32 Lee    

36 Walthall    ... 

40 Monroe    .... 

41 -A Wilkinson 

42 Pike    

44 T..awrence    . . 

■17 Holmes     

53 .Adams   

55. .» Panola    

61 Sharkey    

65 Yazoo    

67 Alcorn   

77 Jackson     

80 \dams   

81 Tlolivar   

S4 Jefferson   . . . 

86 Lincoln    . . . . 

.. .  .Pearl   River. 


93... 

369.6 
•Also  $114,292  of  Federal  Aid  vouchers  pending. 


Length  in 

miles. 

Tj 

2:1.6 

I4-ft. 

55.7 

12-ft. 

lt.1 

Earth 

r..B 

12-ft. 

6.S 

16-ft. 

7.0 

8-ft. 

4.2 

14-ft. 

13.6 

Earth 

9.0 

12-ft. 

7.S 

12-ft. 

4.1 

9-ft. 

3.7 

10-ft. 

16.4 

12-ft. 

7.3 

12-ft. 

11. S 

10-ft. 

6.9 

10-ft. 

5.3 

12-ft. 

7.7 

12-ft. 

3.2 

16-ft. 

15.4 

15-ft. 

9.2 

12-ft. 

13.!f 

14-ft. 

7.5 

12-ft. 

9.7 

14-ft. 

10.9 

Earth 

3.7 

12-ft. 

11.6 

12-ft. 

33.7 

Earth 

13.0 

16-ft. 

6.8 

12-ft. 

8.1 

14-ft. 

2.6 

IS-ft. 

3.6 

12-ft. 

4.5 

Ifi-ft. 

35.2 

12-ft. 

3.6 

16-ft. 

12.9 

16-ft. 

g-r.avel $ 

gravel 


gravel . 
gravel . 
gravel . 
gravel . 


gravel . . . 
gravel . . . 
gravel . . . 
gravel . . . 
gravel . . . 
gravel . . . . 
gravel . . . 
gravel . . . 
gravel . . . 
gravel ... 
gravel . . . 
concrete, 
gravel . . . 
gravel . . . 
gravel. . . 
gravel. . . 


gravel . 
gravel . 


gravel . . . 

gravel 

gravel . . . 
concrete, 
gravel . . . 
gravel. . . 
gravel . . . 
gravel ... 
gravel 


Total 

Fed.  aid 

Fed.  aid 

Per  cent 

est.  cost. 

allotted. 

received. 

complete 

$    129,458 

$      60,000 

$  23.060 

55 

53.4S2 

26,741 

4.753 

45 

51.380 

25,690 

25,020 

100 

49.326 

24,663 

12.549 

84,560 

42,280 

34.449 

90 

57.958 

28,679 

18.893 

100 

20,967 

8,000 

3,891 

100 

32.717 

16,358 

5,134 

100 

65.699 

32.849 

30,241 

100 

58,051 

29.025 

24.206 

95 

30,950 

15,000 

15,000 

100 

20,774 

10,387 

25 

143.213 

71,606 

58.089 

95 

53.160 

26,580 

9.355 

85 

109.358 

54,679 

19.359 

42 

r,4  S71 

27.435 

16.318 

60 

7K,48S 

38,244 

11.984 

33 

61.495 

30,747 

12.281 

43.832 

21.916 

40 

565.587 

282.793 

02 

99.513 

49.756 

24.612 

133,670 

66,835 

18,346 

50 

89.617 

44.808 

10,188 

100.062 

50,031 

49.323 

24.961 

IT.  360 

95 

24.236 

12.118 

9,348 

95 

240.483 

74,000 

313.491 

100.000 

12 

249.172 

100.000 

10.715 

20 

49.142 

24.571 

17,922 

100 

129.997 

64.998 

100.544 

50.272 

30.865 

95 

52.224 

26.112 

15.971 

inn 

.snsns 

40.1.51 

35 

3R5..'!04 

1S2.652 

36.415 

61.214 

30.607 

25.88.-; 

100 

114,341 

57.170 

3,742 

22- 

$4,016,579 

$1,872,757 

$545,966* 

(30) 
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It.  is  eslimaied  that  for  vyil  there  will  be  approximately 
$5,000,000  available.  H.  C.  Dietzer,  Jackson,  Miss.,  is  State 
Highway  Engineer. 

Michigan. 

The   sura  of   $10,311,000  will  be  available  for  constructing 


AVERAGE  UNIT  CONTRACT  PRICE  IN  1920. 

Cement  concrete  pavement   3.22 

Excavation  (gravel  surface)   0.58 

Excavation    (.paved   surface)    0.65 

Gravel  surface — 0  to  Vi  mile 0.70 

Gravel  surface — '/^  to  1  mile 0.85 

Gravel  surface — To  I  mile  point   1.00 

Gravel  surface — Cubic  yard  miles 0.45 


MICHIGAN    STATE    TRUNK  LINE    ROADS. 


Class. 
Culv.  . . . 
Clear.  & 
G   &    DS. 

A    

B    

C    

E     

E-Bit  . . . 
Sur.  Tr  . 

F    . .. 

F-Bit.  .  . 
F-Asp.  .. 
F-Mis.  .. 
G     


1917 


Contracts  awarded. 


mis 


Grub. 


ISlil. 

(6) 

S.3S2 
84.347 
17.346 
130.204 
17.371 
47.281 

8.031 


21.552 
3.552 


1920. 
(S) 

17.804 

77.476 

29.422 

175.954 

14.745 

22.240 

17.341 

1.764 

5.5.643 

12.5St 

0.652 

1.366 

0.382 


Totals    

.xNet    mileage    (This   is   total 
more   than   one   contract) 


miles  by   contracts. 


338.066     427.373 

some    mileage    covered    by 


Total. 

(14) 

26.189 

161.823 

46.768 

306.158 

32.116 

69.521 

25.372 

1.764 

77.195 

16.133 

0.652 

1.366 

0.382 

765.439 


Miles.x 
Contracts  completed. 


1918. 


1919. 
(3) 


0.425 
2.161 


0.057 
1.918 


1920. 

(8) 

1.345 

41.619 

15.176 

30.254 

4.223 

5.784 

8.996 


Total. 

(11) 

1.345 

42.044 

17.337 

30.254 

4.223 

5.841 

10.914 


Approx. 
•miles  com 
pleted  to 


1-1-21. 


Ap- 
prox. 
carried 
into  1321. 


0.152 


3.037 
4.918 
0.652 


3.189 
4.918 
0.652 


0.382 


0.382 


4.713     116.386     121.099 
697.919     113.143 


97.2 

27.3 

86.2 

8.9 

40.0 

20.4 

0.0 

23.7 

4.8 

0.7 

1.4 

0.4 

311.0- 

275 


Culv.     . . 
G  &  DS 

A     

B    

C    

E    

E-Bit.     . 
Sur.  Tr. 

F    

F-Bit.     . 
G    


5.983 


FEDERAL,  AID  ROADS. 
(1)         (1)           (1) 

64.307  37.642  52.230  154.179      21.819 

11.875  15.635       27.510     zll.634 

37.861  12.098  41.138       91.097  1.166  15.248 

13.475  4.600  1.284       19.359  

2.530  9.597     18.110     3.999 


33.083 
15.295 
11.068 
18.075 

5.983 


(1) 

54.902 
15.295 
27.482 
18.075 
9.982 


21.196 
3.215 


30.482 
5.285 
0.385 


4.027 
37.271 
25.158 


4.027 
88.949 
33.658 

0.385 


5.884 
2.000 


8.377 
2.618 
0.385 


4.027 
0.072 
3.882 


4.027 

14.333 

8.600 

0.385 


Totals 


5.983     142.584     111.964     176.743     437.274 


xNet   mileage    (This    is    total    miles   by   contract,    some    mileage    covered    by 

more  than  one  contract)   353.209 

Note  z — 11.634  miles  awarded  as  G  &   DS  and  surfaced  by  force    account. 


9.050       52.446       91.485     152.981 


G  &   DS 

B, 

C    

E     

Sur.    Tr. 
P    


ST.VTE    ASSESSMENT 

9  323 
'V,'2.4S9     105.671     "76.641 
12.069          2.927       25.269 
24.332 


1.063 


7.787 


DISTRICT    ROADS. 
11.765       21.088 
2S7.102 
40.265 
:9.978 
5.455 
16.079 


52.301 

'  "s'.e-ie 

5.455 
0.229 


11.962 


51.941 

8.409 


3.453 


4.771 


84.928 

25.215 

13.933 

5.455 

7.626 


140.934 


0.0 

148.831 

33.624 

13.933 

5.455 
15.850 


Totals     64.54S     126.984     134.029       75.396 

xNet    mileage    (This    is    total    miles    by    contracts,    some    mileage    covered    by 

more  than   one  contract)    

COMBINED  TOTALS. 


399.957       15.415       65.121     137.157     217.693 
392.747     210.482 


78.0 
30.1 
45.2 
18.2 
15.8 

"V.O 

51.7 

8.5 

0.4 

251.9 

215 


18.1 
208.7 
36.2 
14.1 
5.5 
15.9 

298.5 

293 


64.6 

19.5 

220.0 

23.2 

29.5 

5.0 

1.8 

53.5 

11.3 

0.0 

0.0 

0.0 

428.4 

4  3 


76. 
9.0 

45.9 
1.2 
2.3 

"b'.o 

37.3 

25.2 

0.0 

197.1 

138 


3.0 

78.4 
4.0 

15.9 
0.0 

00.2 

101.5 
100 


All  Roads. 


Culv.  . . 
Clear.  & 
G  &  DS 

A    

B    

C     

E    

E-Bit.  . 
Sur.  Tr. 

F    

F-Bit.     . 
F-Asp. 
F-Mis.     . 
G    


Grub. 


52.489 

12.059 

5.983 


73.630 

143.532 

16.402 
2.530 


29.259 
3.215 


(7) 

8.382 

121.989 

29  221 

218!943 

47.240 

81.210 

S.031 

'59'.82i 
8.837 


0.385 


(8) 

17.807 

141.471 

45.057 

269.393 

16.029 

27.886 

17.341 

11.246 

93.143 

37.739 

0.652 

1.366 

0.382 


(15) 

26.189 

337.090 

74.278 

684.357 

91.730 

117.609 

25.372 

11.246 

182.223 

49.791 

0.652 

1.366 

0.767 


13.128 


9.337 
2.000 


(4) 

'2"2'.'244 
2.161 

67.189 
8.409 
4.056 
1.918 

13.360 
2.61S 


(8) 
1.345 

74.702 

30.471 

126.250 

47.513 

25.700 

8.996 

9.482 

10.735 

8.800 

0.652 


(12) 

1.345 
96.946 
32.632 
206.567 
55.922 
29.756 
10.914 

9.482 
33.372 
13.418 

0.652 


0.385 


0.3S2 


0.767 


Total     

Net  mileage 

Note  * — Approximate   total  miles  constructed   under 


Culv. — Culverts  only  (Number). 

Clear.  &  Grub. — Clearing  ancj  Grubbing. 

G  &  DS — Grading  and  Drainage  Structures. 

A — One  Course  Gravel  or  Stamp-sand. 

B — Two  Course  Gravel. 

C — Stone  or  Slag  Ease-Gravel  Top. 

E — Waterbound  Macadam. 


70.631     268.568     584.059     679.512  1602.670       24.465     122.280     345.028     491.773 

1440.684     464.559 

both   completed  and  uncompleted   contracts,   exclusive   of  clearing 
KEY. 

E-Bit. — Bituminous  Macadam. 

.Sur.  Tr. — Bituminous  Surface  Treatment. 

F — Cement  Concrete. 

F-Bit. — Bituminous   Concrete. 

F-Asp. — Sheet  Asphalt. 

F-Mis. — Miscellaneous  Bituminous  Pavements. 

G — Brick  on  Concrete  Base. 


193.3 

57.4 

340.1 

63.3 

69.9 

20.4 

9.5 

91.3 

13.3 

0.7 

1.4 

0.8 

861.4 

783 

and 


143.8 

16.9 

344.5 

28.4 

47.7 

5.0 

1.7 

90.9 

36.5 

0.0 

0.0 

0.0 

741.4 

661 

grubbing. 


State  trunk  line  roads  in  1921.  It  is  proposed  to  construct 
600  miles  of  this  road.  In  addition  to  this  road  work  to  be 
put  under  contract  by  the  State  Highway  Department  there 
are  upwards  of  $25,000,000  worth  of  work  to  be  done  by 
counties  on  non-trunk  line  roads. 
The  above  table  Is  a  contract  summary  of  the  work  for  1920. 

Frank  F.   Rogers,  Lansing.  Mich.,   is  State  Highway  Com- 
missioner. 

Minnesota. 


.Tohn  H.  Mullen.  St.  Paul,  Minn.,  is  Deputy  Commissioner 
of  Highways  and  chief  engineer  of  the  State  Highway  De- 
partment. 

Montana. 


HIGHWAY  CONSTRUCTION  IN  1920. 


HIGHWAY  CONSTRUCTION  IN  1920. 


Type  of  road.  Miles. 

Graded    193.72 

Graveled    437.97 

Concrete    28.08 

Reinforced   concrete..     1.32 
Bituminous        surface 
on  concrete  base...     1.37 


Average 
width  sur- 
faced, ft. 

10  and  16 
IS 
37% 

18 


Average 
thickness 
in  inches. 

7" 

7 

6 


7% 


Average 

cost  per 

mile. 

%  6.715 

8.415 

40,622 

96,840 

51,05S 


Type  of  road.  Miles. 

Cement  concrete   59 

Asphalt  concrete  19 


Average 
width   sur- 
faced, ft. 
18 
20 


Average 
thickness 
in  inches. 

7V> 

s 


Average 

cost   per 

mile. 

$24,507 
29,777 


PROBABLE  CONSTRUCTION  IN  1921. 


PROBABLE  CONSTRUCTION  IN  1921. 


T.vpe  of  road. 

Concrete    

(traded    

Graveled    

Bridges     


Miles. 
13.0 
40.0 

120.0 


Amount 

available. 

$640,000 

270.000 

g'S.OOO 

275,000 


Type  of  road.  Miles. 

Bids  will  be  received  on  cement 

concrete,    asnhaltic    concrete-  Approximately 
A  &  B  and  Brick  pavement.  .  100  miles 


Amount 
available. 

Approximately 
$25,000,000 


AVERAGE  UNIT  CONTRACT  PRICE  IN  1920. 

Common    excavation    $0.57 

Intermediate   excavation    0.95 

Rock  excavation    2.05 

Gravel  surfacing,  cu.  yd S.OO 


(31) 
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Class  "A" 
Clans  "B" 

John  N.  Kdy. 


concrete  In  bridges  and  culvcrlH 35.40 

Concrete  In  brUlKes  and  culverts ii.iv 

Helena,  Mont.,  is  chiet  engineer.  State 


High- 


way Commission. 

New  Hampshire. 
The   construction   program   of   the    State 
raent  can  not  be  ileterminetl   until 
appropriation 
HlDDlNi 


Ro>id8 
Roads 
Roads 
Roa'la 
Roads 
Koads 


Hlshway    Depart- 
the  legislature  makes  its 


182.74 

2.792.15 

12.757.52 

298.34 

366.08 

37.25 

104 

535 

49 

179 

230 


PKIOES  ON  STATE  HIGHWAY  WORK-IN  ma 

bid. 

?1.83 

Excavation     2  12 

Borrow    6.95 

L*)dKe    , '     3.48 

Run  of  bank  (Travel •••• ,  gc 

Foundation  course.  Held  or  quarry  stone.  ••■•;;;;;     ^-J? 


84.98 

8,925.01 

22,358.15 

124.11 

348.67 

13.80 

64 

481 

26 

323 

658  S88 

Construction  of  cattle 


267.72 

11.717.18 

35.115.67 

422.46 

714.76 

51.06 

168 

1.018 

75 

502 


1.00 
2.78 
4.08 


Broken   stone,    tons. 

Surf.xoe  course  gravel,  cu.  yd... 

Bottom  course  gravel,  cu.  yd... 

Surface  course  crushed  gravel „■-, 

Bottom  course   crushed   gravel 2-g2 

Bit.  macadam   broken  -stone. j-,. 

Bottom  courte  modllled  asphalt. }■,, 


Surface   course    modi  tit  d 


"»l>halt J-J» 

'.'.'.'..'.'.'.     1.43 


1.71 
1.79 
3.32 


Laying  12-ln.  (,. 
Laying  14-ln.  C. 
I^aylni;  Ifi-in.  C. 
Ijiylns  IS-ln.  C 
Laying  24-in.  C. 
Laying  30-ln.  C 
Wood  ;;uard  rail    . . 
Reinforcing  steel  . . 
1st  class  concrete.. 
2nd  class  concrete. 

Sand^cover  'for  'surface   treatment ^^-'^^ 

Cement  stone   masonry ,'':;';; 

Frederic    E.    ISverett,    Concord.    N.    H 
Commissioner. 


M-  p- ■:::::::.■::.  234 

.12 

29.57 

22.4S 

.11 

,042 


Average 
low  bids. 
$1.81 
2.00 
6.69 
2.86 
3.62 
4.00 
2.63 
2.53 
4.12 
3.50 
5. 84 
1.00 
1.00 
1.13 
1.49 
1.72 
1.52 
3.83 
3.66 
.80 
.12 
29.20 
20.90 
.0914 
.042 
16.00 
is    State    Highway 


surfaced Mile 

repaired JJ   e 

dragged Me 

surveyed Ml  e 

ditched Ml  e 

fenced ,Mllo 

Bridges  constructed Number 

Culv-rts    constructed Numoer 

Crossings   constructed Number 

Bridges    repaired S"'"!''^'' 

Culverts    repaired Number 

Principal  Items  of  work  only  are  shown, 
guards,  resurfacing  of  roads,  etc..  are  not  Included. 

The  figures  sliown  in  Table  I  are  preliminary  estimated  cost 
plus  10  per  cent  for  engineering  and  contingencies  in  all  cases. 
The  projects  under  construction  show  actual  cost  plus  10  per 
cent  Since  compiling  the  abQve  tables  the  following  proj- 
ects were  let  in  December  1920  at  prices  shown  below.  Re- 
due  to  falling  labor,  feed  and  material  prices.  No. 
No  23— $37,039  87;  No.  28— $235,499.11;  No. 
Gillett.    Santa    Fe,   N.   Max.,    is    state 


duction 

22--$14."),801.70; 
4X— $21,838.41.      L. 
highway  engineer. 


A. 


HIGHWAY 


New  York. 
CONSTRUCTION 


IN    1920. 


Type  of  road. 

Concrete   

Bit.  mac^.dam . . . 
Water  bd.  mac. 
Gravel    


Miles. 

84.26 

64.90 

•  23.47 

3.95 


Av.   width  Average 

surfaced,  thickness        Av.   cost 

feet.  in   inches.        per  mile. 

•  Approx.   6           {36,560 

14  Approx.   10            28.831 

14  9                           t 

16  7i4 

in  village  as  high  as  56 


SUMMARY    OF 


New    Mexico. 
STATE   All)    AND    MAINTENANCE    ON    ROADS 


AND  BRIDGES    1919  A.NfD  1920.  ^^^^, 

^  $786.67     $      698.49     $  1.485.16 


♦90%   of   mileage   16   ft.;    small   lengths 
ft.     tThe  accurate  cost  can  be  obtained  per  mile,  as  they  are  com- 
pletion contracts. 

The  amount  available  for  construction  in  1921  is  $26,000,000. 
Albany,   N.   Y.,   is   state  highway   com- 


Klnd  of  work. 
Roads  graded ^^'"^ 


Fredericlc 
missioner. 


S.   Greeno 


TABLE   I-FEDERAL  AID    CONSTRUCTION    IN   NEW    -MEXICO. 


Project  ^ 

number.  County 

j.A     ..    . Colfax     

i.b'    Colfax   

i.p     Colfax   

l.n" Colfax 

3  Santa  Fe 

4  Valencia    

b!!'- Quay  

8     Chaves  

ll'  ■    ".    Lincoln     

12"' Chaves    

13IX-. Valencia    

13.3       Valencia    

14.a'. Santa    Fe 

14.B   Santa    Fe 

15     Dcna    Ana . . . 

16!!! L.ea    

18 Kddy   

19        1.^una  

20-A .....Liincoln    

20-B Lincoln     .... 

21  Taos    

22"      Guadalupe    . 

23!! DeBaca    .... 

24  Roosevelt    .. 

25!!! S"'"'"^,.!,- 

26 Bernalillo    .. 

27 " ! ! ! McKlnley   . . . 

28!!! Grant    

29 Eddy    

30 Lea    

31     Sierra   

32!! San    Miguel. 

33 Mora  

34.A Rio   Arriba.. 

34.B Rio   Arriba.. 

35 San    Juan. 


36.. 

39.. 

40.. 

41.. 

42.. 

43.. 

44., 

45.. 

46., 

47. 

48., 

49. 

50. 

51. 

52. 

53. 

R4. 

o5. 

66. 

57. 


.  .Sandoval 
..Quay    .... 

..Otero   

..Otero  — 
..Socorro  .. 
..Torrance 
.  .Hidalgo  . 
..Luna  .... 
. .  Santa  Fe . 
.  .Grant  . . . 
.  .Chaves  . . 

..Otero    

. .  T..una    

. .  Socorro  . . 
. .  Socorro 
. .  .Torrance 
..Hidalgo  . 
..Grant  ... 
...Grant  ... 
.Chaves    . 


58 Union 

i;9     tTnlon   

60 San   Miguel. 

fl Bernalillo     . 

62 Don    Ana... 

63 Curry    

P4 Luna    

2 Colfax    

7 Ouay    

51-A Bernalillo 

Totals 


Length 

feet. 
9.357 

14.370 

14.500 

12.0 
9.320 

20.620 

21.231 
6.490 
5.406 

13.212 

10.859 

16,423 
.■2,736 
8,258 

11,680 
5,441 

32,411 

11.676 

2.790 

5,090 

8,000 

17,980 

8,747 

11,365 

15,437 

9,563 

22,422 

13,812 

21,000 

42,000 

3.902 

15,084 

12,706 

3,181 

11.919 

n.fioo 

5,871 

0.36 

6,500 
18.000 
17,157 
15,981 

8,000 

5,599 

0.572 
15,228 
15.000 
11,572 
15.030 
10.500 
11,300 
36.00 
35.000 
4.25 
9  50 

12.75 

55.7 

54.0 

21.7 
5.5 
4.3 

12.0 

12.1 

12.9 
30 
0.406 

903,764 


StaRe. 
.Construction  100%  .  . 
..Construction     95%.. 

..Plans    90% 

.Statement   100% 

100%.. 
.Construction     80%.. 


Type  of 

surfacing. 
Crushed  stoni 

Gravel    

Gravel    

Crushed  stone    ".'.  '■  '■  .W  '.■.'.".■ .'.'.' .'!consTruction 

S!!^^^i  Construction 

''■^'^^f;    Construction    100%. 

Gravel    .-••••• ...Construction  100%.... 

^"slv^r  .•.■.....  ^Construction    100%  . . . . 

%^^t    !!!!!!!!!! 'construction     90%..., 

r'rM^hml"itone  Construction     70%.... 

-ravef      W'...!!!! Plans    £0% 

Snlonl^--!!!:::::::::::::-c!^^^-^"  ■;»••• 

^l^,.l^Vc  Construction  100%... 

„ontrete  ..Construction  100%... 

..Construction      50%... 

..Construction      98%... 

..Construction   100%... 

.  .Construction   100%  . .  ■ 

..Statement  100% 

..Plans   100% 

..Plans    100% 

..Plans    100% 

..Construction   100%... 

..Construction     75%... 

..Plans    100% 

Plans    100% 


Caliche 
Grading  only. . . 

Gravel    

Gravel    

Gravel    

Crushed  stone. 

Gravel   

Gravel   

Caliche   

Caliche    

Concrete   

Gravel   

Concrete   

Gravel    •  • 

Grading  only. . 

Gravel   

Crushed  stone. 
Cru-shed  stone. 

Gravel    

Gravel    

Gravel    

Gravel    

None    

Gravel    

Caliche    

Gravel   

None    

Gravel    

Gravel    

Gravel    

Gravel    

Gravel    

Caliche    

Gravel   

Gravel   

Gravel   

None    

Grading  only. 

Gravel   

Gravel    

Gravel    

Grading  only. 

Caliche    

Gravel    

Concrete    . . . . 
Concrete    . . . . 

Caliche    

Crushed 
Crushed 
Gravel  . 
Concrete 


85% . . 
35% .  . 
40% . . 


Stnr»e  . 

Stone. 


...Plans  90% 
...Plans  50%. 
. .  Construction 
. .  .Construction 
. .  .Construction 
...Plans  100%. 
. .  .Construction 
.  ..Suriey  100% 
...Plans  100%. 
. .  -Construction 

-..Plans   90%.- 

...Plans    100% 

...Construction  10%. 
...Plans  100%. 
. .  .Construction 
. .  .Construction 
. .  .Construction 
. .  .Construction 
..  Plans  40%.. 
. .  .Construction 

...Plans    90% 

...Plans    90% 

...Plans    10% 

Plans    10% 

...Statement   100%. 
..  .Statement   100%. 

Statement  100%. 

Statement  100%. 

Statement   100%. 

Survey  25% 

Survey  35% 

Statement  100%. 

Statement  100%. 

....Statement   100%. 

Statement   100%. 

Plans    100% 

Plans   100<* 

Plans    100% 


20%. 


30%. 


20%. 

5%. 

100%. 

60%. 

ib%!! 


Total 

cost. 
6    153,795 
157,492 
179,166 
36,383 
101,472 
116,117 
149,105 
72,500 
51.221 
148,375 
91.404 
72,500 
1,626 
49.735 
290.000 
44.587 
107,172 
62.782 
28,800 
50,535 
96.000 
170,000 
46.000 
106.902 
100.377 
313.546 
188, 100 
265.000 
89.487 
53.075 
23.206 
155,218 
193.8% 
30.000 
105.590 
51.620 
43.848 
137,497 
15.031 
57.710 
55.778 
26.000 
44.508 
43.780 
10.780 
131.335 
128.342 
47.246 
72.338 
52.514 
70.466 
70.903 
99.645 
38,502 
116.231 
89. 100 
119  627 
142.841 
108.055 
162  002 
lis  635 
92  fW13 
92  035 
68  200 
10.576 
20  251 

$6,239,384 


Cost  per 

mile. 
$16,436 
10,959 
12.356 
3,031 
10,887 
5.631 
7,023 
11.171 
9,474 
11,230 
8,417 
4,414 
593 
6.022 
24,828 
8,194 
3,306 
5,377 
10.322 
9.928 
12,000 
9.454 
5,258 
9,406 
6,502 
32.787 
8,389 
19,186 
4.261 
1.263 
6.947 
10.290 
15.260 
9.431 
7.402 
3.036 
7,468 
381.936 
2.310 
3.206 
3.231 
1.626 
5.563 
7.819 
18.847 
8,624 
8.556 
4.0S2 
4.812 
5.007 
6,235 
1.969 
2.847 
4.059 
12.702 
6.988 
2.147 
2.645 
4.979 
29.455 
27.589 
7,733 
7.607 
5.286 
3.525 
49.879 


(32)- 
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North    Dakota. 

AT  T      PROTECTS      INCLUDING     "FEDERAL,    AND     STATE     AID 
ALL     PI^J^'Jj^^^j^gTS"    AND    "STATE    AID    PROJECTS," 

1917-1918.  1919.  1920. 

'"compl'efed"    ''^''   ^!t  :^°!^.   IPO.O   miles     231.2  miles      190.1   miles 

^rrsJi\Kfve^*oV.°."'.':'^:  5225,083.21  5.^71,439.22  $088,052.88^ 

Additional  worli  under  contract  and  to  be  completed  in  1921..     249  2 

Additional  worl<  to  be  advertised  in  1921  (approx.) aSj.6 

Additional  worl<  "on  bool<s"  for  1922  (approx.) 220.6 

Total  ot  completed  and  contempiated  work  (approx.) l,b.i!>.i 

STATUS  ON  DEC.   31.    1920,*  OF  "FEDERAL  AND   STATE  AID 
PROJECTS."  „       , 

Miles.     Total  cost. 

project  agreements   executed *...... 600.2     $3.^8.050.75 

Additional  project  agreements  requested 203.3       1,94  i,  j6i-.71 

Subtotal    ■••■• 808-5     $4,995,419.46 

Preliminary  estimate  projects  for  which  agree-  -,  sio  S^'O  00 

"To"tai "!'. .*" .  . .':!^".'.  .  . .'." .    • : : ■■'■'■■■■'■'■  ^i-'?':"  $8:l26;li9.« 

W.  H.  Robinson,  Bismarclc,  N.  Dak.,  is  chief  engineer  and 
Secretary  of  the  State  Highway  Commission. 

Oregon. 

Under  the  several  authorized  bond  issues,  there  remains 
unsold  a  total  par  value  of  $13,066,799.  Of  this  amount.  $12.- 
683,417  will  be  available  during  1921  and  1922.  This  $12,- 
683.417,  it  is  estimated,  will  net  approximately  $12,000,000. 
which,  together  with  the  estimated  net  income  from  the  qura- 
ter-mill  tax.  motor  vehicle  license  fees,  gasoline  tax  and  all 
other  sources  of  revenue,  including  federal  government  and 
county  co-operation,  will  give  during  the  years  1921  and  1922 
a  total  amount  available  for  expenditures  for  road  purposes, 
under  the  supervision  of  the  Highway  Commission,  of  ap- 
proximately $24,900,000.  Of  this  amount,  there  is  obligated 
in  connection  with  outstanding  contracts,  maintenance  work, 
and  general  operating  expense,  a  total  of  approximately 
$14,800,000.  This  leaves  available  for  new  contracts  during 
the  1921-22  biennium,  approximately  $10,100,000. 

In  this  connection  it  should  be  noted  that  during  the  1919- 
1920  biennium.  contracts  were  awarded  by  the  Commission 
to  the  amount  of  $26,200,000,  which  amount  is  more  than 
two  and  one-half  times  as  great  as  the  amount  available  tor 
contracting   during  the   coming  biennium. 

Of  the  $24,900,000  estimated  to  be  available  for  expenditure 
during  1921  and  1922,  $19,650,000  is  state  money,  $3,000,000 
is  Federal  Government  money,  $2,200,000  is  county  money, 
and  $.50,000  is  railroad  money.  The  amounts  of  county  and 
railroad  money  include  only  funds  which  have  been  definitely 
agreed  to  by  the  authorities  concerned,  and  do  not  include 
any  amounts  for  anticipated  future  co-operation. 

During  the  1919-1920  biennium  there  were  awarded  con- 
tracts for  419  miles  ot  paving,  538  miles  of  broken  stone  and 
gravel  surfacing,  1,000  miles  of  grading  and  162  bridges.  Of 
this  work  there  remained  uncompleted  on  Nov.  30.  1920.  72 
miles  of  paving.  269  miles  of  broken  stone  and  gravel  sur- 
facing, 239  miles  of  grading  and  55  bridges,  including  forest 
road  projects.  The  total  estimated  cost  of  a'l  work  placed 
under  contract  is  $28,500,000  Upon  this  work  there  has 
been  expended  approximately  $18,750,000,  leaving  a  total  obli- 
gation under  uncompleted  contracts  of  approximately  $9,- 
750.000. 

Herbert   Nunn,    Salem,   Ore.,   is   state  highway   engineer. 

Pennsylvania. 

CO.N'STRI^CTION.    1919    AND    1920.    CLASSIFIED    ACCORDING 


TO  TYPE. 


Type. 

Reinforced    concrete 

Plain  concrete   

Bituminous  top  concrete  base. 

Briclf     

Sheet  .-isphalt   

Macadam    


Miles 

1919. 

170.07 

5.30 

21.31 

20.24 

28.49 

7.37 


Miles  Total 

1920.  miles. 

325.i",4  495.71 

1.14  6.44 

58.46  79.77 

17.42  37.66 

1.93  30.42 

9.2S  16.65 


AVERAGE  UNIT  CONTRACT   PRICE  IN   1920. 

Per  cu.  yd. 

Earth  excavation   $  1.42 

Ledge  excavation    3.95 

Stone  fill   (foundation) 2.93 

(Concrete  masonry  24.60 

Road  concrete,    1-2-4 14.00 

It  is  not  possible  at  this  time  to  outline  construction  pro- 
gram for  1921.  The  funds  will  not  be  available  until  the  legis- 
lature now  in  session  makes  appropriation.  This  probably 
v/ill  be  next  month  or  in  March.  Irving  W.  Patterson,  Provi- 
dence, R.  I.,  is  chief  engineer  State  Board  of  Public  Roads. 
Tennessee. 
A  total  of  247.69  miles  of  rock  asphalt,  bituminous  mac- 
adam, waterbound  macadam  and  concrete  pavements  were 
constructed  in  1920.  The  total  cost  was  $6,122,329.  The 
probable  construction  for  1921  involves  300  miles,  mostly 
Bituminous  macadam  or  rock  asphalt.  Approximately  $7,- 
500,000  will  be  available.  W.  P.  Moore,  Nashville,  Tenn., 
is  state  highway  engineer. 

Texas. 
Up  to  Dec.  1,  1920,  there  had  been  completed  115  state 
and  Federal  Aid  projects  in  49  counties  of  Texas.  These 
completed  projects  involve  a  total  mileage  of  976.59  miles 
at  a  cost  of  $5,396,327  and  state  and  Federal  Aid  to  the  ex- 
tent ot  $904,252  and  $1,308,542  respectively.  Of  the  976.56 
miles  7.1  miles  are  concrete  pavement;  173.94  miles  gravel 
and  crushed  stone  with  bituminous  treatment  or  topping; 
516.06  miles  gravel  or  crushed  stone;  169.93  miles  sand  clay 
or  shell;  109.56  miles  of  grading  and  concrete  drainage  struc- 
tures, and  5  bridge  projects. 

There  are  also  carried  over  into  the  1921  construction  pro- 
gram 174  projects  that  are  under  contract  and  are  in  various 
stages  of  completion.  These  174  projects  total  2,039.4  miles, 
have  a  total  contract  cost  of  $23,277,290  and  involve  $8,- 
050,250  Federal  Aid  and  $1,437,288  state  aid.  Of  the  2,039.4 
miles  100.3  miles  are  concrete  pavement;  410.6  miles  gravel 
or  crushed  stone  with  bituminous  treatment  or  topping; 
1.159  miles  crushed  stone  or  gravel;  77.6  miles  sand  clay 
or  shell;  291.9  miles  of  grading  and  concrete  drainage  struc- 
tures and  6  bridge  projects. 

In  addition  to  the  above  completed  projects  and  those 
under  construction  there  are  95  projects  whose  plans,  speci- 
fications  and  estimates  have  been  approved  or  are  being 
prepared,  and  which  will  be  under  contract  in  the  near  fu- 
ture or  before  1922.  These  95  projects  involve  47.8  miles 
of  concrete  pavement;  303.7  miles  of  crushed  stone  or  gravel 
with  bituminous  topping;  581.7  miles  of  crushed  stone  or 
gravel;  70.6  miles  ot  sand  clay  or  shell;  52.2  miles  of  .grading 
with  concrete  drainage  structures;  and  12  bridge  projects, 
making  in  all  a  total  of  1,066.0  miles,  the  total  estimated 
cost  of  same  being  $15,042,833.74.  Federal  Aid  to  the  ex- 
tent of  $5,177,206  and  $1,827,850  respectively  have  been  grant- 
ed to  this  work. 

SUMMARY  OF  TEXAS   STATE  AND  FEDERAL  AID   PROJECTS 
TO  DEC.  1,  1920. 

Total        Federal  State 

Fvhihit  No      Miles.         costs.  Aid.  Aid. 

Projects  completed  115        976.59  %  5,326,327       1,308.542  904,252 

ProjIJtl  ur^CT  const.     174     2,039.4       23.277,290       8,050,256       1,437,288 

■^aporovt'd''™^-  ?'.'^."'       32        298.9         5,737,246       1,947,396  

■^ippFovid''.^.*'"'.";!"       47        590.8         7.923.115       2,366,161  390,562 

Add.  proj.  statements 

pending     16        li6.3 


Total    252.78         413.87         666.65 

W.  D.  TJhler,  Harrisburg,  Pa.,  is  chief  engineer  State  High- 
way Department. 

Rhode    Island. 

HIGHWAY   CONSTRUCTION   IN   1920. 
A  v.  width         .\vcrage 
Tvpe  of  road.  Miles.         surfaced,        thicl<ness        Av.   cost 

feet.  in  inches.        per  mile. 

Bit.   macadam 15  184-  J*  Hlllll 

Bit.  concrete 22  18-1-  ..  §'    .  ",000t 

Concrete 3  18-f  6o-SHc«  SCOOOt 

•Thicl<ness    is    exclusive    of    gravel    "insuLating"  cushions    and 

stone  fill  o\er  bed  suhgrades.  which  is  very  common  practice  here, 
tincludes  land  damages,   engineering,   gradins,   etc. 


7,923.115 
2.382,422 


863,649 


Total    active    projects     384     4,081.99  $44,716,502  $14,536,005     $2,732,103 

Additional  propects  on 
which  state  and  fed- 
eral aid  are  allotted 
tiut  applications  in- 
complete         ^    ■■■■ 

Com- 
pleted. 

Miles  concrete  pavement ,,11. 

Miles  bituminous  pavement. liiij^ 

Miles  crushed  stone  or  gravel jJooo 

Miles  sand   clay  or  shell }t?.'ii 

Miles  grading  and  bridges ■10"-"'' 

Total  mileage 976.59 

Number  of  bridge   projects .i 

Rollen  J.  Windrow,  Austin,  Tex.,  is  state  highway  engineer. 
Washington. 
HIGHWAY    CONSTRUCTION    IN    192(>. 
Av.    width         Average 
Type  of  road.  Miles.         surfaced. 


1.564,399 

1.346.247 

Under    Plans  being 

const. 

prepared. 

100.3 

47.8 

410.6 

313.7 

1,159.0 

581.7 

77.6 

70.6 

291.9 

52.2 

2,039.4 

1,066.0 

fi 

12 

thickness         Av.   cost 
feet.  in   inches.         per  mile. 

112  20  7  $35,000 

PROBABI^F  CONSTRUCTION  IN  1921. 
Tvpe  Of  road.  Miles.  Amount   available. 

Concrete   


Concrete 


140 


$6,500,000 


(33) 
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AVERAGE    UNIT    CONTHACT    PRICE    IN    1920. 

E.irth  oxc.ivatlon   *    '-5^ 

Lioose  rock J- J; 

Solid  rock   2.27 

Clearing    3«0» 

Grubbing    -iOS.OO 

James  Allen,  Olympla,  Wash.,  Is  state  highway  com- 
missioner. 

West   Virginia. 

Av.  width        Average 
Type  OC  road.  Miles.        .urfaocU.        lhlckne^s«        A  v.   ™s  t 

]^^ ;•■:        \"  i«  i2  $■  8.000 

nit    macadam 62  16  9  19.000 

Concrete     95  16  7  34,000 

Hrlrk    17  IG  7  47.000 

.\sphaltlc    cone 6  16  '  43.000 

The  road  work  in  West  Virsinia  at  the  present  time  is 
being  changed  from  a  county  system  to  a  state  system.  The 
details  of  the  state  system  are  not  as  yet  worked  out,  but 
are  dependent  upon  the  action  of  the  State  Legislature,  now 
in  session. 

The  details  of  work  for  1921  have  not  been  decided  but 
there  are  about  $6,000,000  available  of  county  money. 

C.  P.  Fortney,  Charleston,  W.  Va.,  is  chairman  State  Road 
Commission. 

Wisconsin. 
HIGHWAY  CONSTRUCTION  IN  1920. 

Av.  width        Average 
Type  of  road.  Miles.  surfaced,        thickness 


Earth   .' 

Gravel   (all  types) 

Top  soil 

Concrete   


623 
624 
126 


feet. 

is 

16 

18 


in  inches. 

6  *ctr. 

8 

7   and   8 

The  construction   program   for  1921  includes   245   miles   of 

18  ft.  wide  7  in.  and  S  in.  thick  concrete  pavement,  and  a 

considerable  mileage  of  other  types  of  pavement.     The  total 

construction  funds  available  are  estimated  to  be  $20,000,000. 

A.  R.  Hirst.  Madison,  Wis.,  is  state  highway  engineer. 

Wyoming. 

HIGHWAY   CONSTRUCTION   IN    1920. 
Av.  width        Average 
Type  of  road.  Miles.         surfaced.        thickness        Av.   cost 


feet 

Concrete    2.0  16 

Bitulithlc  1.1  24 

Gravel   80  16 

Earth    TOO  24 


in  inches.        per  mile. 

6^4  $39,000 

7  71.000 

6V,  8.500 

4.000 


PROB.-VBLE    CONSTRUCTION    IN    1921. 
Type  of  road.  Miles.       '    Amount   available. 


Concrete  (20  ft.  surface) 
Concrete  (10  ft.  surface) 

Gravel   

Earth    


1.3 

3.0 

100.0* 

300.0* 


$60,665 
55,000 


•Funds  not  yet  available. 

AVER.\GB  UNIT  CONTRACT  PRICE  IN  1920. 

Earth  excavation  and  embankment $  0.46 

Concrete   in  structures 37.00 

Z.  E.  Sevison,  Cheyenne,  Wyo.,  is  state  highway  engineer. 


Road  Construction  In  Alaska. — During  the  16  years  existence 
of  the  Alaska  Road  Commission  1,031  miles  of  wagon  road, 
636  miles  of  sled  roads  and  3,223  miles  of  trail  have  been  con- 
structed and  maintained  at  a  cost  of  about  $.5, .500.000.  The 
annual  cost  of  maintenance  of  routes  in  Alaska  varies  con- 
siderably with  the  locality,  the  range  of  climate  being  greater 
than  that  of  the  United  States  and  the  cost  of  labor  also  vary- 
ing greatly.  The  experience  of  the  Road  Commission,  accord- 
ing to  an  article  by  Maj.  James  Gordon  Steele,  president  of 
the  commission,  in  the  January-February  Military  Engineer, 
indicates  that  for  all  Alaska  proper,  average  construction 
and  maintenance  costs,  including  bridges,  are  about  as  shown 
in  the  following  table: 

Cost  of  Total  cost 

Classification.  con.otructlon  Annual  per   mile, 

per  mile.  maintenance.  1905-1920. 

Wagon  roads $2,500*  $250*  $4,300 

.'Sled  roads 300  25  450 

Trails    TOO  10  125 

•For  earth  roads  only.  Higher  classps  of  construction  cost  more 
but  have  proportionately  much  less  maintenance  charges.  As  the 
mileage  increases,  the  total  maintenance  charges  incre.iso.  so  that 
smallor  proportionate  amounts  are  available  each  year  for  new  con- 


Traffic  Increase  Follows  Improvement  of  Road. — That  in- 
crease in  traffic  follows  road  improvement  is  shown  by  traffic 
census  records  on  the  road  between  Toronto  and  Hamilton. 
Canada.  Before  being  paved  526  vehicles  traveled  the  most 
heavily  traveled  section  in  one  day.  Daily  average  traffic  to- 
day is  3,000  vehicles.  As  many  as  400  heavily  laden  trucks 
have  been  counted  on  this  road  in  single  day. 


Considerations  in  Design  of  Pave- 
ments for  Heavy  Traffic* 

By  PREVOST  HUBBARD. 
Clu-mlral  Engineer,  The  .■\sphalt  Association,  New  Y^ork. 

The  load  carrying  capacity  of  any  type  or  design  of  pave- 
ment must  of  necessity  bo  influenced  by  the  support  afforded 
the  pavement  from  below.  Such  support  is  furnished  by  that 
portion  of  the  earth  directly  below  the  pavement,  known  as 
the  subgrade.  The  supporting  v'alue  of  natural  subgrades 
varies  enormously  as  illustrated  by  the  two  extremes  of 
muck  or  quicksand  and  solid"  rock.  Most  subgrades  consist 
of  soil  lying  between  the  extremes  mentioned  but  still  vary- 
ing greatly  in  supporting  value  depending  not  only  upon  type 
but  upon  their  moisture  content,  and  degree  of  compaction. 
With  very  few  exceptions  any  well  compacted  soil  will  of  it- 
self support  the  heaviest  conceivable  traffic  if  its  moisture 
content  is  properly  controlled  and  if  it  is  protected  by  a 
structure  which  prevents  the  displacement  of  particles  at  its 
surface.  The  protective  structure  termed  the  pavement  will 
then  need  to  be  only  of  sufficient  thickness  to  afford  such 
protection  and  at  the  same  time  itself  withstand  the  various 
destructive  agencies  of  traffic.  For  a  given  traffic  this  thick- 
ness will   depend  largely  upon  the  type   of   pavement  used. 

The  bearing  capacity  of  most  soils,  particularly  the  clayey 
types,  decreases  as  their  moisture  content  increases  above  a 
certain  point.  Although  there  is  much  yet  to  be  learned  re- 
garding the  comparative  bearing  value  of  soils  this  fact  is 
generally  recognized  and  various  drainage  methods  are  em- 
ployed to  control  the  moisture  content  of  the  subgrade. 
Proper  drainage  is  the  first  essential  for  maintaining  a  dry 
subgrade  and  measures  taken  to  prevent  access  of  water  to 
the  subgrade  directly  below  the  pavement  are  often  more 
important  than  measures  designed  to  remove  accumulations 
of  water  in  the  subgrade.  Some  soils  are  so  persistently  re-  M 
tentive  of  moisture  once  absorbed  that  it  is  impossible  to  f 
remove  it  with  sufficient  rapidity  by  any  ordinary  system  of 
drains.  Certain  clayey  soils  belong  to  this  class  and  when 
all  practical  preventive  measures  in  the  way  of  drainage  are 
apt  to  prove  inadequate  it  may  well  be  advisable  to  modify 
the  character  of  the  subgrade  material.  Thus  at  relatively  low 
cost  a  clay  subgrade  may  often  be  greatly  improved  by  mix- 
ing it  with  sand  in  exactly  the  same  manner  as  in  the  con- 
struction of  a  sand  clay  road.  Such  a  mixture  will  not  only 
retain  less  moisture  than  the  clay  but  will  possess  a  much  1 
higher  supporting  value  than  moist  clay.  \ 

It  is  now  generally  admitted  that  in  the  past  too  little 
attention  has  been  paid  to  drainage  in  the  construction  of 
pavements  outside  of  municipalities.  At  the  same  time  there 
exists  a  marked  tendency  to  increase  the  massiveness  of  de- 
sign to  a  point  far  beyond  that  which  is  at  present  proving 
entirely  satisfactory  for  heavy  traffic  in  municipalities  and 
in  other  places  where  subgrade  conditions  are  favorable. 
This  matter  should  receive  the  most  careful  consideration  of 
engineers  as  it  points  not  only  to  the  most  logical  but  also 
the  most  economical  solution  of  the  design  of  pavements 
It  is  evident  that  in  many  cases  it  will  cost  far  more  to  in- 
crease the  thickness  of  a  pavement  to  such  an  extent  that 
it  will  distribute  the  load  sufficiently  to  enable  a  poor  sub- 
grade  to  support  it  than  it  would  be  to  change  natural  sub- 
grade  conditions  so  as  to  create  a  high  supporting  value  for 
the  relatively   thin   pavement. 

The  widespread  use  of  rigid  pavements  or  pavements  with 
rigid  foundations  has  been  largely  responsible  for  this  trend 
in  paving  design  through  too  great  dependence  upon  the 
bridging  value  of  such  rigid  types,  and  right  here  exists  a 
rather  anomalous  situation,  for  while  many  claims  are  made 
of  the  bridging  value  of  rigid  pavement  it  is  generally  ad- 
mitted that  careful  preparation  of  the  subgrade  is  necessary 
to  uniformly  support  these  rigid  types.  As  a  matter  of  fact 
no  practicable  design  of  highway  for  modern  heavy  traffic 
permits  the  assumption  of  more  than  a  temporary  bridging 
action  over  appreciable  areas  of  a  weak  subgrade. 

In  pursuing  a  policy  upon  which  general  attention  has  once 
been  centered  many  who  are  interested  in  highway  construc- 
tion are  apt  to  overlook  the  experience  of  others  following 
different  lines  of  development  and  fail  to  profit  by  their  ex- 
perience. One  of  the  most  striking  examples  of  this  has  to 
do  with  the  flexible  type  of  construction  as  represented  by  the 

♦Paoer  presentetl  Dec.  21.  1920,  before  the  Engineers'  Club  of 
Philadelphia. 
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asphalt  base  pavement  and  this  in  spite  of  a  number  of  val- 
uable papers  and  discussions  upon  the  subject  by  leading  en- 
gineers. Citations  of  past  and  present  experience  in  locali- 
ties other  than  that  of  interest  to  the  individual  engineer 
apparently  carry  little  weight  once  the  majority  concentrate 
on  a  given  line  of  development,  and  it  is  difficult  to  focus 
attention  on  any  other  line  for  the  time  being.  To  state  that 
■considerably  over  12,000,000  sq.  yd.  of  asphalt  base  pavements 
are  now  giving  satisfactory  service  in  California  and  Ore- 
gon, many  of  them  5  in.  or  less  in  total  thickness  and  sub- 
jected to  heavy  motor  truck  traffic,  and  that  some  of  these 
pavements  have  been  in  service  for  over  20  years  with  little 
or  no  cost  for  maintenance,  should  at  least  arouse  some  de- 


iMitACT  Tests  on  Slabs 
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Fig.    I — Results  of   Impact  Tests  for  Slabs. 

gree  of  interest  on  the  part  of  eastern  engineers.  To  further 
state  that  in  such  cities  as  Washington,  D.  C,  Chicago, 
Omaha,  Pittsburgh,  Buffalo  and  Denver  there  are  in  exist- 
ence sections  of  bituminous  base  which  have  given  satisfac- 
tory service  for  over  20  years,  should  also  serve  to  dispel 
any  illusion  that  the  serviceability  of  this  type  is  restricted 
to  any  given  locality.  Service  results  should  in  themselves 
be  conclusive,  but  explanations  of  such  results  are  some- 
times required  before  their  full  significance  is  grasped.  It 
is  true  that  theories  have  been  advanced  but  these  have  not 
been  backed  up  by  test  data  in  such  a  way  as  to  make  them 
convincing.  Some  degree  of  cushioning  effect  under  traffic 
has  been  claimed  and  admitted  for  the  asphalt  base  as  well 
as  the  wearing  course,  but  few  engineers  have  believed  that  a 
mineral  aggregate  cemented  together  with  asphalt  could 
possibly  possess  any  degree  of  slab  strength  or  beam  strength 
at  least  to  an  extent  comparable  with  the  rigid  type  of  con- 
struction. 

Investigation  to  Determine  Relations  Between  Rigid  and 
Flexible  Types. — With  this  in  mind  an  investigation  was  be- 
gun under  the  direction  of  the  writer,  assisted  by  W.  E. 
Rosengarten,  Traffic  Engineer  of  the  Asphalt  Association,  to 
determine  certain  relations  that  exist  between  the  rigid  and 
flexible  types  of  construction.  Fortunately,  through  the  very 
valuable  work  of  the  II.  S.  Bureau  of  Public  Roads,  it  has 
already  been  proven  that  impact  and  not  dead  load  is  the 
most  destructive  traific  factor  to  be  taken  into  account  in 
the  design  of  modern  highways.  It  was  therefore  decided  to 
limit  these  investigations  to  a  study  of  the  eifect  of  impact 
upon  test  specimens  having  thicknesses  equivalent  to  those 
commonly  used  in  the  construction  of  highways.  It  was 
clearly  realized  in  advance  that  it  would  be  impossible  to 
duplicate  all  of  the  variable  conditions  under  which  impact 
is  delivered  to  a  pavement  by  traffic  and  it  was  therefore 
decided  to  confine  this  study  to  the  effect  of  pure  impact 
as  delivered  by  an  iron  ball  falling  from  a  relatively  small 
height. 

The  following  description  of  tests  will  be  brief  both  be- 
cause of  the  limited  time  available  for  the  presentation  of 
this  paper  and  because  the  results  here  reported  are  only  a 
portion  of  those  included  in  a  more  comprehensive  investi- 
gation involving  other  comparisons  which  will  shortly  be 
presented  in  a  detailed  article. 

In  order  to  obtain  comparisons  at  two  extremes  of  condi- 
tions it  was  decided  to  construct  and  test  slabs  of  various 
design  upon  a  solid  uniform  subgrade  and  to  test  beams  of 
the  same  design  supported  only  by  knife  edges.  A  plot  of 
ground  was  secured  and  upon  this  was  laid  a  G-in.  course  of 
cinders  thoroughly  compacted  bv  rolling.  Slabs  3  ft.  square 
were  constructed  directly  upon  this  subgrade  except  that 
after  the  forms  had  been  placed  the  subgrade  within  the 
forms  was  leveled  up  with  a  very  thin  layer  of  sand  so  that 
each  specimen  would  have  a  uniform  thickness  throughout. 


Portland  cement  concrete  slabs  were  cast  4  and  6  in.  thick 
of  a  1:3:6  mix.  These  were  cured  under  a  cover  of  moist 
sand  after  they  had  set.  Some  of  the  concrete  slabs  were 
then  covered  with  from  2  to  4  in.  of  coarse  graded  aggregate 
asphaltic  concrete  and  some  with  sheet  asphalt  with  and 
without  a  binder  course.  In  addition  slabs  were  constructed 
of  asphaltic  concrete  base  mixture  and  covered  with  either 
asphaltic  concrete  surface  mixture  or  with  sheet  asphalt  so 
as  to  produce  total  thicknesses  directly  comparable  with 
the  Portland  cement  concrete  base  specimens.  At  the  same 
lime  corresponding  sets  of  beams  4  ft.  long  and  10  in.  wide 
were  constructed  of  the  same  type  and  thickness.  In  general 
the  specimens  were  treated  when  the  concret  was  28  days 
old  although  in  a  few  cases  they  were  slightly  older  when 
for  one  reason  or  another  it  was  found  impossible  to  keep 
up  with  the  testing  schedule  which  had  been  planned. 

Method  of  Making  the  Tests. — All  slabs  were  tested  where 
they  had  been  cast  by  means  of  a  machine  which  was  de- 
.signed  and  operated  so  as  to  drop  a  125  lb.  iron  ball  upon 
the  center  of  the  upper  surface  from  a  height  of  6  in.  at 
the  rate  of  about  30  blows  per  minute.  In  all  cases  a  speci- 
raen  was  considered  to  have  failed  when  the  first  crack  ap- 
peared. Cracks  in  the  Portland  cement  concrete  were  in- 
variably first  noted  developing  on  one  or  more  sides  of  the 
specimen  from  the  plane  of  contact  with  the  subgrade.  Un- 
der continued  impact  these  cracks  traveled  to  the  upper 
surface  of  the  monolith  and  then  across  the  upper  surface 
toward  the  center.  The  all  Portland  cement  concrete  speci- 
mens broke  into  two  to  four  large  fragments  shortly  after 
the  first  crack  appeared,  while  similar  slabs  with  an  asphalt 
top  showed  no  cracking  of  the  top  after  the  base  had  failed. 
The  results  obtained  on  check  specimens  were  in  some  cases 
erratic,  in  others,  quite  close  together.  By  averaging  results 
however  the  general  trend  is  apparent  and  is  closely  borne 
out  by  results  obtained  on  the  beam  specimens. 

The  accompanying  diagram.  Pig.  1,  shows  the  resistance 
to  impact  of  the  various  types  of  slabs  as  measured  by  the 
number  of  blows  required  to  produce  failures.  The  dotted 
extensions  of  the  asphalt  tops  on  slabs  with  a  Portland 
cement  concrete  base  show  the  number  of  blows  at  which 
the  test  was  stopped,  no  failure  of  the  top  then  being  ap- 
parent. 

The  beams  were  tested  upon  steel  knife  edges  3  ft.  apart 
with  the  same  machine  used  for  testing  the  slabs  but  with 
a  50  lb.  iron  ball  dropped  from  a  height  of  1%  in.  at  the 
center  of  the  span  at  the  rate  of  about  50  blows  per  minute. 
The  number  of  blows  required  to  produce  the  first  crack  was 
recorded  as  point  of  failure.  In  all  beam  tests  complete  fail- 
ure occurred  within  a  very  few  blows  after  a  crack  ap-. 
peared.  The  results  of  these  tests  are  shown  in  the  dia- 
gram.  Pig.  2,   in  the  same  manner  as   the  slab  tests. 

In  considering  these  diagrams  no  attempt  will  be  made  to 
draw  conclusions  based  upon  a  comparison  of  absolute  values 
as  here  shown.  In  fact  it  is  frankly  admitted  that  such  a 
course  would  be  unwise  until  much  more  test  data  is  avail- 


NiJMBER       Of       Blows 

Fig.   2 — Results  of   Impact   Tests   for   Beams. 

able.  It  is  believed  however  that  the  general  similarity  in 
trend  of  the  results  obtained  in  both  the  slab  and  beam  tests 
is  highly  significant  and  points  to  interesting  facts.  What 
is  clearly  apparent  for  conditions  under  which  these  speci- 
mens  were   tested   may  be   summed   up   as   follows: 

Asphaltic  mixtures  develop  very  decided  slab  and  beam 
strength  as  measured  by  their  resistance  to  Impact.  The 
all  asphalt  type  of  slab  and  beam  appears  to  otter  consid- 
erably more  resistance  to  impact  than  an  equivalent  thick- 
ness of  1:3:6  Portland  cement  concrete  considered  either  as 
an  integral  structure  or  as  a  base  tor  an  asphaltic  top. 
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It  1»  rccoKiiized  that  unsupported  by  practical  service  re- 
sults deductions  drawn  from  these  tests  might  not  be  con- 
clusive as  applied  to  the  design  of  highways  tor  heavy  traffic. 
They  do,  however,  help  to  explain  the  remarkably  satisfac- 
tory service  record  of  the  millions  of  square  yards  of  4  and 
5  Inch  asphaltic  concrete  pavements  In  California  and  Ore- 
gon and  point  the  way  to  a  more  rational  development  in 
the  design  of  highways  In  other  localities.  In  summing  up 
the  substance  of  this  paper  there  are  a  few  points  which  the 
writer  wishes  to  emphasize: 

Conclusions.— Any  rational  design  of  highway  should  take 
into  account  the  fact  that  the  subgi-ade  must  ultimately  take 
ihc  weight  and  shock  of  traffic  as  transmitted  through  the 
I.avonient  and  practically  any  reasonably  dry  subgrade  will 
do  this  if  It  is  compacted  and  its  surface  is  protected  from 
displacement.  Careful  attention  to  subgrade  preparation  and 
drainage  is  therefore  the  first  essential  to  be  considered. 

The  asphaltic  concrete  pavement  is  highly  resistant  to  im- 
pact which  Is  recognized  as  the  most  destructive  traffic  fac- 
tor and  under  Impact,  develops  as  a  single  unit  relatively 
high  slab  and  beam  strength. 

It  is  manifestly  uneconomical  it  not  impracticable  to  adopt 
a  design  of  highway  which  will  permanently  bridge  appreci- 
able areas  of  weak  subgi-ade.  While  the  asphalt  type  de- 
velops bridging  action  to  an  appreciable  extent  it  will  of 
itself  constantlv  seek  to  maintain  contact  with  the  subgrade 
at  all  points  and  thus  reinforce  itself  with  the  maximum  sup- 
porting value  of  the  subgrade.  The  rigid  type  of  pavement 
or  base  cannot  do  this  because  of  its  inherent  characteris- 
tics. It  is  therefore  almost  sure  to  crack  eventually  where 
appreciable   areas   of  subgrade  fail   to   support  it  uniformly. 

Roth  the  service  history  of  asphalt  base  pavements  and 
t>ie  test  data  here  presented  indicate  that  under  given  con- 
ditions it  is  not  necessary  to  adopt  as  massive  a  design  tor 
the  flexible  type  of  base  as  tor  the  rigid  type.  It  is  difficult 
for  engineers  w'ho  have  had  no  opportunity  to  observe  the 
asphalt  base  pavement  under  heavy  traffic  to  think  of  it  in 
terms  of  less  thickness  than  the  rigid  base  but  in  the  light 
of  present  experience  such  consideration  appears  to  be  en- 
tirely warranted. 


1920  Maintenance  Costs  on  Primary  Road 
System  of  Iowa 

The  maintenance  of  the  primary  road  system  in  Iowa 
was  performed  and  paid  for  by  the  individual  counties  from 
county  funds  until  ,Iuly  1,  1920.  On  that  date  the  main- 
tenance came  under  the  supervision  of  the  State  Highway 
Commission.  While  the  work  was  actually  done  and  paid 
for  by  the  individual  counties,  a  100  per  cent  refund  was 
made  to  them  from  the  state  primary  road  fund,  which  is 
derived  from  automobile  licenses.  The  expenditures  from 
Jan.  1.  1920,  to  Dec.  31.  1920.  were  as  follows: 

Average  expen- 
Total  diture  per 

expenditure.  mile, 

n. 292.974.51  J224 

2SS. 553.69  364 

12,125.93  181 


Class  of  road. 


M'leage. 

5.760.0 

702.3 

66.8 


Rarth    

Gravel  

ravine  

Total   6,619.1  Jl, 593. 854. 13  $241 

This  item  of  $12,125.93  under  paving  includes  $6,820  ex- 
pended for  the  reconstruction  of  defective  pavement  and 
tor  the  construction  of  guard  rail,  which  should  legitimately 
be  charged  to  construction.  Deducting  this  amount,  the  aver- 
age expenditure  per  mile  of  paving  was  $79.  The  total  ex- 
penditure Is  also  classified  as  follows: 

Total  Average 

Class  of  expenditure.  amount.  per  mile. 

I'ltrol  %    811.933.72  $123 

Gang     ■"      ' 5'n,653.11  88 

Jtaterials    f;2,013.36  8 

Equipment  and  tools 1(8,053.94  22 

Total  $1,593,654.13  $241 

Reports  have  been  received  from  81  counties  on  the  ex- 
pense of  marking  the  primary  road  system.  In  these  counties 
the  total  expenditure  on  5,514.3  miles  of  primary  road  was 
$26,719.88.  or  an  average  of  $4.85  per  mile.  W.  H.  Root  is 
engineer  road  maintenance  of  the  Iowa  State  Highway  Com- 
mission. 


Providing  fc-  Servlct  Connections  in  State  Road  Work. — 
Iro:-.  conduits  for  water  and  gas  mains,  states  the  Service 
BuU.'^tin  of  the  Iowa  Highway  Commission,  will  be  laid  every 
200  ft.,  hereafter  by  the  New  Jersey  State  Highway  engineers 


under  all  state  highways  built  through  municipalities  to  pro- 
vide against  the  tearing  up  of  the  pavement  slabs  to  install 
these  pipes  where  the  building  of  new  houses  makes  such 
action  necessary. 


Maintenance  Costs  for  Illinois 
Highways 

The  total  expenditure  in  l'J19  for  the  maintenance  of  980' 
miles  of  state  highways  in  Illinois  was  $130,826,  according 
to  Highway  Bulletin  No.  5  issued  in  December  by  the  lUinolB 
State  Division  of  Highways.  Of  this  total  $77,879  was  for  main- 
taining this  wearing  surface  and  $.52,947  for  maintaining 
earth  shoulders,  cutting  weeds  and  cleaning  out  ditches  and 
culverts.  The  following  table  and  comments  are  reprinted 
from  the  bulletin: 

SUMMARY   OF   MAINTENANCE    COSTS    FOR    U.I^INOIS    HIGH- 
WAYS IN  1919;  ALL,  WIDTHS.  IC  FT.  TO  IS  FT. 

Upkeep  of  Total 

Wearing  roadsides,  mainte- 

Type.                  Miles.             surface.  etc.  nance. 

Av.    cost  Av.    cost  Av.    cost 

per  mile.  pf-r  nnile.  per  mile. 

Drick    86.90              $  42.(i3  $76.16  $118.79 

P.  C.  concrete...        366.15                  54.05  95.81  149.86 

Bit.  concrete....          19.43                 244.75  11.88  256.13 

Bit.  macadam...          24.02                 254.01  73.67  327.68 

W.  B.  macadam          26.95                 299.45  35.35  334.S0 

Grave'    42.36                 129.24  25.74  154.98 

Oiled    earth i?-!.5n                   fiS.37  21.13  8.4.50 

Earth    280.75                   76.69  15.61  92.30 

The  cost  of  maintaining  the  earth  shculders.  cutting  weeds 
and  cleaning  out  ditches  and  culverts  is  of  course  not  af- 
f':'cted  by  the  type  of  pavement  and  normally  is  the  same  for 
all  types  of  roads.  In  the  table  is  shown  separately  the 
cost  of  maintaining  the  earth  shoulders  and  ditches  and  the 
cost  of  maintaining  the  paved  surfaces.  The  combined  cost 
is  also  shown.  These  figures  are  for  the  year  1919,  the  1920 
costs  not  having  been  tabulated.  In  some  Instances  the  1920 
costs  will  exceed  the  1919  costs  because  of  the  higher  costs 
of  material  and  labor  and  the  necessity  for  repairing  breaks 
In  all  types  of  pavement  due  to  excessive  loading.  In  1920 
these  extra  expenses  will  be  a  matter  of  separate  record. 

It  is  of  course  evident  that  average  maintenance  costs 
should  not  be  considered  conclusive  as  the  location  of  the 
read  and  its  use  by  truck  traffic  largely  determines  the 
maintenance  costs. 

It  should  also  be  understood  that  a  1-year  record  of  the 
maintenance  cost  of  any  particular  type  of  construction  is 
not  necessarily  a  measure  of  the  economic  service  value  of 
that  type.  This  is  true  because  of  the  fact  that  certain  types 
of  road — such  as  bituminous  macadam — may  require  but  very 
little  maintenance  expenditures  during  one  season,  and  the 
following  season  it  may  be  necessary  to  give  the  road  a  sur- 
face treatment  at  very  considerable  cost  in  order  to  preserve 
its  integrity.  This  is  not  only  true  for  the  type  of  road  men- 
tioned, but  is  more  or  less  true  for  all  types.  Further,  if  a 
certain  type  of  pavement  designed  for,  and  used  by,  light 
traffic  tor  a  number  of  years  is  suddenly  called  upon  to  bear 
heavy  motor  truck  traffic,  the  pavement  may  be  utterly  de- 
stroyed: and  must  be  replaced  by  an  entirely  different  type 
to  resist  the  altered  traffic.  The  reconstruction  is  not  ordi- 
narily classed  as  maintenance  but  as  new  construction.  This 
of  course  may  lead  to  a  misconception  of  the  service  rendered 
by  a  given  type  of  pavement.  F^irther;  if  but  a  small  mileage 
of  a  given  type  of  pavement  is  under  maintenance,  an  un- 
usually large  maintenance  expenditure  on  a  given  section 
may  cause  the  average  for  that  type  of  pavement  for  one 
year  to  appear  abnormally  high,  or  on  the  other  hand  the 
location  of  the  roads  built  of  any  one  type  may  be  such  that 
the  total  mileage  of  such  type  may  be  subjected  to  unusually 
light  traffic  and  the  maintenance  therefore  appear  abnormally 
low. 


Lines   to   Guide   Traffic   at   Street  Corners  and   Curves. — In 

order  to  minimize  the  danger  of  collisions  between  vehicles 
at  corners  and  curves  of  streets  in  the  Ancon-Balboa  district 
of  the  Panama  Canal  Zone,  the  Division  of  Municipal  Engi- 
neering has  painted  4-in.  white  guide  lines  on  the  surface 
of  the  roadway  at  such  places.  The  line  begins  in  the  cen- 
ter of  the  road  at  a  point  well  beyond  the  beginning  of  the 
curve,  and  extends  to  the  corresponding  tangent  beyond  the 
curve.  Drivers  are  required  to  keep  to  the  left  of  the  line 
while  passing  it,  except  at  cross  roads  and  T-junctions,  where 
additional  lines  indicate  the  track  to  be  followed  in  crossing 
over  the  line  to  make  the  turn  in  the  opposite  direction. 
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Simple  Method  of  Handling   Bulk 
Cement  for  Road  Job 

Very  simple  methods  requiring  no  special  equipment,  were 
used  by  the  Keystone  State  Construction  Co.,  in  handling 
bulk  cement  for  a  concrete  road  job  at  Townsend,  Del.  The 
was  described   by   Mr.   Arthur  Loeb,   vice   president   of 


plan 


in    the    December    Contractors 


the    construction    company, 

Atlas. 

The  cement  storage  house  is  l.'iO  ft.  long  by  20  ft.,  with  a 
capacity  of  20  cars  or  over,  4,000  bbls.  of  cement.  It  is  very 
substantially  built  in  order  to  prevent  the  possibility  of  mois- 
ture or  dampness  entering.  It  has  a  concrete  foundation 
and  a  concrete  floor  at  ground  level.    As  shown  in  the  draw 


easily  scooped  up  by  the  pail.  As  the  level  of  cement  be- 
comes too  low  for  one  man  to  fill  the  box  conveniently,  an 
additional  man  is  stationed  below  to  fill  and  hand  up  the 
pail  to  the  man  above.  The  boxes  are  all  filled  and  ready 
for  the  train  of  industrial  ears  when  it  arrives  and  is  spotted 
in  the  proper  position.  A  slight  pull  tilts  the  box  and  dis- 
charges its  contents  through  the  automatic  lift  gate  located 
at  the  outer  end  of  the  box. 

It  would  have  been  desirable  to  have  placed  the  industrial 
tracks  in  a  depression  behaw  ground.  The  high  ground  water 
Ipvel  prevented  doing  this  conveniently.  It  the  tracks  had 
been  lowered,  the  tilting  boxes  also  could  have  been  located 
lower,  thus  eliminating  the  necessity  tor  passing  up  the  ce- 
ment. The  tilting  boxes  should  preferably  be  located  at 
about  the  height  of  a  man's  waist. 
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ing,  the  railroad  siding  is  located  along  one  side  and  the 
narrow   gage   industrial   track   at   the   other. 

The  doors  on  the  railroad  side  are  so  located  that  the 
cement  can  be  discharged  through  a  chute  from  the  car 
directly  into  the  house.  The  upper  end  of  the  wooden  chute 
is  flared  with  a  cloth  nailed  over  the  top  to  prevent  exces- 
sive dusting;  and  is  located  about  breast  high  so  that  the 
cement  can  be  easily  shoveled  into  it. 

When  unloading  the  car,  two  men  are  used— shovelling  the 
cement  in  the  center  of  the  car  directly  into  the  chute.  As 
soon  as  the  unloading  progresses  to  a  point  where  it  is  in- 
convenient to  shovel  into  the  chute,  it  is  removed  and  the 
cement  at  the  ends  of  the  car  wheeled  into  the  house  in 
wheel-barrows.  Horizontal  stringers  nailed  to  the  studs 
and  center  posts  at  door  level  support  the  wheeling  run- 
way which  can  be  shitted  at  will.  When  the  house  is  filled 
to  capacity  the  cement  lies  level  with  the  door  sills  at  each 
side  of  the  house. 

The  cement  upon  being  discharged  from  the  chute  is  re- 
markably "Uvely"  and  flows  to  the  far  side  of  the  building 
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almost  like  water.  For  measuring  the  cement  into  the  batch 
boxes,  a  very  simple  method  was  devised  and  it  has  worked 
out  well. 

The  doors  of  the  cement  house  are  so  located  as  to  be  at 
the  proper  spacing  for  the  batch  boxes  on  industrial  cars. 
The  sills  of  the  doors  are  located  7  ft.  above  track  level  and 
on  each  sill  there  are  two  tilting  boxes,  each  of  the  right 
size  to  hold  4  cu.  ft.  of  cement— the  proper  amount  tor  the 
4-bag  batch  used. 

The  tilting  measuring  boxes  are  filled  by  means  of  hand- 
pails— an   easy   operation   because  the   loose   cement   can   be 


Snow  Removal  System  of  Akron,  O. 

Last  November,  Akron,  O.,  was  visited  with  an  unprece- 
dented snow  storni  for  that  season  of  the  year,  7  in.  of  wet 
and  heavy  snow  falling  within  a  few  hours.  As  a  result  the 
Director  of  Public  Service,  and  the  Superintendent  of  the 
Bureau  of  Public  Works,  were  obliged  to  work  out  a  tentative 
plan  without  delay.  They  watched  its  operation  in  actual 
practice  on  the  street  during  the  period  of  removal,  and  as  a 
result  of  its  success,  laid  down  a  permanent  plan  which  is 
outlined  as  follows  in  the  lanuary  issue  of  The  Street 
Cleaner. 

Four  instruments  are  used  in  handling  the  snow:  (1) 
Plows;  (2)  Hand  gangs;  (3)  Scrapers — fresno  or  snow;  (4) 
Trucks. 

Each  is  under  the  absolute  direction  of  some  responsible 
member  of  the  department,  the  first  being  under  direct  con- 
trol of  the  Superintendent  of  Streets.  Scrapers  have  two 
men  to  direct. 

Snow  removal  is  to  be  conducted  so  as  to  make  certain 
specified  thoroughfares  passable,  including  the  opening  of 
crosswalks,  car  stops,  catch  basins,  and  bridges,  without  an 
attempt  at  useless  refinement. 

Snow  falls  are  classified  as  "Light"  (less  than  4  in.)  and 
"Heavy"  (4  in.  and  more).  Under  all  conditions  snow  re- 
moval is  to  commence  when  snow  is  1  in.  deep. 

Light  snows  are  to  be  handled  by  plows  during  the  night; 
and  by  plows  and  hand  gangs  during  the  day.  When  snow 
is  falling  to  reach  1  in.  in  depth,  one  scraper  superintendent 
must  report  at  municipal  garage  to  assist  in  organizing  the 
plows  and  to  remain  there  to  be  ready  to  call  out  the  scrapers 
if  the  fall  becomes  heavy.  When  morning  comes,  the  hand 
gangs  superintendent  reports  at  garage  to  direct  these 
gangs  to  supplement  the  work  of  the  plows. 

If  the  fall  occurs  in  the  daytime,  both  hand  gangs  and 
plows  begin  operations  at  once. 

In  the  case  of  heavy  snows,  night  work,  from  8  p.  m.  to  7 
a.  m.,  is  undertaken  by  plows  and  scrapers;  day  work,  from 
7  a.  m.  to  6  p.  m.,  by  plows,  scrapers,  hand  gangs,  and  trucks. 
To  avoid  delay  and  facilitate  the  work,  certain  general 
"aids"  have  been  laid  down:  (1)  Each  superintendent  is  re- 
sponsible for  notification  and  instruction  of  his  crew;  (2) 
Arrangement  has  been  made  for  the  police  to  turn  out  men 
as  needed;  (3)  Superintendents  are  obliged  to  turn  in  re- 
ports of  time  and  progress,  regularly  during  the  removal 
work;  (4)  Responsibility  for  maintenance  of  the  apparatus 
during  the  emergency  is  placed  on  one  man  who  is  given 
authority  during  the  emergency,  to  purchase  necessary  parts 
as  needed;  (.5)  An  officer  is  given  the  responsibility  of 
keeping  in' touch  with  the  movements  of  each  crew  and  to 
provide  it  with  such  men  as  are  needed,  a  city  car  being 
placed  at  his  disposal  for  the  duty;  (6)  No  variations  from 
the  program  are  permitted  except  as  authorized  by  the  su- 
perintendent of  streets. 

The  program  includes  the  lay-out  of  the  entire  city,  the 
most  important  thoroughfare  being  given  first  consideration, 
and  so  on.  This  lay-out  not  only  thus  maps  the  city  generally 
but  maps  it  for  the  tour  different  instruments  mentioned 
above,  not  all  tour  instruments  being  applied  to  all  thorough- 
fares.' Furthermore,  in  mapping  the  city,  the  directions 
which  apply  to  each  thoroughfare  are  laid  down  so  that  each 
street  is  treated  in  the  manner  to  best  handle  the  conditions 
found  there.  In  one  it  may  be  a  case  of  pushing  the  snow 
to  the  curb;  in  another,  of  plowing  snow  to  piles:  and  so  on. 
The  rules  provide  that  no  step  in  the  program  shall  be 
undertaken  until  all  preceding  work  has  been  finished. 
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Relative  Service  Value  of  Different 
Types  of  Rural  Pavements* 

By  A.  R.  HIRST, 

State  Highway  Engineer  of  Wisconsin. 
If  in  a  discussion  of  the  relative  service  value  of  different 
types  of  rural  pavements,  any  one  expects  specific  rules  and 
well-buttressed  conclusions,  he  is  doomed  to  disappointment. 
It  is  my  opinion  that  nothing  of  the  kind  is  justified  from  the 
information  now  available.  The  term  "relative  service  value" 
Is,  itself,  open  to  various  interpretations.  It  might  be  held 
to  cover  only  the  potential  power  of  a  pavement  to  bear 
traffic  of  various  amounts  regardless  of  cost  or  economics, 
or  it  might  be  held  to  include  the  two  latter  factors.  The 
author  prefers  to  include  the  latter,  and  hopes  that  the  pro- 
gram committee  and  the  members  will  excuse  the  possible 
overlapping  due  to  this  interpretation. 

Among  the  characteristics  usually  listed  as  important  in 
determining  the  service  value  of  pavements,  are:  (1)  Free- 
dom from  dust;  (2)  appearance;  (3)  character  of  foothold; 
(4)  ability  to  clean;  (.">)  freedom  from  sanitaiy  objection;  (6) 
character  as  regards  noise;  (7)  freedom  from  slipperiness, 
<ind  (8)  low  tractive  resistance. 

Almost  without  exception  the  characteristics  cited  above 
are  among  the  least  important  of  the  matters  to  be  consid- 
ered in  determining  the  service  value  of  rural  pavements. 
Some,  or  all  of  these  factors,  are  worthy  of  consideration  in 
specific  cases,  but  it  has  been  our  experience  that  one,  or  all 
of  them  combined,  has  had  no  important  bearing  upon  10  per 
cent  of  the  decisions  reached  in  actual  practice.  They  have 
a  much  larger  value  in  city  and  village  paving  than  in  rural 
highway  construction. 

The  predominant  factor  in  determining  the  relative  service 
value  of  pavements  is  whether  they  serve  the  traflSe  effec- 
ti\(^ly  and  cheaply.  It  may  be  given  as  a  truism  that  given 
effective  construction  and  proper  width,  almost  any  one  of  a 
dozen  different  pavements  will  give  good  service.  The  ques- 
tion to  be  determined  by  the  highway  engineer  is  whether 
they  have  given,  or  will  give,   good  service  cheaply. 

Traffic:  the  First  Factor  in  Pavement  Economics. — High- 
way traffic  is,  of  course,  the  first  factor  to  be  seriously  con- 
sidered in  connection  with  pavement  economics.  Traffic  is 
the  thing  which  makes  highway  surfacings  worth  while,  and 
the  thing  which  wears  them  out.  Its  amount  and  its  charac- 
teristics are  Important  and  should  always  be  taken  into  ac- 
count. 

We  are  going  to  shock  a  good  many  of  our  more  theoretical 
brethren  by  saying  that  a  preliminary  traffic  census  is  abso- 
lutely valueless  in  helping  to  determine  the  type  of  surfac- 
ing tc  be  used.  An  inspection  of  the  location  of  a  road  on 
the  map.  a  knowledge  of  its  relation  to  other  roads  and  to 
the  general  highway  system,  and  to  business  centers;  to- 
gether with  a  consideration  of  the  business  tributary  to  it 
and  probably  to  be  tributary  to  it.  will  tell  a  highway  engi- 
neer, who  knows  his  business,  whether  the  construction  in 
question  should  be  first,  second,  or  third  class.  The  traffic 
on  a  road  last  year  or  last  month  has  absolutely  no  value 
In  this  connection,  because  when  a  highway  becomes  a  part 
of  a  superior  highway  system,  or  when  one  highway  is  paved 
with  a  surface  superior  to  that  on  the  adjacent  and  compet- 
ing highways,  traffic  is  so  concentrated  on  that  highway  that 
what  has  been  is  no  indication  of  what  will  be. 

Any  assumption  of  what  traffic  will  be  is  merely  an  assump- 
tion and  the  presence  on  a  certain  past  day  of  100  automo- 
biles, 10  trucks,  8  farmers  or  their  wives  in  single  buggies, 
and  o  babies  in  their  perambulators,  has  really  no  bearing 
on  the  future  situation. 

Traffic  counts  have  value  only  as  serving  to  give  accurate 
information  as  to  the  constantly  occurring  changes  in  traffic 
conditions,  and  in  determining  the  relative  cost  of  service 
per  unit  given  by  various  pavements.  The  unit  cost  per  ton 
of  carrying  traffic  is  the  important  consideration  and,  unfor- 
tunately, we  have  little  or  no  information  on  this  point. 

The  fact  that  this  type  of  pavement  was  maintained  for  so 
much  per  annum  and  that  type  for  so  much  per  annum  means 
little,  unless  we  know  the  amount  and  weight  of  the  traffic 
served  and  that  it  was  served  adequately.  Even  then  the  In- 
formation -would  not  be  conclusive,  because  the  pavement 

*Fi-om  a  paper  presented  at  the  annual  meeting  of  the  American 
Association  of  State  Highway  Officials,  Washington,  D.  C,  Dec. 
13-15,  1920. 


which  gave  this  unit  cost  under  the  prevailing  soil  and  cli- 
matic conditions  might  give  an  entirely  different  unit  cost 
under  different  soil  and  climatic  conditions.  We  have  been 
too  prone  to  assume  from  the  results  of  experience  with  a 
limited  number  of  stretches  of  a  certain  type  of  pavement, 
built  and  maintained  under  certain  conditions,  that  the  same 
results  will  ensue  from  the  use  of  the  same  pavement  wher- 
ever it  may  be  built.  This  is  not  the  case.  Climatic,  soil 
and  rainfall  conditions  must  be  considered  as  well  as  traffic 
and  general   pprlormanco. 

Weight  of  Traffic  and  Pavement  Service. — Among  the  im- 
portant circumstances  affecting  the  service  of  pavements  is 
the  weight  of  the  traffic  which  the  pavement  bears. 

American  highway  engineers  have  been  condemned  by  the 
unthinking  for  having  built  roads  which  have  not  stood  up 
under  the  intense  motor  traffic  of  recent  years.  It  would 
be  just  as  sensible  to  condemn  a  railroad  engineering  de- 
partment for  the  failure  of  railroad  bridges  under  engines 
weighing  200  tons,  when  the  bridges  were  designed  for  en- 
gines weighing  20  tons.  Before  new  and  heavier  loads  are 
allowed  on  any  length  of  railroad  all  parts  of  the  construc- 
tion are  examined  and,  if  necessary,  strengthened  or  rebuilt 
before  the  new  traffic  is  allowed  to  pass  over  them.  There 
has  been  nothing  of  this  in  highway  practice.  Loads  almost 
without  limit  have  been  placed  upon  highways  designed  for 
conditions  existing  and  anticipated  a  decade  ago,  and  con- 
demnation has  resulted  when  the  inevitable  failure  of  the 
road  structure  ensued. 

It  would  seem  that  it  would  be  clear  to  even  the  feeblest- 
minded  that  it  is  not  going  to  be  possible  for  the  designers 
of  vehicles  using  highways  to  turn  loose  upon  highways  any 
behemoth  their  ingenuity  may  design  at  any  time  they  feel 
like  doing  so.  It  isn't  possible  to  reconstruct  the  highway 
system  of  America  every  few  months,  or  even  every  few 
years. 

It  is  imperative  that  the  various  states  adopt  uniform 
standards  for  the  loads  to  be  borne  by  roads  of  the  different 
classes  of  importance.  It  is  going  to  be  difficult  to  do  this, 
because  when  a  motor  vehicle  is  once  started  toward  its 
destination  its  operator  will  wish  it  to  carry  its  full  load  for 
the  whole  trip,  but  it  seems  inevitable  that  we  must  classify 
highways  as  to  the  allowable  loads  upon  them,  and  that  traffic 
on  highways  must  be  made  to  conform  to  these  loads.  All 
roads  cannot  be  made  15-ton  roads  every  day  in  the  year. 

It  is  undoubtedly  going  to  be  possible  for  the  states  to 
finance  ultimately  the  construction  of  roads  between  their 
congested  centers  and  certain  through  highways  which  will 
every  day  in  the  year  permit  loads  of  12  to  15  tons  or,  if  the 
economics  of  transportation  really  justify  it.  even  more.  But 
just  as  certainly  it  is  going  to  be  impossible  for  the  states 
to  finance  the  construction  of  any  great  percentage  of  their 
roads  so  that  they  will  stand  such  loads  every  day  in  the 
year,  and  I  believe  that  on  the  secondary  roads  and  roads 
of  the  lower  classes,  much  lower  load  limits  must  be  insisted 
upon,  especially  at  certain  seasons.  The  importance  of  this 
matter  upon  the  design  of  pavements  and  upon  the  service 
of  the  several  types  cannot  be  over  estimated. 

Continuous  Travelability  Important  Factor. — One  of  the 
intangible  factors  in  the  service  value  of  types  of  pavement 
is  the  factor  of  continuous  travelability.  It  goes  without  say- 
ing that  given  two  pavements  of  equal  annual  cost,  one  of 
which  is  out  of  service  for  several  days  each  year  and  prob- 
ably for  two  or  three  months  at  several  times  during  the 
assumed  pavement  life,  the  other  one  allowing  the  passage 
of  traffic  during  its  life  with  practically  no  inconvenience 
and  no  detouring,  the  choice  would  immediately  fall  upon 
the  one  which  gives  the  superior  travelability.  Furthermore, 
if  the  maintenance  of  one  type  demands  annually,  semi-an- 
nually or  periodically,  the  application  of  such  materials  that 
traffic  cannot  be  accommodated  during  the  application  or.  if 
accommodated,  is  subject  to  possibility  of  accident  from  slip- 
periness and  to  defacement  of  vehicles  and  clothes,  it  is  a 
serious  impairment  of  the  service  value  of  the  pavement. 

One  of  the  strikingly  characteristic  things  about  American 
highway  practice  has  been  the  almost  total  disregard  for  the 
comfort,  convenience,  and  economy  of  the  traveling  public 
during  construction,  maintenance  and  reconstruction.  A  pub- 
lic-bedamned  policy  has  been  quite  generally  practiced.  The 
traveling  public  has  been  considered  as  an  interloper,  with 
no  possible  business  save  to  pay  the  bills.  He  has  been 
stopped  from  passing  through  main  roads  without  any  option 
of  detours  being  offered  him.     He  has  been  not  stopped  by 
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barriers  and  has  been  encouraged  to  go  upon  construction 
and  maintenance  worli  which  has  impaired  and  defaced  his 
tires  his  vehicle,  his  clothes,  and  his  religion,  to  the  extent 
of  hundreds  of  thousands,  and,  possibly,  millions  of  dollars. 
Even  where  detoured,  he  has  been  only  in  very  few  cases 
properly  guided  along  the  whole  length  of  the  detour,  and 
even  where  the  detour  has  been  marked,  almost  without 
exception  it  has  not  been  maintained.  Even  at  the  best, 
given  a  closed  road,  a  well  marked  and  well  maintained  de- 
tour the  economic  loss  to  the  traveling  public  has  been  tre- 
mendous. For  example:  A  road  carrying  a  traffic  of  1,000 
vehicles  a  day  is  closed  for  a  length  of  five  miles  due  to 
construction  or  reconstruction,  for  a  period  of  four  months, 
the  detour  being  eight  miles  in  length,  a  loss  to  traffic  of 
three  miles.  The  total  traffic  loss  is  therefore  360,000  miles, 
which,  at  12c  a  mile,  is  $43,200,  a  figure  which  may  well 
have  a  material  bearing  upon  the  type  of  pavement  which 
one  should  select.  Similarly  derived  figures  will  illustrate 
the  importance  of  speed  in  construction  and  reconstruction 
and  demonstrates  that  it  is  usually  worth  paying  for. 

Factors  Entering  Into  Economic  Comparison. — We  have 
been  too  prone  to  select  types  of  pavement  on  the  say-so  of 
others  without  very  material  consideration  of  the  matter  of 
cost.  The  minute  we  commence  to  discuss  the  relative  cost 
of  pavements  we  are  thrown  into  the  ocean  of  economic 
discussion  at  a  point  far  beyond  our  depths.  We  are  im- 
mediately brought  in  contact  with  the  question:  "Should  an 
engineer  in  weighing  the  merits  of  two  or  more  types  of 
pavement  consider  the  factor  of  interest  on  the  original  in- 
vestment?" Many  good  authorities  say  "Yes";  many  good 
authorities  say  "No."  I  do  not  pretend  to  be  good  authority, 
but  I  am  sure  that  the  answer  is  "Yes."  The  statement  that 
the  value  of  the  pavement  in  increased  comfort,  convenience, 
saving  in  hauling,  saving  in  gasoline,  tires,  etc.,  far  offsets 
the  interest  on  the  investment,  sounds  very  nice:  but  what 
is  one  going  to  do  about  it  when  one  is  considering  two 
types  of  pavement,  both  of  which  do  all  of  these  things,  but 
the  costs  of  which  are  very  dissimilar? 

In  addition  to  this  difficulty  with  the  basic  economics  of 
the  situation,  we  have  the  further  trouble  that  in  comparing 
the  unit  annual  cost  of  various  pavements,  we  must  make 
assumptions  as  to  the  lives  of  pavements,  and  we  have  little 
or  no  information  on  which  to  base  these  assumptions. 

It  might  be  of  some  value  to  cite  the  factors  entering  into 
an  economic  comparison  and  to  show  just  how  far  one  can 
get  in  his  figuring: 

1.  First  cost  of  the  pavement.— This  is  readily  determinable 
within  the  limits  of  estimating  and  causes  no  trouble. 

2.  The  interest  charge  on  the  pavement  investment.— This 
charge  should  be  compounded  annually  and  is.  of  course, 
readily  determinable. 

3.  The  annual  cost  of  maintenance  of  the  pavement. — This 
Is  only  moderately  guessable  because  no  one  can  tell  what 
the  cost  of  the  materials  and  labor  entering  into  repairs  will 
be  next  year  or  in  succeeding  years.  Furthermore,  no  one 
can  guess  what  unexpected  development  of  traffic  may  en- 
tirely upset  the  conditions  under  which  the  surface  exists. 

4.  Interest  on  the  maintenance  cost. — This  should  be  added 
to  the  cost  of  the  pavement  and  should  be  compounded  an- 
xiually. 

.5.  The  assumption  of  the  life  of  the  pavement  before  total 
reconstruction  is  necessary. — Again  we  are  in  the  field  or 
theory,  because  the  lite  of  the  pavement  depends  upon  the 
traffic  which  it  will  carry  through  a  series  of  years,  which 
we  can  only  guess  at.  Furthermore,  on  many  of  the  pave- 
ments which  are  now  being  widely  used,  enough  informa- 
tion is  not  available  to  determine  what  the  life  may  be,  and 
even  on  some  of  the  older  types  of  pavement,  built  under 
supposed  to  be  standard  and  tool-proof  specifications,  a  varia- 
tion in  life  of  several  hundred  per  cent  has  been  noted. 

The  summation  of  items  1,  2,  3  and  4,  divided  by  the  num- 
ber of  years  of  expected  life  of  the  pavement  gives  the  an- 
nual cost  to  the  public  of  the  pavement  so  far  as  the  mere 
outlay  of  money  is  concerned. 

Before  the  division  by  the  number  of  years  of  expected 
life  is  made,  however,  there  should  be  subtracted  from  the 
total  cost  the  value  of  the  old  pavement  for  use  in  the  new 
pavement.  Here  again  we  are  in  the  realms  of  guesswork. 
Assuming  that  a  certain  type  of  pavement  can  be  preserved 
for  20  years  and  will  then  need  resurfacing  or  replacement 
by  another  type,  we  are  making  a  grave  assumption  if  we 
value  the  base  at  anything  very  material,  because  the  change 


in  traffic  on  rural  highways  is  so  rapid  that  it  is  very  hard 
for  one  to  say  that  the  alignment,  grade,  culverts  or  struc- 
tures that  we  are  building  today,  or  the  widths  that  we  are 
using,  will  be  of  any  great  value  to  our  successor  20  years 
from  now. 

On  less  important  roads  it  is  probable  that  structures  be- 
ing tuilt  today  will  have  a  very  good  value  as  a  part  of  the 
structures  which  will  replace  them.  But  on  roads  of  the 
first  class  there  is  grave  doubt  as  to  whether  or  not  any  of 
the  surfacing  will  be  of  value  to  the  kind  of  pavement  that 
will  he  placed  20  years  from  now.  A  guess  can,  however, 
be  made,  considering  all  the  factors  surrounding  the  situa- 
tion, and,  as  stated  above,  the  sum  so  determined  should 
be  subtracted  from  the  total  cost  in  order  to  arrive  at  the 
annual  cost. 

At  the  end  of  this  series  of  guesses  and  assumptions  upon 
assumptions,  one  will  have  some  basis,  better  than  no  basis, 
for  comparing  the  annual  cost  of  the  types  under  considera- 
tion. 

Too  Narrow  Widths  Multiply  Maintenance  Troubles. — We 
highway  engineers  have  been  designing  pavements  of  too 
narrow  widths,  and  have  multiplied  the  troubles  of  mainte- 
nance by  confining  traffic  to  one  or  two  very  restricted  lines. 
The  conduct  of  all  pavements,  especially  of  the  so-called  in- 
ferior pavements,  such  as  waterbound  macadams,  gravels,. 
and  the  lesser  non-rigid  types,  is  good  or  bad  in  almost  di- 
rect proportion  to  whether  they  have  been  built  wide  or 
narrow. 

We  have  had  a  very  large  amount  of  discussion  of  the  im- 
portance of  drainage  on  highways,  and  1  am  not  minimizing- 
the  importance  of  drainage  when  I  state  that  I  am  con- 
vinced that  many  of  the  faults  of  the  lesser  types  of  surfac- 
ing, of  which  we  are  complaining,  are  due  to  the  fact  that  we 
have  concentrated  traffic  upon  too  small  units  of  area,  and 
that  a  better  distribution  of  traffic  will  do  away  with  much 
of  the  trouble  with  these  types,  probably  a  larger  share  than 
will  super-refinement  in  the  treatment  of  the  drainage. 

I  believe  that  the  superiority  under  traffic  of  the  macadam 
highways  in  England  and  France  has  been  due  in  part  to 
superior  construction,  in  part  to  the  age  of  these  highways, 
in  part  to  lesser  traffic,  in  part  to  the  climate,  but  more 
largely  to  the  greater  widths  used  in  these  countries  and  the 
consequent  better  distribution  of  traffic. 

I  am  not  going  to  develop  this  thought  in  detail,  but  I  be- 
lieve that  highway  engineers  will  find  that,  if  they  will  de- 
sign the  so-called  non-rigid  roads  wider  and  flatter  much  of 
the  trouble  incident  to  the  present  use  of  these  structures 
will  be  avoided. 

A  supposed-to-be  two-track  concrete  or  other  rigid  surface 
road  built  14,  15  or  even  16  ft.  wide  on  a  main-traveled  high- 
way has  its  service  value  greatly  reduced  by  its  inadequate 
width  because  it  breeds  disastrous  accidents  and  causes  worry 
at  all  times.  The  shoulder  maintenance  is  also  a  constant 
source  of  worry  and  grave  expense  if  traffic  is  at  all  heavy. 
Furthermore,  the  concentration  of  traffic  and  the  crowding 
to  the  extreme  edge  reduces  the  effective  life  of  the  pave- 
ment very  materially. 

It  is  our  opinion  that  even  the  rigid  types  of  pavement 
must  provide  for  a  moderate  distribution  of  traffic  if  they  are 
to  hold.  The  minimum  two-track  highway  is  18  ft.,  and  20 
ft.  is  better  on  principal  highways.  If  municipalities  cannot 
finance  these  widths  they  had  better  build  part  of  their 
lengths  of  a  cheaper  type,  pending  the  securing  of  more 
money. 

Plastic  or  viscous  surfaces  of  all  kinds  must  have  width 
to  allow  for  traffic  distribution,  especially  if  built  in  a  cli- 
mate of  wide  total  temperature  variation.  On  these  types 
especially  traffic  must  he  distributed  so  that  it  will  heal  its 
own  marks  and  not  deepen  them  in  heated   periods. 

On  primary  highways,  unless  convenient  detours  are  avail- 
able, all  pavements  which  from  their  nature  require  frequent 
surface  attention  embarrassing  to  traffic  should  be  con- 
structed wide  enough  so  that  they  can  be  maintained  and 
repaired  one-half  at  a  time. 

Design  and  Service  Value. — The  service  value  of  any  kind 
of  pavement  depends  largely  upon  proper  design.  It  is  not 
only  necessary  that  the  pavement  be  well  drained,  that  it 
be  built  of  the  right  depth  and  width,  but  the  materials  in 
it  must  bo  properly  sized  and  prepared.  For  instance:  A 
gravel  road  biiilt  of  uncrushed  and  unscreened  gravel,  vary- 
ing in  size  from  sand  to  cobble  stones  as  large  as  one's  head, 
has  practically  no  service  value  today,  because  it  is  impossi- 
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ble  to  mnintain  such  a  road  so  as  to  give  satisfactory  service. 
On  Ihn  otlK-r  hand,  a  road  built  of  the  same  width  and  depth 
and  of  the  same  gravel  properly  crushed  and  sized  may  give 
most  economical  service.  We  in  Wisconsin  have  reached  the 
point  whore  wp  don't  want  any  gravel  within  4  in.  of  the 
surface  larger  than  1  in.  and  we  prefer  to  have  no  gravel  in 
the  v.hole  structure  larger  than  1  in.  The  smaller  the  gravel 
the  better,  our  experience  indicates. 

The  service  value  of  any  highway  may  be  seriously  im- 
paired by  the  use  of  sharp  and  dangerous  curves,  poor  align- 
ment, narrow  bridges  and  culverts,  heavy  grades,  and  un- 
necessan.'  lengths.  A  well  laid  out  highway  of  Interior  sur- 
face will  many  times  give  better  service  value  than  a  poorly 
located  highway  built  with  the  best  surface.  Expressed  in 
terms  of  real  service  value,  type  means  little  unless  the  se- 
lection of  a  proper  type  Is  supplemented  by  proper  design 
nnd  proper  layout. 

We  believe  that  m.iintenance  is  the  keystone  of  the  entire 
structure  of  pavement  service.  Proper  selection,  design,  lay- 
out and  construction  must  be  immediately  followed  by  intense 
maintenance  if  the  potential  service  value  of  a  pavement  is 
to  be  secured.  Any  discussion  of  the  service  value  of  any 
typo  of  pavement  has  no  basis  unless  the  assumption  is  made 
that  good  maintenance  protects  the  pavement  and  gives  it  a 
chance  to  serve.  Types  seemingly  unsuited  for  the  traffic 
may.  when  properly  maintained,  give  tietter  service  than  a 
much  more  suitable  surface  left  to  care  for  itself. 

Traffic  Distribution  and  Maintenance  Costs. — I  am  going  to 
Interject  just  a  word  or  two  on  the  important  topic  of  traffic 
distribution.  We  are  prone  to  view  future  traffic  develop- 
ment entirely  upon  the  assumption  that  one  road  between 
two  points  is  going  to  serve  all  traffic  between  these  points 
for  all  time.  I  doubt  that  this  's  true.  Alternate  routes  will 
be  developed  and  traffic  thus  distributed.  This  will  be  good 
from  many  standpoints.  It  will  prevent  traffic  congestion, 
allow  the  use  of  cheaper  surfacings,  accommodate  more  local 
traffic,  provide  a  choice  of  routes,  and  allow  for  repairs  and 
reconstruction  without  closing  all  available  routes.  The  road 
problem  of  America  is  not  to  build  a  few  boulevards;  it  is 
to  build,  maintain,  and  keep  always  open,  a  transportation 
system. 

Wisconsin  has  now  maintained  her  5.000-nille  state  trunk 
tlghway  system  for  three  .years,  and  over  2,000  additional 
miles  for  one  year,  and  we  have  gained  some  idea  of  the 
maintenance  cost  •of  various  types.  The  condition  of  the 
several  sections  varied  so  much  when  they  were  taken  over, 
and  the  relative  service  given  is  so  dissimilar  that  very  little 
can  be  determined  from  an  inspection  of  our  figures  on  main- 
tenance costs. 

In  1919  the  average  cost  of  maintenance  per  mile  of  all 
types,  surfaced  and  unsurfaced,  was  $2.54.  The  average  cost 
of  maintenance  per  mile  by  types  (taken  from  a  large  num- 
ber of  sections)  was  as  follows:  Earth.  ?223:  gravel.  $212; 
waterbound  macadam.  $.51fi;  penetration  macadam.  $252:  con- 
crete. $S37.  Qualifying  these  figures,  it  would  be  only  fair  to 
say  that  the  earthroad  maintenance  Included  much  heavy 
blade  grader  reconstruction:  that  the  waterbound  macadams 
had  been  allowed  to  get  badly  out  of  repair;  and  that  all 
but  $62  of  the  $.337  for  concrete  was  used  in  shoulder  and 
ditch  maintenance  and  in  applying  gravel  to  shoulders  on 
the  too  narrow   16-ft.  surfaces. 

As  Indicating  the  possible  value  of  well  maintained  gravel 
roads  we  segregated  nine  very  satisfactory  patrol  sections 
of  gravel  road  and  tabulated  at  least  two  separate  traffic 
counts  on  each.  The  average  count  on  these  roads  was  1,059 
automobiles,  44  trucks,  21  motorcycles  and  48  horse-drawn 
vehicles  per  day.  Weight  was  not  taken.  No  effort  was 
made  to  get  maximum  day  counts.  The  roads  in  question 
gave  excellent  service  every  day  in  the  year.  The  average 
cost  per  mile  per  section  of  maintaining  these  nine  patrol 
sections  was  $263.    These  roads  were  not  surface  treated. 

The  above  figures  may  be  of  some  interest,  although  we 
have  ourselves  not  been  able  to  draw  more  than  broad  in- 
ferences as  to  possible  service  limits  and  costs  from  them 
and  other  similar  compilations. 

Our  experience  with  gravel  roads  Indicates  that  when  well 
built  of  adequate  widths  with  fine  crushed  materials  and 
well  maintained  their  traffic  limit  is  far  higher  than  has  been 
hitherto  assumed. 

Factors  to  Be  Considered  in  Determining  Economical  Type. 
— In  cor. oxtering  the  relative  service  value  of  pavements  one 
cannot  dlsro.:;<.ri1  tb«^  matter  of  expediency.    There  are,  when 


when  considering  a  road  problem  and  when  determining  an 
economical  type  to  be  used,  always  these  factors  to  be  con- 
sidered: (1)  The  expected  traffic;  (2)  the  materials  locally 
available:  (3)  the  funds  available;  (4)  the  whole  financial, 
traffic  and  highway  situation  in  the  unit  of  government  to  be 
served.  This  last  factor  Is  far  the  most  important  one,  and 
too   often  has   been   totally  disregarded. 

We  have  thought  loo  little  about  the  basic  function  of  high- 
ways which  is  of  course  to  offer  facilities  for  travel.  We 
.have  been  too  prone  to  concentrate  upon  a  specific  length 
of  highway  and  economic  design,  rather  than  to  concern  our- 
selves with  the  more  important  traffic  situation  In  the  unit 
of  government  In  which  we  operate.  We  have  been  content 
to  design  and  build  a  few  miles  of  highway  each  year  and 
to  look  forward  with  the  hope  that  some  day  the  contem- 
plated system  would  be  completed  and  traffic  would  be  free 
to  come  and  go  as  It  pleased.  We  have  closed  our  eyes  to 
the  fact  that  in  the  meantime  we  had  on  our  hands  scores 
or  hundreds  of  thousands  of  miles  of  highways  which  are 
difficult  of  travel  at  all  times  and  impassable  at  some. 

The  highway  authorities  of  each  unit  of  government  have 
before  them  a  traffic  problem.  That  is,  they  have  a  certain 
mileage  of  highways  In  a  certain  condition  which  now  bear 
3  certain  amount  of  traffic,  and  the  legitimate  development 
of  this  traffic  can  be  partly  foreseen.  They  have  available 
or  they  believe  that  there  can  be  made  available  In  a  definite 
period,  which  they  can  select,  a  certain  sum  of  money.  Of 
course,  the  sum  of  money  which  may  be  made  avilable  is 
contingent  upon  certain  circumstances  usually  beyond  the 
control  of  the  authorities.  However,  they  can  analyze  their 
traffic  problem,  and  their  highways,  and  can  assume  the  sum 
which  they  must  have,  and  which  they  believe  they  can  get 
within  a  definite  period  of  5"ears,  and  can  then  determine 
about  what  should  be  done  with  this  money,  so  as  to  give 
their  clients,  the  public  in  that  unit  of  government,  the  best 
result  in  traffic  service  during  the  designated  period. 

I  don't  know  whether  I  make  myself  clear  or  not,  but  the 
point  I  am  trying  to  drive  home  is  this: 

Far  more  important  than  the  mere  selection  of  a  truly 
economical  type  of  construction  for  assumed  conditions  on  a 
specific  highway  is  the  importance  of  determining  what  pro- 
gram of  improvement  will  be  of  the  most  benefit  to  the  traffic 
in  a  designated  area. 

Economics  of  Pavement  Design. — The  schoolman  has  so 
obsessed  us  with  his  ideas  of  so-called  true  economics  In 
pavement  construction  that  we  have  been  inclined  to  lose 
sight  of  the  much  more  im.portant  economics  of  the  traffic 
situation  as  it  exists  and  as  It  may  be  expected  to  develop. 
We  have  been  so  impressed  with  the  importance  of  economic 
design  of  specific  stretches  that  many  of  us  have  entirely  lost 
sight  of  economic  design  for  a  traffic  situation.  If  unlimited 
funds,  labor  and  materials  were  always  available  it  might  be 
possible  that  the  schoolman  Is  right,  and  that  we  should  never 
build  anything  but  the  truly  economical  surface,  but  there 
IS  always  a  limit  to  the  funds  -vhich  can  be  made  available, 
or  which  can  be  expended  in  a  specific  term  of  years.  The 
true  economics  of  pavement  design  is  to  find  the  solution 
which  gives  the  least  cost,  not  only  of  the  construction  and 
maintenance  of  the  pavement,  but  in  the  carrying  of  traffic 
in  the  designated  area  within  the  designated  period. 

I  may  be  able  to  make  my  Idea  clearer  by  giving  a  short 
illustration:  Normal  County  has  200  miles  of  road  of  the 
most  importance,  200  miles  of  secondary  highways,  impor- 
tant from  the  county  standpoint,  and  400  miles  of  strictly 
local  highways,  cared  for  by  the  local  units  of  government. 
Outside  of  the  funds  which  can  be  made  available  for  the 
general  maintenance  of  these  800  miles,  it  can  be  foreseen 
that  in  the  next  five  years  the  total  funds  available  for  high- 
way improvement  in  Normal  County  will  be  $4,000,000.  Of 
the  200  miles  of  first  class  highway,  50  miles  have  been  sur- 
faced in  the  past  and  are  still  maintainable,  and  150  miles 
are  earth,  without  hope  of  redemption.  Of  the  200  miles  of 
less  importance,  20  miles  have  been  surfaced  and  ISO  miles 
are  earth.  Of  the  400  miles  of  local  roads,  all  are 
earth.  Traffic  conditions  are  at  present  intolerable  in 
th'?  county.  Each  rain  means  a  blockade;  each  spring  and 
rainy  season  an  absolute  cessation  of  traffic  except  by  team, 
and  that  traffic  Is  almost  blocked. 

The  $4,000,000  available  in  the  five  years  will,  it  is  esti- 
mated, build  100  miles  of  the  schoolman's  economically  cor- 
rect highway.  If  the  public  officials  determine  to  build  this 
type  of  highway,  at  the  end  of  five  years  there  will  be  230 
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miles  of  the  first  and  second  class  liighways  (over  50  per 
cent  of  the  whole)  still  unsurfaced.  Isn't  it  plain  that  this 
answc-  cannot  be  correct,  regardless  of  the  so-called  eco- 
nomics of  the  specific  instance?  Isn't  it  plain  that  the  public 
body  controlling  the  money  should  consider  most  carefully 
thf:  ^vhole  situation,  and  spend  the  $4,000,000  in  an  effort  to 
make  passable  at  least  all  of  the  400  miles  of  principal  high- 
ways? 

The  schoolman  will  say  that  some  of  the  money  is  wasted 
because  a  portion  of  the  types  built  are  not  going  to  exist 
for  20  or  SO  years,  but  the  economic  waste  incident  to  the 
use  of  uneconomic  types  is  not  a  marker  to  the  economic 
waste  incident  to  the  continued  use  of  a  largely  unimproved 
system  of  highways.  In  other  words,  the  loss  to  traffic  by 
the  prolongation  of  such  a  situation  is  usually  infinitely  more 
than  the  loss  to  the  public  due  to  the  construction  and  main- 
tenance of  types  requiring  renewal  after  a  term  of  years. 
Carried  to  a  logical  conclusion,  some  one  will  say,  this  plan 
means  building  largely  temporary  surfacings,  and  later  on 
building  again.  It  does!  And  why  not,  if  that  is  the  true 
economic  solution?  Most  of  our  railroads  have  been  rebuilt 
more  than  once.  I  believe  we  must  proceed  along  exactly 
similar  lines.  First  accommodate  traffic,  building  to  the 
money  which  can  be  made  available,  expectin.g  that  after  the 
traffic  is  gotten  through  and  the  adjacent  territory  reaches 
fuller  development,  the  necessary  betterments  will  follow. 

Federal  Aid  Construction  in  Wisconsin. — There  has  been 
con.?iderable  criticism  to  the  effect  that  a  large  proportion 
of  the  Federal  aid  construction  is  .going  into  low-class  struc- 
tures and  that  therefore  the  funds  are  being  wasted.  Ninety 
per  cent  of  these  critics  never  designed  or  built  a  highway. 
nor  have  they  ever  tackled  a  legislative  body  to  get  it  to 
finance  one. 

In  Wisconsin  about  19  per  cent  of  our  total  mileage  of 
Federal  aid  construction  will  be  concrete,  2  per  cent  mac- 
adam, 42  per  cent  gravel,  and  37  per  cent  earth,  with  modi- 
fying surfacings  to  make  them  passable.  Expressed  in  terms 
nf  money,  about  40  per  cent  will  go  into  concrete,  the  re 
niainder  info  grading  and  other  types.  Every  project  solved 
a  traffic  problem  and  freed  a  community  from  impassability 
or  danger.  No  one  can  tell  me  nor  can  he  tell  the  communi- 
ties in  which  the  work  was  done,  that  the  money  was  wasted. 
Our  critics,  themselves,  if  faced  with  the  same  problems, 
would  have  come   to   the   same   decisons. 

We  hope  that  all  states  will  hold  to  safe  .ground  and  serve 
traffic  now.  Deviation  from  this  policy  is  more  apt  to  waste 
money  than  is  adherence  to  it.  Probably  more  federal  and 
slate  money  has  been  wasted  in  prematurely  building  un- 
necessarily expensive  types  of  surfacing  than  has  been 
wasted  in  grading  and  building  the  lesser  surfacings.  After 
all,  the  one  thing  that  is  permanent  about  road  work — the 
one  thing  that  cannot  be  done  too  well  or  too  soon,  is  proper 
grading  on  correct  locations.  Those  states  that  are  feeling 
their  way  by  doing  much  of  this  kind  of  work  at  places  where 
traffic  has  been  previously  stalled  by  grades  or  drainage 
conditions  are  not  wasting  money — they  are  investing  it 
with  profit. 

Common  Sense  and  Business  Judgment  and  Relative  Values. 
—It  may  be  inferred  from  this  paper  that  it  would  take  the 
brain  of  a  Demosthenes,  the  genius  of  an  Edison,  and  the 
engineering  skill  of  a  demigod  to  determine  what  pavements 
should  be  built,  given  a  condition,  these  theories,  and  a  sum 
of  money.  Such  is  not  the  case.  In  four  cases  out  of  five  a 
decision  can  be  readily  and  quickly  made  when  all  pertinent 
facts  and  circumstances  are  known.  It  takes,  largely,  com- 
mon sense  and  business  judgment  sufficient  to  grasp  rela- 
tive values.  It  is  a  matter  of  experience  and  judgment, 
rather  than  of  the  slide  rule  and  arithmetic. 

We  have  used  too  much  higher  mathematics  and  too  little 
common  sense.  We  have  sought  to  set  ourselves  upon  a 
pedestal  of  economic  perfection  and  have  closed  our  eyes 
to  many  of  the  sun-ounding  circumstances,  until  many  of 
us  cannot  recognize  a  real  economic  fact  when  we  meet  it. 
The  people  are  commencing  to  demand  results  rather  than 
higher  economics.  They  don't  know  much  about  pavement 
economics  or  relative  economy  of  types,  but  they  do  know 
when  and  where  they  were  stuck  in  the  mud  and  where  they 
broke  that  last  spring. 

There  are  too  many  hundreds  of  millions  of  dollars  in- 
vested in  means  of  motor  transportation,  and  too  much  pleas- 
ure, comfort,  convenience,  economy  and  time  saving  depends 
upon   their   immediate,   economical    and   safe   use   for   us    to 


trifle  with  the  facts  as  they  exist.  The  owners  of  these  ve- 
hicles demand  service.  They  must  be  given  it.  This  despite 
the  fact  that  many  manufacturers  of  motor  vehicles  persist  in 
pursuing  the  ignis  fatuus  of  highly  centralized  highway  sys- 
tems and  of  highly  concentrated  construction.  Automobiles 
and  motor  trucks  are  owned  on  almost  every  square  mile  of 
territory  and  use  every  main  highway.  They  cannot  serve 
or  attain  complete  efficiency  unless  they  can  get  through 
everywhere — now!  Why  their  producers  should  deliberately 
work  to  limit  their  use  offers  to  me  an  enigma  impossible  of 
solution. 

It  would  be  nice  indeed  if  we  could  serve  traffic  always 
and  immediately  with  the  ultimate,  but  it  is  mechanically 
impossible.  "Until  we  can  so  serve  it  we  must  meet  the  sit- 
uation which  exists  and  get  the  best  result  we  can  with  the 
means  at  hand. 

Let's  not  worry  so  much  about  our  predecessors  or  our 
successors;  let's  do  our  best  for  our  contemporaries.  Service 
value  desn't  necessarily  mean  the  ideal  for  the  next  decade, 
it  may  better  mean  service  value  right  now.' 

A  county  or  state  highway  department  should  not  exist 
merely  to  design  and  build  a  few  miles  of  highways  and  a 
few  culverts  and  bridges.  It  should  exist  to  give  transpor- 
tation service  to  its  clients.  We  should  be  purveyors  of 
transportation  to  the  American  people.  Traffic  must  be 
served. 

Conclusions. — Summing  up  very  briefly  the  meat  there  may 
be  in  this  article  we  can  say  as  follows: 

1.  Service  value  must  always  be  considered  with  reference 
to  service  cost. 

2.  In  comparing  the  relative  service  value  of  pavements, 
interest  on  the  successive  investments  should  be  included 
in  the  gross  cost. 

3.  Soil,  climatic  and  I'ainfall  conditions  have  a  bearing 
on  service  value  and  should  be  always  reckoned  with, 

4.  Width  is  an  important  factor  in  service  and  has  a  very 
large  bearing  on  the  conduct  and  maintenance  cost  of  pave- 
ments, especially  of  the  inferior  types. 

.5.  Proper  design  and  layouts  are  important,  regardless  of 
type,  and  poor  design  and  layouts  seriously  impair  the  service 
value  of  the  best  types. 

6.  Traffic  has  a  grave  bearing  on  service  and  must  be  re- 
stricted and  controlled  in  advance  of  construction  plans. 

7.  States  must  probably  divide  their  roads  into  classes  and 
name  the  limiting  load  for  each  class.  All  roads  cannot  be 
made  15-ton  roads  every  day  in  the  year. 

8.  It  is  not  always  possible  to  build  the  surface  that  ■will 
give  the  most  economical  service  on  the  specific  portion  ot 
highway,  and  it  is  not  always  advisable  to  do  so. 

P.  There  can  be  no  comparison  of  service  values  without 
a.^suming  proper  maintenance  ot  all  types  of  surface. 

10.  Constant  travelability  is  supremely  important,  es- 
pecially on  main  traveled  highways,  and  will  often  determine 
the  type  and  width  of  surface  to  be  used. 

11.  In  planning  improvements  consideration  of  the  traffic 
problem  is  of  the  gravest  importance.  Before  any  extensive 
program  is  laid  out.  the  executives  who  control  the  construc- 
tion shoiild  carefully  survey  the  traffic  situation  and  the  high- 
way conditions  in  their  own  and  the  surrounding  units  of 
government  and  plan  to  meet  them. 

12.  We  should  probably  seek  to  decentralize  and  spread 
intense  traffic  on  several  roads  rather  than  seek  to  put  it  all 
on  onp. 

13.  Expediency  is  not  always  wicked:  it  may  sometimes  be 
another  name  for  common  sense. 

14.  It  is  better  to  travel  over  an  uneconomically  designed 
but  passable  highway  system  than  not  to  be  able  to  get 
through  on  a  theoretically  perfect  one. 

15.  The  function  of  highways  and  of  highway  departments 
is  to  serve  traffic  and  to  furnish  means  of  transportation. 

16.  Today's  traffic  must  be  served. 


Court  Ruling  Favors  Illinois  Road  Bond  Issue. — The  Circuit 
Judge  .It  Carbondale,  Hi.,  on  Jan.  2!)  decided  against  the  plain- 
tiffs in  a  case  in  which  proceedings  were  brought  in  that 
county  to  enjoin  the  governor  from  construction  of  state  bond 
i'?sae  hard  roads.  The  plaintiffs  were  dissatisfied  with  the 
route  chosen  by  the  state  highway  department.  It  is  stated 
that  had  the  plaintiff  in  the  comnmnities  dissatisfied  with  the 
routes  selected  by  the  highway  department  would  have  In- 
stituted similar  proceedings,  with  the  probability  of  delaying 
indefinitely  the  $GO,000,00O  state  hard  road  program. 
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A  New  Self-Computing  Level  Rod 

By   K.   P.   EFFICKTZ, 
Asslslant  District  Highway  Enplncer.  Winona.  Minn. 

Tlio  splf-computing  level  rod  has  been  used  for  years. 
Patents  have  been  issued  on  several  different  types,  some  of 
which  have  expired.  KnKineering  and  Contracting  has  at 
different  times  described  the  details  of  construction  and  the 
liiethod  of  operation  of  one  particular  type  which  is  being 
iiianuractiircd  and  is  in  quite  general  use  at  the  present  time. 

The  writer  has  designed  and  constructed  a  self-computing 
rod  of  the  movable  c»ntinuous  ribbon  type  which  to  the  best 
of  his  knowledge  posesses  features  original  with  him;  and 
which  he  has  found  an  efllcient  aid  in  cross-sectioning  worlc 
on  liifilnvay  surveys  and  construction.     The  rod  can  also  be 


Figs.   1   and  2 — Self -Computing    Level    Rod. 
ut:ed   as   a   self-computer   in   other  leveling  operations,   or   if 
desired,  as  a  rod  of  the  ordinary  type;    but  its  greatest  ad- 
vuntage  is  in  the  talking  of  cross-sections. 

Following  is  a  description  of  this  rod  and  the  method  ot 
its  operation.  Figure  1  shows  graduations  on  the  movable 
continuous  ribbon.  The  length  of  the  ribbon  is  twice  the 
length  of  the  working  face  of  rod.  The  ribbon  shown  is  24 
n.  long  and  is  used  on  a  rod  that  has  a  12-ft.  working  face. 
Orly  the  toct  marks  are  shown  in  the  sketches.  The  actual 
scales  are  divided  into  feet,  tenths  and  hundredths.  There 
are  two  .'^rales  side  by  side  on  the  ribbon,  the  one  on  the  left 
running  progressively  downward  and  the  one  on  the  right 
running  progressively  upward.  The  zero  points  are  directly 
opposite  each  other.  The  middle  zero  or  zeroes  is  marked 
by  a  diamond-shaped  figure  to  distinguish  it  from  the  zeroes 
near  the  end.  When  placed  on  the  rod  the  two  ends  of  the 
ribbon  are  joii.ed  so  as  to  make  it  continuous.  In  operating 
the  rod,  the  middle  zero  or  diamond  must  always  remain  on 
face  ot  rod. 

Owing  to  the  limited  angle  of  vision  of  a  level,  it  is  im- 
possible to  sec  the  entire  length  of  the  working  face  of  rod 
when  it  is  close  to  the  instrument.  As  shown  later,  it  is 
very  necessary  that  the  instrument  man  know  whether  the 
diamond  is  above  or  below  the  line  of  sight,  and  to  distin- 
guish the  lower  half  of  ribbon  from  the  upper  half,  a  heavy 
line  is  drawn,  beginning  at  the  diamond,  and  running  dow^n 
the  middle  ot  the  ribbon  between  the  two  scales.  This  mark- 
ing will  enable  the  instrument  man  to  determine  instantly 
the  location  of  the  diamond  with  reference  to  line  of  sight. 
On  the  right  side  of  the  rod  there  is  an  indicator  pointer 
which  can  be  set  and  clamped  at  any  desired  point  along 
the  working  face. 

Figure  2  illustrates  the  manner  in  which  the  rod  is  used 
in  setting  slope  stakes  and  cross-sectioning  when  elevations 
ot  cross-sections  are  referred  to  grade.  The  elevation  of 
B.M.  is  n-.S.srt  and  elevation  of  grade  is  373.2.  The  rod  is 
held  on  B.M.  shown  at  "A"  Fig.  2  and  the  ribbon  is  moved  so 
that  the  reading  on  the  scale  on  left  corresponds  with  the  ele- 


vation of  the  P.M.  The  indicator  pointer  is  then  moved  to 
the  diamond  and  clamped.  Then  to  set  the  rod  for  the  grade 
:;73.2,  the  ribbon  is  moved  down  until  3.2  on  the  scale  on 
right  is  even  with  the  indicator  pointer,  and  clamped.  The 
cut  or  fill  of  any  point  on  the  cross-section  can  then  be  read 
directly.  The  cuts  are  read  on  the  left  scale  and  the  fills  on 
the  right  scale.  At  "B"  there  is  a  cut  of  2.2,  at  "C"  "grade" 
and  at  "D"  a  fill  of  8.0. 

With  the  instrument  in  this  first  position  and  the  indicator 
pomter  being  clamped,  the  rod  can  be  set  for  different  grades 
by  moving  the  ribbon  up  or  down  until  the  reading  on  right- 
hand  scale  opposite  the  indicator  pointer  corresponds  with 
the  required  ^rade.  In  this  operation  the  diamond  must  be 
kept  on  the  face  ot  the  rod.  Referring  to  A,  Fig.  1,  it  is  seen 
that  the  diamond  can  be  moved  down  6.7  ft.  or  up  .5.2  ft. 
without  disappearing  from  face  of  rod.  When  the  diamond 
is  at  the  bottom  of  the  working  face,  the  indicator  pointer 
will  read  6.7  and  the  rod  will  be  set  for  a  grade  ot  376.7;  and 
v'hen  the  diamond  is  at  the  top,  the  indicator  pointer  will 
road  4.7,  and  the  rod  will  be  set  for  a  grade  of  364.7.  Thus 
it  may  appear  that  the  rod  can  only  be  used  tor  grades  within 
a  12-ft.  limit,  which  in  this  case  is  between  364.7  and  376.7. 
Put  this  is  not  the  case.  Suppose,  for  example,  that  the 
grade  required  is  383.2.  Set  the  rod  for  a  373.2  grade  as  in 
Fig.  2.  The  diamond  then  will  corre.-ipond  to  a  fill  of  lO.n. 
it  being  a  fill  ot  10  ft.  from  373.2  to  383.2.  Then  in  Fig.  2 
there  would  be  a  fill  of  10.0  at  C,  a  fill  of  7.8  at  B,  and  a  fill 
of  18.0  at  D.  In  this  way  the  rod  can  be  used  for  any  grade 
outside  the  apparent  12  ft.  limit.  The  diamond  will  corre- 
spond to  a  fill  of  10.0  or  some  multiple  of  10.  or  a  cut  of  10.0 
or  a  multiple  of  10. 

After  doing  all  the  "slope-staking"  or  cross-sectioning  that 
can  be  conveniently  done  from  the  first  set  up.  a  T.P.  is 
taken.  To  get  the  elevation  of  T.P.,  the  diamond  is  moved 
to  the  indicator  pointer  and  the  elevation  of  T.P.  is  read  di- 
rectly. The  instrument  is  then  moved  ahead  and  the  w'ork 
is  continued  from  the  T.P.  as  from  the  B.M.  at  the  first 
set-up. 

In  hilly  or  brushy  country  it  is  often  impractical  to  take 
cross-sections  or  set  slope  stakes  with  a  large  level.  In  such 
places  the  work  can  usually  be  done  to  more  advantage  with 
a  hand  level. 

To  set  slope  stakes  or  to  take  cross-sections  when  eleva- 
tions on  cross-sections  are  referred  to  grade,  when  using  a 
hand  level,  the  rod  is  held  at  the  station  stake  and  the  rib- 
bon is  moved  until  the  reading  at  the  observer's  line  of  sight 
corresponds  with  the  center  cut  or  fill.  The  ribbon  is  then 
clamped  and  the  rod  is  taken  out  on  the  cross-section  and  the 
cuts  or  fills  read  directly  on  either  the  right  or  left  scale  as 
the  case  might  be.  Should  it  become  necessary  to  take  a 
turn  it  is  done  in  the  following  manner:  Suppose  the  rod- 
man  is  going  out  on  the  down-hill  side.  He  selects  a  T.P. 
and  the  observer  reads  near  the  top  of  the  rod,  say.  a  fill  of 
3.2.  The  observer  then  moves  down  the  hill  so  that  his  line 
of  sight  hits  near  the  bottom  of  the  rod.  With  the  rod  on 
the  T.P.,  the  ribbon  is  moved  until  the  observer  reads  a  fill 
of  3.2  on  the  right-hand  scale.  The  ribbon  is  then  clamped 
and  the  work  continued  down  hill.  Turning  up  hill  is  per- 
formed in  the  same  manner. 

In  cross-sectioining  with  a  hand  level,  the  elevations  of 
cross-sections  are  soiuetimes  referred  to  the  ground  eleva- 
tion at  center  line.  The  work  is  carried  on  in  the  same  man- 
ner as  just  explained,  except  in  starting  at  center  the  ob- 
server reads  on  the  diamond. 


I 


Features  of  California  Road  Building  Program. — The  Cali- 
fornia State  Highway  Commission  in  its  report  submitted  last 
month  to  tthe  State  Legislature  outlines  certain  fundamental 
features  of  the  road  building  program.  These  include  first, 
routing,  so  tar  as  practicable,  over  the  shortest  routes  be- 
tween termini;  seconw,  cement  concrete  as  a  standard  con- 
struction base.  and.  third,  the  unit  plan  of  construction.  A 
heavier  duty  road  now  being  required  than  was  the  case 
when  construction  started  ten  years  ago,  the  commission  says, 
it  has  increased  the  depth  of  base  from  4  to  5  in.  of  reinforced 
concrete.  A  minimum  width  of  20  ft.  is  not  held  advisable  be- 
cause ot  the  greatly  increased  cost  per  mile,  and  it  is  held 
best  to  continue  the  1.5-ft.  minimum,  with  widths  varying  up 
to  20  ft  as  trafiic  conditions  seem  to  require.  Old  road  bet- 
terment, it  is  stated,  is  also  being  given  careful  considera- 
tion and  a  fair  proportion  of  funds. 


(42) 


Engineering  and  Contracting  for  February  2,  1921. 


115 


Preparation  of  Estimates  for  High- 
way Work 

In  view  of  the  rapidly  changing  economic  conditions  in  the 
past  and  the  uncertainty  as  to  the  future,  estimates  have  been 
Siving  and  are  going  to  give  highway  engineers  considerable 
trouble.  An  interesting  discussion  of  this  question  of  esti- 
mating, from  the  standpoint  of  a  state  department,  was  given 
by  Mr.  H.  .1.  Kuelling,  Construction  Engineer  of  the  Wiscon- 
sin Highway  Commission,  in  a  paper  presented  at  the  annual 
convention  of  the  American  Association  of  State  Highway 
Officials,  held  at  Washington,  D.  C,  Dec.  13-16,  1920.  In  his 
paper,  an  abstract  of  which  follows,  he  describes  the  plan  that 
has  been  tried  out  in  Wisconsin  during  the  past  year. 

Local  Conditions  Must  Be  Analyzed.— It  is  assumed  that  the 
economical  type  to  he  constructed  has  been  previously  selected. 
This  statement  is  made  because  of  the  fact  that  in  making 
estimates,  factors  are  very  often  uncovered  which  warrant  a 
change  In  type 

Before  any  figures  are  made  on  an  estimate,  the  engineer 
must  carefully  analyze  all  conditions  surrounding  the  work. 
He  must  spend  time  in  seeking  out  all  local  information  rela- 
tive to  every  feature  of  the  work.  This  local  information 
may  pertain  to  availability  of  materials:  freight  rates;  rail- 
road accommodations,  as  to  sidings  and  train  service;  camp 
sites;  water  supply  for  these  camps;  availability  of  supplies 
for  these  camps,  whether  they  come  from  merchants  or  farm- 
ers; the  soil  conditions,  whether  or  not  they  are  conducive 
to  a  small  weather  loss;  whether  the  sand  is  so  soft  that  it 
will  interfere  with  the  movement  of  equipment  such  as 
wheelers,  or  wagons;  the  kind  of  clearing  and  grubbing, 
whether  there  are  deep  rooted  trees  or  flat  rooted;  the  type 
of  marsh  conditions,  if  there  are  any,  whether  it  is  possible 
to  work  horses  or  equipment  on  them ;  the  kind  of  grades 
that  may  be  encountered  in  the  work,  which  will  have  a  bear- 
ing on  the  hauling  of  materials,  or  the  pumping  of  water. 
In  fact,  he  must  seek  information  on  a  great  variety  of  sub- 
jects. 

In  seeking  knowledge  of  materials  he  must  know  the  capa- 
bilities of  commercial  concerns  to  ship,  whether  they  are  in  a 
position  to  get  cars,  whether  they  have  the  proper  capacity 
to  turn  out  the  amount  of  material  they  are  liable  to  contract 
for;  whether  their  material  is  satisfactory;  the  business  repu- 
tation of  the  concern,  whether  they  will  keep  their  word  or 
not;  th.it  is,  whether  they  will  ship  in  accordance  with  prom- 
ises or  whether  they  will  ship  to  someone  that  comes  along 
and  offers  them  a  higher  price  at  a  later  date. 

Seeking  information  on  local  materials,  the  engineer  must 
be  even  more  careful,  as  he  must  know  the  kind  of  materials 
available,  the  amount,  especially  if  a  gravel  deposit,  as  these 
are  likely  to  pinch  out;  he  must  know  the  cost  and  should 
have  an  option  on  it,  so  that  one  contractor  by  getting  this 
option,  cannot  bar  others  from  bidding. 

The  mere  investigation  of  present  used  matarials  is  not 
sufficient,  as  there  are  many  cases  where  materials  are  be- 
ing hauled  several  miles  when  there  is  a  sufficiently  good 
supply  within  a  very  short  distance  of  the  .iob.  Entirely  new 
and  unknown  sources  of  supply  can  be  found  in  any  state  by 
a  painstaking  materials  department.  The  changes  of  the 
freight  rates,  if  there  are  any  new  increases,  should  be  bal- 
anced against  the  extra  distance  that  local  materials  can  be 
hauled. 

Force  Account  Work  to  Secure  Cost  Data. — After  an  engi- 
neer has  obtained  or  been  furnished  with  all  this  local  data, 
he  is  still  very  much  handicapped  in  making  his  estimate, 
unless  he  has  had  considerable  experience  in  actual  construc- 
tion. He  should  know  the  hest  methods  of  carrying  on  the 
work,  what  equipment  to  use.  whether  it  be  a  grading  or  sur- 
facing job.  With  the  amount  of  work  that  is  being  done  hy 
every  state  in  the  Union,  the  simplest,  most  practical  and 
only  satisfactory  way  to  get  this  cost  information  is  for  the 
various  states  to  do  some  of  their  work  by  force  account.  The 
writer  knows  that  some  states  cannot  legally  do  this,  hut  be- 
lieves that  provision  should  be  made  so  that  they  may.  It 
will  be  surprising  to  many  of  you  to  find  out  the  items  that 
crop  up  and  that  must  be  paid  for  on  a  construction  job. 
Some  things  are  hard  for  an  engineer  to  realize  unless  he 
has  been  through  the  mill. 

The  state  from  which  the  writer  comes  has  taken  this  stand 
for  years  past  and  has  done  a  very  great  amount  of  certain 
types  of  work  by  force  account.     Up  to  the  time  of 'federal 


construction,  this  force  account  work  was  entirely  in  the 
hands  of  the  county  authorities  and  only  under  the  general 
supervision  of  the  state.  Since  the  federal  construction  be- 
gan, the  state  has  undertaken  a  number  of  jobs  by  day  labor 
and,  in  fact,  in  25  of  the  71  counties  during  the  past  season, 
part  of  the  work  has  been  done  in  this  way.  This  does  not 
mean  that  the  majority  or  even  a  large. per  cent  of  the  work 
is  done  by  force  account,  but  enough  is  done  so  that  the  state 
will  have  first-hand  and  accurate  knowledge  of  costs.  Owing 
to  the  variety  of  work  and  conditions,  it  requires  several  jobs 
along  different  lines.  For  instance,  on  concrete  road  con- 
struction during  the  past  season,  one  job  was  run  by  day 
Hbor  where  the  material  was  dumped  on  the  subgrade  and 
handled  by  wheelbarrow.  This  material  was  shipped  in  from 
commercial  plants  to  a  special  siding  and  transferred  by  a 
clam  to  side  dump  cars  on  an  electric  railway  wiiich  ran  along 
the  highway  and  dumped  directly  on  the  subgrade.  In  an- 
other case,  a  local  pit  was  developed  and  the  material  hauled 
to  thfj  road  by  trucks.  It  was  then  mixed  and  placed,  the 
mixer  being  leaded  with  wheelbarrows.  In  a  third  case,  a 
local  pit  was  used,  the  concrete  mixed  at  the  pit,  hauled  in 
a  mixed  condition  by  industrial  railway  and  placed  on  the 
subgrade  with  a  large  crane. 

In  grading  operations  one  job  was  undertaken  in  a  sandy 
soil;  one  in  gravelly  soil;  one  in  clay  soil;  still  another  in 
very  stony  ground.  Some  work  was  done  by  steam  shovels 
and  some  by  wheelers  and  fresnos.  In  a  similar  manner 
various  kinds  of  gravel  work  were  undertaken — some  with 
sandy  gravel,  some  with  clay  gravel,  and  some  with  gravel 
that  would  hardly  be  worthy  of  the  name  of  gravel — in  other 
words,  really  top  soil. 

With  an  accurate  cost  analysis  of  all  of  this  work  at  hand, 
wo  feel  that  we  are  in  much  better  position  to  determine 
whether  or  not  the  bids  submitted  to  us  are  satisfactory. 

After  progressing  this  far  in  the  making  of  an  estimate, 
the  writer  believes  that  the  states  should  have  a  regular  sys- 
tem of  making  these  estimates.  In  fact,  he  sees  no  reason 
why  a  committee  from  this  organization  could  not  develop  a 
scheme  or  schemes  for  having  all  the  states  make  their  esti- 
mates in  the  same  manner.  This  scheme,  whatever  it  may 
be,  should  be  after  the  same  fashion  and,  in  fact,  can  well 
comprise  the  very  same  forms  that  a  contractor  should  use. 
There  is  no  reason  why  the  drawing  up  of  such  estimate  forms 
could  not  be  partly  done  by  the  contractors,  or  in  conjunction 
with  them.  This  scheme  of  having  the  contractors  work 
with  the  engineers  has  been  tried  out  during  the  past  year 
in  Wisconsin,  with  more  or  less  success. 

Wisconsin  Form  of  Estimates. — A  year  ago,  the  Wisconsin 
State  Highway  Department  called  a  two-day  meeting  of  con- 
tractors, machinery  men,  material  producers  and  the  engi- 
neers of  the  state.  A  very  open  discussion  was  had  regard- 
ing the  rel.ntions  of  all  parties  concerned.  At  this  meeting  a 
committee  was  appointed,  and  instructed  to  draw  up  a  form 
for  making  estimates.  This  committee  was  composed  of 
five  contractors,  elected  by  the  vote  of  the  contractors  them- 
selves, one  man  from  the  aggregate  producers,  one  man  from 
the  machinery  manufacturers,  !hree  men  from  the  county 
construction  departments,  and  two  from  the  State  Highway 
Department.  This  gave  a  committee  of  five  engineers,  five 
contractors  and  two  others  who  were  vitally  interested  in 
the  meeting.  This  committee  met  for  three  different  sessions 
and  they  were  sessions  at  which  work  was  done.  The  con- 
tractors, as  a  rule,  were  frank  in  their  statements,  and  out 
of  it  grew  an  estimate  form  for  one  type  of  construction  which 
seems  to  be  fairly  satisfactory  to  all  concerned.  No  doubt  it 
has  many  faults' as  yet,  but  it  is  a  start  in  the  right  direction. 
This  form  is  drawn  up  primarily  for  a  concrete  road  job,  but 
it  can  be  very  easily  adjusted  to  other  types  of  surfacing.  The 
committee  did  not  complete  an  outline  for  estimating  grading 
work,  but  it  is  hoped  that  it  w-ill  do  so  sometime  in  the  near 
future.     It  did,  however,   touch  upon  certain   features  of  it. 

There  is  perhaps  more  guessing  done  in  making  grading 
estimates  than  in  any  other  kind  of  road  work.  There  is  a 
greater  need  for  some  satisfactory  method  for  estimating 
grading  costs  than  tor  most  kinds  of  road  work.  Too  often 
the  average  haul  is  not  even  known.  A  greater  use  of  the 
mass  diagram  would  be  beneficial. 

The  attendance  of  this  committee  was  almost  100  per  cent 
and  the  meetin.gs  were  lively,  as  many  discussions  arose.  All 
points  were  finally  amicably  settled  and  the  form  is  used 
quite  freely  throughout  the  state.  The  form  as  developed  is 
divided  into  Hi  subdivisions  as  follows: 
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Cost  of  sidlnKH. 

Moving  of  I'ciiilpment  to  the  Jol). 

Loat  time  of  iiicvInK  equipment. 

Cement. 

Fine  atgregiite. 

Coarse  UKgregate. 

Surfacing. 

Camp   loss. 

Miscellaneous  cost. 

ContlnKencles. 

Compensntion  and  public  liability  insurance. 

Bond  cost. 

Overhead. 

Pront. 

Charges  for  machinery  and  equipment. 

Each  of  the  above  items  is  subdivided  into  as  many  divisions 
as  were  considered  necessary  by  the  committee.  Most  of 
these  items  yon  will  readily  see  are  somewhat  easy  to  de- 
termine, but  others  are  not.  Only  a  few  will  bo  discussed 
here. 

The  coMiniittee  finally  put  overhead  on  a  percentage  basis. 
For  instance,  in  figuring  a  job  the  contractor  or  the  engineer 
would  have  to  estimate  the  per  cent  of  the  manager's  time 
that  would  be  required  for  the  job,  and  then  charge  up  that 
per  cent  of  his  yearly  salary  to  the  job.  The  same  plan  is 
applied  to  his  office  force,  time  keepers,  the  expense  of  the 
manager,  his  office  rent,  supplies,  etc.  Overhead  also  includes 
the  corporation  insurance,  interest  on  the  necessary  work- 
ing capital  and  any  duos  that  may  have  to  be  paid  to  associa- 
tions. 

Upon  the  item  "profit,"  the  committee  had  a  rather  heated 
argument.  Naturally,  the  contractors  were  anxious  to  obtain 
as  much  profit  as  possible  and  have  the  state  officials  agree 
to  certain  percentages.  This,  however,  we  refused  to  do  and 
the  per  cent  of  profit  was  left  blank  tor  the  contractor  to 
fill  in  as  he  desired  What  we  were  seeking  was  primarily 
to  get  everyone  to  make  their  estimates  along  the  same  line 
and  then  let  the  contractor  be  his  own  judge  on  whether  or 
not  he  could  get  the  job  with  certain  profits  added  on. 

In  the  last  item,  charges  for  machinery  and  equipment,  the 
committee  had  perhaps  the  most  interesting  discussions. 
Charges  tor  surfacing  machinery  and  equipment  were  worked 
out  to  certain  percentages  per  mile  of  road  constructed.  For 
instance,  under  concrete  pavers,  we  assume  that  the  paver 
will  build  :w  miles  of  standard  18-ft.  road,  at  the  end  of  which 
tin\e  it  will  be  completely  used  up.  The  same  result  was  ob- 
tained If  we  assumed  that  it  would  build  24  miles  and  at  the 
end  of  that  time  have  a  salvage  value  of  20  per  cent  of  the 
original  cost.  With  the  30  mile,  and  an  average  per  year  of 
K  mile,  the  life  of  the  mixer  would  be  five  years.  Deprecia- 
tion, therefore,  in  five  years  equals  100  per  cent,  repairs  in 
five  years  at  10  per  cent,  would  equal  50  per  cent  of  the  origi- 
nal cost:  and  interest,  storage  and  insurance  would  equal 
30  per  cent  of  the  original  cost.  This  would  inake  a  total 
of  180  per  cent  of  the  total  cost  to  be  spread  over  30  mile, 
or  6  per  cent  per  mile.  In  other  words,  in  figuring  the  charges 
for  machinery,  the  contractor,  if  it  was  a  standard  18-ft. 
roail.  would  merely  multiply  the  number  of  miles  by  6  and 
take  that  per  cent  of  tho  original  cost  of  his  paver  as  the 
amount  to  be  charged  to  the  particular  job  under  estimation. 
In  a  similar  manner,  the  committee  arrived  at  percentages 
for  various  types  of  equipment  used  in  the  surfacing  work. 

The  per  cent  on  grading  and  hauling  equipment  naturally 
could  not  be  arranged  by  miles.  It  must  be  worked  on  a 
time  basis  and  cannot  be  as  accurately  determined  as  surfac- 
ing equipment,  because  of  the  greater  variation  in  quantity 
and  kind  of  excavation  on  different  jobs.  Final  percentages 
have  not  as  yet  been  arrived  at  by  the  committee  for  these 
types.  The  committee  did  state  that  including  depreciation, 
interest  on  investment,  stora.ge,  insurance  and  all  repairs,  but 
not  including  fuel,  the  percentage  per  operating  day  would 
vary  from  v^  per  cent  to  i4  per  cent  of  the  original  cost,  de- 
pending upon  the  kind  of  equipment. 

There  is  no  doubt  that  a  continued  use  of  this  form  will 
bring  out  points  of  weakness,  but  the  writer  believes  it  is  a 
step  in  the  right  direction  and  that  within  a  very  few  years 
standard  forms  of  estimating  will  be  in  use  for  road  work 
and  that  there  is  no  reason  why  these  same  forms  cannot  be 
used  both  by  the  contractors  and  by  the  engineers. 

There  is  also  no  doubt  that  adjustments  will  have  to  be 
made  for  certain  local  conditions  which  are  not  covered. 
Where  there  is  something  to  guide,  there  is  no  reason  why 
the  contractor  and  the  engineer  should  not  be  a  little  more 
In  harmony  than  they  have  been  in  some  cases  in  the  past. 


Short  cuts  in  estimating  are  needed  and  can  be  devised 
liy  state  departments.  Care  should  be  taken,  however,  not  to 
make  these  too  short.  No  scheme  will  ever  be  devised  or 
charts  drawn  so  that  a  novice  can  make  hit;hway  estimates, 
it  is  only  by  the  use  of  brains  and  knowledge  of  conditions 
influencing  costs  that  proper  estimates  can  be  made. 


Wages  and  Material  Costs  1915-20  on  Ore- 
gon Highway  Construction 

The  accompanying  tabulation  from  the  recently  issued 
biennial  report  of  the  Oregon  State  Highway  Cominission. 
covering  the  period  Dec.  1,  1918,  to  Nov.  30,  1920,  shows  the 
average  prices  on  highway  construction  materials  f.o.b.  Port- 
land, Ore.,  and  the  average  wages  paid  on  highway  work 
in  the  immediate  vicinity  of  Portland  during  the  years  1915 
to    1920: 

Pctff. 

inc.  1915 

Item.                             1915.  1916.  1917.  1918.  1919.  1920.  to  1920. 

Labor,    day $2.00  $2.50  $3.00  $3.60  $4.50  $5.00  150 

Man  tind  team,  day...     5.00  5.50  6.00  S.OO  9.00  11.00  120 

Trucks,    hour 2.50  3.00  3.25  3.50  3.50  3.50  40 

Cement,   net  libl 1.90  1.95  2.79  2.79  2.79  3.60  90 

Asphalt,   net    ton 14.50  14.00  15.55  19.50  23.50  24.00  65 

Steel   ireinf.).  cwt 3.30  4.50  6.00  4.90  4.40  5.00  50 

Lumber,   M.   F.   B.   M.  32.00  38.00  40.00  50.00  65.00  65.00  100 

Powder    (40%),    cwt..   14.00  16.43  21.50  22.25  19.75  21.05  50 

Sand.  cu.  yd 60  .75  1.00  1.10  1.25  1.50  150 

Gravel,  cu.  yd 70  .90  1.00  1.10  1.25  1.50  115 

Broken  stone,   cu.  yd.     1.15  1.15  1.25  1.45  1.85  2.00  75 
PYeight  (25-miIe  haul), 

ton     1.20  1.20  1.20  1.50  1.50  1.90  fiO 

Commenting  on  the  increased  cost  of  highway  construc- 
tion the  report  says: 

A  study  of  the  average  wage  for  labor  and  the  average 
prices  upon  the  principal  materials  entering  into  highway 
construction,  shows  that  from  1915  to  1920  the  daily  wage 
ior  labor  has  advanced  150  per  cent  and  that  the  prices  for 
such  materials  as  cement,  asphalt,  steel,  sand,  gravel  and 
broken  stone  have  advanced  anywhere  from  40  to  150  per 
cent,  averaging  not  less  than  90  per  cent.  From  these  figures 
it  would  appear  that  highway  construction  cost  had  advanced 
during  that  period  about  120  per  cent.  As  a  matter  of  fact, 
however,  the  actual  cost  of  highway  construction  has  ad- 
vanced even  more  than  would  be  indicated  by  the  increases 
in  wages  and  prices,  due  to  the  shortage  during  the  last  two 
or  three  years  of  capable  laborers  and  due  to  the  lessened 
efficiency  of  all  classes  of  labor  as  the  result  of  the  plentiful 
amount  of  work  and  the  lack  of  competition  among  laborers. 

The  increased  cost  of  labor  and  materials  have,  of  course, 
been  reflected  in  the  contract  prices  upon  all  classes  of  high- 
way work.  Grading  prices  in  particular  have  shown  a  very 
marked  increase,  excavation  prices  having  increased  in  the 
neighborhood   of  150   per  cent. 

Paving  prices  do  not  show  as  great  a  proportional  increase 
as  the  grading  prices,  the  increase  being  approximately  80 
per  cent.  This  is  as  would  be  expected,  due  to  the  fact  that 
a  very  large  percentage  of  paving  costs  are  truck  hauling 
and  equipment  costs,  which  costs  have  not  increased  in  the 
same  ratio  as  labor  and  materials. 


I 


Discover  Unknown  Substance  Existing  in  Soil. — One  of  the 
most  important  discoveries  in  tlie  science  of  soils  has  been 
made  by  experts  of  the  United  States  Department  of  Agri- 
culture within  the  last  year  in  the  separation  of  a  hitherto 
unknown  substance  which  has  been  designated  as  ultraclay, 
a  gelatinelike  substance,  very  sticky  and  plastic  when  wet 
and  having  in  the  dr>'  state  the  general  appearance  of  resin. 
It  appears  to  be  a  silicate  of  alumina,  usually  with  some  iron 
and  traces  of  potassium,  sodium,  magnesium,  and  calcium, 
whether  combined  or  merely  absorbed  being  a  point  not  yet 
determined.  This  ultraclay  is  believed  to  be  the  principal 
factor  in  makmg  the  soil  plastic,  but  when  added  to  loose 
and  incoherent  sand  in  proportions  \\p  to  10  per  cent,  and 
the  mixture  made  into  briquettes  and  dried,  it  gives  to  the 
sand  a  crushing  strength  greater  than  an  equal  amount  of 
Portland  cement.  The  briquettes  made  with  ultraclay.  how- 
ever, fall  to  pieces  when  put  in  water,  while  those  made  with 
Portland  cement  retain  their  form.  The  discovery  has  an 
important  bearing  upon  the  physical  properties  of  soils  and 
is  being  studied  in  co-operation  with  the  Bureau  of  Public 
Roads  as  a  guide  in  adjusting  the  structure  of  pavements  to 
the  texture  of  the  soil  on   which  they  are  built. 
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Pavement  Cutting  by  Pneumatic 
Machinery 

With  the  many  improvements  which  have  been  made  in 
pneumatic  machine]  y  it  is  now  generally  considered  an  un- 
necessary expense  to  cut  asphalt,  concrete,  or  bitliulithic 
pavement  with  a  pick  or  chisel  and  sledge.  Not  only  is  the 
hand  method  laborious  and  slow,  but  it  is  wasteful,  in  that 
quite  often  the  opening  is  larger  than  is  necessary.  The 
pneumatic  method  of  )naking  pavement  cuts  is  described  by 
Mr.  Linwood  H.  Geyer  in  the  February  Compressed  Air  Mag- 
azine, from  which  the  matter  following  Is  taken. 

For  asphalt  and  bithulithic  pavement  cutting  the  tool  in 
genera!  use  is  a  pneumatic  machine  bitted  with  a  sharp  bladed 
chisel.     The   method   employed   is:    first   a   marking   is   made 


Significance  of  Local  Conditions  in 
Design  of  Brick  Pavements* 

By  MAURICE  B.  GREENOUGH, 

Secretary,    National   Paving   Brick   Manufacturers'    Association 

We  hear  and  read  repeatedly  that  "local  conditions"  need 
to  be  reckoned  with  in  the  design  and  construction  of  pave- 
ments. Now,  constant  repetition  emphasizes  some  thoughts  and 
adds  clarity  to  their  meaning  scope  or  application,  in  practical 
ways.  To  the  contrary,  there  are  numerous  excellent  propo- 
sitions that  are  made  increasingly  vague  by  continual  reitera- 
tion. It  is  much  to  be  feared  that  the  term  "local  conditions," 
as  used  in  paving  engineering,  falls  into  the  latter  class.  The 
more  the  expression  is  used  the  less  real  meaning  it  conveys! 

Experience  has,  with  all  of  us,  verv  much  to  do  with  our 


F.Tving   Breakers  Used  for  Breaking   Up  Asphalt  and   Paving   Blocks  for  Pipe  Trenches  and  Street  Railway  Construction  and   Repairs. 


by  sliding  the  chisel  along  a  chalked  cutting  line;  next  the 
chisel  is  used  to  cut  down  and  through  the  paving,  and  lastly, 
the  same  chisel  is  used  to  pry  up  the  slab  to  be  removed. 
Although  in  many  cases  a  heavy  chipping  hammer  has  been 
used  tor  this  work  it  has  been  found  advisable,  where  the  ex- 
tent of  the  work  permits,  to  use  machines  which  are  specially 
adapted  for  this  service.  Large  public  service  corporations 
and  city  paving  contractors  are  constantly  confronted  with 
the  removal  of  road  surface,  for  pipe  and  conduit  trenches  and 
for  pavement  repairs.  A  number  of  these  companies  are  now 
using  a  machine  known  as  the  "Paving  Breaker."  This  ma- 
chine is  non-rotating  and  operates  on  the  same  principle  as  the 
hammer  drill.  It  can  easily  be  handled  by  one  man.  Shanked 
steels  with  moil  or  chiseled  bits  are  used  to  break  up  the 
paviny.  the  steel  being  held  in  the  machine  by  a  steel  re- 
tainer. 

In  cases  where  such  work  only  occurs  at  infrequent  inter- 
vals, contractors,  having  ".Jackhamers"  as  a  part  of  their  reg- 
ular equipment,  remove  the  rotation  elements  from  these 
drills  and  use  them  with  a  bull-point  steel. 

Electric  railway  corr panics  have  long  since  adopted  the 
pneumatic  tie  tamper  as  the  most  satisfactory  way  to  tamp 
their  track.  In  many  cases  road  surfaces,  which  must  be 
maintained  by  the  street  railway  company,  are  torn  up  by 
using  the  tie  tamper  with  a  chisel  bit — although  many  of  these 
same  companies  are  now  standardizing  on  the  "Paving 
Breaker"  because  of  the  larger  quantity  of  this  work  which 
must  be  done,  during  all  seasons  of  the  year.  These  same 
companies  often  use  their  tie  tamper  compressor  cars  for  sup- 
plying the  air,  although  electic  driven  wagon  portable  com- 
pressors are  frequently  used. 


conception  of  what  "local  conditions"  denotes.  Accordingly, 
we  may  have  concluded  that  problems  associated  with  financ- 
ing improvements  are  of  paramount  importance,  or  perhaps 
those  of  location  or  traffic  or  subsoil  and  foundation,  or  any 
one  of  several  phases  of  the  question. 

The  Illusive  "Standard"  Type.— The  tact  remains  that  each 
of  us  reads  into  our  conception  of  "local  conditions"  a  mean- 
ing that  harmonizes  with  our  own  experience.  There  has 
been  no  procedure,  established  by  professional  custom  or 
agreement,  that  constitutes  a  well-rounded  guide  for  the 
identification  and  solution  of  such  matters.  That  such  a  state- 
ment can  be  made  is  unfortunate,  but  not  surprising. 

Let  us  recall  for  a  moment  that  not  so  long  ago  efforts 
were  being  made  to  create  "standard"  types  of  paving  that 
could  be  used  universally,  with  as  much  economy  in  one  place 
as  another.  All  this  effort,  if  it  had  any  justification,  must 
have  rested  upon  one  assumption,  and  no  other,  that  condi- 
tions found  surrounding  each  and  every  proposed  paving  proj- 
ect, likewise  were  standardized.  As  well  attempt  to  equip 
all  men  with  the  same  size  and  kind  of  shoe!  As  feet  vary, 
so  do  all  the  details  of  different   paving  projects. 

When  adherence  to  "standard"  types  prevailed  the  adop- 
tion of  any  paving  type,  other  than  so-called  standard,  could 
be  had  only  by  proving  conclusively  that  the  "standard" 
type  could  not  meet  the  situation.  The  burden  of  proof  had 
to  be  assembled  to  support  the  negative  of  the  proposition. 

There  could  have  been  but  one  outcome  for  street  and 
highway  building  if  the  pursuit  of  the  (now  recognized)  illu- 
sive "standard"  had  continued.  That  would  have  been  the 
failure  of  so  large  a  proportion  of  paving  improvements  that 
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axpaylng  citizens  would  liave  lunied  away  from  such  things. 
They  would  have  denied  themselves  the  benefits  of  paved  thor- 
ouehfares  because  of  the  price,  In  waste  and  inelHciency,  they 
vould  have  bi'en  compelled  to  pay. 

True  Designing. — Happily,  the  trend  of  engineering  prac- 
tice today  in  paving  design  is  away  from  the  use  of  "stand- 
ard" types  of  paving  and  toward  the  selection  of  forms  of 
p;>ving.  of  all  kinds,  that  best  satisfy  the  requirements  of  the 
imrtlcular  project  tor  which  paving  is  l)eing  chosen.  This  In- 
dicates thai,  however  seductive  might  have  been  the  appeal 
of  nniforiii  treatment  for  all  paving  improvements,  it  could 
not  prevail  against  the  conservative  engineering  thought 
\\liich  would  build  structures  suitable  to  the  needs  of  given 
sltua'JoDF.  If  one  may  gage  the  progress  or  engineering  senti- 
ment and  classify  ii  wluie  yet  it  is  in  a  state  of  change,  one 
would  say: 

First — Thfit  eventually  as  much  care,  in  proportion  to  the 
nature  of  the  work,  will  be  bestowed  upon  the  examination 
of  a  proposed  paving  project,  in  securing  the  fundamental 
data  neces.sary  for  economic  designing,  as  would  be  exercised 
in  securing  facts  for  the  design  of  bridge  piers  or  high  build- 
ing foundations, 

Second — That  where  two  or  more  pavements  as  designed 
and  built  happen  to  be  similar  in  all  respects,  then  it  will  be 
because  the  basic  situations  surrounding  each  of  them  like- 
wise hr\[)pen  to  rail  for  the  same  treatment. 

Brick  Pavements  Analyzed. — Admittedly,  the  design  of  pave- 
ments by  the  method  of  assembling  all  pertinent  data,  and 
the  selection  of  a  type  based  upon  the  consideration  of  all  the 
available  resources,  imposes  a  volume  of  work  upon  the  de- 
signing engineer  larger  than  alleged  "designing"  by  the  adop- 
tion of  some  "standard."  But  we  believe  that  whatever  ad- 
ditional effort  is  required  to  be  put  forth  more  than  justifies 
itself  to  engineers  who  would  use  public  money  to  the  best 
advantage. 

Let  us  now  consider  the  possibilities  of  brick  pavements 
as  to  the  available  types  of  construction.    A  brick  pavement 
is  a  composite  structure.     It  has  three  elements: 
Wearing  surface 
Bedding 
Foundation. 

The  relation  between  these  several  elements  is  most  clearly 
defined,  and  the  necessary  data  for  design  assembled  begin- 
ning the  analysis  with  the  foundation. 

The  Foundation. — By  foundation  we  mean  the  natural  soil 
underlying  the  pavement  plus  the  artificial  base,  if  such  proves 
to  be  required.  The  two  must  be  studied  as  one  element. 
Where  the  natural  soil  is  high  in  the  properties  ascribed  as 
essential  in  upholding  the  pavement  structure,  namely  well 
drained  and  therefore  probably  stable,  less  requirements  are 
exacted  from  an  artificial  support.  Conversely,  where  the  nat- 
ural soil  seems  unsuitable  for  the  performance  of  its  proper 
functions,  one  or  two  courses  is  open  to  the  designer. 

He  may  take  steps  to  improve  the  character  of  the  sub- 
soil or  he  may  throw  all  the  burden  of  pavement  support  upon 
the  artificial  base. 

The  comparative  values  of  the  alternate  methods  may,  we 
believe,  be  summed  up  thus:  If  the  subsoil  is  favorable  to  the 
performance  of  its  functions,  then  the  burden  of  supporting 
the  pavement,  and  its  loads,  is  thrown  upon  the  natural  earth. 
The  artificial  base  primarily  serves  as  a  medium  for  the 
transmitting  of  loads  and  forces  from  the  wearing  surface  to 
the  natural  foundation  where  they  are  fitly  disposed  of.  On 
the  other  hand,  if  the  subsoil  is  not  capable  of  rendering 
proper  service,  then  all  the  capacity  for  pavement  support, 
and  everything  which  that  entails,  must  be  provided  for  in 
the  artificial  base. 

As  a  matter  of  practical  record,  we  have  had  sufficient  evi- 
dence presented  to  us  in  the  recent  past  (and  doubtless  we 
shall  have  more  in  the  future)  to  show  that  recourse  to  this 
last  procedure  results  only  in  waste  and  inefficient  pavement 
construction.  We  must  then  build  our  pavement  bases  as 
bridges,  and  the  cost  of  such  construction  as  would  accom- 
plish what  is  intended,  would  be  prohibitive,  even  if  it  had 
the  justification  of  good  sense.  We  know  that  in  the  long 
run  it  is  cheaper  to  improve  deficient  subsoils,  once  and  for 
all,  than  it  is  to  repair  broken  dow^n  pavements.  Of  the  two 
methods,  the  first  is  obviously  the  more  to  be  desired. 

Let  the  foregoing  discussion  serve  to  establish  the  need 
of  a'  most  thorough  subsoil  study  in  each  case  of  brick  pave- 
ment design.  The  strong  and  weak  characteristics  of  the 
soil  will  be  disclosed  thereby  which  will  guide  the  selection. 


and  the  proportioning,  of  the  artificial  support.  By  this 
method,  we  establish  whether  or  not  an  artificial  base  is 
needed,  and  if  so,  substantially  how  much  of  a  given  kind  of 
base  is  required  to  meet  the  situation. 

With  this  general  analysis  in  mind,  it  is  now  opportune  to 
point  out  the  fact  that  there  are  many  forms  of  artificial 
bases  adequate,  under  proper  conditions,  for  brick  pavements, 
for  example,  concrete,  hardened  or  green;  rolled  stone,  gravel 
or  slag,  screenings  or  bituminous  bound;  and  worn  macadam 
or  concrete  pavements.  A  selection  from  these  bases  is  avail- 
able for  any  project  under  consideration.  And  the  speaker 
would  re-erriphaslze  an  opinion  already  expressed  before  this 
society,  that  he  believes  that  single  projects  may.  in  time,  be 
underlaid  with  several  types  of  bases  according  to  the  nature 
of  the  natural  foundation. 

With  brief  reference  to  the  fact  that  there  are  many  cases 
where  no  artificial  base  is  required,  let  us  dismiss  the  ques- 
tion of  file  l)ase  and  proceed  to  a  discussion  of  the  bedding. 

The  Bedding.-  In  this  element  of  a  brick  pavement,  we  have 
the  medium  that  serves,  like  the  artificial  base  under  proper 
conditions,  to  transmit  loads  and  forces,  and  probably  to  ab- 
sorb a  certain  amount  of  them,  fractional  of  the  total  at  the 
most.  The  bedding  likewise  Is  a  construction  expedient,  to 
furnish,  as  the  name  implies,  a  convenient  resting  place  for 
each  brick  so  that  its  position  is  consistently  secure  with  ref- 
erence to  other  brick,  and  likewise  with  reference  to  sur- 
face elevation.  The  bedding  is  a  means  of  securing  a  smooth 
surface. 

Experience  shows  that  the  bedding  is  an  important  factor 
to  be  considered  in  brick  pavement  design.  Foundation  may 
be  studied  and  base  selected  (and  subsequently  built)  with 
the  greatest  skill  and  economic  good  judgment.  But  if  the 
bedding  is  not  in  proper  accord  with  the  rest  of  the  struc- 
ture, a  successful  pavement  may  not  be  had.  The  controlling 
consideration  is  the  composition  of  the  filler  between  the 
brick. 

If  the  filter  is  of  a  kind,  like  asphalt  or  sand,  that  permits 
slight  movements  or  readjustments,  under  traffic,  of  any  sin- 
gle brick  without  reference  to  a  change  in  position  of  any 
other  brick,  then  the  bedding  must  likewise  permit  this  move- 
ment. If.  on  the  other  hand,  the  filler  is  cement  grout,  and 
the  movement  is  of  the  surface  acting  as  a  slab,  then  the 
bedding  must  likewise  be  of  a  character  to  act  similarly,  over 
an  area  equivalent  to  the  affected  area  of  the  wearing  sur- 
face. 

The  general  practice  of  engineers  today  is  to  use  sand  and 
similar  materials  in  conjunction  with  bituminous  and  sand 
fillers.  Where  the  filler  is  cement  grout,  one  of  two  methods 
may  be  followed.  The  bedding  may  become  one  with  the 
base,  as  when  the  brick  are  laid  in  green  concrete,  or  a  ce- 
ment-sand bed  may  be  used. 

Thus  the  distinction  is  drawn  between  "flexible"  and  "rigid" 
brick  pavements.  As  to  the  effect  on  the  artificial  base,  it 
may  be  said  that  the  use  of  cement  grout  filler  predicates  the 
adoption  of  a  concrete  base  and  thus  creates  a  "rigid"  type 
of  pavement,  while  many  other  bases,  in  addition  to  concrete, 
are  available  for  the  "flexible"  types.  To  none,  by  any  means, 
may  be  awarded  a  place  as  "standard." 

Some  Fundamental  Principles. — If  the  terms  "flexible"  and 
"rigid"  do  not  convey  an  adequate  picture  of  the  distinctions 
in  type  involved,  let  it  be  said  that,  with  the  former,  the  wear- 
ing sv.rface  is  relieved,  in  some  measure,  of  the  load-support- 
ing function.  In  the  case  of  the  latter,  the  wearing  surface, 
oedding  and  foundation,  united  as  they  are  in  a  solid  slab, 
must  of  necessity,  share  each  in  some  measure,  at  least,  in 
the  structural  reactions  of  the  pavement  as  a  whole.  And 
the  assertion  may  be  ventured  that,  with  the  "flexible"  type 
of  pavement,  less  base  compared  with  the  "rigid"  is  needed, 
if  loads  are  properly  transmitted  to  suitable  subsoils. 

The  development  of  the  practice  of  using  brick  3  in.  deep 
with  a  "flexible"  filler,  rests  upon  the  above  distinctions.  And 
so  we  find,  in  most  instances,  brick  of  the  4-ln.  depth  used  in 
the  rigid  types  of  construction.  But  the  fundamental  prin- 
ciples already  mentioned  as  involved  in  the  competency  of  sub- 
soil support  are  identical  in  application  to  the  two  types.  The 
better  the  support  from  the  subsoil,  the  less  of  artificial  pro- 
vision for  it  needs  to  be  made,  in  the  structural  assembly  of 
the  pavement.  And  of  course  that  means  more  economical 
designing,  and  hand  in  hand  with  better  designing,  the  con- 
servation of  funds  thus  effected,  and  more  efficient  service 
from  the  pavements  when  built. 

We  believe  that  it  is  self-evident  that  if  there  is  any  vir- 
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tun  in  our  analysis,  types  of  construction  of  brick  pavoments 
are  not  lightly  to  be  selected.  We  must  bear  in  mind  that 
the  chief  attainment  sought  is  the  maintenance  of  the  wear- 
ing surface  of  the  pavement  (every  pavement)  in  a  normal 
fosition  for  the  performance  of  its  service.  We  are  not  vi- 
tally concerned  with  how  this  is  accomplished  provided  it  is 

done. 

We  need  wearing  surfaces  for  our  pavements  which  possess 
endurance  in  proportion  to  all  possible  future  demands  of 
traffic.  Correctly  built  brick  pavements  are  enduring  under 
traffic  and  the  brick  themselves  are  practically  immune  to 
the  disintegrating  influences  of  natural  forces  like  water  and 
frost.  The  principles  of  good  designing  might  therefore  be 
laid  down  about  as  follows: 

first — I^et  the  subsoil  be  studied  exhaustively  and  its  prob- 
able behavior  catalogued,  from  one  end  of  the  project  to  the 
other. 

Second — I.et  the  nature  and  proportions  of  the  artificial 
base  be  determined  only  after  the  filler  to  be  used  has  been 
settled  upon.  Also,  after  a  painstaking  search  for,  and  selec- 
tion of.  the  materials  which  will,  at  the  least  cost,  insure  the 
satisfactory  performance  of  the  requirements  of  the  base. 
Maximum  serviceability  at  minimum  cost! 

Third — Let  us  not  be  hesitant  at  including  more  than  one 
type  of  construction  in  a  single  improvement  project,  if  con- 
ditions found  indicate  the  wisdom  of  doing  so. 

Fourth — Let  every  step  in  this  preliminary  study  and 
search  for  fundamentals  be  made  a  matter  of  accurate  public 
record  in  every  detail. 

Fifth — And  finally  let  us  build  with  that  exactitude  and 
care  which  will  impart  to  the  completed  structure  all  the 
service  quality  which  is  the  inherent  property  of  each  and 
every  material  entering  into  it. 

Actual  Study. — And  now,  has  all  this  discussion  a  practical 
bearing  upon  pavement  design?  We  believe  it  has.  If,  instead 
of  assuming,  broadly  and  without  detailed  study,  that  a  par- 
ticular form  of  brick  (or  any  other  pavement)  will  answer 
the  purpose  for  every  paving  project  and  then  saying  that 
"local  conditions"  may  perhaps  modify  the  choice,  we  study 
all  such  conditions  and  evolve  the  best  type  we  can  in  each 
instance,  no  one,  we  believe,  will  deny  that  progress  will 
have  been  made  in  connecting  up  type  of  construction  a,Gd 
service.  That  means  better  paving  for  the  taxpayers'  money. 
Our  chief  objection  to  the  thoughtless  use  of  the  expression 
"local  conditions,"  and  none  will  .gainsay  the  prevailing,  if 
diminishing,  prevalence  of  the  custom,  is  that  it  leads  directly 
to  loose  thinking  and  still  looser  designing.  What  we  need 
most  is  an  appreciation,  not  of  comparative  "local  conditions" 
l3Ut  of  absolute  local  conditions.  Paving  types  selected  in  this 
attitude  of  mind  will  meet  their  service  requirements  because 
they  are  built  for  the  conditions  as  and  where  they  exist  and 
not  for  some  location  50  miles  away. 


Results  of  Traffic  Censuses  on  Penn- 
sylvania Highways 

An  investigation  made  by  the  State  Highway  Department 
of  Pennsylvania  shows  that  a  total  of  773,604  tons  annually 
is  sent  over  the  Lincoln  Highway  between  Philadelphia  and 
Trenton.  This  tonnage  is  equal  to  19,300  steel  hopper  cars 
containing  40  tons  each.  These  cars  would  make  up  275 
freight  trains.  The  distance  covered  by  the  Lincoln  High- 
way in  Pennsylvania  east  of  Philadelphia  is  14  miles;  hence 
the  ton  mileage  represented  in  one  year  is  10,830,456.  Corn- 
mercial  vehicles  comprise  56  per  cent  of  the  traffic  on  this 
section  of  the  Lincoln  Highway.  These  figures  are  based 
on  an  hourly  census  taken  for  two  weeks  by  the  State  High- 
way Department. 

The  department  has  also  taken  a  census  of  traffic  on  Route 
No.  34,  between  Harrisburg  and  Carlisle.  It  is  found  that 
63  per  cent  of  the  traffic  on  this  thoroughfare  is  composed 
of  passenger  vehicles. 

The  construction  on  Route  No.  34  is  waterbound  macadam; 
on  the  Lincoln  Highway  in  Bucks  County,  waterbound  mac- 
adam. 

In  order  properly  to  coordinate  the  values,  it  was  deemed 
advisable  In  this  census  to  assume  that  the  average  weight 
of  touring  cars  is  2,000  lb.  It  is  found  that  the  total  yearly 
census  reduced  to  ton  mileage  upon  the  highway  between 
Harrisburg  and  Carlisle  Is  as  follows: 


Number.     Tonnage. 
Roadsters  and  touring  cars: 

Total    249.080 

Trucks:    1-ton ^'''H? 

2-ton 14.300 

3-ton 10,000 

4-ton S.372 

5-ton 7.280 


Advantages  of    Machine   Cleaning  of 
Cement   Sacks 

A  saving  of  $1,000  was  effected  in  a  road  building  season 
by  the  use  of  a  machine  for  cleansing  cement  sacks,  accord- 
ing to  an  article  by  George  M.  Gross,  Road  Contractor,  La 
Porte,  Ind.,  in  the  Contractors'  Atlas.  The  machine 
was  bought  in  the  spring  and  during  the  season  it  cleaned 
100,000  sacks,  securing  from  them  approximately  200  bbl. 
of  good,   first   class  cement. 

In  addition  to  the  cement  saved,  the  reduced  weight  of 
the  sacks  made  freight  charges  on  the  return  shipments 
only  about  half  what  they  had  been  with  the  uncleaned 
sacks.  In  fact,  the  bundles  weighed  on  an  average,  when 
cleaned.  25  lb.  per  bundle  of  60  sacks  as  against  50  to  75 
lb.  per  bundle  when  not  cleaned. 

Another  was  that  when  the  sacks  had  been  through  the 
cleaner,  there  was  no  trouble  in  reading  the  owner's  name 
on  the  sack  which  avoided  the  shipping  of  some  of  the 
sacks  to  the  wrong  place.  On  this  job  they  were  using 
seven  brands  of  cement,  and  before  we  started  using  the 
cleaner,  a  good  many  errors  were  made  in  returning  the 
sacks  to  the  cement  manufacturers. 


249,080 
16.432 
28.600 
31.980 
33.488 
36,400 


Ton       Percentage 
mileage,     based  on 
tonnage. 
3.736,200  63 

246.480  "I 


Truck   total 57.044 

Grand   total 306,124 


146,900 
395.980 


429.000 
479.700 
502.320 
546,000 

2,203.500 
5,939,700 
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It  is  interesting  to  note  that  63  per  cent  of  the  total  ton 
mileage  that  passes  over  the  Harrisburg-Carlisle  road  is 
louring  cars  and  81  per  cent  by  number  of  vehicles.  In  other 
words,  only  19  per  cent  of  the  traffic  by  numbers  is  composed 
of  trucks.  On  the  Philadelphia-Trenton  highway  44  per  cent 
of  the  total  ton  mileage  is  touring  cars,  although  this  equals 
74  per  cent  of  the  number  of  vehicles.  This  is  accounted 
for  bv  the  number  of  large  trucks  continuously  using  this 
hishway  for  freight  transportation.  Figures  for  the  Phila- 
delphia-Trenton road,  otherwise  known  as  the  Lincoln  High- 
way, are  as  follows: 

rj.Qj,      Percentage 

Number.     Tonnage.      mileage.     ^^^^^g°" 
Roadsters  and  touring:  cars:  ^^      ^4         4,758,936,  « 

Trucks     1-Von '."....     19  422  19.422  271.90^ 

Trucks.    1  ton 396.760 

3.ton 15.834  47,502  665.028  f  56 

ttSn' •■■'.:  10.224  64,896  908.544 

S-ton!. !.........     54,704         273,520         3.829,280  J 

Truck    total  120.354         433,680         6.071.520 

Grand   total..: 460,278         773,604       10,830,456 

Another  highway  upon  which  the  department  has  kept  a 
close  traffic  census  for  the  last  year  is  Route  No.  221,  Blair 
County,  north  of  Altoona.  This  road  is  used  extensively 
for  hauling  coal  and  records  show  that  86  per  cent  of  the 
total  ton  mileage  carried  over  this  road  is  by  trucks,  while 
38   per  cent  by  numbers   is   touring   cars.     Figures   for   this 

route  are  as  follows: 

Ton       Percentage 
Number.     Tonnage.       mileage,     based  on 
Roadsters  and  touring  cars:       ^^  60.135  300.675/°""lf ' 

Trucks-    1 -ton  ■■'.■.■ 2,945  2,945  14,7251 

Trucks.    1  ton  ^7.436  137.130 

Iton :  30  818  92,454  462.270  f  86 

4-ton ■    .  . .  22  838  91.352  456,760 

l.ton 16.587  82,935  414,675 

e-ton   ::;  ..  12.426  74,556  372,7S0j 


Maryland  County  Cuts  Road  Wages.— The  Commissioners 
of  Montgomery  County,  Maryland,  have  reduced  the  wages  of 
laborers  on  road  work  from  $4  to  $2,50  per  day. 


Truck  total     99.332         371,678         1.858,390 

Grand    t"ai...... -159.467         431,813         2.159,065 

The  Lincoln  Highway  census  shows  the  yearly  truck  ton- 
nage for  1-ton  trucks  is  19.422;  2-ton  trucks,  28,340;  3-ton 
trucks  47  502-  4-ton  trucks,  64,896;  5-ton  trucks,  273,520. 
The  total  truck  tonnage  is  433,680.  The  total  passenger  car 
tonnage  is   339.924. 

Low  hours  for  the  day  on  truck  traffic  are  shown  to  be 
from  11  p.  m.  to  1  a.  m.  The  greatest  truck  traffic  occurs 
between  the  hours  of  7  and  S  a.  m.  and  4  to  5  p.  m.  The 
heaviest  passenger  car  traffic  occurs  between  the  hours  of 
4  and  7  p.  m.,  but  it  runs  into  large  numbers  between  the 
hours  of  10  a.  m.  and  3  p.  m. 


(47) 


120 


Engineering  and  Contracting  for  February  2,  1921. 


Machine  Handling  of  Concrete 
Road  Materials 

Regardless  of  what  other  conclusions  may  be  drawn  from 
the  past  season's  experiences  In  concrete  road  work  it  is  sate 
to  say  at  this  time  that  the  days  of  handling  material  on  this 
class  of  work  by  hand  are  past  and  that  the  contractor  who 
expects  to  meet  the  competition,  cut  costs,  and  show  earnings 
in  place  of  losses  now  feels  that  the  material  handling  equip- 
ment which  has  proved  satisfactory  for  road  work  is  just 
as  essential  to  the  success  of  the  work  as  is  the  concrete 
mixer  Itseir.  In  other  words  the  man  who  has  used  the  proper 
kind  of  material  handling  machinery  would  no  more  go  back 


Conway  Work — Chicago-Wisconsin  Road. — On  this  job  the 
stone  was  loaded  from  a  ciMitial  stock  pile  with  the  bucket 
loader  equijjped  with  measuring  hopper  and  hauled  to  the 
mixer  In  Lee  bodies  on  Ford  trucks.  A  bucket  loader  was 
also  used  on  sand  in  the  same  way.  The  average  haul  to 
the  mixer  was  Hi.  miles. 

Commonwealth  Improvement  Co. — HIggins  Road.  -The 
stone  and  sand  on  this  work  were  hauled  by  trucks  from  a 
nearby  pit  and  stored  in  alternate  piles  on  the  subgrade. 
Two  self  feeding  loaders  with  measuring  hoppers  were  used 
to  load  the  sand  and  stone  into  two  Clark  tructractors  which 
hauled  the  material  to  the  mixer  at  an  average  distance  of  a 
little  more  tlian  100  ft. 

Badger  Construction  Co. — Fonda,  la.— Two  self  feeding  load- 
ers were  used  on   this  work  in  connection   with  Clark  truc- 


Loadmg    tiom    Ce  Ural    Storage    on    R.    F.    Conway's   Chicago-Wis     consin    Road   Job. 


to  the  general  practice  of  using  shovels  and  wheelbarrows 
than  he  would  abandon  the  mixer  and  replace  the  mixing 
board. 

During  the  past  season  studies  were  made  of  concrete  road 
jobs  on  which  Barber-Greene  self-feeding  bucket  loaders  were 
used.  Table  I  summarizes  briefly  the  net  results  of  using  this 
equipment  in  various  ways. 


tractors  operating  at  a  central  stock  pile.  The  tractors  car- 
ried the  material  to  the  mixer  located  about  100  ft.  from  stock 
piles  and  the  wet  concrete  was  then  hauled  to  the  streets  In 
Ford  trucks  with  l,ee  bodies.  The  maximum  haul  was  %  mile. 
Schmidt  Construction  Co. — Chicago  Alleys. — The  sand  and 
stone  on  this  work  were  stored  in  piles  on  pavement  at  in- 
tersections.    Two    bucket    loaders    loaded    the   material    into 


TABLE  I— COST  OF  HANDLING  CONCRETE  ROAD  MATERLAL.. 


Contractor. 


Location  of  work. 


Width  and  thickness. 


Reaults — Averase   feet 
tier  vlay. 


Unit  costs  of  handling  material 
per  sq.  yd. 

Savings 
effected  by 
By  By  machine 

machine.        hand.        handling. 


R.  F.   Conway,  Chicago, 

Chicatro-Joliet     Road. 

18  ft.;   8  in.   center;   7   in. 
edge. 

4o0  ft.;  9  hrs.;  four  bag 
mixer. 

$0,023 

$0,056 

$0,033 

R.  F.  Conway,  Chicago, 

Chicago-Wisconsin 
Road. 

18  ft.;   7   in.  center;   6  in. 
edge;    4"x3"   curb. 

400  ft.;  9  hrs.;  four  bag 
mixer. 

.027 

.070 

.043 

R.  P.  Conway,  Chicago, 
111. 

Chicago- Wisconsin 
Road. 

18  ft.:   7  in.  center;  6  in. 
edge;   4"x3"  curb. 

735   ft.;    8   hrs.;    two  4 
bag  mixer. 

.015 

.076 

.061 

Commonwealth  Improve- 
ment Co..  Chicago.  111. 

Higgins  Road   near 
Elgin. 

IS  ft.;  7H  in.  center;  6% 
in.  edge. 

300    ft.;    10    hrs.;    four 
bag  mixer. 

.102 

.183 

.081 

Badger  Const.,  Milwau- 
kee. Wis. 

Fonda,  la.,  street  pav- 
ing. 

Various  widths,  5  in. 
thickness. 

700  ft. ;  9  hrs. ;  two  bag 
mixer. 

.027 

.081 

.054 

Schmldi  Const.,  Chicago, 

Chiojigo    alleys. 

15    ft.    4    in.    wide,    7    in. 
thick. 

500   ft.:    8   hrs.;    three 
bag  mixer. 

.113 

.24 

.127 

Badger  Const.,  Milwau- 
kee. Wis. 

Fonda.  la.,  street  pav- 
ing. 

Various  widths.  5  in. 
thickness. 

500    ft.;     9     hrs.:    two 
bag  mixer. 

.0287 

.082 

.05:! 

James   Horrabln   &  Co., 
Des  Moines,  la. 

Des   Moines,    street 
paving. 

30   ft.    wide,   .5   in.    thick. 

750    ft.;    9    hrs.;    three 
bag  mixer. 

.058 

.114 

.05B 

Conway  Work — Chlcago-Joliet  Road. — On  this  work,  the 
stone  was  picked  up  from  subgrade  by  a  Barber-Greene  self 
feeding  bucket  loader,  discharged  from  the  measuring  hopper 
of  this  machine  into  a  Lee  body  on  a  Ford  truck  which  hauled 
it  approximately  50  ft.  to  the  mixer.  The  sand  was  loaded 
by  hand. 


Clark  tructractors  which  carried  it  to  the,  mixer  located  200 
to  ZTM  ft.  from  stock  piles. 

James  Horrabin  &  Co. — Des  Moines,  la. — The  sand  and 
stone  on  this  work  were  piled  at  street  intersections  and  on 
the  subgrade.  A  self  feeding  bucket  loader  loaded  the  stone 
into  dump  carts  and  the  sand  was  shoveled  into  the  carts  by 
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hand.    These  carts  were  drawn  by  single  horses,  the  distance 
to  the  mixer  ranging  from  100  to  600  ft. 


The  How  and  Why  of  Truck 
Impact 

The  impact  forces  brought  to  bear  on  modern  highways 
by  heavy  motor  truclis  liave  for  some  time  occupied  a  large 
share  of  the  attention  of  highway  engineers.  The  study  of 
these  forces,  their  amount  and  character  and  the  more  ac- 
curate determination  of  their  effect  on  highway  surfaces  is 
one  of  the  major  subjects  under  investigation  by  the  division 
of  tests  of  the  Bureau  ot  Public  Roads.  In  the  November 
issue  of  Public  Roads  the  official  publication  of  the  Bureau, 
Mr.  Earl  B.  Smith,  Senior  Assistant  Testing  Engineer  of  the 
Bureau,  presents  an  analysis  of  the  action  of  the  various  parts 
ot  the  motor  truck  as  it  passes  over  the  road,  and  of  the  effect 
of  the  several  parts  in  producing  impact  and  pressure  forces 


sprung  weight,  the  character  of  tires,  and  the  characteristics 
of  the  spring  used  in  the  design  of  the  truck  itself. 

Since  impact  is  the  force  resulting  from  a  mass  being 
moved  or  brought  to  rest  with  a  certain  acceleration,  it  is 
greatest  when  "mass  times  acceleration"  is  a  maximum. 
Whatever  adds  to  mass  or  acceleration  tends  to  increase  im- 
pact and  whatever  is  done  to  reduce  mass  or  acceleration  will 
tend  to  decrease  impact. 

The  Effect  of  the  Springs. — In  dealing  with  motor  trucks 
the  total  mass  is  really  made  up  of  two  masses  which  are 
separated  from  each  other  by  a  spring.  If  the  whole  mass 
falls  free  from  some  considerable  height  (that  is,  several  feet) 
its  net  acceleration  will  be  that  of  gi'avity.  but  the  negative 
acceleration  at  the  moment  of  impact  will  not  be  the  same 
as  if  the  truck  were  a  single  solid  mass.  This  is  the  result 
of  the  cushioning  action  of  the  springs  which  reduce  the 
declaration  of  the  sprung  parts.  In  this  case  the  sprung  parts 
really  do  not  add  to  the  impact  of  the  unsprung  parts,  but 
rather   produce   intensified   pressure   a   moment  after   impact 


Two    Loaders    on    Subgrade    on    Commonwealth    Improvement    eo.'s    Higgins    Road    Job. 


which  are  applied  to  the  road  through  the  wheels.    The  mat- 
ter following  is  taken  from  his  article. 

Factors  Which  Produce  Impact.— The  impact  which  results 
when  the  moving  tr"ck  strikes  an  obstruction  on  the  road  or 
passes  over  such  surface  irregularities  as  waves,  potholes  and 
joints,  is  a  function  of  several  factors,  most  of  which  originate 
In  various  parts  of  the  truck.  These  factors  are:  The  sprung 
weight,  or  all  weights  and  loads  above  the  springs;  the  un- 
sprung weight,  which  includes  wheels,  tires,  axle  springs,  and 
all  other  effective  weights,  under  the  spring;  the  kind  and 
condition  of  the  tire;  the  spring  characteristic  which  is  its 
deformation  or  deflection  under  different  loads  and  its  period 
of  vibration;  the  horizontal  speed  of  the  truck;  and  the  char- 
acter of  the  road  surface  involving  the  size  and  shape  of  the 
obstructions   or  irregularities   over  which  the   wheel  passes. 

To  deal  first  with  the  last-named  factor,  the  irregularities 
and  obstructions  presented  by  the  road  surface  must  share 
responsibilty  with  the  irregularities  and  defects  of  the  tires 
as  the  prime  cause  of  whatever  impact  is  produced.  Given  a 
perfectly  smooth  road  surface,  traveled  by  a  truck  with  per- 
fectly smooth  circular  tires  and  there  would  be  no  impact  re- 
gardless of  the  truck's  weight  and  speed.  But  since  perfect 
smoothness  of  either  road  or  tire  is  a  condition  it  is  prac- 
tically impossible  to  attain,  it  follows  that  impact  must  be 
recognized  as  an  inevitable  force  and  its  destructive  effects 
may  be  reduced  by  proper  design  of  the  road  and  the  truck. 

In  general,  the  effect  of  increasing  the  horizontal  speed  of 
the  truck  is  to  increase  the  impact.  The  belief  formerly  held 
that  the  impact  would  vary  as  the  square  of  the  speed  is  not 
borne  out  by  careful  investigation.  In  the  tests  made  thus 
far  it  has  been  observed  that  the  intensity  of  the  impact  has 
varied  with  some  power  of  the  speed,  but  this  power  is  less 
than  two  and  may  be  as  low  as  one.  Indeed,  under  some 
conditions,  as  when  the  truck  is  projectei!  over  the  edge  of 
a  horizontal  section  of  pavement  and  falls  to  a  lower  section 
the  impact  may  be  practically  independent  of  speed. 

The  factors  of  speed  and  surface  and  tire  iiregularity  may 
be  regarded  as  the  factors  which  create  the  conditions  result- 
ing in  im.pact.  The  quality  of  the  impact  and  the  intensity 
of  it  are  naturally  affected  by  the  relations  of  sprung  and  un- 


when  the  spring  deflection  reaches  the  maximum.  This  action 
of  the  spring  has  simply  reduced  the  deceleration  of  a  part 
of  the  mass  and  thereby  decreased  the  impact  effect  from 
what  it  would  have  been  if  the  whole  acted  as  a  single  rigid 
mass. 

Now,  let  us  suppose  that  the  truck  be  supported  at  a  height 
of  only  3  in.  above  the  road  instead  of  several  feet  as  in  the 
former  example,  and  suppose  that  the  deflection  of  the  spring 
under  the  weight  of  the  part  of  the  mass  above  it  is  greater 
than  .3  in.  If,  then,  the  whole  mass  is  dropped  by  releasing 
that  part  of  the  mass  under  the  spring  this  unsprung  mass 
will  be  accelerated  downward  by  the  combined  effect  of 
gravity  and  spring  pressure  with  the  result  that  it  will  have 
a  very  high  velocity  and  be  brought  to  rest  very  suddenly 
upon  striking  the  pavement.  This  dovynward  velocity  and 
final  deceleration  may  be  very  much  greater  than  could  be 
obtained  by  a  free  fall  from  a  height  of  several  feet.  In  this 
case  the  sprung  mass  has  dropped  very  slightly  but  the  initial 
compression  of  the  spring  has  increased  the  velocity  of  the 
unsprung  parts  and  thereby  increased  the  impact  produced 
by  those  parts. 

Again,  suppose  that  instead  of  supporting  the  truck  at  a 
height  above  the  road  which  is  less  than  the  spring  deflec- 
tion, it  is  supported  at  some  height  somewhat  greater.  Now, 
if  the  unsprung  weight  be  suddenly  released,  the  whole  mass 
drops  but  the  unsprung  parts  by  virtue  of  the  propulsion  of 
the  spring  will  at  first  be  accelerated  faster  than  the  mass  as 
a  whole.  Then  if  the  drop  is  sufficient  to  permit  the  spring 
to  reach  the  limit  of  its  oscillation  before  the  wheels  strike 
the  road,  the  effect  will  be  to  deciease  the  velocity  of  the 
unsprung  parts,  relative  to  the  whole  mass,  by  the  reverse 
action  of  the  spring.  In  this  case  the  action  of  the  spring 
may  actually  serve  to  reduce  the  impact  of  the  unsprung 
parts. 

Thus  it  is  seen  that  the  springs  of  a  motor  truck  tend  to 
reduce  the  impact  of  the  truck  as  a  whole  by  reducing  the 
vertical  deceleration  of  the  sprung  parts;  that  under  some 
circumstances  they  may  reduce  the  velocity  of  the  unsprung 
parts,  but  that  under  most  actual  conditions  they  may  tend 
to  increase  impact  by  adding  to  the  velocity  of  the  unsprung 
parts.     Their  effect  upon  the  impact  in  any  case,   is  through 
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the  modification  of  the  declaration  of  the  sprunR  and  un- 
sprung portions:  this  effect  on  the  unsprung  portion  being 
duo  to  a  change  In  the  vertical  velocity  at  the  beginning  of 
impact. 

The  Effect  of  the  Tires. — Having  analyzed  the  action  of  the 
spring  in  this  way,  lot  us  now  examine  the  effect  of  the  tires. 
The  tires  are  designed  to  do  for  the  unsprung  parts  what  the 
spring  docs  for  the  sprung  parts,  i.  e..  to  reduce  their  vertical 
deceleration.  The  extent  to  which  they  accomplish  their  pur- 
pose depends  upon  their  abilty  to  deform  or  yield  under  the 
blows  of  the  truck  above  them.  The  harder  they  are  the 
greater  will  he  the  acceleration  or  deceleration  of  the  truck 
mass,  and  the  less  will  be  their  effect  in  reducing  Impact.  A 
wheel  tired  with  hard  rubber,  upon  striking  an  obstruction  on 
the  road  surface  will  produce  relatively  great  impact,  because 
it  is  only  slightly  cushioned  by  the  tire,  and  is  brought  to 
rest  In  a  very  short  space  of  time.  If  the  same  wheel  be 
fitted  with  a  softer  tire  the  impact  will  be  smaller,  and  its 
value  will  be  a  function  of  the  deformation  of  the  tire.  Herein 
lies  the  advantage  of  pneumatic  over  solid  rubber  tires. 

The  Truck  in  Motion. — In  the  foregoing  discussion  the  ac- 
tion of  the  springs  and  tires  has  been  studied  under  condi- 
tions of  free  fall  from  an  initial  state  of  rest.  The  question 
which  will  naturally  arise  is,  do  these  conditions  pertain  to 
the  action  of  the  truck  when  it  is  moving  over  the  road? 
What  actually  happens  when  a  truck  moves  over  a  road?  In 
the  first  place,  the  wheels  are  continually  rising  and  falling 
as  they  encounter  obstructions  or  irregularities  in  the  road 
surface.  At  the  same  time  the  tires  are  alternately  in  a 
state  of  compression  and  release.  The  unsprung  parts  follow 
the  wheels,  rising  and  falling  more  or  less  sharply  accord- 
ing to  the  kind  and  condition  of  the  tires.  The  motion  of  the 
unsprun.i;  parts  is  transmitted  to  the  sprung  parts  through  the 
spring  which  oscillates  up  and  down  under  the  repeated  blows 
of  the  axles.  Such  is  the  effect  of  the  springs,  however,  that 
the  motions  of  the  sprung  parts  are  much  less  abrupt  than 
those  of  the  unsprung  parts.  Their  rising  and  falling  occupies 
a  longer  period,  and  because  of  this  difference  in  the  period 
of  oscillation,  at  any  instant  the  sprung  ami  unsprung  parts 
may  be  rising  or  falling  together  or  the  one  may  be  rising 
while  the  other  is  falling. 

The  movement  of  the  sprung  parts  when  the  wheel  strikes 
an  obstruction  is  comparatively  slight  at  the  instant  of  strik- 
ing. Their  period  of  vibration,  because  of  inertia,  is  rather 
long  in  comparison  to  the  period  of  the  unsprung  parts.  The 
displacement  or  maximum  movement  of  the  sprung  weight 
occurs  at  some  time  after  the  impact,  and  produces  intensi- 
fied road  pressures,  which  may  be  greatly  more  than  the 
total  load  of  the  truck. 

The  unsprung  parts  act  in  an  entirely  different  manner. 
AVhen  the  wheel  strikes  an  obstruction  in  the  road  it  ac- 
quires an  upward  velocity  depending  upon  the  height  of  the 
obstruction  and  the  speed  of  the  truck.  The  reaction  on  the 
road  surface  is  a  force  depending  for  its  value  upon  the  max- 
imum vertical  acceleration  of  the  wheel,  the  mass  of  the  un- 
sprung parts  and  the  spring  pressure.  The  wheel  may  con- 
tinue to  move  upward  even  after  passing  the  obstruction, 
until  the  movement  is  overcome  by  spring  pressure  and  in- 
ertia. It  is  then  shot  downward  by  the  combined  action  of 
gravity  and  spring  pressure,  and  thus  produces  another  im- 
pact on  the  road  surface.  The  vertical  reaction  of  this  up- 
ward movement  of  the  unsprung  parts  serves  to  retard  slightly 
the  fall  of  the  body  or  sprung  parts  of  the  truck,  and  when 
this  body  does  fall  it  is  partially  cushioned  on  the  spring,  and 
does  not  really  produce  an  impact;  but  it  does  produce  an 
additional  pressure  on  the  road  surface  somewhat  like  that 
of  a  suddenly  applied  load,  which,  as  mentioned  above,  may 
be  greatly  more  than  the  weight  of  the  truck. 

It  will  readily  be  seen  that  the  magnitude  of  the  impact  as 
the  wheel  passes  over  obstructions  is  dependent  upon  the 
speed  of  the  truck.  It  is  the  unsprung  weight  and  the  value 
of  the  spring  pressure  which  produces  the  actual  impact.  The 
greater  the  spring  pressure  and  the  greater  the  unsprung 
•weight  the  greater  will  be  the  impact.  The  movements  of 
the  spnin.^'  weight  do  not  actually  result  in  impacts,  but  in 
Intensified  pressures.  As  a  factor  in  producing  spring  pres- 
sure, however,  the  sprung  weight  does  add  to  the  impact  of 
the  unsprung  weight. 

From  these  statements  it  may  be  seen  that  while  the 
weight  of  the  unsprung  parts  is  a  direct  factor  in  the  result- 
ing Impacf:  on  road  surfaces,  it  is  not  necessarily  true  that 


the  heavier  unsprung  weights  produce  always  the  greatest 
impact.  On  the  contrary,  conditions  may  be  such,  with  a 
light  unsprung  weight,  on  hard,  nonresilieni  tires,  under  the- 
influence  of  large  accelerations  or  decelerations,  that  high 
impact  values  will  be  produced.  It  should  be  noted  that  this 
discussion  of  the  effect  of  unsprung  weights  applies  only  to 
impacts  on  road  surfaces  and  not  to  the  effects  produced  oa 
the  truck  Itself. 

The  Effect  of  Mass. — Up  to  this  point  the  attention  has  been- 
centered  upon  the  parts  of  the  truck  which  affect  impact 
through  their  effect  upon  the  "acceleration"  factor.  The- 
springs  and  tires  reduce  impact  by  reducina;  acceleration.  It 
is  obvious  that  the  only  other  means  of  reducing  impact  is  to 
reduce  the  mass  of  the  truck,  or  since  the  impact  is  delivered 
through  four  wheels,  to  reduce  the  mass  on  any  wheel  or  pair 
of  wheels.  In  this  direction  lies  the  possibility  of  a  consid- 
erable further  reduction  of  impact,  because  motor  trucks,  a& 
now  designed,  generally  carry  the  larger  part  (up  to  90  per 
cent)  of  their  weight  upon  the  rear  wheels.  In  the  average 
heavy  truck  the  body  is  nearly  balanced  upon  the  rear  axle. 
Normally  a  small  amount  of  the  carried  load  goes  to  the  front 
wheels,  but  so  near  is  the  balance  on  the  rear  axle,  that  a 
slight  eccentricity  of  loading  will  often  result  in  decreasing 
the  load  on  the  front  wheels.  The  effect  of  the  truck  upon 
the  road  surface  depends  upon  the  impact  delivered  by  its 
heaviest  wheel.  It  follows,  therefore,  that  a  substantial  re- 
duction in  the  destructive  effect  of  the  truck  can  be  made- 
by  distributing  the  load  more  uniformly  to  the  front  and  rear 
axles,  thus  reducing  the  load  on  the  rear  wheels. 

This  change  alone  would  go  far  to  reduce  the  heavy  burden 
laid  upon  the  public  in  the  shape  of  repair  bills  for  roads 
damaged  by  motor  trucks.  What  else  can  be  done?  Roafls 
can  be  kept  smoother  by  better  maintenance,  though  in  the 
nature  of  the  case  they  can  not  be  kept  so  smooth  as  to  elim- 
inate impact  entirely.  Solid  rubber  tires  can  be  kept  in  bet- 
ter repair,  or  better  still,  abandoned  in  favor  of  cushion  or 
pneumatic  tires  wherever  possible.  Operating  speeds  can  be 
kept  within  reasonable  limits.  Such  measures  will  reduce  the 
intensity  of  the  destructive  force.  Whatever  impact  remains 
when  these  things  have  been  done  is  the  force  which  it  is  the 
duty  of  highway  engineers  to  provide  against  in  the  design 
of  future  highways. 


Gravel  Road   Construction  in|  Two    2-in. 
Courses 

In  constructing  the  Fremont-Cresco  Federal  Aid  Road  in 
Nebraska  a  method  of  surfacing  has  been  employed  that 
is  a  departure  from  this  generally  accepted  manner  of  build- 
ing a  gravel  road.  The  following  particulars  regarding  this 
work  are  taken  from  the  October  report  of  the  Department  of 
Public  Works  of  Nebraska. 

The  road  is  33  miles  in  length. 

When  the  work  of  graveling  was  started,  the  gravel  was 
hauled  in  army  trucks,  allotted  to  the  state  by  the  Govern- 
ment. These  trucks  were  equipped  with  dump  bodies,  and 
hauled  an  average  of  2%  cu.  yd.  per  load.  The  gravel  was 
excavated  from  a.  bank  pit,  with  an  auto  crane,  equipped 
with  clam-shell  bucket.  Later  Troy  trailers  were  used  in 
a  train  of  from  8  to  10,  each  trailer  having  a  capacity  of 
approximately  4  yd.  The  size  of  the  load  was  governed  by 
the  condition  of  the  road,  and  the  steepness  or  rutty  condi- 
tion of  the  surface. 

One  of  the  most  important  facts  developed  during  con- 
struction was  that  the  gravel  must  be  spread  in  two  courses 
of  2  in.  each,  thereby  enabling  the  first  course  to  rut  into 
the  surface  of  the  road,  and  become  thoroughly  compacted 
before  the  second  course  was  applied.  By  this  method,  a 
more  compacted  and  smoother  surface  resulted  than  could 
possibly  have  been  secured  by  applying  one  4-in.  course  at 
a  time. 

Constant  dragging  is  necessary  with  this  type  of  surfac-  . 
ing,  and  especially  during  the  time  the  road  is  compacting. 
An  abundance  of  rain  also  will  aid  the  process  and  insure 
a  smoother  surface.  The  traffic  ruts  in  the  gravel,  but  con- 
tinues only  for  a  short  time,  for  as  it  dries  the  rutting 
ceases  and  the  road  surface  commences  to  smooth  out  under 
the  general  traffic,  and  the  care  that  is  given  it  at  this  time, 
of  dragging  and  blading.  The  traffic  is  as  essential  as  the 
periodic  dragging,  and  the  one  assists  the  other. 
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Utilization  of  Old  Macadam  Roads 

By  R.  W.  PARKHURST. 
Experience  has  proved  that  the  manner  in  which  most  wa- 
terhound   macadam   fails,   seems   to   indicate   in   the   general 
case,  that  such  failure  is  not  due  to  any  inherent  weakness 
of  construction,  hut  solely  to  the  inability  of  the  wearing  sur- 
face to  meet  travel  requirements.     In  other  words,  the  con- 
struction ordinarily  is  strong  enough  to  support  traffic,  and 
only  requires  a  proper  surface  to  provide  an  admirable  high- 
way.   Before  such  waterbound  macadam  can  he  utilized  as  a 
base  tor  a  so-called  permanent  highway,  several  features  must 
be  considered   which   are   directly   related   to   the   three   ele- 
ments   comprising   any   highway,    namely;    subsoil,    base    or 
foundation,  and  wearing  surface. 
These  elements,  properly  analyzed,   show  that  the  weight 
I        is  ultimately  carried  by  the  ground  or  subsoil,  which  to  sup- 
!        port  such  weight  adequately,  must  be  firm  and  well  drained 
The  base  or  foundation  must  be  of  such  character  as  properly 
I        to  distribute  the  weight  of  traflic  to  the  subsoil  in  order  that 
i        the  allowable  maximum  may  not  be  exceeded.    The  wearing 
'        surface  takes  only  the  abrasion  of  traffic,  and  transmits  the 

load  directly  to  the  foundation  and  base  beneath. 
\  In  a  waterbound  macadam  road  which  has  been  in  use  for 

I  some  time,  the  distinction  between  wearing  surface  and  base 
'  will  have  very  nearly  disappeared,  and  theoretically  there 
I  can  be  no  objection  to  the  use  of  the  entire  macadam  road- 
way as  a  base  providing  it  can  perform  the  function  of  dis- 
tributing the  weight  of  traffic,  and  is  of  such  character  as  to 
resist  disturbing  influences  such  as  frost,  moisture  and  dis- 
lodgment  or  settlement. 

Before  utilizing  old  macadam  as  the  base  for  a  permanent 
roadway  very  careful  examination  of  the  soil  condition  is  re- 
quired. If  there  is  evidence  of  clay  or  other  waterbearing  ma 
terial  under  or  adjacent  to  the  existing  macadam  which  re- 
sults in  "frost  boils"  and  heaving  of  the  streets  in  spring,  in 
the  dislocation  of  the  curbs  and  in  the  sponginess  and  springi- 
ness of  the  ground  along  the  road,  then  it  would  be  folly  to 
consider  permanently  covering  the  highway  with  an  expensive 
surface  course  without  Srst  taking  proper  precautions  to 
stabilize  the  base.  This  may  be  done  in  a  number  of  differ- 
ent ways,  such  as  installing  sewers  parallel  to  the  curb,  build- 
ing cutoff  drains,  or  performing  such  other  operations  as  good 
engineering  judgment  may  suggest  or  circumstances  may  de- 
mand. There  will  probably  be  cases  where  investigation  shows 
the  present  subsoil  conditions  are  totally  unsafe,  and  that 
in  order  to  insure  permanence  it  would  be  necessary  to  re- 
move the  existing  railway,  excavate  additional  subsoil,  and 
to  construct  deep  telford  or  gravel  foundations  before  laying 
the  base  and  wearing  surface.  It  should  be  particularly  em- 
phasized that  this  drainage  problem  is  fundamental  and  that- 
each  situation  is  separate  and  distinct,  and  requires  its  own 
individual  solution. 

The  suitability  of  the  macadam  base  for  use  in  a  perma- 
nent road  is  dependent  upon  its  thickness  and  compactness  as 
well  as  on  the  subsoil  beneath.  It  must  be  borne  in  mind 
that  traffic  is  likely  to  increase  in  weight  rather  than  de- 
crease, and  that  hence  minimum  depth  of  foundation  should 
be  sufficient  to  support  any  travel  likely  to  come  upon  it  at 
least  for  the  period  of  life  of  the  wearing  surface  it  is  pro- 
posed to  use.  This  requisite  depth  of  foundation  will  vary 
with  locality  but  in  few  cases  has  it  been  found  in  the  past 
that  a  depth  of  less  than  6  in.  is  sufficient.  Old  macadam 
roadways  of  from  6  to  12  in.  in  depth,  other  conditions  being 
equal,  offer  excellent  bases  for  permanent  wearing  surfaces; 
and  it  is  to  be  noted  that  under  some  circumstances  engineers 
prefer  the  elasticity  and  flexibility  of  macadam  and  crushed 
stone  bases  for  roadways  to  the  rigidity  and  comparative  in- 
elasticity of  concrete,  providing  subsoil  conditions  are  favor- 
able. 

The  actual  work  of  resurfacing  old  macadam  is  too  simple 
an  operation  and  has  been  too  extensively  employed  in  the 
past  to  require  detailed  description  here.  In  general,  however, 
the  existing  roadway  is  reshaped,  and  the  depressions  filled 
with  stone,  after  which  the  whole  roadway  is  rolled  to  a  true 
grade  with  the  required  crown.  If  there  is  any  scarifying  to 
he  done,  that  is  performed  before  rolling,  care  being  taken 
that  the  depth  of  the  undisturbed  portion  of  the  roadway  is 
not  less  than  the  establishd  minimum.  The  following  general 
types  of  wearing  surfaces  are  usually  employed;  sheet  as- 
phalt or  topeka-mix,  and  penetration  or  mixed-method  mac- 
adam, all  laid  in  the  usual  manner  over  the  firmly  rolled  and 


graded  macadam  base.  Experience  has  shown  that  a  road- 
way of  permanent  character  may  be  built  in  this  way;  roads 
constructed  of  native-lake  asphalt  from  5  to  10  years  ago 
in,  certain  regions  adjacent  to  New  York  City  are  still  in  ex- 
cellent condition,  and  to  date  have  required  no  maintenance. 
In  a  general  way,  the  cost  of  such  resurfacing  will  be  found 
to  be  less  than  construction  of  new  work;  in  fact  this  resur- 
facing to  all  intents  and  purposes  is  now  obtained  at  from 
one-half  to  two-thirds  the  cost  of  completely  reconstructed 
highway.  Not  only  is  the  cost  very  largely  reduced,  and  hence 
the  expense  to  the  taxpayer  cut  down,  but  the  original  high- 
way investment  is  conserved  and  made  of  further  usefulness 
to  the  community. 


The  Chicago  Good  Roads  Congress 
and  Machinery  Exposition 

Several  thousand  highway  officials,  engineers  and  contrac- 
tors are  expected  to  attend  the  good  roads  congress  and  ma- 
chinery exposition  which  will  be  held  Feb.  9  to  12  at  the  Coli- 
seum, Chicago,  under  the  auspices  of  the  American  Road 
Builders'  Association.  All  sessions  of  the  convention  will  be 
open  to  the  public.  The  tentative  program  includes  the  fol- 
lowing: 

Wednesday,  Feb.  9th,  9  A.  M. 
Registration    of    delegates    and    distribution    of    programs    and 
baderes.     Entire  day,  lieadquarters,  Chicago  Coliseum. 
FIRST  SESSION. 
Convention  Hall,   Coliseum,  10  A.   M. 
H.   L,.   Bowlby,   Chief,  War  Materials   Division.  U.   S.   Bureau   of 
Public  Roads,   Washington,   D.   C,   presiding. 

Meeting  called  to  order  by  the  president  of  the  American  Hoad 
Builders'  Association,  M.  J.  Faherty,  Chicago,  HI. 
Invocation. 

Announcement  of  convention  committees. 

•■Our  National  Road  Problems,"  Thomas  H.  MacDonald,  Chief, 
U.  R.  Bureau  of  Public  Roads,  Washington,  D.  C. 

"Relation  of  the  Highway  and  Motor  Transport  Movement  to 
Education,"  Prot.  C.  J.  Tilden,  National  Director  of  Highway  and 
Highway  Transport  Education,  Washington,  D.  C. 

"Highway  Improvement  in  New  England,"  by  A.  W.  Dean, 
Chief  Engineer,  Division  of  Highways,  Massachusetts  Dept.  of 
Public  Works. 

"The  Local  and  National  Importance  of  the  Lee  Highway,"  by 
Dr.  S.  M.  .lohnson,  Manager.  Lee  Highway  Association,  Roanoke, 
Virginia. 

RECESS. 
SECOND  SESSION. 
Convention  Hall,  Coliseum.  2  P.  M. 
George    C.    Diehl,    County    Engineer,    Erie    County,    New    York, 
presiding. 

"The  Kigway's  Part  in  the  Development  of  Efficient  Transporta- 
tion," by  C.  W.  Reid,  Chairman,  Transportation  Committee,  Ped- 
er.al  Highwaj'  Council,  Washington,  D.  C. 

Discussion — T.  J.  Wasser,  State  Highway  Engineer  of  New 
Jersey. 

RECESS. 
MASS  MEETING. 
Medinah  Temple.  S  P.  M. 
Michael    J.    Faherty,    President,    American    Road    Builders'    As- 
-socialion,  presiding. 

Musical  program.  Great  Lakes  Naval  Training  Station  Band. 
Address   of  Welcome   on  Behalf   of   the   City  of  Chicago — Hon- 
orable William  Hale  Thompson,  Mayor  of  Chicago. 

Response  on  Behalf  of  the  American  Road  Builders'  Association, 
by   Michael  J.   Faherty,   President. 
"Good  Roads  Movies." 

THIRD   SESSION. 
Convention  Hall,  Coliseum,  Thursday,  Feb.  10,  10  A.  M. 
C.   M.    Upham,    Chief   Engineer,    Delaware    State   Highway   De- 
partment, presiding- 

"Subgrades,"  by  H.  G.  Shirley,  Secretary,  Federal  Highway 
Council,  Washington.  D.  C. 

Discussion — Clifford  Older,  Chief.  Highway  Engineer  of  Illinois, 
and  others. 

"Importance  of  Drainage  in  Road  Construction,"  by  F.  H.  Eno. 
Professor  of  Engineering.  Ohio  State  University. 

Disous.sion  by  H.  S.  Mattimoro,  Assistant  Engineer.  Pennsylvania 
State  Highway  Department,   and  others. 
RECESS. 
FOURTH  SESSION. 
Convention   Hall,   Coliseum,   2   P.  M. 
.r    A.  Duchastel.  City  Manager.  Outremont,  Canada,  presiding. 
"Types  of  Pavement,"   by  James  H.  MacDonald,   Former  State 
Hishway  Commissioner  of  Connecticut.  New  Haven.  Connecticut. 

DiscuHsion— Newell  D.  Darlington,  Chairman.  California  State 
Highway  Commission,  and  Herbert  Nunn,  State  Highway  Engineer 
.if  Oregon. 
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"HlBhway  Researches  and  What  the  Results  Indicate."  by  A.  T. 
Goldhook.  Chief,  Division  of  Tests,  U.  S.  Bureau  of  Public  Roads, 
Washington,  D.  C. 

Discussion — Ansor.  W.  Marston,  Dean,  Iowa  State  College. 

EVENING  ENTERTAINMENT. 
Dlnnor-danco  In  the  Gold  Room  at  the  Congress  Hotel.     6  P.  M. 
until  midnight. 

FIFTH  SESSION. 
Convention  Hall.  Coliseum.  Friday,  Feb.  11,  10  A.  M. 
Frank    F.    Rogers,    State   Highway   Commissioner   of   Michigan, 
presiding. 

"Recent  Developments  In  Road  Building,"  by  Edward  N.  Hlnes, 
Chairman  of  Board  of  County  Commlssionersi.  Wayne  County,  Mich- 
igan; W.  D.  Uhler.  Chief  Engineer.  Pennsylvania  State  Highway 
Department;  R.  Keith  Compton,  Chairman,  Baltimore  Paving  Com- 
mission. 

RECESS. 
SIXTH   SESSION. 
Convention  Hall,  Coliseum,  2  P.  M. 
Howard  F.  Becbt,   President,  Harris,   Forbes  &  Co.,  New  York 
City,  presiding. 

"Highway  Finance,"  by  H.  C.  Sylvester,  Vice-President.  Na- 
tional City  Company,  New  York  City. 

Discussion— 11.  P.  Gillette.  Editor.  "Engineering  and  Contract- 
ing"; S.  F.  Bradt,  Superintendent  of  Highways,  Department  of 
Public  Works,  and  Buildings,  Springfield,  III. 

EVENING  ENTERTAINMENT. 
Theater  party  at  two  of  Chicago's  leading  theaters. 
SEVENTH  SESSION. 
Convention   Hall.   Coliseum,   Saturday,  Feb.   12,  10  A.   M. 
Walter  A.  Rogers,  of  Bates  and  Rogers,  Chicago,  111.,  President, 
Associated  General  Contractors,   presiding. 

"Relation  Betwopn  Engineers  and  Contractors,"  by  D.  A.  Gar- 
ber.  President,  Northeastern  Construction  Co.,  New  York  City. 

Discussion — R.   G.   Collins,   Keystone  Construction   Company;   A. 
R.  Hirst,  State  Highway  Engineer  of  Wisconsin. 
RECESS. 
EIGHTH  SESSION. 
Convention  Hall,  Coliseum,  2  P.  M. 
Question  Box. 

Report  of  Resolutions  Committee. 
Election  of  Nominating  Committee. 
I'nflnlshed  business. 
Adjonrnment. 


2- Yd.  Truck  for  Hauling  Material  Over 
Subgrade 

A  motor  truck  specially  designed  for  hauling  material  over 
the  subfcrade  in  highway  construction  has  been  brought  out 
by  the  Titan  Truck  Co.,  Milwaukee,  Wis.  The  truck  has  a 
2-yard    5.000  to  6,000  lb.  capacity,  a  short  wheel  base,  128  in., 


2-Yd.  Titan  Subgrade  Truck. 

enabling  it  to  turn  on  an  18  ft.  wide  subgrade,  and  a  speed  of 
25  miles  per  hour  on  high  and  5  miles  on  reverse.  It  is  fitted 
with  pneumatic  cord  truck  tires,  36x6  in.  front  and  42x9  in. 
rear.  It  is  stated  that  the  distribution  of  the  load  on  tlie 
trucks  and  the  large  pneumatic  tires  give  a  pressure  on  the 
subgrade  of  less  than  80  lb.  per  square  inch.  The  body  is  of 
steel  construction  throughout,  is  iVn  ft.  long  inside  by  5  ft. 
wide,  and  is  made  In  two  compartments.  It  is  fitted  with 
either  a  hydi"anlic  hoist  or  a  special  Titan  mechanical  hoist 
having  a  dumping  angle  of  55°.  The  lowest  point  of  the  body 
when  fully  raised  with  the  Titan  hoist  is  29  in.  from  the 
ground.  The  truck  has  a  40  H.P.  Buda  motor  with  pressure 
oiling  system,  4%  in.  bore  by  5^4  stroke,  4  cylinder,  and  a 
4-speed  Cotta  constant  mesh  transmission.  The  gear  ratio 
is  8  to  1  on  high  and  44  to  1  on  low. 


Personals 

Adolph  P.  Schuck  has  been  appointed  Commissioner  of  Street 
Cleaning  of  Baltimore,  Md.,  to  succeed  the  late  William  A.  Mc- 
Cieary. 

Col.  Frederick  S.  Greene  has  resigned  as  State  Highway  Com- 
missioner of  New  York  and  is  succeeded  by  Herbert  S.  Sisson,  at 
present  State   K.\oi.>;e  Conuni.ssioner. 

Charles  Andros,  for  the  past  12  years  senior  assistant  engineer 
In  the  New  York  State  Highway  Department,  has  resigned  to  ac- 
cept a  posilirn  in  the  U.  S.  I'atent  OlBce  at  Washington,  D.  C. 

E.  O.  Hathaway,  District  Engineer.  United  States  Bureau  of 
Roads,  addic'sod  150  members  of  the  Twin  City  Chapter  of  the 
America!'  Association  oC  Engineers  .at  its  January  meeting  on 
Federal  AM   in  Road  Building. 

The  Iowa  Engineering  Society  at  its  annual  meeting  Jan.  18-20 
elected  the  following  offlcers  for  1921:  Prof.  John  H.  Dunlap,  of 
low.a  City,  president:  Alvin  Le  Van.  of  Des  Moines,  vice-president- 
J.  D.  Wardle,  of  Cedar  Rapids,  director,  and  Lloyd  A.  Canfleld,  of 
Des  Moines,   secretary-treasurer. 

J.  S.  Treadway  of  Fort  Worth,  Tex.,  has  been  appointed  County 
Engineer  of  Bell  County,  succeeding  R.  D.  Morgan,  resigned  to  be- 
come City  Engineer  and  Waterworks  Superintendent  for  the  City  of 
Temple,  Tex.  Mr.  Treadway  for  iJeven  years  was  connected  with 
the  Bureau   nf   Ili?:liways   for  the  Federal   Government. 

The  Colorado  Society  of  Engineers  at  its  annual  meeting  on 
Jan.  10  elected  the  following  offlcers  and  board  of  managers  tor  the 
year  1521:  F.  C.  Dreher,  president;  R.  M.  Hosea,  vice-president; 
C  M.  I.,if;litburn.  secretary:  board  of  managers:  E.  A.  Smith  Wm 
H.  lleKs,  J.  E.  Field.  W.  M.  McMechen.  J.  S.  Means,  V.  A.  Kauft- 
man.  F.  W.  Whiteside. 

Leon  C.  Herrick,  of  Norwalk.  O..  County  Surveyor  of  Huron 
County,  Ohio,  has  been  appointed  State  Highway  Commissioner  of 
Ohio  to  succeed  A.  R.  Taylor.  Mr.  Herrick  is  39  years  old.  His 
engineering  experience  includes  3  years  with  the  Big  Four  R.  R.. 
2  years  as  assistant  city  engineer  of  Mansfield.  O..  city  engineer  of 
Norwalk.  and  13  years  in  the  surveyor's  office  of  Huron  County, 
during  which  time  he  was  elected  surveyor  four  terms. 


Obituaries 

Joseph  C.  Rock  died  Jan.  26  at  his  residence,  1340  Madison  Ave.. 
New  York,  at  the  age  of  75,  after  a  lingering  illness  of  seven 
months,  Mr.  Rock  was  general  agent  of  The  United  States  Asphalt 
Refining  Co.  and  was.  tor  many  years,  an  official  of  the  Barber 
Asphalt  Paving  Co.  He  was  one  of  the  pioneers  of  the  asphalt 
paving  buFiness  and  introduced  this  class  of  pavement  in  many 
cities  in  the  United  States  25  and  30  years  ago.  He  also  was  presi- 
dent of  a  company  which  did  a  large  amount  of  asphalt  paving  for 
the  Borough  of  Manhattan.  At  the  outbreak  of  the  Civil  W^ar, 
although  only  15  yejys  of  age.  Mr.  Rock  joined  a  Vermont  regi- 
ment ;<.nd  served  throughout  the  Civil  War.  Subsequently  he  wa& 
connected  with  several  government  departments  in  Washington, 
and  while  with  the  Bureau  of  Engineering  in  the  District  of  Co- 
lumbia he  removed  to  New  York  in  1889  to  accept  the  post  of  sec- 
retary of  tiie  Barber  Asphalt  Paving  Co.  He  is  survived  by  a 
granddaughter,  Miss  Elizabeth  R.  Brackett.  and  several  brothers 
and  sisters.     The  interment  was  at  Washington,  D,  C.,  Jan.  29. 


Industrial  Notes 

The  National  Steel  Fabric  Co.,  Pittsburgh,  Pa.,  has  opened  an 
Atlanta.  Ga.,  office,  in  charge  of  H.  S.  Gibboney,  district  manager, 
604  Walton  building. 

The  Northwest  Engineering  Works,  Green  Bay.  Wis.,  manufac- 
turers of  "Northwest"  locomotive  cranes,  has  increased  its  capital 
stock  to  ?1, 500, 000  for  increasing  production  of  its  crawler  type 
crane. 

The  Good  Roads  Machinery  Co.,  Inc.,  Philadelphia,  Pa..  ha» 
recently  sold  20  Champion  snow  plows  to  the  Maryland  State  High- 
way Department.  52  Champion  snow  plows  to  the  New  Jersey  State 
Highway  Department.  60  Champion  snow  plows  to  the  Massachu- 
setts State  Highway  Department  and  300  Champion  snow  plows  to 
the  City  of  New  York. 

The  Board  of  Directors  of  The  Autocar  Co.,  of  Ardmore.  Pa., 
was  increased  from  seven  to  nine  at  the  annual  stockholders'  meet- 
ing held  Jan.  25  The  old  board  of  directors  was  re-elected  with 
J.  Howard  Reber  and  Roscoe  T.  Anthony  as  the  two  additional 
new  members.  The  directors,  in  session  immediately  after  the  stock- 
holders' meeting,  elected  the  following  officers  for  the  coming  year; 
President.  David  S.  Ludlum;  vice-president.  John  S.  Clarke;  vice- 
president  and  consulting  engineer.  Ixiuis  S.  Clarke;  vice-president. 
Edwin  A.  Fitts;  vice-president  and  production  manager.  Walter  W. 
Norton;  treasurer,  Walter  T.  Savoye;  secretary  and  assistant  treas- 
urer. John  C.  Taney;  assistant  secretary  and  assistant  treasurer. 
Roscoe  T.  Anthony. 


Trade  Publications 


The  following  trade  publications  of  interest  to  engineers  and 
contractors  have  been  issued  recently: 

Paving  Material. — Asphalt  Sales  Department.  The  Texas  Co.,  17 
Batterv  PL.  New  York  City.  Portfolio  entitled  "What  Is  Your 
Highway  Problem?"  Describes  briefly  and  concisely  the  steps 
in  the  construction  of  the  various  types  of  asphaltic  pavements 
and  roads.  Each  type  of  construction  is  illustrated  with  photo- 
graphs, and  some  of  these  photographs  are  supplemented  by  draw- 
ings and  cross-sections. 

Street  Cleaning  Machinery.— Elgin  Sales  Corporation.  .lOl  Fifth 
Ave  New  York  City.  4-page  circular  describing  and  illustrating 
methods  o:  using  the  street  cleaning  equipment  made  by  this  com- 
pany 

Self-feeding  Bucket  Loader. — B.arber-Greene  Co..  Aurora.  111. 
24-page  booklet  illustrating  and  describing  methods  of  using  this 
company's  self-feeding  bucket  loader  in  handling  concrete  paving 
materials.     Contains  cost  data  on  several  jobs. 

Engineers'  Instruments  and  Supplies.— C.  F.  Pease  Co.,  841 
>'r,rth  Franklin  ;if..  Chicago.  40-page  catalog  of  field  and  office 
.sxippiies.  Prices  :iiid  descriptions  of  each  article  are  given  and  the 
iiook  is  very  fully   illustrated.  ,    c.     i    t^  v,  i 

Reinforcement  for  Concrete  Pavements. — National  Steel  Fabric 
Co  Kirot  N.Ttional  Bank  Bldg..  Pittsburgh.  Pa.  Reprint  of  tech- 
nical article  bv  H.  Eitinge  Breed.  Consulting  Engineer.  New  York 
Citv.  on   "Reiriforeed  vs.  Plain  Concrete  Highways." 

Road  Making  Machinery.— Stroud  &  Co..  Omaha.  Neb.  32-page 
catalog  illustrating  and  describing  the  line  of  elevating  graders, 
scrapers,  w.-igons.  truck  bodies  and  other  road  building  equipment 
manufactured  by  this  company. 
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Index  of  E.  &  C.  Now  Ready 

The  index  for  Vol.  LIV  covering  the  July-December  issues 
of  Engineering  and  Contracting  is  now  ready  for  distribution. 
Subscribers  desiring  a  copy  should  notify  us  at  once.  Those 
who  received  the  indexes  for  the  previous  volumes  have  been 
listed  and  need  not  notify  us  again. 


The  Future  of  Construction  Wages 

Construction  wages  in  many  cities  are  25  per  cent  lower 
than  they  were  six  months  ago.  It  is  our  expectation  that  a 
similar  reduction  will  occur  in  nearly  all  American  cities  this, 
year.  Coincidently  there  is  occurring  a  marked  increase  in 
the  efficiency  of  workmen.  Thirty-two  contractors,  members 
of  the  Master  Builders'  Association  of  Atlanta,  have  agreed 
to  put  into  effect  a  new  wage  schedule  under  which  the  hour- 
ly wages  will  be  as  follows: 

New.  Old. 

Common    labor    '. $0.30  $0.40-  .50 

Carpenters    70  .85-  .90 

Plasterers  and  cerrent  finishers     .90  1.25-1.10 

Bricklayei-s     90  ].2.i-1.40 

Painters     60  1-00 

It  is  stated  that  the  new  scale  is  approximately  100  per  cent 
higher  than  the  pre-war  scale,  and  that  it  is  high  enough  to 
■cover  the  increase  in  living  expenses  that  has  occurred  in 
the  last  live  years. 

In  estimating  what  rates  of  wages  will  probably  prevail 
this  year,  sight  should  not  be  lost  of  the  fact  that  the  average 
wholesale  price  of  farm  products  is  now  only  about  50  per 
cent  above  the  pre-war  level.  This  is  below  the  general 
average  price  level  of  other  commodities,  the  general  aver- 
age being  nearly  90  per  cent  above  the  pre-war  level.  With 
relatively  low  prices  for  farm  products,  it  is  certain  that 
farmers  will  not  pay  their  employes  as  high  wages  as  they 
paid  last  year.  This  will  have  its  effect  upon  the  average 
wage  of  common  laborers  in  all  country  districts.  On  the 
other  hand,  the  wages  of  skilled  workers  in  the  cities  will 
probably  not  decline  as  rapidly  or  as  far  as  unskilled  wages 
in   the  country. 


It  is  our  opinion  that  we  shall  see  higher  construction 
wages  in  1922  than  in  1921,  The  revival  of  construction  ac- 
tivity that  will  occur  this  year  will  probably  gain  such  mo- 
mentum as  to  create  a  greater  demand  for  construction 
workers  a  year  hence.  This  was  the  history  after  the  Civil 
War.  when  construction  work  once  got  into  full  swing.  Then 
came  seven  years  of  great  construction  activity  during  which 
the  average  price  of  construction  materials  remained  prac- 
tically constant,  while  wages  increased. 


The   Underpayment  of  Technical 
Men  by  the  Government 

There  are  about  10,000  technical  and  scientific  government 
employes  in  Washington,  D.  C,  Mr.  R.  S,  McBride,  in  a 
recent  issue  of  Chemical  and  Metallurgical  Engineering, 
states  that,  during  the  years  1916  to  1919,  1.314  of  these  em- 
ployes left  the  government  service  in  six  bureaus,  namely, 
the  Geological  Survey,  Patent  Office,  Bureau  of  Mines,  For- 
estry Service,  Bureau  of  Markets,  and  Bureau  of  Standards. 
Questionnaires  sent  to  those  men  brought  1,173  answers,  from 
which  it  is  shown  that  their  average  salary  at  the  time  of 
leaving  was  $1,80G,  and  that  after  leaving  it  was  $2,761.  Of 
these  men  609  received  jan  average  of  $1,456  the  first  year 
with  the  government,  and,  after  nearly  five  years  service 
resigned  when  their  salary  averaged  $1,987,  to  accept  posi- 
tions at  a  salary  of  $2,880.  Three  years  and  eight  months 
later  the  salaries  of  these  same  men  averaged  $4,45S.  Com- 
menting on  these  data  Mr.  McBride  says: 

The  fact  that  approximately  four  times  the  hicrease  per  year 
has  bein  fojnd  after  le.aving  the  Government  service  as  In  the 
service  is  very  significant.  Becau.sG  of  the  higher  actual  sal.Try 
the  percentage  increase  is  only  approximately  double  outside  as 
inside.  At  the  rate  of  Increase  normal  in  the  Government  it 
would  require  more  than  27  years  to  reach  the  average  outside 
salary  level  reported,  whereas  this  same  increase  is  accomplished 
in  ,Tppi-oximately  eight  years  under  commercial  conditions. 

Engineers  not  in  government  employ  are  apt  to  be  indif- 
ferent to  facts  like  those  just  cited,  hut  a  little  consideration 
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of  the  matter  should  serve  to  convince  us  all  that  it  is  our 
duty  to  assist  in  securing  adequate  salaries  for  all  technical 
men  in  public  service.  To  begin  with.  It  is  very  poor  adver- 
tising to  have  it  generally  known  that  technical  engineers 
in  public  service  receive  an  average  income  that  is  less  than 
that  of  locomotive  "engineers''.  The  public  usually  judges 
the  lelatlve  importance  of  men  by  their  incomes.  In  the  sec- 
ond place  inadequate  payment  for  technical  services  will  ulti- 
mately drive  most  of  the  ambitious  technicians  out  of  gov- 
ernment employ.  This  would  be  a  public  calamity  of  t'ne 
first  order. 

Now  that  average  wholesale  commodity  prices  have  de- 
clined 30  per  cent  from  the  peak  of  last  .May.  there  are  many 
men  ignorant  enough  to  predict  a  rapid  return  to  the  pre-war 
level.  It  devolves  upon  those  of  us  who  know  better  to  do 
all  in  our  power  to  convince  law  makers  and  public  officials 
that  commodity  prices  will  remain  far  above  the  pre-war 
level  for  many  years,  hence,  that  salaries  should  be  raised 
proportionately.  It  is  probaTjIe — almost  to  a  certainty — that 
the  new  plateau  of  prices  will  be  GO  to  70  per  cent  above  the 
I)re-war  level.  If  so,  the  average  technician  in  government 
employ  should  receive  an  increase  of  fully  $1,000  annually. 
This  would  add  inappreciably  to  Uncle  Sam's  payroll,  but  it 
would  insure  his  holding  thousands  of  competent  scientific 
men  who  will  otherwise  surely  leave  his  service. 


Engineers  and  Contractors  Confer 

At  the  second  annual  conference  of  the  Associated  Con- 
tractors of  America,  during  the  latter  part  of  .January,  six 
papers  were  read  by  men  who  are  not  conlractors.  An  archi- 
tect, an  official  of  a  labor  union,  and  four  civil  engineers 
presented  their  points  of  view.  Three  of  the  engineers  dis- 
cussed  specifications. 

Fifteen  years  ago  Engineering  and  Contracting  began  urg- 
ing the  plan  of  having  engineering  and  contracting  societies 
meet  jointly  to  confer  about  common  interests,  such  as  con- 
tracts. Although  no  joint  session  of  this  sort  has  yet  oc- 
curred, it  is  encouraging  to  observe  the  growing  frequency 
with  which  individual  members  of  engineering  and  contract- 
ing .societies  meet  for  conferences.  Not  long  ago  the  Cali- 
fornia State  Highway  Commission  and  a  committee  of  the 
Associated  General  Contractors  arranged  to  have  members  of 
the  A.  G.  C.  present  at  the  monthly  meetings  of  the  division 
engineers  of  the  Highway  Commission.  Any  complaints  of 
members  of  the  A.  G.  C.  are  to  be  presented  at  these  monthly 
meetings. 

The  day  is  not  distant,  we  hope,  when  contractors  and 
engineers  throughout  the  country  will  confer  regularly  and 
frequently. 


Campaign  to  Restore  Confidence 

I'ublished  propaganda  against  profiteering  was  the  main 
factor  in  starting  the  present  business  depression.  ^Vllen 
almost  every  daily  paper  was  inveighing  against  the  prof- 
iteer a  buyers'  strike  was  easily  brought  about.  It  was  fool- 
ish propaganda,  but  it  was  effective,  for  the  American  public 
is  easily  led  when  practically  all  editors  spout  the  same  ad- 
vice. 

Contrasting  the  editorials  of  last  February  with  those  of 
today,  it  is  significant  that  the  chorus  of  advice  is  now  in 
quite  a  different  key.  Now  the  public  is  being  told  that  it 
is  a  social  duty  to  buy  as  liberally  as  possible,  in  order  to 
restore  prosperity.  We  may  expect  to  hear  this  chorus  grow 
louder  and  louder,  until  it  drowns  every  note  of  despair.  Be- 
fore summer  arrives  it  will  be  the  all  but  universal  opinion 
that  prosperity  depends  upon  buying  rather  than  upon  re- 
fusing to  buy.  This  is  sane  propaganda  which  will  soon  coun- 
teract the  effects  of  the  insane  propaganda  of  a  year  ago. 
Courage,  be  it  remembered,  is  as  contagious  as  cowardice. 


Engineers  for  Water  Resources  Brancn  of  U.  S.  Geological 
Survey. — The  U.  S.  Civil  Service  Commission  has  an- 
nounced open  competition  examinations  for  the  positions  of 
engineer,  assistant  engineer  and  junior  engineer.  Entrance 
salary  for  engineer  is  $2,400;  for  assistant  engineer,  $1,800 
to  $2,340  a  year;  junior  engineer,  $1,440  to  $1,700  a  year.  Grad- 
uation from  an  engineering  course  of  a  college  or  university 
of  recogr.ized  standing  is  a  prerequisite  for  consideration  for 
these  positions,  except  that  for  the  position  of  junior  engi- 
neer   HI  ii;i'nt;.,n;    iviji    be    accepted   from    senior    students. 


What  Is  Wrought  Pipe? 

One  would  naturally  suppose  that  when  he  specified' 
■'wroughl-iron  pi])*'"  he  would  get,  or  at  least  be  entitled  to. 
pl|)e  made  of  wrought  iron.  Steel  pipe  is  commonly  known 
and  billed,  however,  as  "wrought  pipe,"  and  jobbers  and  con- 
tractors are  prone  to  install  steel  pipe  instead  of  the  more 
expensive  wrouglit-iron  material  when  the  latter  is  specified, 
and  are  able  to  get  away  with  it  in  court  on  the  plea  that 
"wroughl-iron  pipe"  is  a  trade  term  meaning  either  wrought- 
iron  or  steel  pipe  as  distinguished  from  cast-iron  pipe. 

In  order  that  there  may  be  on  record  an  authoritative  ut- 
terance upon  this  subject,  the  Executive  Committee  and  Ad- 
visory Hoard  of  the  National  Pipe  and  Supplies  Association 
has  forcibly  called  attention  to  the  distinction  made  by  the 
American  Society  for  Testing  Materials  in  the  following 
resolution: 

V.'herea.s.  Tht-  (ii.stributors  of  pipe  for  many  years  used  terms- 
to  designate  the  various  types  and  makes  of  pipe  that  have  not 
bein  duly  descriptive  of  same;  and. 

Whereas,  It  is  the  desire  of  this  association  to  co-operate  in 
every  way  with  the  manufacturers  in  the  development  of  trade 
practices  and  customs  of  accepted  merit,  and  which  will  be  fair 
and  intelligible  to  the  manufacturer,  distributor  and  public  alike: 

It  Is  Hereby  Resolved.  By  the  officers  and  members  of  the 
Kxocutive  Committee  and  Advisory  Board  of  the  National  Pipe  and 
Supplies  Association  in  their  fall  meeting,  held  in  New  York  City 
3n  Thursday,  Nov.  11,  that  it  is  their  judgment  that  the  terms 
employed  by  the  American  Society  for  Testing  Materials  in  dif- 
ferentiating between  Iron  and  Steel  Pipe — namely:  (a)  Welded 
Wrought-Iron  Pipe;  (b)  Welded  Steel  Pipe — should  be  accepted 
and  adhered  to  by  tlie  distributors  of  both  iron  and  steel  pipe,  this 
b-^ing  in  lh€;  interest  of  the  manufacturers  of  the  pipe,  those  who 
distribute  it  and  those  who  use  it,  each  being  entitled  to  know 
clearty  and  without  doubt  the  make  and  quality  of  the  pipe  in- 
volved in  the  transaction. 

This  means,  if  it  means  anything,  that  welded  pipe  is  pipe 
that  is  welded  no  matter  what  it  is  made  of;  that  welded 
steel  pipe  is  pipe  that  is  made  by  welding  steel;  that  welded 
wroughtiron  pipe  is  pipe  that  is  made  of  wrought  iron  by 
the  welding  process  and  that  "wrought-iron  pipe"  is  pipe 
that  is  made  of  wrought  iron  whatever  the  process  of  manu- 
facture.— Editorial  in  Power. 


Engineering    Reports — Partisan    and         J 
Impartial  " 

"Ideal  engineering  reports  are  in  effect  miniature  court 
decisions.  The  evidence  is  first  arranged,  the  arguments 
are  presented,  and  finally  an  engineering  judgment  is  ren- 
dered." Thus  one  of  the  well-known  consulting  engineers 
of  Chicago  writes  in  his  contribution  to  a  discussion  of  the 
function  and  make-up  of  engineering  consultants'  reports. 
The  same  communication  goes  on  to  discuss  how  material 
should  be  treated  by  the  engineer  who  makes  the  report, 
giving  splendid  suggestions  on  many  points.  But  one  point 
is  not  raised  in  this  discussion — as  to  the  attitude  of  the 
executive  or  board  of  directors  for  whom  the  report  is  pre- 
pared. 

Facts  are  often  uncomfortatjle  things  and  judicially  minded; 
decisions  and  advice  sometimes  are  disappointing.  Never- 
theless, when  a  consultant  is  engaged  great  pains  should  be 
taken  that  he  is  given  full  opportunity  to  get  the  facts  and 
render  to  the  best  of  his  ability  an  absolutely  impartial  re- 
port or  finding.  To  insure  this  is  a  part  of  the  responsi- 
bility of  the  executive  or  board  for  whom  the  report  is  being, 
prepared. 

An  outside  investigator  or  adviser,  unless  unusually  tact- 
ful or  of  unusual  fame  and  ability,  is  likely  to  be  received 
in  anything  but  a  friendly  way  by  the  operating  staff  whose 
work  is  under  scrutiny.  The  lot  of  a  consultant  who  is  to- 
advise  as  between  two  recommendations  of  the  staff  is  par- 
ticularly unhappy  because  of  these  factors.  However,  much 
of  the  possible  good  from  expert  assistance  is  lost  unless 
some  executive  means  be  found  to  give  the  whole  truth  as  a 
basis  for  recommendations.  The  executive  should  not  be 
satisfied  with  a  report  based  upon  an  investigation  which  has 
been  in  any  way  hampered  to  prevent  such  judicial  considera-  ■ 
tion  of  all  important  pertinent  factors.  ■ 

There  are,  of  course,  many  occasions  upon  which  a  con- 
sultant is  engaged  to  assist  in  controversial  matters  as  be- 
tween a  company  and  the  authorities,  or  a  company  and  some 
other   commercial    agency    with    which    it    happens    to    have 
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legal  or  commercial  difficulties.  A  report  prepared  by  a 
conFultant  or  with  his  assistance  for  public  use  and  par- 
tisan purposes  is.  of  course,  proper  in  such  circumstances. 
The  consultant  does  not  expect  to  emphasize  both  sides  ot 
the  question,  but  will  limit  himself  to  the  presentation  ot  the 
points  favorable  to  his  client,  which  he  will  set  forth  hon- 
estly and  as  effectively  as  circumstances  permit.  For  such 
work  the  consultant  becomes  in  effect  an  advocate  and  takes 
on  himself  all  of  the  responsibility  and  privileges  of  the 
attorney  advocate,  except  that  he  usually  limits  his  effort  to 
the  technical  field. 

This  same  attitude  cannot  successfully  be  assumed  in  re- 
ports prepared  for  the  assistance  of  executive  officers.  For 
such  latter  purposes  a  discussion  of  both  sides  of  any  case, 
setting  forth  the  strong  points  for  and  against  the  decision 
finally  reached,  is  most  satisfactory.  The  executive  is  en- 
titled to  know  the  evidence  on  both  sides.  Indeed,  the  final 
recommendation  of  the  expert  is  strengthened  by  a  frank 
presentation  of  the  best  arguments  which  may  be  advanced 
against  his  findings,  even  though  the  final  recommendation  be 
a  definite  judgment.  The  executive  who  receives  such  report 
is  fortunate,  for  he  can  feel  sure  that  his  adviser  has  taken 
into  account  both  sides  of  the  question  and  has  not  simply 
undertaken  to  present  convincing  arguments  in  support  of 
preconceived  ideas. — Editorial  in  Chemical  and  Metallurgical 
Engineering. 


Water  Department  Pays  Taxes,  and  Charges 

All  City  Departments  for  Water 

Used  by  Them 

The  city  ot  Holyoke,  Mass..  is  probably  the  only  municipality 
in  the  country  which  collects  payments  from  schools  and  other 
city  departments  for  the  water  used  by  them.  On  the  other 
hand  the  Water  Department  pays  taxes  to  the  city  treasury. 
These  payments  are  made  under  a  law  enacted  in  19U1,  the 
provisions  of  which  include  the  following: 

Section  2 — The  said  Board  of  Water  Commissioners  is  hereby 
authorized  and  directed  to  pay  over  to  the  treasurer  of  the  said 
city  in  each  year,  on  or  before  the  1st  of  November,  from  its  net 
■earnings,  a  percentage  upon  the  total  cost  of  the  construction  '  of 
sai-d  water  works,  as  estimated  in  the  annual  reports  of  the  said 
cominissiontr.s.  which  shall  be  the  same  as  the  percentage  of 
taxation  established  tor  city,  county  and  state  taxes  in  the  city 
of  Holyoke  in  that  year.  The  treasurer  is  hereby  authorized  and 
directed  to  collect  the  said  sumj  and  pay  over  the  same  to  the 
commissioners  of  the  sinking-  fund  for  the  payment  of  municipal 
bonds.  Ir.  case  the  net  earnings  do  not  equal  the  said  percentage, 
the  wole  net  earnings  shall  be  paid  over  as  aforesaid.  The  amount 
so  paid  or  collected  shall  be  used  toward  the  payment  ot  municipal 
bonds,  other  than  water  bonds. 

Section  3 — The  Board  of  Water  Commissioners  is  hereby  au- 
thorized and  directed  to  collect  payment  from  all  municipal  de- 
parnnints  of  the  city  of  Holyoke  except  the  Fire  Department,  for 
the  water  used  by  them,  at  the  same  rate  which  is  paid  by  other 
■consumers. 

Section  4 — The  Board  of  Water  Commissioners  is  also  hereby 
authorized  and  directed  to  collect  from  the  Fire  Department  an 
annual  rental,  not  exceeding  eight  dollars  ($.S.OO).  for  each  public 
hydrant.  This  rental  shall  include  the  cost  of  all  water  used  by 
the  Fire  Department  for  fire  or  other  purposes,  including  the  cost 
of  furnishing  and  maintaining  hydrants. 

According  to  a  paper  presented  last  September  before  the 
New  England  Waterworks  Association  by  Mr.  P.  J.  Lucey,  en- 
gineer ot  the  Holyoke  Water  Department  the  total  of  all  pay- 
ments made  by  the  water  department  to  the  city  treasurer 
under  the  above  provisions  had  been  $422,556.26,  and  the 
amount  received  by  the  water  department  from  the  other  mu- 
nicipal departments  had  been  $215,863.28,  making  the  net  cash 
contribution  the  water-takers  have  made  for  the  benefit  of  the 
general  taxpayer,  $206,692.98. 


Convention  of  American  Concrete  Institute. — The  American 
Concrete  Institute  will  hold  a  convention  Feb.  14,  15  and  16 
at  the  Auditorium  Hotel.  Chicago.  The  convention  will  in- 
clude sessions  of  the  liveliest  practical  interest  to  contractors; 
sessions  of  interest  to  designers  of  concrete  structures  look- 
ing to  economy  and  integrity  of  the  work;  a  session  for  con- 
crete products  manufacturers,  including  subjects  ot  the  ut- 
most importance  in  the  development  of  concrete  building 
nnils  and  concrete  pipe;  a  session  for  concrete  road  builders 
taking  up  chiefly  subjects  bearing  upon  the  working  prob- 
lems on  the  job.  Harvey  Whipple,  314  New  Telegraph  Bldg., 
Detroit,  Mich.,  is   Secretary  of  the  Institute. 


General  Policies  of  Engineering  Di- 
vision of  Pennsylvania  Depart- 
ment of  Health 

During  the  past  summer  months  the  engineering  division  of 
the  Pennsylvania  Department  of  Health  has  been  reorganized 
into  sections  on  housing,  investigation  of  industrial  wastes, 
pollution,  restaurant  hygiene  inspection,  rural  sanitation, 
waterworks  and  sewerage,  and  chemical  and  bacteriological 
laboratory.  The  general  policies  of  the  division  under  this 
plan  were  outlined  as  follows  by  Mr.  C.  A.  Emerson,  Jr., 
Chief  Engineer,  in  a  recent  issue  of  Public  Health  Notes: 
The  state  has  been  divided  into  eight  districts,  each  district 
in  charge  of  an  engineer  with  one  or  more  assistant  engi- 
neers. Undfer  general  direction  of  the  chief  of  the  water- 
works and  sewerage  section,  the  district  engineer  has  re- 
sponsible charge  of  waterworks  and  sewerage  applications, 
examination  of  plans,  field  investigations,  and  reports  there- 
on and  on  the  operation  of  waterworks  and  sewerage  sys- 
tems. After  careful  investigation  of  the  present  use  and 
conditions  of  the  w-aters  of  the  state  in  his  district,  the  dis- 
trict engineer  will  recotnmend  to  the  chief  engineer  policies 
for  the  use  of  various  streams  or  parts  of  streams  in  his 
district  as  regards  water  supply  and  sewage  disposal,  stating 
the  degree  of  purification  for  water  and  treatment  of  sewage 
required.  When  approved  by  the  chief  engineer  and  directed 
by  the  chief  of  the  waterworks  and  sewerage  section,  the 
district  engineer  will  have  investigations  made  tor  the  rurai 
sanitation  and  housing  sections  and  will  make  recommenda- 
tions tor  the  correction  of  insanitary  conditions  involving 
engineering  in  his  district.  When  approved  by  the  chief 
engineer,  the  district  engineer,  under  the  general  direction 
of  the  chief  of  the  waterworks  and  sewerage  section,  will 
co-operate  with  the  county  medical  director  or  the  medical 
division  in  typhoid  epidemics.  The  district  engineer  will 
limit  his  activities  to  engineering  matters,  such  as  water  sup- 
plies, sewerage,  excreta  disposal,  milk  supplies,  etc.,  leaving 
all  medical  matters,  unless  otherwise  specifically  ordered, 
under  the  jurisdiction  of  the  medical  officers. 

The  rural  sanitation  section  has  one  or  more  district  in- 
spectors  in  each  district,  whose  duties  are  as  follows: 

(a)  In  second-class  townships:  Inspect  and  secure  abate- 
ment of  public  health  nuisances  requiring  knowledge  beyond 
the  ability  of  the  department  health  officers. 

(b)  In  municipalities:  Inspect  and  secure  abatement  of 
public  health  nuisances  in  cases  where  the  local  board  of 
health  fails  to  secure  abatement  and  where  the  conditions 
are  not  sufficiently  acute  for  the  state  department  of  health 
to  take  over  the  functions  of  the  local  board  of  health. 

(c)  Assist  in  instruction  and  guidance  of  local  health  com- 
mittees and  local  boards  of  health. 

(d)  Report  on  the  efficiency  of  department  health  officers. 

(e)  Inspect  and  secure  abatement  of  pollutions  on  water- 
sheds of  streams  used  for  public  water  supplies,  and  train 
health  officers  and  water  company  representatives  in  doing 
such  work. 

(f)  Serve  notices,  secure  evidence,  etc..  incidental  to 
prosecutions  in  cases  of  public  health  nuisances  and  stream 
pollutions. 

(gl     Sample  private  water  supplies  as  ordered. 

(h)  Such  other  duties  as  may  be  assigned  by  the  chief  of 
the  rural  sanitation  section. 

When  temporarily  assigned  by  the  chief  of  the  rural  sani- 
tation section  to  the  waterworks  and  sewerage  section,  dis- 
trict inspectors  will  perform  the  following  work  under  the 
direction  of  the  district  engineer  or  his  representative: 

(a)  Make  field  investigations  to  determine  compliance 
with  provisions  of  waterworks  and  sewerage  permits  and 
decrees. 

(b)  Sample  public  water  supplies. 

(c)  Supervise  the  installation  and  maintenance  ot  emer- 
gency waterworks  disinfection  apparatus. 

(d)  Post  notices. 

(e)  Seal   by-pass  connections  of  public   water  supplies. 

(f)  Take   "census"   during   typhoid   fever   epidemics. 

(g)  Inspect  the  production,  handling,  and  distribution  of 
milk  supplies  during  typhoid  epidemic  investigations. 

(h)  Such  other  duties  as  may  be  assigned  by  the  district 
engineer. 
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Simple  System  of  Sewage  Disposal 
for  Isolated  Dwellings 

A  siin|)li'  and  iiiexpi'iisivc  iiielliod  dT  Sfwagc  disposal  for  the 
isolated  dwelliiiK  or  the  small  group  of  houses  sui)plied  with 
rumiiiiB  watfr  and  provided  with  toilet,  sink  and  batli  fixtures, 
is  described  hy  Mr.  H.  K.  Croliurst,  Associate  Sanitary  Kngi- 
iiocr,  U.  S.  Public  Health  Service,  in  a  recent  issue  of  Public 
Health  Notes.  Mr.  Crohursfs  article  is  based  on  material  ob- 
tained from  a  bulletin.  "Kree  Flowing,  Tight  Sifter  Tanks,"  by 
Mr.  Robert  Fletcher,  published  by  the  State  Board  of  Health  of 
New  Hampshire;  on  information  obtained  from  Mr.  D.  M. 
Teirt,  health  oflicer  of  Sugar  Hill,  N.  H.,  who  has  had  11  years' 
experience  in  the  construction  and  operation  of  tanks  of  the 
typ,a  described;  and  on  an  inspection  of  tanks  in  operation  at 
Claremont,  N.  H..  and  Sugar  Hill.  N.  11.  The  matter  following 
is  abstracted  from  the  article. 

In  1910,  or  about  that  time,  the  State  Board  of  Health  of 
New  Hampshire  was  called  upon  to  devise  a  practicable  and 
t;anitar.\    method    of   sewage   disposal    for   single    residences, 


As  the  ellluent  of  a  .septic  tank  is  only  partially  purified 
^;e^^age  containing  organic  matter  which  is  jKitentially  ca- 
pable of  causing  objectionable  conditions  it  not  properly  dis- 
posed of,  and  as  it  contains  at  all  times  many  bacteria,  among 
which  may  be  those  capable  of  causing  disease,  the  proper 
disposal  of  septic-tank  effluent  is  a  matter  of  very  great  im- 
I)ortance. 

For  the  small  installation  subsurface  irrigation  seems  to 
offer  the  easiest  means  of  disposing  of  the  tank  effluent. 
Where  the  soil  is  porous  and  the  seepage  rapid,  the  effluent 
may  be  discharged  into  a  leaching  cesspool,  blind  drain,  or 
subsurface  tile  system.  The  details  of  construction  of  the 
septic  tank  and  various  methods  of  effluent  disposal,  in  a 
liorous  soil,  are  shown  in  Fig.  1. 

Where  the  soil  is  tight  and  does  not  allow  the  rapid  pas- 
sage of  liquids,  a  filter  trench  may  be  required.  This  is 
constructed  by  laying  two  lines  of  tile,  one  above  the  other, 
in  a  trench  or  series  of  trenches,  with  an  artificial  filtering 
medium  between  the  upper  and  lower  line  of  tile.  The  tank 
effluent    is    distributed    by    the    upper    line    of    tile,    trickles 
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-Details    of   Septic    Tanl<    and    Various    IVIethods    of    Effluent    Disposal    in    a    Porous    Soil. 


summer  cottages,  and  hotels.  As  a  result  there  has  been 
developed  by  Robert  Fletcher,  D.  Sc,  C.  E.,  president  of  the 
State  Hoard  of  Health,  the  so-called  "Free-flowing,  tight, 
sewage  tank,"  which,  during  tlie  past  10  years,  has  been  in 
successful  operation,  under  varying  conditions,  in  several 
hundred  locations  in  that  State. 

The  design,  as  now-  recommended  by  the  State  board,  con- 
sists of  a  rectangular  tank,  built  of  concrete,  without  baffles. 
with  a  relatively  tight-fitting  cover  and  without  ventilation. 
A  space  of  from  12  to  15  in.  is  provided  between  the  under 
side  of  the  cover  and  the  surface  of  the  sewage.  The  cover 
is  made  to  tit  as  tightly  as  possible,  in  order  that  the  gas 
given  off  during  the  septic  action  may  develop  a  slight  pres- 
sure in  the  dead  space  above  the  sewage  and  serve  to  ex- 
clude outside  air.  The  inlet  and  outlet  pipes  of  the  tank 
are  provided  with  elbows,  which  turn  downward  into  the 
sewage  and  end  well  below  the  surface.  Experience  in  New 
Hampshire  has  shown  that  a  capacity  of  4  cu.  ft.  (30  gal.) 
should  be  allowed  for  each   person  contributing  to  the  tank. 

The  smallest  tank  recommended  is  6  ft.  long,  :]i4  ft.  w'ide, 
and  has  a  depth  of  sewage  of  414  ft.  Such  a  tank  has  a  ca- 
pacity of  about  94  cu.  ft.  (excluding  dead  space  above  sew- 
age) and  would  effectively  serve  20  persons.  It  is  not  deemed 
advisable  to  build  a  tank  smaller  than  this.  For  larger  in- 
stallations  the   following   sizes  are  recommended: 

Depth  of 
LenRth.     Width.        sewage. 
Feet.         Feet.  Feet. 

4.5 
."> 


Number  of  persons, 
line  f.imily  t:\ni\  up  to  20  persons). 

10    p.i  -.  :  

■M\     p.M  

"11     p.  i  

1.^0      IJflSf.Xl.^ 

400    persons 


8 
9 

n 

14 

24 


Width. 
Feet. 
.■?.'> 
4.5 
5 
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The  tanks  should  be  located  in  the  yard,  as  near  the  house 
as  practicable,  and  should  be  buried  in  the  ground  and  have 
a  covering  of  12  to  IS  in.  of  soil.  The  temperature  of  house 
sewage  combined  with  the  heat  generated  by  septic  action 
helps  to  prevent  freezing  in  winter. 


through  the  filtering  material,  and  is  collected  in  the  lower 
line  of  tile,  from  which  it  may  be  discharged  into  an  open 
ditch  or  into  a  watercourse.  Where  a  filter  trench  is  used 
for  secondary  treatment,  there  is  usually,  and  always  should 
be,  provided  a  dosing  chamber  containing  an  automatic 
siphon,  which  collects  the  tank  effluent  and  discharges  it 
into  the  trench  in  a  single  large  flush,  thus  utilizing  the  en- 
tire volume  of  the  bed.  A  constant  trickle  from  the  tank 
overdoses  a  small  portion  of  the  trench.  For  larger  installa- 
tions where  secondary  treatment  consists  of  sand  filters, 
contact  beds,  or  trickling  filters,  a  dosing  tank  and  automatic 
siphon  are  always  needed.  The  construction  details  for  a 
septic  tank,  dosing  chamber  with  autotnatic  siphon,  and  filter 
trench,  are  shown  in  Fig.  2. 

The  sewer  line  from  the  house  to  the  septic  tank  should 
not  be  less  than  4  in.  in  diameter,  preferably  6  in.,  should 
have  tight  joints,  and  should  have  a  fall  of  about  1  ft.  in 
100  ft.  The  tank  should  be  made  of  concrete,  carefully  con- 
.'tructed,  and  made  watertight;  and  for  large  installations, 
reinforcing  should  be  provided.  The  dosing  chamber  should 
have  a  capacity  of  about  80  gal.  and  should  be  equipped  with 
a  3-in.  automatic  siphon.  The  tile  lines  should  be  4  or  6 
in.  in  diameter,  laid  with  open  joints,  the  upper  portions 
of  the  opening  being  covered  with  tar  paper,  burlap,  or  old 
linoleum  to  prevent  soil  from  entering  the  line.  The  irri- 
gation tiles  should  have  a  fall  of  about  2  or  3  in.  per  hun- 
dred feet.  A  mat  of  hay  or  straw  laid  over  the  tile  lines 
and  filter  material  serves  to  hold  the  back  fill  and  prevent 
mud  from  entering  when  the  ground  is  moist  after  rains. 
The  first  10  to  15  ft.  between  the  tank  and  the  irrigation 
system,  or  between  the  dosing  chamber  and  the  irrigation 
system,  should  have  tight  joints  to  prevent  the  effluent 
from  soaking  into  the  ground  in  the  immediate  vicinity  of 
the  tank. 

The  length  of  tile  lines  in  the  disposal  system  will  depend 
upon  the  character  of  the  soil  in  which  the  tile  is  laid.     In 
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a  coarse  sandy  soil,  20  ft.  per  person  using  the  tank  may  be 
sufficient;  wliereas  in  a  tiglit  sandy  clay  soil  100  ft.  or  more 
per  person  may  be  required..  Wliere  a  dosing  chamber  and 
siphon  are  used,  the  size  of  dose  determines  the  length  oi 
tile  lines  required.  The  tile  lines  should  have  a  capacity 
equal  to  or  greater  than  the  capacity  of  the  dosing  chamber. 
Assuming  the  capacity  of  the  dosing  chamber  to  be  80  gal., 
there  should  be  provided  about  125  ft.  of  4-in.  tile,'  or  about 
60  ft.  of  6-in.,  to  receive  at  once  the  entire  flush  when  the 
dosing  tank  is  emptied 

In  outlining  plans  for  the  construction  of  septic-tank  sys- 
tems, it  is  the  rule  to  recommend  the  installation  of  a  grease 
trap  between  the  kitchen  fixtures  and  the  septic  tank,  to 
remove  grease  from  the  sewage.  In  the  New  Hampshire 
.system  no  grease  trap  is  provided,  and  the  tanks  appear  not 
to  be  affected  by  the  presence  of  the  grease  in  the  sewage. 
To  prevent  trouble  at  times,  it  is  advisable,  however,  to  re- 
move as  much  grease  as  possible  from  the  kitchen  wastes 
and  dispose  of  it  by  some  other  method.  All  excess  water 
which  can  be  excluded  conveniently  should  be  excluded  from 


"Value"  vs.  "Investment"  as  a  Basis 
for  Utility  Service  Rates 

The  intellectual  independence  required  of  the  engineer 
makes  him  little  prone  to  the  blind  acceptance  of  dicta,  from 
even  so  high  an  authority  as  the  United  States  Supreme 
Court;  and  though  his  actions  must  be  guided  by  the  de- 
cisions, his  personal  opinions,  if  in  disagreement,  will  find  con- 
tinued expression  until  the  question  involved  is  settled  reason- 
ably, whether  for  or  against  him,  and  however  long  the  time 
required. 

"Cost  of  Reproduction  Less  Depreciation  Plus  Going  Value," 
although  apparently  quite  definitely  accepted  by  the  courts 
as  constituting  "Fair  Value,"  and  therefore  the  proper  rate 
base,  finds  much  disapproval  among  engineers  and  economists. 
An  associated  subject  of  discussion  is  that  of  the  relation  be- 
tween fair  rate  of  return,  current  interest  rate,  and  charging 
costs  of  construction.  All  of  these  matters  are  discussed  by 
Prof.  William  G.  Raymond  in  a  paper  bearing  the  title  of  this 
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the  lank,  as  continuous  flow,  without  quiescent  periods,  dis- 
turbs septic  action. 

The  oldest  New  Hampshire  tanks  have  now  been  in  opera- 
tion and  successfully  disposing  of  combined  household 
wastes  for  a  period  of  11  years,  and,  so  far,  have  never  re- 
quired cleaning.  The  effluent  is  relatively  clear  and  odor- 
less and  in  some  instances  has  been  disposed  of  by  irriga- 
tion over  the  surface  of  the  ground  without  offense;  but  this 
method  from  a  sanitary  standpoint  is  not  recommended. 

P^'or  the  single  residence  or  small  group  of  homes,  where 
a  sewerage  system  is  not  practicable,  it  appears  that  a  sew- 
age-disposal system  of  this  type  offers  a  reasonably  cheap 
and  efficient  method  of  disposal  and  requires  a  minimum 
amount  of  suspension  after  installation.  The  successful  op- 
eration of  these  tanks  in  New  Hampshire  suggests  that 
similar  results  could  be  obtained  in  other  sections  of  the 
country  having  comparable  climatic  conditions.  The  suc- 
cessful operation  of  a  system  of  this  type  in  sections  hav- 
ing summer  temperatures  much  higher  and  of  longer  dura- 
tion cannot  be  definitely  stated  before  a  study  of  installa- 
tion under  such  conditions  has  been  made;  but  it  appears 
probable  that  the  system  will  give  results  in  the  southern 
sections  of  the  United  States  similar  to  those  given  by  it  in 
New  Hampshire. 


City  Manager  Plan  for  Vermont  Municipality. — By  a  vote  of 
318  to  287,  St.  Albans.  Vt.,  at  a  special  meeting  Feb.  1,  voted 
in  fr.vor  of  an  amendment  to  the  city  charter  providing  for  the 
city  manager  plan  of  government.  If  the  new  amendment  to 
the  charter  is  passed  by  both  houses  of  the  Vermont  Legisla- 
ture it  will  go  into  effect  after  the  1921  IVIarch  meeting.  B. 
M.  Hopkins  is  City  Clerk. 


article    and    read    recently    before    the   Iowa    Section    of    the 
American  Water  Works  Association. 

Complete  agreement  of  opinion  between  individuals  on 
questions  of  the  character  and  complexities  of  these  is  the 
exception  rather  than  the  rule;  but  Prof.  Raymond's  discus- 
sion is  not  less  valuable  because  it  will  not  please  everybody, 
nor  perhaps  wholly  please  anybody,  who  reads  it.  The  first 
part  of  the  paper  deals  with  economic  principles  and  matters 
of  accounting  principle  and  practice  which  for  the  most  part 
have  been  previously  treated  in  the  columns  of  Engineering 
and  Contracting  and  are  therefore  not  now  quoted.  The  lat- 
ter part  dealing  with  the  rate  base  and  interest  rate  follows: 

Value  Really  Dependent  Upon  Earnings. — It  is  not  value 
that  determines  return — nor  can  it  ever  be — it  is  return  that 
determines  value — and  this  is  not  a  quibble  over  words.  The 
Supreme  Court  of  the  United  States  has  said  that  a  public 
utility  owner  is  entitled  to  a  fair  return  on  the  fair  value  o£ 
the  property  that  he  devotes  to  the  service  of  the  public. 
This  is  the  law  just  now.  To  the  layman  it  seems  like  good 
law.  but  it  is  very  difficult  of  interpretation  and  administra- 
tion. Interpretation  and  administration  would  be  much  sim- 
pler and  more  satisfactory  if  the  court  had  never  formulated 
the  law  in  the  precise  words  that  it  lias  used,  but  had  laid 
stress  on  the  other  law  that  it  has  established,  namely:  that 
the  utility  is  entitled  to  charge  for  its  service  only  so  much 
as  the  service  may  be  reasonably  worth.  The  two  laws  must 
be  in  harmony  or  both  cannot  be  law.  If  in  interpreting  and 
administering  the  law,  fair  rates  are  based  on  worth  of  service, 
and  this  in  turn  is  based  on  cost  to  the  community  served  to 
serve  itself  with  the  same  plant  as  the  one  that  may  be  under 
consideration  and  with  reasonable  etTiciency,  there  will  be 
little  ambiguity — little  difference  over  what  to  include  in  cost 
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o(  rpprodmrlon,  little  differonco  of  opinion  about  going  value 
—a  tiM-ni  that  never  should  have  been  born— little  difference 
about  depreciation.  The  only  tiling  to  give  the  court  much 
trouble  would  be  the  fair  rate  of  profit  to  be  earned— and  this 
Is  purely  a  judicial  matter.  Most  of  the  dilliculties  of  valuation 
would  have  vanished,  because  when  a  community  is  serving 
itself  with  a  physical  plant,  it  is  investment,  not  cost  of  re- 
production that  is  considered.  And  investment  does  not 
change  from  day  to  day,  or  year  to  year,  with  changes  in  the 
cost  of  the  items  entering  into  the  construction  of  the  serv- 
ice plant. 

Concurrent  Changes  in  Costs  and  Interest  Rates.— Just 
now  prices  of  all  consumable  commodities  are  high.  In- 
terest rates  are  high.  Economists  tell  us  that  the  causes 
are  not  the  same.  But  the  effect  is  the  same— and  all  service 
of  every  kind  is  just  now  worth  more  than  formerly  because 
it  costs  more  dollars,  and  because  he  who  renders  service 
must  have  more  dollars  for  his  living  In  order  to  have  the 
same  living  as  formerly,  and  because  the  use  of  the  service 
in  industry   brings   more  dollars   to  the   user  than  formerly. 

If  I  maiie  my  living  by  the  rental  of  houses  that  I  own, 
I  must  increase  my  rental  rate  because  all  of  my  expenses 
have  increased  in  dollars.  My  investment  remains  as  it  was 
in  100  ct.  dollars,  but  I  must  earn  a  higher  rate  of  return 
on  it.  In  fairness  I  am  not  entitled  to  the  higher  rate  on 
an  arbitrarily  increased  value  assigned  to  my  investment 
based  on  50  ct.  dollars.  I  can't  increase  the  value  of  my 
investment  by  the  amount  of  changes  in  the  purchasing 
power  of  the  dollar  and  charge  a  rate  of  return  on  that  In- 
(reased  value  which  also  reflects  the  change  in  the  value  of 
the  dollar.  It  makes  no  difference  whether  the  causes  of 
high  prices  and  high  interest  are  the  same  or  not.  My  in- 
vestment is  only  half  what  it  was  in  purchasing  power  and 
I  must  have  twice  the  rate  of  return  on  this  half  to  pro- 
vide my  living  expenses;  to  make  me  the  same  living  that 
I  enjoyed  before  the  war.  In  fairness  I  am  entitled  to  no 
more  from  the  source  named. 

What  must  happen  is  that  I  must  have  as  many  bushels 
of  potatoes,  if  potatoes  are  my  diet,  for  my  rentals  as  I  had 
before  money  became  cheap.  If  potatoes  now  cost  twice  as 
much  as  they  did.  I  must  have  either  twice  the  rate  of  return 
on  my  investment  or  the  same  rate  of  return  on  an  arbitrarily 
increased  investment  value.  But  I  do  not  need  both  twice 
the  investment  value  and  twice  the  old  rate  of  return  on 
this  inflated  value.  It  is  useless  to  say  in  opposing  this  state- 
ment that  one's  needs  do  not  govern  his  legitimate  profits  in 
business.  It  is  impossible  to  treat  a  public  utility  property 
just  as  if  it  were  a  freeiy  competitive  unregulated  enterprise. 
And  it  must  not  be  forgotten  that  charging  unreasonable 
profits  in  any  business  connected  with  the  necessities  of  life 
is  contrary  to  public  policy. 

On  a  new  investment  made  now,  I  must  have  the  high  rate 
of  return  because  these  dollars  that  I  am  now  investing  will 
buy  only  half  as  many  potatoes,  half  as  much  house,  half  as 
much  useful  property,  as  dollars  formerly  invested  and  hence 
I  must  have  twice  the  rate  of  return  even  on  these  high  in- 
vestment costs  in  order  to  be  as  well  fed  as  I  was  before  the 
war. 

Utilities  in  these  days  are  pleading  for  values  based  on 
reproduction  costs  and  are  also  showing  the  increased  rates 
charged  for  borrowed  money  in  an  attempt  to  get  higher  "fair 
returns"  than  formerly  and  on  higher  values  than  the  real 
Investment.  A  recent  New  Jersey  Supreme  Court  decision 
seems  to  be  a  defense  of  such  pleading.  But  it  is  believed 
to  be  wrong. 

Utility  Property  Not  Now  Saleable. — In  support  of  the  plead- 
ing the  following  argument  is  made:  If  I  own  a  water  works 
property  and  wish  to  sell  it  and  reinvest  my  money  in  an- 
other water  works  property  just  like  the  one  I  own  I  must 
get  the  present  day  cost  of  the  new  property  out  of  the  old 
one  or  I  shall  lose  something.  And  when  I  reinvest  this  cost 
in  the  new  property  I  must  have  the  present  day  rate  of  re- 
turn on  it.  This  is  not  true.  I  have  just  the  same  value  In- 
vestment that  I  had  before.  Neither  can  it  be  said  that  I 
can  sell  my  old  works  at  new  cost  of  reproduction  price 
and  invest  the  proceeds  otherwise  at  high  rates.  Has  it 
occurred  to  the  persons  offering  this  argument  that  there  are 
no  utility  properties  being  sold  at  present  day  reproduction 
costs?  In  the  face  of  a  soon  to  be  falling  market  one  would 
be  foolish  indeed  to  pay  present  reproduction  prices  for  util- 
ity properties.  Men  who  make  such  investments  are  not 
foolish  to  this  extent.     Only  necessary  additions  are  being 


made  to  existing  properties,  and  on  the  cost  of  these  neces- 
sary additions  the  going  rate  of  return  should  be  realized. 
No  permanent  investment  or  investment  In  a  permanent  en- 
terprise of  long  standing  is  worth  on  the  market  today  a 
Slum  based  on  or  approximating  present  day  cost  of  repro- 
duction unless  its  earnings  have  warranted  such  worth. 

Effect  of  Price  Changes  on  Different  Classes  of  Invest- 
ments.— No  owner  of  bonds,  mortgages,  or  stock  of  utility 
enterprises,  nor  any  depositor  in  a  savings  bank,  finds  any 
more  dollars  in  his  hand,  due  to  a  change  in  the  value  of  the 
dollar,  when  selling  his  bonds  or  stock  or  receiving  back 
his  own  from  a  mortgagor  or  savings  bank  than  he  put  into 
those  investments  before  the  war,  except  as  he  may  have 
purchased  at  a  discount.  Utility  securities  do  not  reflect 
any  such  increase  in  value  as  the  difference  between  pre- 
war and  post-war  prices.  Quite  the  contrary  is  the  more 
common  experience  even  in  those  cases  where  reasonable 
advances  in  rates  have  been  made.  In  general  it  is  true  that 
hank  stocks,  insurance  company  stocks  and  other  like  stable 
securities  of  regulated  enterprises  show  no  advance  com- 
mensurate with  the  change  in  the  value  of  the  dollar. 

Neither  will  he  who  loans  today  on  a  mortgage,  or  buys 
bonds  of  a  utility,  receive  less  dollars  than  he  now  loans, 
when  after  some  years  his  mortgage  loan  is  paid  and  his 
bonds  mature.  The  value  of  the  dollar  will  have  increased 
Ijut  the  lender  will  receive  just  so  many  dollars  as  he 
loaned,  no  less  and,  barring  the  effect  of  discount,  no  more. 

It  is  true  that  investments  in  utility  properties  are  not 
exactly  like  loans  on  mortgages,  but  neither  are  they  like 
investments  made  in  unregulated,  freely  competitive  busi- 
nesses, free  to  earn  all  that  their  managers  can  make  them 
earn.  Utility  properties  have  both  privileges  and  restrictions 
not  enjoyed  or  suffered  by  unregulated,  freely  competitive 
properties,  and  if  anytliing  were  needed  to  demonstrate  the 
fact  that  the  cost  of  reproduction  new  less  depreciation  is 
not  the  value  of  a  public  utility  property,  or  indeed,  any 
regulated  property,  the  fact  that  the  securities  of  these  prop- 
erties in  no  wise  reflect  the  change  in  the  value  of  the 
dollar  ought  to  be  sufficient. 

Indeed,  the  securities  of  very  few  incorporated  industries, 
regulated  or  unregulated,  reflect  the  change  in  the  value 
of  the  dollar.  The  stocks  of  a  few  industries  that  have  been 
able  to  make  large  profits  during  the  war  period  did  advance 
in  value,  many  of  them  even  much  more  than  the  change 
in  the  value  of  the  dollar  would  indicate,  but  always  because 
of  a  change  in  their  earnings,  never  because  of  a  change  in 
the  cost  of  reproducing  the  physical  property  that  was  the 
instrument  witli  which  the  management  conducted  its  enter- 
prise. It  ought  to  be  clear  that  the  value  of  a  going  property 
is  not  what  it  would  cost  to  reproduce  that  property.  Its 
value  is  what  it  can  earn  at  fair  charges  capitalized  at  a 
determined  going  rate  for  money  providing  its  earnings  are 
secure  for  the  future. 

What  Did  the  Court  Mean  in  Smythe  vs.  Ames? — 
It  is  clear  that  the  court  did  not  mean  value  when  it 
said  value  in  that  old  Smythe  vs.  Ames  decision.  It  is  clear 
from  the  interpretation  given  by  later  decisions  that  it  did 
not  mean  the  sum  necessary  to  create  the  property  new  as 
of  the  date  of  valuation,  less  existing  depreciation,  because 
it  has  definitely  excluded  from  allowable  costs  of  reproduc- 
tion the  costs  of  certain  items  that  would  of  necessity  be 
a  part  of  a  new  construction  at  the  time  of  valuation — notably 
the  removal  and  replacing  ot  pavement  over  underground 
construction  in  those  places  where  no  pavements  existed  at 
the  time  the  underground  construction  was  placed.  Ap- 
parently what  it  did  mean,  if  the  later  decisions  are  to  be 
lalven  as  interpretations,  was  the  present  day  (present  day 
meaning  the  date  of  valuation)  cost  of  doing  the  things  that 
were  done  to  create  the  property,  but  by  present  day  methods 
and  w-ith  presently  existing  facilties.  Always  it  is  cost  not 
value  that  is  found. 

Cost  or  Value? — Even  the  item  of  "going  value''  is  by  some 
engineers  being  reduced  to  a  quantity  said  to  represent  the  cost 
of  producing  the  business  of  the  property,  and  this  definition 
has  been  most  often  apparently  in  the  minds  of  the  courts 
when  writing  opinions,  although  the  first  decision  that  in- 
cluded the  item  did  not  suggest  the  idea  of  cost  at  all.  Engi- 
neers not  liking  judgment  guesses  and  trying  always  to  re- 
duce all  procedure  to  definite  formulas,  have  suggested  va- 
rious ways  of  finding  "going  value" — and  while  the  final  de- 
liverance of  the  court  is  still  a  judgment  guess  it  is  based 
upon  engineers'  testimony  which  is  most  often  based  on  an 
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estimate  of  the  cost  of  developing  the  business.  Again  it 
is  cost  of  ihe  property  used  in  the  service  of  tlie  public  that 
is  assumed  to  be  meant  by  that  word  value  in  the  historic 
reference  case.  Present  day  costs,  then,  of  doing  the  things 
that  were  done  to  create  the  property,  both  the  cost  of  the 
physical  plant  used  by  the  management  in  producing  service, 
anil  the  cost  of  developing  the  working  organization,  and, 
curiously  enough,  the  cost  of  developing  a  properly  remunera- 
tive business,  not  the  business  enjoyed  by  the  property  at 
the  time  of  valuation  but  the  business  that  it  ought  to  en- 
joy pi-e-dotermined  by  the  engineer  before  the  court  has  acted, 
as  a  step  precedent  to  his  estimate  of  going  value,  are  as- 
sumed to  be  equivalent  to  value.  Very  curious  procedure—, 
this. 

Vv'ith  respect  to  the  physical  plant  at  least,  the  generally 
accepted  method  means,  so  far  as  dilferences  between  1914 
and  1920  are  concerned,  during  which  few  years  there  was 
little  change  in  method  or  facilities,  original  cost  to  date 
appreciated  to  allow  for  the  cheapened  dollar.  And  original 
cost  to  date  is  investment. 

Now,  while  because  of  the  scarcity  of  houses  and  machin- 
ery, as  compared  with  this  demand,  a  good  many  buildings 
and  some  machines  are  changing  hands  these  days  on  a 
basis  of  new  prices,  land  has  shown  no  such  extreme  ad- 
vance, except  land  that  has  produced  greater  earnings  than 
heretofore.  And  as  has  been  noted  already,  utility  properties 
are  not  changing  hands  on  any  basis  at  all  and  certainly  will 
not  change  hands  on  a  basis  of  new  prices;  nor  will  any  new 
utility  properties  be  built  by  private  enterprise  so  long  as 
the  clouds  of  reproduction  cost  value  and  falling  prices  are 
darkening  the  view  of  the  future.  What  must  be  spent  on 
existing  plants  will  be  spent  if  money  can  be  found,  but  no 
more. 

Does  not  it  seem  to  be  clear,  therefore,  that  present  day 
reproduction  costs  of  old  properties  are  not  their  values,  nor 
even  the  proper  bases  for  estimating  fair  return  at  present 
day  high  rates? 

And  even  in  normal  times,  if  such  there  be,  when  market 
prices  are  rising  and  falling  alternately,  is  it  the  custom  of 
any  business  to  vary  its  book  investment,  on  which  It  figures 
returns,  from  year  to  year  up  and  down  with  the  change  in 
the  prices  of  the  building  materials  and  labor  used  in  the 
construction  of  the  plant  which  it  uses  in  its  activities?  Not 
so.  Nor  should  it  be  so.  For  practical  purposes  the  invest- 
ment in  a  business  plant  does  not  vary  from  year  to  year  with 
variation  in  the  cost  of  the  items  that  are  included  in  its  con- 
struction, how  ever  much  it  may  do  so  in  theory.  After  some 
years  of  more  or  less  steady  change  in  value  of  real  estate, 
that  part  of  the  property  may  be  written  up  or  down  as  the 
case  may  be,  but  the  wearing  items  of  machinery  are  car- 
ried at  what  they  cost  until  they  are  worn  out  or  disposed  of 
in  some  other  way.  But  earnings  are  made  to  vary  so  far  as 
possible  with  the  needs  of  the  times. 

So  would  it  seem  to  be  proper  to  do  with  utility  properties. 
Regulation  providing  for  fair  return  on  the  investment,  as 
thai  is  considered  in  purely  private  ventures,  the  rate  vary- 
ing with  the  needs  of  the  times,  should  never  be  deemed  to 
result  in  the  taking  of  private  property  without  due  process 
of  law  nor  without  just  compensation. 

If  we  would  just  be  fair  with  ourselves,  recognize  invest- 
ment rather  than  cost  of  reproduction,  misnamed  value,  as 
the  basis  for  earnings,  make  it  possible  for  a  utility  company 
to  earn  such  a  return  as  will  command  capital,  varying  the 
rate  of  return  with  the  necessity  of  the  times;  deal  with  the 
utility  fairly,  and  require  fair  dealing  from  it,  we  would  have 
less  troublesome  litigation,  less  occasion  or  desire  on  the  part 
of  the  utility  to  use  sharp  practice  to  secure  fair  return  for 
its  service,  better  service  and  greater  contentment  and  com- 
fort for  the  public  and  its  utility  servants. 

Fair  Return  and  the  Market  Rate  for  Money.— A  short  time 
ago,  in  a  paper  not  yet  published,  an  effort  was  made  to  de- 
velop a  logical  method  for  finding  fair  return  rate.  It  was 
concluded  that  from  once  and  a  third  to  once  and  two-thirds 
the  market  rate  for  money  used  in  the  particular  industry  In 
question  is  the  fair  rate  of  return.  This  is  based  on  the  pre- 
liminary conclusion  also  developed  in  the  discussion  that  it 
is  most  advantageous  from  the  public  standpoint  that  from 
two-thirds  to  three-fourths  of  the  money  invested  in  a  utility 
enterprise  shall  be  borrowed.  This  proportion  of  borrowed 
money  reduces  the  return  on  account  of  risk  to  a  minimum. 
It  is  reasoned  that  net  earnings  of  twice  the  fixed  charges 
must  be  shown  to  induce  capital  to  venture  as  loans  on  mort- 


gage; that  is,  to  buy  bonds.  If  the  reasoning  is  correct,  there 
.should  be  net  returns  of  twice  the  market  rate  on  from  two- 
ihirds  to  three-fourths  of  the  investment.  This  means  from 
once  and  one-third  to  once  and  one-half  the  market  rate  on 
(he  whole  investment. 

It  is  believed  that  if  utilities  are  allowed  such  return  rates 
on  their  investments,  full  operating  costs,  and  depreciation 
allowances,  based  on  investment,  there  will  be  little  further 
litigation,  the  utilities  will  be  satisfied,  and  the  public  should 
be  satisfied  because  it  will  be  paying  no  more  than  a  fair  re- 
turn on  the  investment  used  in  its  service.  There  will  be 
no  more  discussions  of  "going  value"  nor  arguments  as  to 
what  shall  he  included  in  cost  of  reproduction.  Costly  work 
for  lawyers  and  engineering  experts  will  be  minimized.  Peace 
will  reign  whether  prices  go  up  or  down. 


Port  Requirements 

An  interesting  discussion  of  the  above  subject  was  held 
at  the  December  meeting  of  the  New  York  Section  of  the 
American  Society  of  Civil  Engineers.  Some  of  the  more  im- 
portant points  brought  out  are  summarized  as  follows  in  the 
January  Proceedings  of  the  American  Society  of  Civil  Engi- 
neers : 

Mr.  Cresson  sounded  a  warning  against  the  acceptance  of 
additional  cargo-handling  machinery  as  a  cure-all  for  port 
troubles,  although  he  quite  appreciated*  the  value  of  such 
machinery  when  intelligently  adapted  to  economic  require- 
ments. He  indicated  the  intimate  relation  between  the  port 
problem  and  that  involved  in  the  handling  and  distribution 
of  the  foodstuffs  for  New  York  City,  and  he  considers  a  study 
of  the  marketing  situation  as  an  important  phase  of  the  Port 
investigation.  He  brought  out,  also,  the  lack  of  warehouse  and 
storage  accommodations,  and  the  resulting  practice  of  using 
carriers  to  perform  warehousing  functions. 

Mr.  Webster  outlined  the  organization  of  the  Port  of  Phil- 
adelphia and  explained  the  method  by  which  the  rail  carriers 
co-ordinate  their  service  to  the  port.  He  described  the  pier 
layout  and  plan  in  operation  at  Philadelphia  and  expressed 
his  judgment  that  in  ports  where  railroads  lead  to  a  river 
front,  it  is  desirable  and  economical  that  wide  piers  be  con- 
structed and  that  the  waterfront  be  well  co-ordinated  with 
the  railroads. 

Mr.  Meigs  considered  the  principal  difficulty  of  the  harbor 
problem  to  be  the  fact  that  New  York  City  is  on  the  wrong 
side  of  the  harbor.  He  asserted  that  New  York  "is  certainly 
not  an  economical  port"  but  is,  in  fact,  probably  "the  most 
expensive  port  in  the  country  if  we  consider  the  average  cost 
of  the  entire  freight  movement  in  it."  He  considers  the  crux 
of  the  economic  difficulty  to  be  in  the  present  rate  structure, 
which  includes  free  delivery  in  New  York,  and  of  which  any 
sudden  dislocation  would  play  havoc  with  established  agencies 
and  facilities.  He  touched  on  the  possibility  of  drastic  action 
in  this  matter  on  the  part  of  the  Interstate  Commerce  Com- 
mission. 

Mr.  Goodrich  pointed  out  that  the  design  of  the  port  need 
not  be  based  on  the  requirements  of  the  few  very  large  ships, 
as  most  cargo  is  handled  in  smaller  bottoms.  He  contended 
that  sometimes  the  payment  of  demurrage  is  cheaper  than 
the  investment  of  large  sums  in  pier  construction,  and  showed 
that  the  narrow  pier  is  the  more  advantageous  type  when 
lighterage  is  an  important  consideration.  He  answered  the 
criticisms  that  had  been  offered  as  to  the  cost  of  shipping 
through  New  York  by  citing  cases  in  which  Philadelphia  ship- 
pers had  sent  goods  by  truck  to  New  York  for  shipment  there. 

Mr.  Mantell  emphasized  the  wastefulness  of  the  port  and 
urged  as  the  principal  elements  of  the  remedy:  (1)  Storage 
in  New  Jersey,  and  a  belt  line  railroad;  (2),  store  door  de- 
livery; (3)  Hudson  River  Bridge;  (4)  Co-ordination  and  elec- 
trification of  New  Jersey  suburban  railroad  lines.  He  stated 
his  belief  that  the  new  vehicular  tunnel  will  be  overloaded 
within  a  year  of  its  completion. 


Ducks  Keep  Mos«  from  Irrigation  Lateral. — Mr.  J.  A.  Lati- 
mer of  Delta.  Colo.,  a  water  user  on  the  Uncompahgre  Project 
of  the  U.  S.  Reclamation  Service,  writes  as  follows  in  the  Jan- 
uary Reclamation  Record: 

"About  18  years  ago  it  was  very  sultry  and  hot  and  the 
moss  grew  worse  that  year  than  others.  I  had  89  ducks;  they 
fed  themselves  and  kept  %  mile  of  ditch  entirely  free  from 
moss.  I  never  had  any  trouble,  while  others  could  hardly 
keep  water  running." 
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Lowering  Concrete  Well  Pits  by 
Caisson  Method 

By  FRKKLAN'I)  MANSFIELD, 
or  Thi-  M.mstlold  Knginocrlng  Co..  Indianapolis. 

The  iMansfleld  Engineering  Co.  of  Indianapolis  has  varied 
from  the  u.sual  method  of  shoring  and  pumping  in  the  con- 
slruction  of  deep  well  pits,  and  has  met  with  success  in  using 
the  caisson  method  of  sinking,  as   well  as  perfecting  an  air 
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Placinci    12-Ft.    Steel    Form    Segments. 

lid  for  forcing  the  water  out  of  the  well  by  air,  and  placing 
a  concrete  bottom  in  same. 

The  purpose  of  these  well  pits  was  to  provide  water  tor 
the  Indianapolis  Water  Co.  from  deep  driven  wells  of  300  to 
400  ft.  depth  by  electric  pumps  placed  at  approximately  the 
artesian  head,  thereby  enabling  them  to  pump  the  water  from 
these  -wells  to   their  pumping  station  nearby. 

These  well  pits  were  of  concrete,  S  ft.  internal  diameter, 
and  varied  in  depth  from  24  ft.  to  33  ft.  with  a  water  tight 
reinforced  concrete  bottom.  The  walls  were  1  ft.  thick  and 
reinforced. 

The  equipment  consisted  of  a  guy  derrick  and  hoist  engine, 
air  compressor,  9  cu.  ft.  Haywood  orange  peel,  concrete  mixer. 


Rennoving   Gravel   From   Concrete  Well. 

Steel  forms,  and  a  steel  air  lock  lid  with  a  compartment  for 
two  men  to  go  in  and  out.  and  a  chamber  with  two  valves  for 
placing  the  concrete  for  the  bottom. 

An  open  excavation  was  first  made  by  the  orange  peel  buck- 
et to  about  3  ft.  of  the  ground  water  level,  which  averaged 
in  this  case  about  12  ft.  A  steel  cutting  edge  was  then  placed 
and  the  12  ft.  steel  form  segments  were  bolted  together  and 


reinforcing  steel  placed.  The  forms  were  guyed  with  four 
cables  with  ship  turnbuckles.  The  concrete  was  hoisted  in 
an  ordinary  bottom-dump  concrete  bucket  by  the  derrick  and 
dumped  on  a  platform  which  rested  on  the  inner  form  and 
then  shoveled  into  the  form  by  one  man.  Twenty-four  feet 
were   poured  at  a  time. 

After  the  concrete  had  set,  the  lower  12  ft.  form  segments 
were  removed  and  also  the  cutting  edge  form.  The  gravel 
on  the  inside  was  then  removed  by  the  orange  peel.  As 
the  gravel  was  removed,  the  concrete  well  lowered  itself 
The  turnbuckles  were  kept  tight  which  kept  the  well  from 
leaning  as  it  was  lowered. 

After  the  well  had  sunk  the  12  ft.,  the  upper  form  section 
was  loosened  and  as  the  well  was  lowered,  it  slid  on  down 
the  form.  As  most  of  the  wells  were  more  than  24  ft.  deep. 
the  upper  form  was  tightened  after  the  cutting  edge  had 
1,'een  sunk  to  the  required  elevation  and  the  remaining  con- 
crete was  poured.  All  forms  were  then  removed  and  then 
backfilling  was  done  around  the  outside  of  the  well.  When 
this  last  section  was  poured,  1  in.  by  15  in.  anchor  bolts  were 
placed  in  the  top.  so  that  the  air  lid,  shown  in  the  cut,  could 
be  bolted  down.  This  lid  was  designed  and  constructed  by 
The  Mansfield  Engineering  Co.  to  withstand  an  upward  total 
pressure  of  100  tons.  It  has  a  three  man  compartment,  a 
two  valve  chamber  for  placing  the  concrete  in  the  bottom, 
air  gauge,  and  telephone  system.  A  gasket  was  placed  be- 
tween the  concrete  and  lid,  and  then  bolted  down.  A  wood 
platfoini  was  hung  under  the  lid.  whereby  a  man  could  stand 
and  regulate  the  lower  valve  for  the  concrete.    A  man  on  the 


The   Air   Lid. 

outside  operated  the  upper  valve.  These  valves  were  ordi- 
nary flap  valves  and  were  screwed  down. 

Air  was  pumped  into  the  well  forcing  the  water  out  through 
the  bottom.  Eight  to  fourteen  pounds  pressure  were  needed, 
fiepending  on  the  depth  of  water  to  be  forced  out.  An  air 
aauge  showed  the  pressure.  Concrete  was  then  poured 
through  the  concrete  chamber.  The  air  was  held  about  4S 
hours  until  the  concrete  had  set.     The  lid  was  then  removed. 

The  Indianapolis  Water  Co.'s  specifications  for  a  6  in.  pipe, 
approximately  25  ft.  long,  with  a  special  foot  valve  on  one 
end  and  a  valve  and  bolted  flange  on  the  other  end,  the  6 
in.  pipe  to  go  down  into  the  10  in.  casing  and  the  6  in.  flange 
to  be  bolted  to  a  special  cast  flange,  which  was  to  be  put  in 
flush  with  the  bottom  and  leaded  to  the  10  In.  casing. 

A  10  in.  test  plug  with  a  long  adjusting  rod  and  nut  which 
could  be  adjusted  from  the  top  of  the  casing,  w'as  placed  be- 
low the  point  where  the  casing  pipe  had  to  be  cut  off.  The 
pipe  was  cut  off  by  an  oxwelding  outfit  and  pipe  removed  by 
the  derrick.  The  6  in.  pipe  was  then  lowered  by  derrick  to 
just  above  the  floor.  The  test  plug  was  removed  and  the  6  in. 
pipe  immediately  lowered  into  the  casing  and  bolted  to  the 
lowered  flange.  The  water  that  came  up  through  the  10  in. 
pipe  during  this  period  was  taken  care  of  by  a  4  in.  pulsom- 
meter. 

Eight  of  these  wells  were  completed  by  The  Mansfield 
Engineering  Co.  for  the  Indianapolis  Water  Co.  during  the 
past  year,  and  also  one  well  30  ft.  deep  which  was  used  as  a 
water  reservoir  for  the  American  Hominy  Co.'s  plant  at  In- 
dianapolis. 
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Commercial  Features  of  Water- 
Works  Operation 

Experiences  of  the  Spring  Valley  Water  Co.  of  San  Fran- 
cisco during  the  past  three  or  four  years,  in  the  business 
end  of  its  waterworks  operation  were  outlined  by  Mr.  O.  E. 
Clemens,  Water  Sales  Manager  of  the  company,  in  a  paper 
presented  last  November  before  the  California  Section  of 
the  American  Waterworks  Association.  In  his  paper,  an 
abstract  of  which  follows,  Mr.  Clemens  describes  the  methods 
employed  by  his  company  in  overcoming  a  deeply  rooted 
prejudice  against  water  meters;  the  education  of  the  con- 
sumers to  the  principles  of  equitable  payment  for  service 
rendered  and  the  value  of  the  commodity  used;  the  train- 
ing of  the  individual  in  the  proper  uses  of  water  with  a  re- 
sultant reduction  in  gross  daily  delivery  that  has  saved  the 
city  from  a  disastrous  situation;  and  how  the  company  made 
friends  of  former  corporation  baiters  and  made  boosters  of 
knockers. 

Why  Meters  Were  Installed. — The  Spring  Valley  Water 
Co.  has  some  20,000  commercial  accounts  consisting  of  fac- 
tories, refineries,  shops,  railways,  stores,  hotels  and  apart- 
ment houses,  and  over  50,000  residential  accounts  represented 
by  family  dwellings   consisting  of  houses  and  flats. 

The  commercial  consumers  have  always  paid  for  water 
service  on  a  measured  or  meter  basis.  Prior  to  October, 
191S,  the  residentials  were  assessed  on  the  so-called  flat 
rate  schedule,  this  being  based  on  the  size  of  the  house, 
number  of  fixtures  installed  and  the  area  of  the  garden  and 
lawn.  The  revenue  derived  from  this  source  averaged  up 
fairly  well  as  a  whole,  but  was  sadly  discriminatory  and 
unjust  as  between  consumers.  More  than  half  of  the  resi- 
dential consumers  paid  from  25  to  100  per  cent  more  than 
the  value  of  the  water  they  used,  the  remainder  paying  less, 
many  of  them  using  and  wasting  from  10  to  100  times  as 
much  as  they  paid  for,  as  was  proved  by  the  records  of  test 
meters  installed. 

When  the  company  began  installing  meters  on  the  resi- 
dential services  during  the  summer  of  1916  (these  being  set 
primarily  for  test  purposes,  as  meter  rates  could  not  be  ap- 
plied to  this  class  of  consumers  under  the  then  existing  or- 
dinance) it  met  with  a  wave  of  opposition  which  was  intensi- 
fied by  the  radical  elements,  aided  and  abetted  by  a  certain 
daily  paper,  which  was  in  fact  actuated  more  by  personal 
animus  than  by  any  desire  to  serve  the  public. 

Application  being  made  to  the  Railroad  Commission  in  the 
eariy  part  of  1918  for  a  uniform  rate  schedule,  the  company 
rushed  the  installation  of  meters,  having  the  entire  50,000 
set  by  October,  1918,  when  the  Commission  authorized  the 
application  of  a  modern  and  most  equitable  rate. 

After  two  years  of  intensive  educational  and  service  work, 
the  public  is  now  thoroughly  converted  to  meters  and  it 
can  be  stated  with  the  utmost  confidence  that  if  the  question 
should  be  put  to  vote,  those  in  favor  of  returning  to  the  for- 
mer system  of  billing  for  water  service  would  be  hopelessly 
in  the  minority. 

In  addition  to  the  gratification  of  having  a  satisfied  public 
to  deal  with,  the  company  has  saved  in  the  neighborhood  of 
10,000,000  to  12,000,000  gal.  of  water  daily  by  the  elimina- 
tion of  leaks  and  waste.  This  knowledge  has  produced  a  most 
comfortable  feeling  during  the  past  year,  a  year  of  water 
shortage  so  serious  that  it  affected  indirectly  all  lines  of 
business  in  the  State  of  California. 

How  the  Prejudice  Against  Water  Meters  Was  Overcome. 
— In  working  out  the  problem  of  meeting  the  opposition  and 
old-time  prejudice,  the  company  just  used  common  sense — 
got  the  other  fellow's  viewpoint  and  met  him  on  his  own 
ground. 

The  keynote  of  the  campaign  has  been  and  is  yet  "Educa- 
tion and  Service."  By  "Education"  is  meant  not  only  the 
education  of  the  public  but  also  of  the  company's  employes 
as  well.  To  all,  whether  the  individual  encountered  is  sales- 
man or  collector,  service  man  or  adjuster,  railway  ticket 
agent  or  conductor.  Government  postman  or  stamp  clerk, 
the  opinion  formed  of  his  company  or  institution  is  very 
largely  based  on  his  personal  service  to  us.  If  he  is  arbi- 
trary and  a  boor,  uncouth  or  ignorant,  he  will  convey  a  very 
poor  impression  of  the  people  he  represents.  To  the  con- 
trary, if  he  is  gentlemanly,  gives  us  the  opportunity  of  au-- 
ing  our  own  opinions,  can  give  an  intelligent  and  logical  ex- 
planation of  the  question  in  hand  and  is   fair  enough   to  ad 


mit  an  error  and  correct'  it,  he  at  once  commands  our  respect, 
with  the  result  that  his  company  goes  up  several  points  in 
our  estimation.  And  when  opportunity  comes  to  say  good 
or  ill,  the  chances  are  that  we  will  give  his  company  the  best 
of  it. 

Acting  upon  this  idea,  not  a  theory  by  any  means,  for  it  has 
been  established  as  a  tact,  the  Spring  Valley  Water  Co. 
promptly  proceeded  to  educate  its  employes  first  of  all.  Classes 
were  held  at  the  shop  where  they  were  shown  the  workings 
of  the  water  meter,  shown  what  a  wonderfully  accurate  in- 
strument it  is  and  how  seldom  it  can  get  out  of  order;  how  if 
it  does  go  wrong,  it  is  almost  invariably  in  favor  of  the  con- 
sumer. The  time  spent  on  this  was  well  worth  while,  for 
the  men  gained  full  confidence  in  the  instrument  and  could 
meet  any  and  all  comers  on  the  subject.  And  many  men  were 
found  in  this  city,  othei-wise  very  intelligent  and  well  read, 
who  possessed  a  blind  and  unreasoning  prejudice  against 
meters  and  honestly  believed  they  could  not  be  depended  on 
for  accurate  registration. 

The  next  step  was  to  drill  the  company's  personnel  in  the 
logic  of  the  new  rate  schedule.  This  schedule  is  one  that  at 
hrst  aroused  much  adverse  comment,  owing  to  the  elimina- 
tion of  the  familiar  "minimum  bill"  and  the  substitution  of 
the  "monthly  service  charge,"  an  item  independent  of  the 
charge  for  water  delivered.  As  this  method  of  billing  is  a 
radical  departure  from  the  established  custom,  it  may  be 
well  to  give  a  brief  explanation  of  the  principles  involved. 

Principles  of  the  "Monthly  Service  Charge." — In  the  sup- 
plying of  water  there  are  three  distinct  operations,  the  costs 
of  which   must  be  borne  by  the  consumers: 

1.  Developing  and  protecting  the  water  at  its  source,  col- 
lecting it  in  large  storage  reservoirs,  and  pumping  and  con- 
veying it  to  the  city  distribution  reservoirs. 

2.  Distributing  the  water  throughout  the  city  through  the 
main  supply  lines  to  the  smaller  regulating  reservoirs,  and 
finally  through  the  distribution  lines  in  each  street. 

3.  Maintenance  and  repairs  to  meters  and  services,  inspec- 
tion ot  plumbing  and  fixtures  for  the  consumers,  reading 
meters,  bookkeeping,  billing  and  collecting. 

The  charge  tor  "water  delivered"  is  based  on  the  cost  of 
the  first  two  items,  which  cost  includes  proper  returns  on 
the  value  of  the  properties  involved,  depreciation  and  main- 
tenance. The  charge  for  "water"  in  San  Francisco  ranges 
from  24  cts.  for  each  100  cu.  ft.  for  domestic  and  small  com- 
mercial consumers  to  18  ct.  per  100  cu.  ft.  for  large  industrial 
consumers.  The  reason  for  this  distinction  is  that  it  costs 
relatively  less  to  distribute  water  in  large  quantities  than  in 
small  quantities. 

The  "monthly  service  charge''  is  based  on  the  cost  of  the 
third  item,  which  is  largely  the  expense  of  the  "sales"  or 
'  "commercial"  part  of  the  business.  The  total  charge  as 
fixed  for  this  item  includes  all  items  of  expense  beginning 
with  the  consumer's  service  line;  and  in  addition  the  esti- 
mated cost  of  the  water  passing  through  the  meter  without 
being  registered.  This  is  known  as  "slippage."  It  amounts 
to  a  very  considerable  item,  tests  showing  that  the  average  is 
about  50  gal.  per  day  on  the  standard  %-in.  household  meter 
and  proportionately  more  on  large  meters.  The  total  service 
charge  as  now  fixed  is  65  ct.  per  month  for  %-in.  meters,  in- 
creasing through  intermediate  charges  to  $40  per  month  for 
the  large  S-in.  connection. 

The  service  charge  is  a  most  equitable  arrangement.  It 
:s  fairer  than  the  "minimum  bill"  method.  The  Railroad  Com- 
mission, alter  thorough  consideration  of  the  principles  in- 
volved, said  in  its  decision  authorizing  the  company  to  apply 
the  new  schedule: 

The  m.nimum  charge  is  invariably  higher  than  the  service 
rharfte.  and  it  involves  the  payment  by  each  consumer  for  a  fixed 
amtiunt  ot  water  regardless  of  whether  or  not  he  uses  it.  There  is 
no  answer  l^nown  to  us  which  can  be  made  to  the  man  who  com- 
plains that  under  a  minimum  rate  he  is  compelled  to  pay  the  same 
iimount  for  100  cu.  ft.  of  water  as  his  neighbor  pays  for  300  or 
400  cu.  ft.  of  water,  depending  on  the  amount  ll.\ed  for  minimum 
use. 

We  believe  that  under  the  condition.^  of  service  we.  are  dealing: 
with  herein  the  service  charge  once  established  and  thoroughly 
understood  will  bo  agreed  to  a.s  the  f.airest  and  most  equitable 
method  of  fixing  rates. 

The  service  charge  is  not  an  additional  charge  and  does  not 
mean  higher  rates.  It  is  simply  a  different  and  more  equita- 
ble way  of  distributing  the  cost  of  service  among  consumers. 
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Education  of  Public  by  Newspaper  Advertisements. — In  the 
education  ot  the  iJiihlii-  al  hirKc,  the  company  did  not  depend 
on  the  personal  contact  of  its  roprt'sentatives.  This,  while 
good,  was  too  slow  a  process.  What  the  company  wanted  was 
results  and  it  wanted  them  quickly.  To  meet  this  it  went 
into  the  press  with  paid  advertisements.  It  not  only  took 
space  in  the  big  dailies  hut  also  in  the  district  newspapers, 
for  these  all  have  their  sphere  of  Influence  and  followers.  It 
<lid  not  take  up  this  phase  of  the  work  in  a  halt-hearted  and 
haphazard  manner,  either.  Newspaper  space  costs  good 
money  and  badly  written  and  undigested  advertisements  are 
very  poor  investments.  Like  the  other  spokesmen  for  the 
company,  its  advertisements  are  taken  as  indicative  of  its 
attitude  towards  the  public. 

The  publicity  was  put  in  the  hands  of  an  expert,  a  master 
ot  good  English,  one  who  could  get  to  the  heart  of  the  sub- 
ject and  develop  the  human  interest  side  of  the  question. 
The  advertisements  told  the  story  in  simple  and  effective  lan- 
guage. The  "whys"  of  metering  were  given.  The  new  meter 
schedule  was  explained  and  arguments  made  against  it  by  con- 
sumers were  reproduced  and  answered.  The  causes  of  large 
water  bills  w-ere  enumerated  and  specific  cases  of  cause  and 
cure  cited.  The  square  deal  was  constantly  preached— and 
lived  up  to  by  the  company's  operating  forces.  The  public 
was  invited  to  come  to  the  company  with  its  water  troubles 
and  to  call  on  its  service  department  for  assistance. 

Advertising  Was  Backed  Up  by  Real  Service. — All  com- 
plaints, no  matter  how  trivial,  were  thoroughly  investigated 
and  helpful  letters  sent  out  to  the  complainants.  Defective 
fixtures  were  located  and  specific  recommendations  regard- 
ing repairs  were  made.  Unnecessary  and  wasteful  uses  were 
pointed  out  and  constructive  criticism  offered.  As  a  result, 
instead  ot  an  office  full  of  irate  consumers  with  the  figurative 
"blood  in  the  eye"  and  "chip  on  the  shoulder"  attitude  and  a 
host  of  insulting  letters  in  every  mail,  the  company  have 
only  relatively  tew  complainants  at  the  information  and  ad- 
justment window;  asking,  not  demanding,  an  investigation  of 
abnormal  bills  and  leaving  to  the  company  entirely  the  ques- 
tion of  the  adjustment  of  the  cost  of  water  lost  through  the 
leaky  fixtures.  And  hardly  a  mail  delivery  comes  but  it 
brings  one  or  more  letters  of  appreciation  from  pleased  con- 
sumers. 

The  company  has  made  over  .'!0,000  inspections  during  the 
past  two  years;  it  has  found  10,000  defective  toilets,  located 
thousands  of  leaking  faucets,  aud  hundreds  of  broken  or 
cracked  house  pipes.  It  iias  also  shown  many  large  con- 
sumers, such  as  hotels,  candy  factories  and  the  like,  how  to 
sav3  from  a  fourth  to  a  third  on  thtir  bills  for  water.  It  has 
trained  thousands  of  families  in  the  proper  and  liberal  use 
of  w'ater  without  wasting,  not  only  for  the  household  but  for 
irrigation  purposes.  They  have  learned  that  plenty  of  water 
can  b'-  used  in  the  home  without  making  the  meter  work 
over-time;  that  a  hath  is  not  an  expensive  luxurv,  for  it  costs 
less  than  a  cent;  that  in  San  Francisco  3  cu.  ft.  of  water  per 
square  yard  per  month  during  the  =-;ammer  will  !ieep  the  1e>vu 
green  and  the  {garden  blooming  on  the  sandiett  of  s.md  lots. 
The  company  has  also  tau.t^ht  them  that  a  dei'ecvive  toilet 
or  a  carelessly  used  or  forgotten  garden  hose  can  waste 
more  water  in  a  day  than  an  ordinary  family  can  use  legiti- 
mately iu  a  month. 

The  results  accomplished  and  the  good  feeling  developed 
have  repaid  a  hundred  fold  the  energy  and  money  expended 
on  this  educational  and  constructive  campaign.  Aside  from 
the  tremendous  saving  of  four  billion  gallons  of  water  a 
year,  previously  wasted  and  benefiting  no  one,  it  is  possible  to 
point  to  concrete  savings  in  operating  expense,  largely  at- 
tributable to  the  changed  attitude  of  the  public  and  its  whole- 
some effect  on  the  morale  of  the  company's  employes. 

The  pumpage  quantities  are  less.  There  is  less  malicious 
damage  to  equipment.  Patrons  now  go  out  of  their  way  to 
telephone,  write  or  call  at  the  office  regarding  broken  serv- 
ices or  leaks  in  mains.  The  claims  on  account  of  damages 
to  goods  in  basements  flooded  by  an  occasional  break  are 
now  more  easily  adjusted;  very  seldom  does  anyone  try  to 
hold  up  the  company  or  get  the  best  of  it.  Collection  ex- 
pense is  less  and  losses  through  bad  accounts  are  negligible; 
last  year  they  were  0.1  per  cent  and  this  year  they  will  be 
even  less. 

In  the  final  analysis  the  company  knows  its  policy  has  paid 
and  ■>'''■   ■^■ontinue  to  pay. 


Cost  of  Rock  Drop  Construction 
for  Alberta  Irrigation  Canal 

By  ROBERT  S.   STOCKTON. 

Water  was  turned  into  the  Secondary  "A"  Canal  ot  the 
Western  Section  of  the  Canadian  Pacific  Railways  Irrigation 
Block,  during  the  summer  of  1906.  This  irrigation  system 
lies  east  ot  Calgary,  Alberta,  and  the  lands  are  about  90 
miles  east  of  the  Main  range  of  the  Rockies,  and  fall  rapidly 
eastward.  The  canals  are  stepped  down  from  time  to  time 
by  means  of  drops  or  falls.  These  structures  were  originally 
ot  timber.  Most  of  these  structures  have  been  replaced  by 
concrete  Indian  type  notch  drops. 

During  1920,  two  of  the  old  timber  drops  No.  7A  and  9A 
were  replaced  with  an  inclined  chute  rock  drop  following 
the  type  used  by  the  U.  S.  Reclamation  Service  on  the  Flat- 
head Project,  Montana.  These  drops  were  designed  to  carry 
a  maximum  discharge  of  about  600  sec.  ft.,  and  the  design 
is  shown  in  Fig.  1.  The  structure  consists  of  a  foot  layer  ot 
gravel  on  which  is  spread  a  layer  of  cement  mortar  1:3,  and 
bedded  in  this  is  masonry  about  1  ft.  thick  with  baffle  stones 
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Pig,  1 — Plan  and  Sectional   Elevation  of  Drop  7A,  Western  Section 
C.   P.    R.    R.    Irrigation    Block. 

sticking  up  at  about  3%  ft.  intervals,  and  from  1  ft.  to  1% 
ft.  above  the  general  level  of  the  masonry.  The  rock  used 
was  a  hard  blue  limestone  from  quarries  at  Kananaskis, 
about  85  miles  away.  Sand  was  mostly  from  Medicine  Hat, 
14.5  miles  away. 

In  the  case  of  Drop  7A,  a  bypass  was  built  to  carry  water 
around  the  old  structure  which  was  then  pulled  out  and  the 
ground  shaped  for  the  present  structure,  which  is  110  ft. 
long  and  has  a  2  ft.  water  cushion. 

In  the  case  ot  Drop  9 A,  it  was  possible  to  locate  the  new 
drop  to  one  side  ot  the  old  one,  which  was  left  in  commission 
until  the  end  ot  the  season,  and  water  will  not  be  turned 
over  the  new  drop  until  next  spring. 

Drop  9A  meeting  slightly  different  conditions  from  7A,  is 
100  ft.  long  and  has  no  water  cushion.  Both  drops  have  a 
raised  crest  and  drop  the  canal  grade  10  ft.  Gravel  for 
underlaying  the  masonry  came  from  the  Morley  Ballast  Pit, 
72  miles  west  and  was  unloaded  alongside  the  main  line 
track  with  a  Lidgerwood  unloader  and  hauled  by  teams  Vz 
mile  to  Drop  9A,  and  2  miles  to  Drop  7A.  Cement  and  sup- 
plies were  hauled  from  Strathmore.  2  miles  to  Drop  9A  and 
2%  miles  to  Drop  7A.  There  were  some  delays  in  receipt  of 
material.^  for  Drop  7A  and  delays  due  to  labor  shortage  at 
Drop  9A,  N^'hich  was  constructed  later.  During  the  wheat 
harvest,  labor  was  not  to  be  had,  and  Drop  9A  was  delayed, 
and  finished  about  Nov.  15,  after  freezing  weather  had  set 
in.  This  necessitated  covering  the  work  and  heating  ma- 
terials. The  completed  Drop  9A  was  covered  with  2  ft.  of 
straw  to  prevent  thawing  and  refreezing  during  chinook 
weather. 
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The  year  1?20  has  witnessed  the  highest  construction  costs 
5n  this  district.  The  foremen  received  $6.50  per  day  straight 
time,  or  about  $200  per  month.  Labor  was  paid  at  the  rate 
of  45  ct.  per  hour  for  a  10  hour  day.  A  small  amount  of 
puniping  was  required  at  eacli  drop,  but  on  the  other  hand, 
ditch  water  was  at  hand  for  the  horses  and  for  mixing  mor- 
tar. The  men  were  cared  for  in  tents,  and  a  camp  mess  with 
Chinese  cook  served  meals,  for  which  40  ct.  each  was  de- 
ducted. The  mortar  was  a  1:3  mixture,  and  was  taken  from 
.the  mixer  by  means  of  wheel  barrows  and  dumped  at  the 
required    point    as    shown    by   the   accompanying    picture   of 
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U)     How    Rock    Was    Placed    in    Mortar    for    Drop    9A.     (2)    Cutoff 
Walls  and   Beginning  of   Road   Work  on   Drop  7A.      (3)    Com- 
pleted  Drop  7A;  View  Taken  Aug.  3,  1920. 

Drop  9A.     The  mortar  was  mixed  in  a  Jaeger  Mixer,  turned 
by  a  small  gasolene   engine. 

The   cost   record  for   Drop   7A   Strathmore  district  was   as 
follows; 


Labor  Team 

cost.  cost. 

Assembling   camp    $46.50  $10.00 

Moving  camp    69.25  17.00 

Hauling  lumber  for  bypass 25.75  12.00 

Excavating  for  new  drop 502.75  108.60 

Care  of  stock 513.75  24.00 

Removing  old  drop 547.70  60.00 

Excavating  tor  bypass 275.00  91.00 

Building   bvpass    flume 164.75            

Building-  cutoff  wall  forms 253.95            

Building   lemporarv   bridge 22.25 

Hauling   form    lumber 27.00 

Building  dams    27.00 


Pumping  water    313.10 

Unloading  gravel   84.96 

Hauling  gravel.  269  yd 454.00 

Hauling  sand,  120  yd 261.00 

Hauling  rock.   266  ton 259.25 

34  yd.  concrete  curtain  walls 142.35 

Roinforcemenit.  concrete  curtain  walls.  2.25 

Hauling  cement  curtain  walls 6.7-"' 

Excavating  for  curtain  walls 271.35 


1.00 

12.00 

12.00 

9.00 

9.80 

220.00 

127.00 

126.00 

4.00 

1.00 

3.00 

60.70 


Total  labor 

charge. 

$56.50 

73.25 

37.75 

611.35 

537.75 

607.70 

366.00 

164.75 

253.95 

23.25 

39.00 

39.00 

322.10 

94.75 

674.00 

388.00 

285.25 

146.35 

3.25 

9.75 

332.05 


BackllU  for  curtain  walls 66.25 

Building  banks  and  filling 209.75 

Placing  rock  in  drop 536.00 

Placing  gravel  foundation 294.50 

Wasliing  sand   148.50 

Mixing  mortar  for  rock 288.00 

Riprap   below   drop 112.50 


43.00 

32.00 

17.00 

2.00 


Ripr.ap  above  drop . 
Removing  dams 
Hauling  cement 
Backfilling  drop 
Closing  bypass  . 
Removing  flume 


27.00 
29.25 
51.75 
88.50 
58.50 
13.50 


18.00 
6.00 

11.00 

25.00 
6.00 

12.00 


66.25 

252.75 

568.00 

311.50 

150.50 

288.00 

130.00 

33.00 

40.25 

76.75 

94.50 

70.50 

13.50 


$6,194.65     $1,077.10     $7,271.75 

Total  labor  cost  as  above $  7,271.75 

13,664  ft.  B.   M.  of  lumber  at  $40 546.56 

120  cu.  yd.  of  .sand 544.80 

269    .;u.   vd.    gravel    (29    eu.    yd.,    Keith) 431.50 

2661^   ten  of  rock 751.53 

400   lb.    nails    32.00 

65    lb.    baling   wire 3.25 

1,500   sq.  ft.   wi^e  fabric 90.00 

1.140  .sacks  cement 1,140.00 

45  .;al.   g-asoline,   2  gal.   oil 25.00 

Depi-eciat:on    on    mixer 25.00 

$10,861.39 
$50.        323.28 


Credit  50  per  cent  on  lumber,  $273.28,  and  old  lumber 

Actual    cost,    labor  and    n^aterial $10,538.11 

There  are  about  5,413  sq.  ft.  of  rock  masonry  in  Drop  7A 
and  very  closely  5,648  cu.  ft.  or  about  209.2  cu.  yd.  Includ- 
ing the  mortar  bed  in  which  the  rock  was  laid,  there  was 
about  105  yd.  of  1:3  mortar  used  or  50  per  cent  of  the  total 
yardage.  This  type  of  drop  could  be  built  without  so  many 
cutofl  walls,  but  as  an  extra  precaution,  it  was  decided  to 
put  them  in.  The  total  cost  of  the  cutoff  walls,  containing 
34  yd.  of  concrete,  was  about  $1,560  or  at  the  rate  of  $45.90 
per  cubic  yard.  The  labor  cost  was  $22.95  per  cubic  yard  of 
concrete  placed,  including  all  work  on  excavation,  forms,  etc. 

The  cost  of  work  on  Drop  9A  was  just  about  in  proportion 
to  the  above,  and  is  summarized  as  follows: 

Total    Ik  bor   cost    

5.813  ft.  B.  M.  of  lumber  at  .HO 

105  cu.  yd.  sand 

255  cu.  yd.  gravel 

246  ton  of  lime  rock 

200  lb.  nails  at   8  ct 

50  11,.  baling  wire ^ 

2,n00  sq.  ft.  of  wire  fabric 

1,018   .sacks   cement 1,018.00 


$  6,947.25 

232.52 
476.70 

414.90 

S16.72 

16.00 

2.50 

120.00 


oil. 


35.00 
14.00 
21.00 
10.00 
21.00 
16.09 
25.00 


60  gal.  gasoline  and  14  gal. 

2   loads  cordwood 

2-2   ton  coke   

l^ynamite  and  fuse    ., 

14  ft.  0-in.  well  casing 

S  loads  of  straw   for  protection 

Depreciation    ou    mixer 

$10,186.59 
Cred'.t  50  per  cent  on  lumber ^116^ 

Actual  cost,  labor  and  material $10,070.33 

There  were  about  5,008  sq.  ft.  of  rock  masonry  in  Drop 
9A,  and  about  5,314  cu.  ft.  of  masonry  or  about  196.6  cu.  yd. 
the  cutoff  walls  were  a  little  longer  than  for  Drop  7A  and 
contained  41  cu.  yd.  There  were  87  cu.  yd.  of  1:3  mortar 
which  figures  out  44.2  per  cent  or  somewhat  less  than  for 
the  first  drop.  There  was  5.7  sq.  ft.  of  masonry  to  one  sack 
of  cement  in  Drop  7A  and  6.3  sq.  ft.  of  masonry  to  one  sack 
of  cement  in  Drop  9A. 


Short  Course  in  Highway  Engineering  at  University  of  Illi- 
nois.—The  Sth  annual  short  course  on  highway  engineering 
will  be  held  Feb.  21-26   at  the  University  of  Illinois. 

This  short  course  has  been  planned  to  fill  a  long  felt  need 
for  a  meeting  at  which  the  specific  and  detailed  problems  of 
road  and  bridge  design,  construction  and  maintenance  en- 
countered by  the  engineers  and  contractors  in  the  state  could 
be  discussed  and  in  a  large  measure  solved.  City  engineers 
and  other  city  oflicials  together  with  their  assistants  are  also 
specially  invited  and  special  sections  for  the  discussion  of 
municipal  problems  of  pavements,  sewers,  sewage  disposal. 
water  supply,  lighting  systems,  special  assessments,  zoning 
and  city  planning,  have  been  arranged.  There  are  no  pre- 
requisites to  the  course  and  no  fees  will  be  charged.  Infor- 
mation may  be  secured  by  addressing  C.  C.  Wiley,  Assistant 
Professor  of  Highway  Engineering,  200  Highway  Laboratory, 
Urbana,  111. 


Am.  Soc.  Mechanical  Engineers  to  Meet  in  Chicago. — The 
spring  meeting  of  The  American  Society  of  Mechanical  Engi- 
neers will  bo  held  May  23-26  at  the  Congress  Hotel,  Chicago. 
Sessions  are  planned  by  the  Professional  Sections  on  aero- 
nautics, fuels,  management,  material  handling,  machine  shop, 
power,  forest  products  and  railroads. 
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Water  Rates  in  Small  Cities  and  !Lrl~' "'  ""''  suggestions,  he  quoted  the  following  au- 

Vill{lt5pS*  ^^  ^^^  '^^^^  '^^  Samuel   M.  Cilmoro  vs,   Hackensack  Water 

"  Co.,  the  New  Jersey  Public  Utilitv  Commission  ruled  as  fol- 

By  JOHN   WILSON,  lows: 

Consulting  Civil  and  Sanitar.v  Engineer.  Duluth.  Minn.  ^.„^,   ^^^^^    condudos   that    the   Hackensack   Water   Co.    should 

A   munlcipallt.v   when   operating  a  water   works   system    i.s  take   upon  itself   the   burden   of  maintaining  all  such  connections 

engaging  in  a  commercial  enterprise,  and  to  be  successful,  it  as  lie  within  the  ))ublic  streets  up  to  and  including  the  stop  cock, 

must    furnish    adequate    service    at    reasonable    rates,    which  The  practice  of  the  company,  requiring-  the  consumer  to  pay  for 

must   be  in   proportion  to  the  service   rendered   and   without  *''»  installation  of  service  pipe  within  the  public  street.^  and  the 

discrimination.  ""-"P  cock,  is  disapproved  as  an  improper  and  unrea.sonable  charge. 

The   service   rendered   by   a    water   works   plant   is  of  two  (^^'^-  ''•  1915.) 

distinct  types;  ftrst.  it  must  be  ready  to  furnish  water  in  com-  A  similar  ruling  by  the  Wisconsin  Railroad  Commission  was 

paratively    large    quantities    under   high    pressure    for    short  ^^  follows: 

periods  of  time  for  the  purpose  of  extinguishing  fires;    and  'ihe    question   as    to   who    should    own    meters   appears    to    be 

second,    it    must    furnish    ample   quantities   of   suitable    water  settled.     The    only    point   to   be    decided    here    is   whether   or   not 

for  domestic  purposes  under  moderate  pressure  at  all  times.  services  are  a  part  of  the  facilities  which  the  utility  is  expected 

It  is  now  generally  conceded  that  all  the  expense  incident  *"  f^^ri\sh.     The  logical   conclusion   seems  to  be   that   the  utility 

to  the  former  .should  be  borne  bv  the  village  or  city  at  large.  ^''°"','^  "^^'^"  and  own  services  to  the  curb  line.     The  utility,  and 

...               ...           „      .          ,      .,     .   .'.             .,      ,      „          .    •           ^   1\.  not  the  cont-umer  has  the  right  to  occupy  the  streets,  and  all  pipes 

It  IS  possibly  unfortunate  that  the  method  of  arriving  at  the  i^^j^  ,^  ^„^  3^^^^^,  ^,,„^,^  ^^  ^^^  property  of  the  utility,  and  we 

compensation   for  fire   service  has   generally   taken  the  form  helievo  should  ba  put  in  by  the  utility.    The  business  of  the  utUity 

of  bydrant  rental,  as  the  number  of  fire  hydrants  has  but  a  is  to  deliver  its  product  to  the  premises  of  the  consumer.     If  the 

remote  relation   to  the  value  or  cost  of  the  service.     It  has  utility  should  own  the  mains  through  which  water  is  carried  to 

been  estimated  (>0  to  80  per  cent  of  the  cost  of  water  works  various  sections  of  the  city,  it  seems  equally  true  that  it  should 

plants  in  cities  under  5,000  is  incurred  by  providing  reason-  "wn  all  parts  of  the  distribution  .system  as  far  as  the  consumer's 

able  fire  protection.  preii'.ises.     The  service  pipe  from  main  to  curb  is  as  much  a  part 

_...._..„                                  ,              ,  of   the   utility's   distribution   system   as   is   the   main    itself.      Both 

Crosby,    IVIinn.,  Situation.— Two  years   ago   the  author   was  pj^^ts  of  the   equipment  have   the  same   purpose-the  delivery   of 

called  on   to  report  on  the  matter  of  rates  for  the  village  of  ^aier  to  the  consumer's  p'emi.'=es. 

Crosby    Minn.,    which    problem    involved    some   unusual    and  ^he  California  Railway  Commission  has  reached  the  same 

interesting   features.      Crosby   has    a    population   of   approxi-  conclusion  (2  Cal.  R.  C.  R.,  989),  stating  it  as  follows: 
mately  3,o00,  and  owes   its  existence  largelv  to  iron  mining 

Industries  in  the  immediate  vicinitv.     The  water  works  plant  ^•-  '^  '"'^  "^"^^  °*  ^  '"^^^^  company  to  supply  service  connections 

was  installed  in  1911  by  a  private'companv  and  operated  bv  "^  "J.*^^;  p™"*"'"'^'  T":.'^^  "'^'*"'''  """"''  ""^'"1  T  ""^     T"!! 

.,    „„..,    .                                       1          ,L              ,                        ,                      ,  o';t  direct  expense  to  the  consumer,  seems  clear  both  on  principle 

it  unt      t^vo  years  ago,   when   the   works  were  taken  over  by  ^^^    „„    authority.      Such    requirement    seems    entirely    reasonable. 

me  Milage.  .^j^^,  .service   pipe   uu   to   the   property   line  and   the   meters,   where 

The  franchise  under  which  the  company  operated  provided.  -..sea.  are  as  nec.-ssary  in  the  performance  of  the  water  company's 

In  case  the  village  wished   to  acquire  title  to   the  plant,  that  duty  to  the  public  as  its  reservoirs,  wells  or  mains.     The  consumer 

a  board  of  appraisers  should  be  appointed  to  determine   the  has  no  right  to  dig-  up  the  streets  to  lay  a  serv-ice  pipe.    That  right 

value  and  price  to  be  paid.     In  accordance  with  this  provision.  belongs  to  the  water  company  alone.     It  seems  unreasonable  to  ask 

C.  T.  Harding,  of  Virginia,  was  selected  by  the  company,  the  that  the  consumer  should  pay  for  service  pipes  and  meters  which 

author  was  appointed  by  the  village  and  John  W.  Alvord,  of  ^™  ^  p^'''^  "''  "''^  water  company's  system,  which   the  consumer 

Chicago,  was  selected  as  the  third   member                               '  '^^  ""  '^^sal  right  to  install  and  which  are  under  the  complete  con- 

The  value  of  the  plant,  as  fixed  by  the  hoard,  was  $75,6S0.  "''''  "^  "'^  ''■■""'  ™-"'>»"'^ 

The  plant  at  that  time  consisted  of  12  ground  water  wells  70  The  Service   Charge.— The  service  rates  suggested,   which 

to  SO  ft.  deep,  electrically  driven  centrifugal  jiumps.  a  lOO.TlOO-  would   be  a   regular   monthly  charge,   in   addition  to   regular 

gal.  elevated  tank,  about  fi  miles  of  distributing  mains   4  to  meter  rates,  were  as  follows: 

10  in.  in  diameter,  and  34  fire  hvdrants.  Meter.           Rate.          .Meter.           Rate.           Meter.           PUte. 

The  conditions  which  led  up  to  the  village  taking  over  the  \-}^           »g'*»          l^'          "vIS           s^ll":           1.M 
plant  were  largely  due  to  the  failing  of  private  wells,  due  to  l    -in.            1.25           2  "-in.             4.00          4    -in.           12.00 
mining  operations,  and   many  of  the  outlying  districts  were  One  advantage  of  a  service  charge  is  that  it  tend.s  to  reg- 
entirely  deprived  of  water.     The  company  in  the  meantime  ulate  the  department's  income  and  thus  aid  in  meeting  cur- 
was    naturally    very    reluctant    to    make    extensions.      Imme-  lent  expenses,  while  graduating  the  charge  according  to  the 
diately   upon   taking   over   the   plant   the   village   spent   over  .-ize  of  meter  and  connection  protects  the  department  against 
$d6.000  in  extending  the  distributing  mains  and  also  installed  consumers  demanding  much  larger  fixtures  than  necessary. 
3o  additional  fire   hydrants  ^^  Plogg,j.  ^^  go„,(,  ^^  ascertained,  the  yearly  consumption 

Determining  Fair  Schedule  of  Rates.-    The  first  step  in  de-  of  water  would  be  distributed  as  follows: 

termining  what  would  be  a  fair  schedule  of  rates  was  to  es-  Cubic  feet, 

timate  the  proportion  of  the  cost  of  the  plant  chargeable  to  ^T^rfa  ll  lt;ier  meurl  !  i  i! ! ! ! ! :;:  i.! ! "  ■'1l8"-52S 

hre  protection.     It   was   accordingly   estimated   that   .51.6   per  raising  meter  without  regLstrv  50,000 

cent  of  the  appraised  value  and  45.9  per  cent  of  the  cost  of  %^^^iS^^^.- :::::::::: -—::::.V:.    l1o« 

extensions  might  justly  be  charged  to  fire  protection  and  the  Flushing  sewers,  etc soiooo 

remainder  charged  to  commercial  service.  Flushing  trenches  .^ lO.'ooo 

The  village  had  356  consumers  and  155  householders  who  Use 'in^e?tm|tUshingflVes",' .'.■.■.■.■.■.■.■.■.■.'.'.' .■.'.■;     32.400 

had  asked  for  connections  as  soon  as  the  extensions  could  be  „      ,                                                              —    .- 

completed.    The  question  naturally  came  up  as  to  who  should  2,221.520 

insiall  the  meters  and  lay  the  connection  from  the  main  to  "•  '^  '''^^^'  ^^^^^  "^^'  ^^®  ^'^^^  ^^^^^  items  should  be  paid 

the  curb  box.  for  by  the  water  consumer:  the  last  one  charged  to  fire  pro- 

In  connection  with  this,  the  author  suggested  that  the  vil-  'ect'on;   and  the  remainder  should  be  charged  to  the  village 

lage  assume  the  cost  of  these  two  items,   inasmuch  as   the  ^'  large. 

number  of  consumers  was  small  compared  with  the  amount  Unfortunately  no  means  had  been  provided  at  the  plant  to 

of  distributing  main;    that  many   of  the  householders   were  determine  the  amount  of  water  pumped.    It  -was  therefore  as- 

men  of  limited  means  who  would  be  tempted  to  carry  water  sumed  that  the  above  would  constitute  about  60  per  cent  of 

rather  than   connect  with   the  mains  were  they  required   to  ^^^  water  actually  pumped  and  that  40  per  cent  would  be  un- 

bear  all  the  expense;  and.  furthermore,  one  of  the  principal  accounted  for. 

needs   of  the   water  department  was   paying  consumers.     It  '^^^'^  *^°^''*'   annual  expenses  for  evei-ything  connected   with 

was  also  suggested  that,  in  consideration  of  the  village  bear-  '•^*®  department  was  about  as  follows: 

ing  this  expense,  all  consumers  should  pay  a  service  charge      interest  on  bonds  $130,000  at  6  per  cent  $  7.S00.0O 

sufficient  to   cover  the  interest   on   the  tipcp^surv  ,n,.Q<,trv,ot^»       Interest  on  other  indebtedness  S15.000  at  6  per  cent 900.00 

vi^uu  lu  vo>ei    lue  interesi  on  me  necessary  in\estment       clerks  salarj',  charge  to  Water  Department  S60.00 

and  oepreciation.  S>.perintendenfs  salary   l.SOO.OO 

_Utility   Commission    Decisions    Regarding   Service    Pipes.-  ^  s^v.iA(^:v<;sii:^^:^-::::::::: :::::::::::::\\:::\:y.       500.0? 

vm*.,v!^<r,'.  TvV^r^v'''''?  ^'P''-  ^*'efore  the  Minnesota  Section  of  the  Meter' rVpairs ''.'.'.'.".■.'.".■.■.  l!  i."."  I!!  [i']  i!!  i"  I!!  I.'!  "i;:  i!  i:.'        100.00 

American  ■(\ater  U,,rks  .Association.  Maintenance,  supplies  and  depreciation 1.500.00 
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Electric  current   ^')t^^  ness.     In   consideration   of   the   present   state  of   the   money 

Insurance    ■•■■• 'O-OJj  market,  many  towns  would  do  well  to  revise  their  water  rates 

Telepnone    'O-u"  ,,,,.-,          .          ^                      ,    ^      . 

and  place  their  departments  on  a  cash  basis. 

Totiil                         $14,857.50  .    ^   „   , 

Installation  and  Ownership  of  Service  Mains. — A  full  legal 

Deciding  on  Water  Rate  that  Would  Yield  Fair  Returns.—  discussion  relative  to  who  should  hear  the  cost  of  installing 

It  w-ill  be  remembered  that  the  extensions  made  to  tlie  dis-  service  mains  and  as  to  the  ownership  of  such  mains  when 

tributing   system   were    made   necessary   because    of   private  installed  would  of  itself  necessitate  a  very  long  paper.     The 

wells   becoming   exhausted   due   to    mining   operations.     The  following  discussion  applies  more  particularly  to  villages  and 

total  number  of  houses  to  be  served  by  these  extensions  was  municipally  owned  plants. 

331.  while  the  number  who  declared  their  intention  of  taking  As    to    whether    the    consumer  or  the  municipality  should 

water  was  but  155.  bear  the  cost  of  installing  the  service  mains,  the  Minnesota 

It  is  at  once  apparent  that  a  rate  for  water  which  would  laws  very  clearly  leave  this  to  the  discretion  of  the  govern- 

yield  a   fair   return   on   an   investment   such  as   incurred  by  jng  body,  wrhich   may  require  the  consumer  to  pay  part  or 

these  extensions  would  be  unreasonable,  and  at  the  same  time  all   of  the   expense,   or,  on  the  other  hand,  may  install  the 

it  would  not  be  just  or  fair  to  place  this  additional  expense  service  entirely  free  of  charge  as  it  may  deem  advisable. 

on  such  consumers  as  the  village  already  had.  The   State  Attorney  General's  office  has  handed  down   an 

The  village  was  under  moral  obligations,  at  least,  to  con-  opinion   that  it   is   customary  in   Minnesota   to   consider   the 

tribute  something  to  the  relief  of  parties  who  had  been  de-  service  pipe  from  the  main  to  the  shut-off  box  a  part  of  the 

prived  of  well   water.     They  were  also  engaging  in  a  com-  main. 

mercial  enterprise,  and  should  expect,  the  same  as  in  any  it  jg  very  evident  from  the  Minnesota  statutes  themselves 
other  business,  to  do  so  for  a  time  at  a  financial  loss.  that  the  main  and  the  service  main  are  considered  as  two  dig- 
it was  therefore  estimated  a  reasonable  deficit  over  a  fair  (jnct  features  of  the  system,  the  assessment  for  the  first  be- 
retiirn  on  these  extensions  would  be  $1,700  per  year,  which  ing  limited  and  spread  over  a  term  of  five  years,  while  the 
should  be  included  in  the  proportion  of  the  expense  borne  by  assessment  for  the  latter  is  limited  only  by  the  cost  and  must 
the  village  at  large.  be  paid  in  three  years. 

From  the  foregoing  data  the  rates  which  should  be  put  into  However,  the  Attorney-General's  office  may  not  be  so  far 

effect  and  the  income  to  the  water  department  would  be  as  wrong  after  all,  for  when  we  come  to  the  ownership  of  the 

follows:  service  main,  or  vested  title  therein,  it  seems  a  settled  ques- 

Hydrant  lental,  79  hydrajits  at  $75.00   $5,925.00  lion  that  the  village  or  utility  has  title  to  both  notwithstand- 

nefioienry  on  fair  return  on  extension I'nS^m,  i»g  the  fact  that  the  consumer  may  have  paid  in  full  the  cost 

Water  used  by  village  at  18  ceats  per  100  cu.  ft 1.000.00  ".      ,.   ,,.        *u              •             j   •     •    \i.-                        -j        j 

of  installing  the  service,  and  is  m  this  way  considered  an  es- 

Total  due  from  vUlaee  $8,625.00  sential  part  of  the  main. 

^"'''!l','ilT-?'%-fn.'  meters  at  40  cents  per  month   $1,920.00  .lohn  W.  Alvord,  in  a  paper  read  before  the  second  annual 

2— l>4-in.  meters  at  $1.80  per  month 43.20  convention  of  the  New  .Jersey  Utilities  Association,  cites  the 

Iziil'.'in.  meter    at    6.00  per  mon th'. '.■.■.■.'.■.■.'.■.■.'.■.■.".■.'. '.       72.00  ease  of  the  Knoxville  Water  Co.  wherein  in  valuing  the  prop- 

1 — 3    -in.  meter    at    8.00  per  month 96.00  erty  for  a  rate  case,  the  company  presented  to  the  court  the 

Total  from  service  charge  .$2,161.20  claim    that   all   services   were   the   property  of   the   company, 

1  628  520  cu.  ft.  of  water  at  25  ct.  per  100  cu.  I't $4,071.30  whether  provided  at  the  company's  expense  or  at  the  expense 

Making  a  tctal  income  from  private  consumers  of u'sw'so  of  the  private  consumer.     On  this  point  the  Master's  opinion 

And  a  lotal  }ncome  troni  all  sources  of    I4,s.>/.&u  ^                                                            ^'                                            ^ 

In  this  way  the  village  would  pay  58  per  cent  of  the  total  was  as  follows: 

annual  expense  and  the  water  consumers  42  per  cent.  In   the  matter  of  service,   there.  i.s   much   difficulty,   not  as  to 

The  Wisconsin  Commission  ruled,  in  the  case  of  Ashland.  price,   for  the  proof  seems  to  be  with   complainant    (water  com- 

Wis      that    the    city    should    pay   54.5    per   cent      of      all      fixed  Pany).     Defendant's  plumber  witnesses  when  under  cross-examina- 

,       '                 '    .   \/                   „  „:            „j.        ..  „,.  t^„   _;+„  „v,„„ifi  ton    rather    confirm    it.      Defendant    says,    and    proof    show.s    that 

Charges;  and  in  the  case  of  Ripon,  Wis.,  that  the  city  shou  d  ^,^^^^,^^,,^  ^^,^^^  ^^^^  ^„  ,,^y  ,„^  ^„  ^^^  ^.^^  ^,  ,„^  ,323  ,,„;,,, 

pay  75  per  cent  of  all  fixed  charges;  in  which  case  it  would       ^.^^^^^ Complainant  says  it  actually  owned  these  con- 
seem  that  the  distribution  at  Crosby  would  not  be  unreason-       sections they  are  in  the  streets  and  cannot  be  changed 

able.  by  the  consumer.     In  case  of  competition,  this  consumer  would  not 

Such  items  as  clerk's  salary  were  all  charged  to  domestic       i^,.   permitted   to   connect   his   with    another   main The 

service    while  the  fire  service  was  charged  with  its  share  of  contention  is  that  no  matter  how  obtained,  the  property  is  theirs 

interest  on  bonds,  maintenance  of  fire  hydrants,  etc.  and  the  charge  heretofore  made  was  an  additional  charge  for  water 

Water  Rates   In    Effect  in   Minnesota.— The  case   of  Crosby  at  'hat  time.  etc.                                                      ,.,        ,    t         fo==  to 

.;,     ,,      P   1.    \   •   ,             !,„„,>   fi,„    „^,-„^,-r.i<.=    r,f   prrivin?  I  •iss  no  way  of  resisting  this  conclusion,  although  I  confess  to 

will  Illustrate   fairly   well   some   of  the   principles   of  arriving  ^^^^^^    ,y,„pathy    with    defendant's    contention    that    the    citizens 

at  proper  rates  in  a  given  case.     It  is  now  m  order  to  con-  ^^^^.^^^  p^,^  j^/i^  ,j,ou,^  ^^^  be  charged  an  interest  on  its  value, 

sider   briefly   the   rates   now   in   effect,   throughout   the   state.  ^,^^  matter  rhen  allowed  the  sum  of  $38,714.00  for  the  .sei-vice 

The  following  figures  are  necessarily  not  exact,  but  they  are  pipes. 

taken   from   about    140   towns   and   are    therefore    reasonably  ^[■J^e  u.  S.  Supreme  Court  in  passing  upon  this  case  e.xamined 

representative.  the  allowances  of  the  master  in  detail,  making  no  deductions  from 

Fifty-seven    per   cent    of   the   water   plants    in   the    state   re-  the  master's  findings  on  the  value  of  services.    The  Supreme  Court 

ceive  nothing  whatever  from  the  municipality  in  the  way  of  refers  to  the  service  pipes  in  the  following  language: 

hydrant    rental    or    payment   for   fire   protection.      Where   hy-  "The  first  fact  essential  to  the  conclu.sions  of  the  court  below  is 

lyaiaiii     leiuaiui     pay                       „   tu„%„„„   f,.„„,    «i    „pr  vear  the  valur.tion  of  the  property  devoted  to  the  public  use,  upon  which 

drant   rental  is   paid,  it    ranges  all  the  way  f  oni   $4   pe.    yeai  ^^^^  „,^p^.„,,,  j^  entitled  to  earn  a  return.     That  valuation  ($608,000) 

per  hydrant  to  $140,  the  average  being  about  %ia.  ^^^^^  ^^^^  '^^  considered,     it  was  made  up  by  adding  to  the  ap- 

Seventy-eight  per  cent  of  the  towns  pay  nothing  for  water  pi-aisement  in   minute  detail  all  of  the   tangible  property  the  sum 

used  for  public   purposes,  such  as   street  sprinkling,   while  of  ^j   j-jf,  qoo   for  organization,   promoting,    etc.,   and   $60,000   for  going 

those  who  do  pay,  69  per  cent  do  so  on  a  flat  rate  basis,  with-       concern The  cost  of  reproduotion  is  not  always  a  fair 

out  regard  to  the  amount  of  water  used.  mea-^ure  of  the  present  value  of  a  plant  which  has  lieen  in  use  for 

In   commercial   service,  about   44  per  cent   are  on   a  strict  many  years.     The  items  composing  the  plant  depreciate  in  value 

meter  basis,  36  per  cent  on  a  combined  meter  and  flat  rate  from  year  to  yeai-  in  a  varj-ing  degree.     Some  pieces  of  property, 

,                   ,     '                    ,                       fl„,  „„t„  lilce  veal  estate,  for    nstance,  depreciate  not  at  all.  and  sometimes, 

basis,  and  20  per  cent  are  on  a  flat  rate^              decreasing  as  on  t^e  other  hand,  appreciate  in  value.     But  the  reservoirs,  the 

The  rates  m  most  cases  are  on  a  sliding  scale,  deci  easing  as  ^^^^.^^^    ^^^^  sevwlce  pipes,  structures  upon  real  estate,  standpipes. 

the  amount  of  water  used  increases.     The  most  extreme  case  ^-^^^^^_  boilers,  meters,   tools  and  appliances  of  every  kind  begin 

is  a  town  of  a  little  over  3,000,  where  they  have  21  different  ^^  depreciate  with  more  or  less  rapidity  from  the  moment  of  their 

rates  for  water  and  20  different  rates  of  discount  for  payment  ^.^.^^  .^^.^ „ 

of  bills   when  they  become   due.  it  will  thus  be  seen  that  the  master  included  the  service  pipes 

In  most  cases  the  revenue  derived  from  commercial  service  in   his  valu.ation   on   the   theoiT   that   title  was  in    the   company, 

is  not  sufficient  to  cover  the  department's  needs,  and  certifi-  although  paid  for  by  the  consumer  without  any  allowance  in  t:he 

cates  Of  indebtedness  are  issued.    These  certificates  bear  6  ^^^^^ZT.Xi^:TS^:^  :^r:^ 

per  cent  interest  and  in  many  cases  can  on  y  be  disposed  o  ^^^^^^  ^"e  ^roplrty  of  the  water  company, 

upon  a  d  scount  of  about  10  per  cent.     Paper  of  this  kind  is  '                      ,         ,  *         „„„„  r.^^co„t,.d  tr.  tho  nnitod 

allowed  to  accumulate  until  a  special  levy  in  taxation  is  made  Mr.  Alvord  also  referred  to  ^^^^^U^^^^ncVl^l!  (Wash 

or  bonds  issued  for  paying  off  the  indebtedness.     The  whole  States   Supreme  Court  in     '^^  .^^'^""f'f ^f'^,^.."^,',"./ 

procedure  is  an  expensive  and  extravagant  way  of  doing  busi-  ington  Gas  Co.'s,  District  of  Columbia,  161  vs.  316,  326).   Here 
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the  company  wish  to  disclaim  all  title  to  the  service  pipe  on  C,CtmnCirc\t\\lf^  CostS   nf    Drifting  'and 

the  grounds  that  it  had  been  paid  tor  by  the  consumer,  and  ^^OmpdrdtlVC  V^O{>l5)   Ol    i^lllllll^  ,dHU 

thus  avoid  liability  because  of  a  defective  service  box.     Mr.  SlOW  Sdlld   DflfterS  at   TofOIltO 

Justice  White,  speal^ing  for  the  court,  said: 

Tlie  plain  object  contemplated  by  the  formation  of  the  gas  com-  i'he  total  annual  cost  per  million  gallons  of  Toronto's  drltt- 

pan.v  was  the  supplying  of  gas  to  be  by  it  manufactured  to  con-  mg  sand  lilter  is  practically  the  same  as  the  slow  sand  hlter 

sumera,  and  it  is  obvious  that  this  could  bo  done  without  making  at  its  best  when  proper  allowances  are  made  f6r  differences 

a   connection   between    the   street   mains   and   abutting   dwellings.  jn  operating  conditions,  interest  on  bonds,  etc.,  according  to 

When   such   connections   are   made  with    tlie   mains   they   receive  ^  paper  presented  by  James  Milne,  at  the  General  Professional 

from  them  and  convey  into  dwellings  highly  inllammable  material,  meeting   of    the    Engineering    Institute    of    Canada,     held     at 

which  Hows  by  an  uninterrupted   diannel   from   the  mains  them-  To,.onto_  p(>[j    2,  1'J21.    The  following  data  and  costs  are  taken 

selve?.    It  must  therefore  necessarily  have  been  contemplated  that  j^q,j,   ,ug 
such  connections  with  the  mains  as  were  from  their  very  nature 

incidental  to  an  inseparable  connection  with  the  consumption  of  The  slow  sand  filter  plant  has  been  in  operation   for  eight 

gas  ;,hould  be  a  part  of  the  apparatus  of  the  gas  company,  and  be  years  and  the  drifting  sand  plant  3%  years.     Except  for  one 

under  its  control,  rather  than  under  that  of  the  city  or  the  prop-  month  in   1912,  the  slow   sand  plant  has  been  in  continuous 

erty  owner.  service.     The   average   run   of   the    filters,   since   1913,   is   21 

Indeed  the  control  by  the  gas  company  of  the  connection  from  ^^^^      j^  ^^1^^  winter  it  takes  one  day  to  rake  and  four  days 

Its  n..^ins  to  the  point  of  use  is  as  absolutely  necessary  to  make  it  ^^  ^^           ^  ^.j^.^      ^^^   .^  ^^^  summer  it  takes  half  the  time 

possible  for  the  company  to  carry  out  the  very  purpose  of  >ts  char-  ^^                   ^^  ^^.^^  ^              .^   ^^^  ^^^^      Turbidity  has  not  seri- 
tor  ^K&  {11*6  tliG  rdont-s  tinct  iiis-iris 

Moreover,  the  provisions  of  the  charter  show  that  it  was  thereby  ously   affected   the   output.      The   drifting   sand    plant   during 

contemplated  that  the  connection   between  company's  mains  and  ]919   had   an   average   run   Of   about   1%    days,    which   is   low 

the  places  where  the  gas  was  to  be  consumed  should  be  made  by  due  to  large  quantities  of  alum  used  to  combat  heavy  pollu- 

the  gas  company,  and  become  a  part  of  its  apparatus.  tion,   and   recent  results   show   that  the   run   will  be   from   3 

The  charter  does  not  confer  the  power  upon  those  desiring  a  ,(,•;■   days.     A  filter  is   out  of  commission   about  35   minutes 

supply  of  gas.  but  gives  such  power  to  the  company jqj.  cashing. 

We   conclude,   therefore,   that  the  duty  was  imposed  uPon  the  ^^^  aci\i».\   costs   of  operation  are   taken   from  the  official 

gas  company  to  supervise  and  keep  the  8^^,'!°'^  '" . [f/'t'LoIn v^  "-ecords,    while    the    equivalent   costs   are   those    based    upon 

duty  not  ohly   did   not    conflict  with   the   charter  of   tlie    company.  •  .        »    „   n,  ti.       i    _„*„„    r ;„ 

but,  on  the  contrary,  is  sanctioned  by  its  tenor  and  is  imposed  as  equal    construction    costs,    together    .vith    equal    rates    for    in- 

an  inevitable  accessory  of  the  powers  which  the  charter  confers.  terest   and   sinking   fund.      Costs   of  operation   are   given   for 

Nor  do  we  think  that  this  duty  was  affected  by  the  circum-  equal  working  conditions  which  means  both  plants  operating 

stances  that  the  cost  of  the  labor  and  materials  used  in  the  con-  at  their  safe  capacities.     Quantities  are  in  Imperial  gallons. 

Mtruotion  of  the  connection  and  gas  box  was  paid  by  an  occupant  With  the  proper  allowances  for  equipment  and  units  which 

or  owner  01  property,  who  desired  to  be  furnished  with  gas.     As  ggj.,,g  ^^^-^^   plants,   the  total   cost  of  the   slow   sand   plant  is 

the  service  pipe  and  stop  cock  was  a  part  of  the  apparatus  of  the  $934  404.  and   for  the   driftins;  sand.    $1,090,811.     The   former 

company  and  was  used  for  the  purpose  of  its  business,  it  is  entirely  ,                    -                             ,,   „„          ,    it,      ,    ^^          -a         h-              h 

imiTiaterial  who  paid   the  cost  or  might   in   law  on  the  cessation  ^as.  a  safe  capacity  of  32  and   the  latter.  -,0   million  gallons 

of  the  use  of  the  service  pipe  and  gas  box  by  the  company  be  Per  day,  SO  that  the  cost  per  million  gallons  for  construction 

regarded  as  the  owner  of  the  mere  materials.  would  be  $29,200  for  the  former  and  $21,817  for  the  latter. 

Certainly,  it  would  not  be  claimed  that  if  the  box  and  its  con-  On  an  annual   cost  basis   two  years,   1918-1919,   have  been 

nection   became  .so   defective   or  out  of   repair   that   gas   escaped  taken.      The   following   table   shows   the   actual   costs   of  the 

therefrom    and    caused    injury    the    company    could    legally    assert  *         nlants' 

that  it  was  under  no  obligation  to  take  care  of  the  apparatus  be-  "                             ,                                                         Driftin'^' 

cause  of  the  circumstances  that  it  had  been  compensated  by  others  Combined  cost  tor  191S-1919.                             Slow  sand.        sand.^ 

for  its  outlay  in  the  construction  of  the  receptacles  from  which  the       Net  yield  of  filters  in  million  gallons   20,425.17        25,27S.ll 

B?»«;  ,^<icanpfi  '  Actual  cost  of  administration,   operation  and 

,.,L  .  .Tiaintenance     $148,940.17    $292,984.96 

The  argument   seeking  to  distinguish  between  the  service  pipe       ^otal  interest  and  sinking  fund   $97,049.02    $154,603.92 

and  other  appliances  of  the  gas  company  and  the  gas  box  so  as  to  cost  of  operation  and  maintenance  per  million 

malio  the  company  liable  for  one  end  and  not  for  the  other  is  with-  ifallons $  '7.29  f^l'J? 

out  mo.it.     All  these  appliances  were  parts  of  the  one  structure  put  ^T^otarcosTper'm^lli^on^gallo'ns  "!'."".". ^f."""!          Um             Um 

in  po.sition  and  used  together  for  the  purposes  of  the  company.  „,,              .              „.,          ,      ^     ,            i,_ 

„,               ,     .                 ,.    J     V         .           .       .          ,,          .,  ,  ■  As  the  bonds  for  both  sections  of  the  plant  do  not  bear 

The   conclusions   reached   after   investigating   all   available  ^^^  ^^^^^  ^^^^  ^^  interest  and  sinking  fund  the  above  could 

court  decisions  are  that  the  consumer  in  paying  all  the  costs  ^^^  ^^  considered  a  fair  comparison.    Bv  substituting  the  cal- 

incident  to  installing  service  mains  does  not  acquire  owner-  ^^j^^^^  ^^^^^^^^  ^^^  interest  and   sinking  fund   on   corrected 

ship,  but  IS  simply  making  a  contribution,  paying  in  advance  ^^^.^  ^^^  ^^^..^^^  equivalent  costs,  we  have: 

for  anticipated  services  or  paying  in   part  for  the  enhanced  Driftin" 

value  of  his  property  because  of  such  installation.  Slow  sand.        sand. 

By  assuming  the  burden  of  installing  service  mains,  the  con-  °"fen^ee*^^"^%?e"°": . .?':"!"°." .  !'^^. .  ."!'!'.n'48,940.17    $292,984.96 

sumer  supplies  a  portion  of  the  necessary  capital,  and  is  en-  interest  and  sinking  fund", '2'years  .!!!.!..!!  132!6S5.22      156^984.00 

titled  to  consideration  to  that  extent  in  the  rates  charged  for  ,„      .                                                                 $281  625  39    $449  878  96 

water  service.  Cost  of  administration,   operation  and   main- 

The  Minnesota  law  in  leaving  the  question  as  to  who  shall  tenancy  per  million  gallons... $  7.29  $11.57 

.   .    ,,              .X    ,  ,.       .      1    ,,.                  ■              .         ...  Inten-st  and  sinking  fund  per  million  gallons.           $  6.50              $  6.20 

furnish  the  capital  for  installing  service  mams,  the  consumer      Total  cost  per  million  gallons  $13.79  $17.79 

or  the  village,  to  the  discretion  of  the  governing  body,  seems       Ratio  of  cost  per  million  gallons 100  129 

entirely  proper,  lor  in  this  way  the  work  can  he  financed  by  It   is   the   practice   to   operate  the   slow   sand   plant   to   Its 

the  party  who  can  do  so  most  advantageously.  maximum  while  the  drifting  ^and  plant  merely  makes  up  the 

difference  required  for  the  total  consumption.     The  average 

,~     ^     .  ,.,  ..       ,.  ^       „       •         <.   ■         A        I        /-   li     rr,u  daily  output  for  191S-1919  was  27.98  million  gallons   for  the 

Cost  of  Water  Meter  Repairs  at   Los  Angeles,  Calif. — The  ^"■"^   ^J^^^,            „,„„       .,,.            „          „       »i,      j  ■».•              j 

«  ,,      .           I.,     .-          .1.                ,            .     c  St     -n.       J     ^  -n  ■u  slow    sand   and    34.63    million   gallons    for   the   drifting   sand 

following  table  trom  the  annual  report  of  the  Board  of  Pub-  ,            ",  .  "   "           .„.           ,,                 j       ^       .,           • 

,.      o       ■        ,-,          •     •                «    T         .        1         ^  i-.     «       ..  nlant.     Thirtv-two  million  gallons  per  day  has  been  given  as 

lie   Service    Commissioners    of   Los    Angeles,    Calif.,   for    the  -"i»"'-  ^           •         ,   .,               •»     ^      *u       1              j     1     » 

c       1                 J.        ,         ..A    moo     u         Tu           i.     «        i  the  safe  average  daily  capacity  for  the  slow  sand  plant, 

fiscal  year  ending  June  30,  1920,  shows  the  cost  of  meter  re-  ^           j       1        . 

nairing  from  Julv  1,  1919,  to  June  30,  1920,  for  L.os  Angeles,  To  increase  the  output  of  the  slow  sand  plant  from  27.98 
San  Pedro  and  San  Fernando  Valley.  'o   32   million  gallons  would   mean  operating  a  large  steam- 
Average  driven  centrifugal  pump. 
^"       ■                 Sizes.    Labor      Material    Over-        Total      cost  per  in  order,   however,  that    the    slow    sand   plant   should   not 
'%.       $3!333       $6!!3'6       $^946       $"lMi6     "$l!l9'  be  taken  at  a  disadvantage,  we  will  assume  the  plant  actually 
;;.                       -1            313           '535             84            '933         1.63  filtered  32  million  gallons  daily  without  the  use  of  the  steam 
^94                    |i.,            JIJ           433             62             634         3;53  auxiliary  raw  water  pump.     The  increase  of  4  millions  daily 
'^tjy                     '            295           475             77             847         3!o8  would   cost   for   electric   power   and   sundries,   under   normal 
i'V.                                   J^J         jjg^           j*|          jjl|         |-9|  conditions,  about  $2,500  per  year.     Labor  costs  would  remain 
46          '460             50            '557         9!2S  as  before. 
1,1                          ,'            i'|4o         ®'.^.^.^.         ^'"J         ^5',5l4         0094  ''''^^  drifting  sand  plant  has  shown   it  can  readily  give  54 

Mist  inoLis   work  on    '              '  million  gallons  daily  and  placing  the  same  at  50  million  we 

v!r''lh';.V..'''rf.!".^^!'."  2,214           876           309          3  399         0  0309  are   On   the    conservative   side.     The   drifting   sand   plant   in 

-V             ti.                                                                                     ■  191S-19  was  operated  at  69.2  per  cent  of  its  capacity  taken  at 

(38) 
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50  million.    To  increase  this  to  50  million  gallon  ra{.e  in  order 

that  it  be  placed  on  the  same  basis  as  the  slow  sand  plant, 

the  following  would  be  added  to  the  cost: 

Increase  in  electric  power  l.SOO.OOO  K.WH.  at  0.175  ct $  3.150,00 

15.4  mill,  gallons  per  day  at  l>/i  grains  alum  per  gallon  at 

.?44.20   per  ton    22.1S2.50 

Sundi-y  additional  repairs,  estimated  717.50 


For  one  year   $26,050.00 

The  figures  based  on  both  sections  of  the  plant  working  at 
capacities  of  32  and  50  million  gallons  respectively,  together 
with  interest  and  sinking  fund  based  on  equal  financial  rates 
and  equivalent  construction  costs,  are  therefore  as  follows: 

Drifting 
sand. 

36,500.00 

$292,9S4.96 

52.100.00 

156.S94.0O 


Slow  sand. 

Total  yield  in  mil.  gals. — 100%  32  and  50  mill. 

gallons    respectively    23,360.00 

Cost  of  administration,  operation  and  main- 
tenance, as  before  $148,940.17 

Additional  cost  for  2  years  as  shown  above  . .       5,000.00 

Inter,^st  and  sinking  fund 132,685.22 


Total  cost  per  million  gallons 
Batio  of  costs   


$286,625.39     $501,978.96 

$12.26  $13.75 

100  112 

Drifting  sand  costs  12  per  cent  in  excess  of  the  slow  sand. 

There  is  still  another  feature,  and  an  important  one.  which 

must   not  be  lost  sight  of  and  which  will  have  considerable 

bearing  in  the  future  on  the  operation  of  the  drifting  sand 

plant.     By  ehlorination  with  filtration  a  large  saving  in  alum 

may  be  effected.     The  alum  used  in  1918  and  1919  amounts 

to   2,252,.S.3   tons   costing   $99, .595,     It   is   estimated   that   with 

pre-chlorination,  approximately  $25,000  per  year  can  be  saved 

or   $.50,000   in  two  years.     If   these   estimates   are   confirmed 

the  following  would  hold  good: 

Cost    of    administration,    operation    and    maintenance    as 

above     $345,084.96 

Deduct  for  alum   50,000.00 


$295,084.96 


8.08 
4.29 


Cost    per   million    gallons,    administration,    operation    and 

inaintenance     

Cost  ler  million  gallons,  interest  and  sinking  fund. 

Total  cost  per  million  gallons   $12.37 

or  about  the  same  as  slow  sand  plant  under  the  very  best 
operating  conditions; 

The  drifting  sand  plant  maintenance  costs  will  be  reduced 
about  $7,500  per  year  when  the  changes  to  sandwashers, 
etc.,  have  been  completed.  This  amount  has  not  been  taken 
into  account  in  the  above  final  calculation. 

The  following  conclusions  may  be  drawn  from  the  results 
of  the  two  plants: 

(1)  The  cost  of  the  slow  sand  plant,  owing  to  favorable 
local  conditions,  was  considered  extremely  cheap.  The  drift- 
ing sand  plant  did  not  share  this  advantage. 

(2)  The  space  occupied  by  the  slow  sand  plant  is  eight 
times  that  of  the  drifting  sand   for  given  output. 

(3)  The  effluent  in  both  cases  is  excellent. 

(4)  There  is  no  scour  on  the  plates  due  to  the  drifting  of 
the  sand. 

(5)  The  principle  of  the  drifting  sand  has  proved  to  be 
sound  and   the  continuous   sand-washer  is   a  success. 

(6)  Ice  forming  on  the  slow  sand  beds  retards  sand-wash- 
ing operations.  Cold  weather  does  not  affect  the  drifting 
sand. 

(7)  Prolonged  periods  of  turbidity  affect  both  types,  but 
the  drifting   sand   plant  recovers   its  capacity  more  quickly. 

(S)  Labor  has  to  be  of  a  higher  grade  in  the  operation 
of  the  drifting  sand  filters  than  that  required  for  the  slow 
sand  filters. 

(9)  Pre-coagulation  and  sedimentation  unnecessary  with 
the  drifting  sand  plant. 

(10)  By  ehlorination  with  filtration  and  both  plants  operat- 
ing as  last  herein  before  mentioned,  the  cost,  including  ad- 
ministration, operation  and  maintenance,  interest  and  sink- 
ing fund,  will  be  practically  the  same  in  both  plants. 


Production  of  Lime  in  1920.— About  3,350,000  short  tons  of 
lime,  valued  at  $33,518,000,  were  produced  and  sold  in  the 
United  States,  including  Porto  Rico  and  Hawaii,  in  1920,  ac- 
cording to  an  estimate  made  by  Herbert  Insley,  of  the  United 
States  Geological  Survey,  Department  of  the  Interior,  from 
figures  furnished  by  the  principal  producers.  The  quantity 
reported  is  more  than  that  produced  in  any  year  since  1917 
and  is  9  per  cent  more  than  that  produced  in  1919.  It  does 
not,  however,  quite  equal  the  average  pre-war  production. 
The  value  of  the  lime  produced  in  1920  is  considerably  more 
than  the  value  in  any  previous  year.  The  average  value  per 
ton  in  1920  was  $10,  in  1919  it  was  $9.50,  and  in  1918,  $8.30. 


Transformer  Cost  Data 

By  D.  D.  EWING, 

Professor  of  Electric  Railway  Engineering,  Purdue  University, 

Lafayette,   Ind. 

Transformers  constitute  an  important  part  of  the  equip- 
ment which  goes  to  make  up  the  physical  plant  of  an  elec- 
tric power  company.  While  quotations  on  transformers  from 
the  manufacturers  are  always  easily  obtained,  the  engineer 
often  has  need  for  cost  data  in  a  concise  form.  Such  data 
are  of  especial  value  in  making  or  checking  appraisals  and 
in   making  tentative   estimates  on  new   construction. 

Comparative  cost  data  on  standard  lighting  transformers, 
2,200/220/110  volts,  60-cycle,  single  phase,  are  given  in  the 
accompanying  table.  The  data  for  1916  and  1920  represent 
the  average  costs  for  these  years  as  nearly  as   it  could  be 
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Fig.    1 — Variation    of    Cost    With    Voltage    for    a    25    KVA.',    Single 
P.hase,  60  Cycle,  220/100  "olt  Secondary,   Distributing  Transformer. 

obtained,  the  costs  being  f.o.b.  factory  to  the  ordinary  pur- 
chaser: 

COMPARISON    OF   TRANSFORMER   COSTS. 
KVA.  10-yr.  avg, 

capacity, 

1 $  20.43 

2 ..  ~~~- 

z.'.'.'.'.'.'.':'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 

5 

7% 

10 

15 

20 

25 

30 

37% 

50 

The  cost  of  a  transformer  depends  on  the  capacity,  voltage, 
frequency,  the  number  of  phases  for  which  it  is  designed  and 
the  method  of  cooling.  For  fixed  conditions  of  voltage,  fre- 
quency, phase  and  method  of  cooling  the  cost  varies  directly 
as  the  capacity,  within  limited  ranges  of  the  latter,  and  the 
equation  showing  ^the  relation  between  cost  and  capacity  tor 
a  given  range  is  therefore  a  straight  line. 

The  effect  of  voltage  on  cost,  for  a  given  capacity,  is  shown 
in  Figs.  1  and  2.  Fig.  1  shows  the  costs  of  25  KVA  trans- 
formers for  primary  voltages  ranging  from  4,400  volts  to  22,- 
000  volts.  These  transformers  are  designed  for  use  in  60- 
cycle,  single  phase  service  on  distributing  transmission  lines 
in  small  towns  and  rural  communities.  The  secondary  volt- 
ages are  220/110  volts.  The  upper  part  of  the  graph  is  a 
straight  line,  the  increase  in  cost  amounting  to  $13  per  kilo- 
volt  increase  in  voltage.  In  Fig.  2  are  shown  similar  graphs 
for  2,500  KVA  GO-cycle,  single  phase,  2,300-volt  secondary 
transformers  for  industrial  power  and  lighting  service.  For 
the  upper  portion  of  the  graph  of  the  self-cooled  transformer 
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the  increase  In  cost  amounts  to  $71  per  kilovolt  Increase  in 
voltage.  For  the  water  cooled  traiistornier  the  Increase  is 
$65  per  kilovolt. 

The  costs  of  several  lines  of  transformers  are  given  in  the 
tollowing  e(|iiations.  all  costs  being  f.o.b.  factory  to  the  ordi- 
nary pui  chaser,  in  July,  1920: 

Pole  type  transformers  for  60-cycle,  single  phase  service, 
220/110  volt  secondaries. 

(1)  For  4,400-volt  primary  and  in  capacities  of  from  1  to 
10  KVA: 

Cost  =  $36  +  $10.60  X  KVA. 

(2)  For  6,600-voIt  primary  and  In  capacities  of  from  1  to 
10  KVA: 

Cost  =  $50  +  $11  X  KVA. 

(3)  For  11,000-volt  primary  and  in  capacities  of  from  1 
to  10  KVA: 

Cost  =  $100  -t-  $10.30  XKVA. 

(4)  For  4,400-volt  primary  and  in  capacities  of  from  10  to 
50  KVA: 

Cost  =  $75  +  $7  X  KVA. 

(5)  For  G,600-volt  primary  and  in  capacities  of  from  10 
to  50  KVA: 

Cost  =  $100  +  $7  X  KVA. 

(6)  For  11,000-volt  primary  and  in  capacities  of  from  10 
to  50  KVA: 

Cost  =!  $135  +  $7.30  X  KVA. 

(7)  For  22.000-volt  primary  and  in  capacities  of  from  10 
to  50  KVA: 

Cost  =  $300  +  $6.50  X  KVA. 
The   above    transformers    are   especially   well    adapted    for 
service   in   small   towns   and   rural   communities   where   only 
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Fig.    2— Variation     of    Cost    With    Voltage    for    2500    KVA.,    Single 

Phase,    60    Cycle,    2300    Volt    Secondary,    Transforme.-s    for 

Power  and   Lighting   Service. 

one    transformation    from    the    transmission    voltage    to    the 
service  voltage  is  necessary. 

For  small  towns  where  a  2,300-volt  primary  distribution 
system  is  preferable  the  transformers  whose  cost  data  follow 
are  better  adapted.  These  transformers  are  of  the  self-cooled 
pole  type  with  2,300-volt  secondaries  and  are  designed  for 
60-cycIe,  single  phase  service. 

(1)  For  6.600-volt  primary  and  in  capacities  of  from  10 
to  50  KVA: 

Cost  =  $100  +  $7.60  X  KVA. 

(2)  For  11,000-volt  primary  and  in  capacities  of  from  10 
to  50  KVA: 

Cost  =  $140  +  $7.20  X  KVA. 

(3)  For  22,000-volt  primary  and  in  capacities  of  from  10 
to  50  KVA: 

-Cost  =  $300  +  $6.60  X  KVA. 

Cost  data  for  industrial  power  and  lighting  transformers 
are  presented  in  the  following  equations.  These  transformers 
are  all  60-cycle,  single  phase,  2,300-volt  secondary  and  are 
in  capacities  of  from  500  to  2,500  KVA. 

Self-cooled: 

(1)  For     6,600-volt   primary:      Cost  =  $1,000  +  $4.20  X  KVA. 

(2)  For    11,000-volt    primary.      Cost  =  $1,300 -j- $4.11  X  KVA. 

(3)  For  22,000-volt   primary:      Cost  =  $1,700  +  $4.15  X  KVA. 


(4)  For  3o,00(J-volt   primary: 

(5)  For  66,000- volt   primary: 
Water  cooled: 

(1)     For     6,600-volt   primary: 
For   11,000-volt   primary: 
For  22,000-volt    primary: 
33.000-volt 


(2) 
(3) 
(4) 
(5) 


For 

For  «G,000-volt 


primary: 
primary: 


Cost  =  $2,100  +  $4.31  X  KVA. 
Cost  =  $3,750  +  $4.65  X  KVA. 

Cost  =  $1,500  +  $2.45  X  KVA. 
Cost  =  $1,600  +  $2.47  X  KVA. 
Cost  =  $2,000  +  $2.62  X  KVA. 
Cost  =  $2,500  +  $2.72  X  KVA. 
Cost  =  $4,200  +  $2.92  X  KVA. 


The  costs  for  the  water  cooled  transformer  do  not  include 
the  costs  of  the  water  piping  outside  of  the  transformer  case 
and  of  the  circulating  pump  equipment. 


Meter  Reading  and  Billing  System 
of  Spring  Valley  Water  Co.* 

The  Water  Sales  Department  consists  at  present  of  113 
people,  92  men  and  21  women  and  girls.  As  the  company  is 
now  operating  under  changed  conditions,  a  comparison  with 
the  records  of  the  month  of  October,  1915,  when  all  residen- 
tial services  were  unmetered,  will  be  of  interest.    These  are 

produced  herewith: 

October. 

1915. 

66.000 

45.187,000 


.Active  consumers  

Daily  delivery  to  city  leservoir  (gallons).. 

Gross  revenue    $298,391 

Meter  readei-s  9  (%  time) 


Shut-off  men 

Plumbing  and  rating  inspectors 

Bookkeepers  and  V>illers 

Addressograph  room    

Field   collectors    

Builders  and  contractors  supply 

Dock  and   shipping  supply 

General  office  assistants  and  clerlis 


7 
19 
14 

3 

24 
7 
4 

32 

119 


October, 

1920. 

72,000 

36.566,000 

$331,124 

13 

4 


28 
2 

21 
1 
4 

32 

113 


Total     employes 

Tile  smaller  force  now  maintained  handles  a  larger  business 
than  the  company  had  in  1915  and  gives  the  public  far  more 
satisfactory  personal  contact.  This  reduction  in  the  force 
and  the  delivery  of  a  higher  standard  of  public  service  is  due 
partly  to  the  reorganization  of  re-alignment  of  the  department; 
partly  to  the  100  per  cent  metered  condition  of  the  business; 
partly  to  improvement  of  some  methods,  the  elimination  of 
ethers  and  the  introduction  of  new  methods.  In  addition  credit 
must  be  given  to  the  changed  attitude  of  the  public,  which  has 
been  meeting  the  company  in  a  co-operative  way,  this  greatly 
improving  the  morale  of  thp  employees  and  indirectly  increas- 
ing their  efficiency. 

Meter  Reading  and  Records. — Of  the  75,000  active  and  tem- 
porarily non-producing  meters  in  San  Francisco,  3,500  are  in- 
stalled in  the  basement  areas  under  the  sidewalk  in  the  down- 
town section,  the  remaining  71,500  being  in  the  open  along 
the  curb  line  in  the  sidewalks. 

All  meters  are  read  once  a  month,  the  entire  city  being 
covered  by  13  readers  in  21  working  days.  The  average  on 
the  basement  work  is  from  100  to  151  per  day,  in  the  semi- 
commercial  district  where  they  are  delayed  by  traffic,  mer- 
chandise on  the  sidewalk  and  other  handicaps,  about  250  or 
300  per  day,  while  in  the  open  sections,  solidly  built,  they 
average  better  than  500,  some  runs  reaching  700  in  seven 
hours  reading  time.  The  average  throughout  the  month  is 
300  per  day  per  man  for  the  21  days. 

On  the  five  remaining  days  of  the  month  the  men  take  "cov- 
ered" readings,  clean  dials  and  work  up  reports  on  broken 
boxes,  and  on  the  last  day  take  the  municipal  and  corporation 
readings. 

The  meter  readers  use  a  canvas-covered,  loose-leaf  field 
book  of  the  steel  tape  type,  holding  sheets  4%x7  in.,  having 
a  capacity  of  two  years'  records.  These  sheets  are  crimped 
at  the  lower  or  binding  edge,  permitting  them  to  lie  flat  when 
the  books  are  opened.  This  feature  is  quite  an  advantage 
to  the  reader  and  especially  so  to  the  ledger  posters  and  bill- 
ing machine  operators. 

These  books,  each  one  covering  a  man-day  route,  are  turned 
over  by  the  chief  of  the  readers  to  the  head  bookkeeper  each 
night.  These  are  recorded  by  him  on  a  schedule  sheet  on  which 
a  record  is  kept  of  the  various  operations  until  the  completed 
bills  are  turned  over  to  the  Collection  Department. 

•From  a  paper  presented  last  November  before  the  California 
Section  of  the  American  Waterworks  .■Vssociation  by  O.  E.  Clem- 
ens, Water  Sales  Manager  or  the  Spring  Valley  Water  Co.,  San 
Frajicisco.  Calif. 
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Billing  and  Collecting. — The  consumers'  ledgers  are  of  the 
same  loose-leaf,  steel-tape,  crimped-sheet  type,  each  ledger 
holding  from  500  to  1,000  accounts,  each  sheet  having  a  ca- 
pacity of  four  years'  records.  On  these  sheets  is  carried  the 
full  record  of  the  account,  showing  name,  address,  account 
number,  meter  number  and  records  of  changes,  together  with 
any  and  all  records  of  Turn-ons,  Shut-offs  and  Allowances. 

The  meter  readings  are  posted  on  the  ledgers,  computations 
made  and  after  a  memorandum  of  unpaid  balances  due  is  made 
on  the  meter  sheets  they  are  turned  over  to  the  billing  ma- 
chine operators. 

The  bills  used  are  of  the  single  bill  type,  with  an  office 
memorandum  stub  and  remittance  stub.  The  company  does 
not  send  receipts  for  mailed  remittances  except  when  de- 
manded. The  consumer  retains  the  body  of  the  bill  and 
encloses  the  stub  with  his  check.  When  bills  are  paid  in 
the  office  or  to  the  collectors,  the  body  of  the  bill  is  re- 
ceipted and  returned  to  the  consumer,  the  stub  being  turned 
in  with  the  collector's  cash.  The  credit  postings  are  made 
on  the  consumers'  ledgers  by  a  night  crew  of  three  men. 
The  form  of  bill  now  in  use  was  adopted  after  investiga- 
tion of  the  bills  and  methods  of  a  dozen  large  utilities.  It 
is  less  cumbersome  than  the  duplicate  bill,  requires  only  one 
halt  the  amount  of  paper  stock  and  eliminates  carbons. 
The  number  of  bills  rewritten  on  account  of  being  misplaced 
by  consumers  is  negligible,  less  than  1,000  per  month  out 
of  nearly  75,000,  so  this  argument  against  the  single  type 
of   bill    is   eliminated. 

After  the  bills  are  written  they  are  checked  against  the 
ledger  record  and  errors  in  entry  and  computation  corrected, 
then  passed  on  to  the  Collection  Bureau.  There  they  are 
sorted,  the  mail  bills  turned  over  to  the  mail  clerk,  the  bills 
to  be  paid  by  the  realty  agencies  are  assembled,  and  the 
others  put  in  the  street  boxes  or  racks.  These  are  re-as- 
sembled each  day  according  to  routes  and  given  to  the  col- 
lectors that  evening  so  they  can  start  direct  on  their  routes 
the  next  morning  without  losing  time  in  coming  to  the 
office. 

The  mail  bills  are  placed  in  a  special  window  envelope 
made  to  fit  the  bill  with  attached  stub  without  folding.  This 
is  a  material  advantage,  as  much  time  is  gained  by  avoiding 
the  folding  of  the  bill  before  Inserting  it  in  the  envelope. 

There  are  14  collectors  on  the  regular  field  work,  follow- 
ing the  same  route  covered  by  the  meter  readers  and  com- 
pleting the  city  in  24  working  days.  One  collector  handles 
realty  agencies  and  dowTitown  bills,  and  six  men  are  on 
foUowups.  closing  bills,  contractors'  bills  and  bad  bills.  They 
are  also  in  reserve  to  fill  in  the  vacancies  due  to  sickness. 
vacations    and    miscellaneous    emergencies. 

Of  the  73,000  monthly  bills,  4.5  per  cent  are  held  at  the 
office  for  the  consumers,  7.5  per  cent  go  to  realty  agents 
for  payment,  10  per  cent  are  mailed  to  the  consumers  and  . 
the  remaining  78  per  cent  are  presented  by  the  collectors. 
The  company  encourages  mailing  of  bills,  especially  in  sec- 
tions where  it  can  be  made  universal.  The  collectors  bring 
in  the  money  for  two-thirds  of  the  bills  presented  by  them, 
the  remaining  third  being  sent  or  brought  to  the  office  or 
secured   by  the  follow-up  or  "second-line"  men. 

The  cost  of  field  collections,  on  bills  actually  collected, 
averaged  during  the  year  1919,  2.03  per  cent  or  6.96  ct.  per 
bill  as  against  2.24  per  cent  or  8.37  ct.  per  bill  in  1917,  al- 
though wages  in  1919  were  higher.  This  is  due  to  the  re- 
organization and  to  the  change  of  public  attitude  referred 
to  before.  The  follow-up,  closing  account  and  bad  bill  col- 
lection expense  is  considerably  more,  from  five  to  ten  times 
as  much.  But  the  company  can  afford  to  spend  some  money 
on  this,  as  losses  from  delinquent  accounts  may  become  a 
very  serious  item  if  they  are  loosely  handled.  While  the 
company  is  very  liberal  with  regular  customers  and  with 
those  out  of  work  or  sick,  it  will  gladly  spend  the  entire 
amount  of  the  account,  and  more  if  necessary,  to  collect  a  bill 
from  a  crook  or  a  chronic  dead  beat.  The  moral  effect  of 
this  procedure  on  this  class  of  individuals  is  good.  It  also 
adds  zest  to  the  game  and  keeps  the  force  keyed  iip  to  a 
proper  spirit  and  on  its  mettle. 


Engineers'  License  Bill  in  North  Carolina.— The  State  Sen- 
ate of  North  Carolina  has  passed  a  bill  licensing  engineers 
and  land  surveyors  which  was  introduced  in  the  legislature  by 
the  North  Carolina  Society  of  Engineers— North  Carolina  As- 
sembly of  the  American  Association  of  Engineers. 


Some  Notes  on  Electrolysis 

In  the  January  Journal  of  the  American  Waterworks  Asso- 
ciation, Gellert  AUeman,  Professor  of  Chemistry,  Swarthmore 
College,  contributed  an  interesting  discussion  of  some  of  the 
practical  points  brought  out  in  the  paper  "Some  Aspects  of 
Electrolysis,"  he  presented  at  the  Montreal  Convention  of 
the  Association.    His  discussion  follows: 

The  writer  cannot  recommend  any  single  method  of  instal- 
lation as  a  cure-all  for  electrolysis,  any  more  than  a  physician 
can  relieve  all  diseases  by  the  application  of  one  particular 
remedy.  Every  pipe  system  must  be  considered  individually. 
There  are  a  number  of  methods  employed  in  attempts  to 
mitigate  the  damage  done  by  stray  currents.  It  is  stated  by 
advocates  of  the  so-called  three-wire  system  that  little  dam- 
age will  result  from  electrolysis  by  this  means  of  distribution. 
These  statements  are  contradicted  by  facts.  In  a  number  of 
places  that  the  writer  knows  of  the  three-wire  system  is 
responsible  for  very  serious  electrolytic  corrosion.  Theoret- 
tically,  this  system  of  distribution  is  interesting;  but.  in  prac- 
tice, the  adjustments  have  not  been  made  perfect  and  the  de- 
fired  electrolytic  equilibrium  has  not  been  established. 

The  drainage  of  pipes  by  means  of  copper  cables  is  an  Im- 
portant attempt  towards  mitigating  the  damage  by  elec- 
trolysis. If  a  sufficient  number  of  locations  are  intelligently 
selected,  and  a  sufficient  number  of  copper  cables,  having 
the  desired  capacity,  are  installed,  nearly  all  of  the  current 
is  returned  over  these  metallic  conductors.  The  current 
causes  no  damage  when  taken  off  in  this  manner.  It  must 
be  remembered,  however,  that  even  with  the  installation  of 
copper  cables,  small  amounts  of  current  may  leak  from  pipes 
through  the  soil  at  points  distant  from  these  cable  connec- 
lions.  and  electrolysis  will  result  under  these  circumstances. 
Insulated  pipe  joints  should  not  be  installed  in  localities 
where  electrolytic  corrosion  may  take  place.  When  such  In- 
stallations are  made  and  such  a  piping  system  is  in  a  path 
betvveen  some  other  sub-surface  structure,  for  instance,  a 
large  water  main,  the  current,  in  passing  through  the  earth, 
will  get  on  an  insulated  section  of  pipe  and  is  then  bound 
to  leave  it  for  the  metal  having  the  greater  conductivity.  In 
so  doing  it  will  corrode  the  insulated  pipe.  Such  destruction 
will  take  place  much  more  rapidly  than  if  the  insulated  pipe 
were  part  of  a  continuous  conductor.  In  the  case  of  a  pipe 
line  made  up  of  insulated  sections  the  current  is  apt  to  leave 
the  pipe,  through  the  earth,  get  on  to  the  next  length  of  pipe, 
leave  it  again  through  the  earth,  and  again  enter  and  leave 
the  pipe  many  times.  Since  one  ampere,  flowing  for  one 
year,  will  dissolve  or  corrode  20  lb.  of  iron  provided  it  leaves 
the  pipe  but  once,  when  this  amount  of  current  leaves  the  pipe 
twice  it  will  dissolve  40  lb.  of  iron;  and  if  it  enters  and  leaves 
the  pipe  ten  times  it  will  dissolve  or  corrode  200  lb.  of  iron. 

Recently  the  author  made  extensive  electrolytic  tests  in  a 
?arge  city.  In  order  to  determine  the  "drop"  on  various  sec- 
tions of  track,  connections  were  made,  at  the  two  track  ends, 
through  telephone  wires  and  recording  instruments  were 
employed  to  indicate  the  differences  of  potential  between  the 
points  mentioned.  In  one  case,  connections  being  made  3 
miles  apart,  the  track  "drop"  was  90  volts.  An  examination 
of  this  track  showed  that  workmen  were  making  repairs  and 
numbers  of  rail  bonds  were  broken.  After  these  rails  were 
properly  bonded  the  same  track  "drop"  was  again  determined 
and  it  was  found  to  be  18  volts.  The  efficient  bonding  of  the 
lail  is,  of  course,  one  of  the  best  safeguards  we  have.  An- 
other suggestion  in  connection  with  rail  bonding  is  this: 
Every  time  a  new  power  station  is  put  in  service  the  elec- 
trical conditions  are  changed.  New  power  stations  and  the 
installation  of  new  tracks  should  always  be  accompanied  by 
proper  electrolytic  protection  of  the  pipe  system. 

In  general,  those  systems  should  be  employed  which  will 
effectively  take  the  current  off  the  pipe  through  metallic  cir- 
cuits, so  that  the  current  does  not  leave  the  pipes  through  the 
earth  and  thus  dissolve  or  corrode  the  iron  or  the  lead.  This 
can  be  brought  about  by  proper  attention  to  the  electrical 
continuity  of  the  track  by  means  of  the  installation  of  the 
proper  rail-bonds,  by  a  proper  regard  for  the  location  of  feed- 
ing stations,  and  by  the  judicious  use  of  return  cables. 

Every  pipe  system  should  be  considered  individually.  Con- 
ditions may  arise  within  one  system  which  may  demand  a 
certain  specific  method  in  order  to  insure  protection  against 
electrolytic  corrosion.  Different  conditions  may  exist  in  some 
other  pipe  system  which  may  be  more  efficiently  protected  by 
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the  installation  ot  a  diffoient  mitigating  system,  or  by  a  com- 
l)ln:ition  ol'  a  number  of  systems. 

Kiequent.  eloctrical  tests  sliould  be  made  on  pipe  systems  in 
ordoi-  to  determine  whether  or  not  they  are  receiving  proper 
protection.  These  examinations  should  be  made  at  least  once 
a  year.  It  tracks  are  rearranged,  or  if  new  power  plants  are 
installed,  or  the  distribution  system  changed,  or  additional 
drainage  supplied,  electrolytic  measurements  should  be  made 
immediately  after  such  moditicalions  are  made. 


Ditch  Design  and  Prevention  of 
Silt  Deposit 

The  design  of  drainage  ditches  tor  the  prevention  of  silt 
deposits  and  thereby  the  reduction  of  maintenance  costs  is  a 
subject  that  drainage  engineers  may  devote  themselves  to 
with  appreciable  results.  The  theory  of  the  deposition  of 
silt  in  the  bottom  of  a  ditch  is  dependent  upon  the  inter- 
loUition  of  velocity,  depth  and  breadth,  and  by  the  proper 
propo'.lion  of  these  components,  silting  may  be  reduced 
to  a  minimum  it  not  altogether  eliminated,  according  to  Q. 
C.  Ayres,  Assistant  Professor.  Iowa  State  College,  Ames, 
Iowa,  in  a  paper  presented  by  him  before  the  recent  annual 
meeting  of  the  Iowa  Engineering  Society.  The  following 
notes  are  abstracted  from  Prof.  Ayres'  paper: 

The  power  of  a  stream  which  supports  silt  carried  in  sus- 
pension is  derived  from  the  upward  component  of  the  velocity 
of  eddies;  eddying  is  aggravated  by  high  velocities  and  shal- 
low depths,  and  soothed  by  low  velocities  and  great  depths. 
It  follows,  then,  that  the  supporting  power  or  silt  carrying 
c.ipacity  of  water  is  likely  to  vary  directly  with  some  function 
of  the  velocity  and  inversely  with  the  depth.  Apparently  this 
capacity  is  independent  of  width,  but  such  is  actually  not 
the  case,  because  the  wider  a  stream  is  made  the  greater 
the  number  of  eddies  become  having  upward  velocity  com- 
Iiononts. 

The  total  energy  of  any  flowing  stream — which  is  but 
another  way  of  expressing  capacity  to  do  work  or  develop 
power — may  be  defined  as  the  sum  of  its  potential  energy, 
represented  by  depth  of  flow,  and  its  kinetic  energy,  repre- 
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For  uniform  flow  the  sum  of  these  values  remains  constant 
no  matter  how  much  the  amount  of  each  may  vary  between 
themselves;  it  we  increase  depth,  we  automatically  decrease 
velocity  head.  By  the  same  token  if  we  decrease  depth,  we 
automatically  increase  velocity  head,  provided  the  slope  re- 
mains constant.  Now  as  silt  carrying  capacity  is  largely 
a  function  of  velocity  head,  the  problem  at  ditch  and  grade 
jimclions  is  to  keep  the  kinetic  energy  above  a  certain  mini- 
mum value  by  varying  the  depth  of  flow.  This  of  course 
Implies  increasing  ditch  width  to  care  for  a  given  discharge. 
As  this  minimum  value  of  velocity  head  or  kinetic  energy 
just  mentioned  is  a  direct  function  of  velocity,  the  same 
principle  may  be  stated  in  simpler  form  by  reference  to  some 
velocity  value  which  is  high  enough  to  prevent  silting  and 
low  enough  to  avoid  erosion.  We  may  designate  this  particu- 
lar velocity  which  varies  with  the  depth  but  is  independent 
of   width    the    "critical    velocity". 

In  order  to  avoid  silting  in  any  ditch,  then,  the  mean  ve- 
locity of  the  stream  must  not  be  kept  constant  throughout, 


but  must  he  increased  with  the  depth.  This  means  that  the 
common  practice  of  suddenly  increasing  the  depth  of  ditches 
to  take  care  of  deep  tile  outlets  without  providing  for  an 
increase  in  velocity  cannot  be  recommended,  as  the  deeper 
section,  under  ordinary  conditions,  is  almost  certain  to  col- 
lect large  silt  deposits. 

R.  G.  Kennedy  has  proposed  a  formula  expressing  the  rela- 
tion between  critical  velocity  and  depth  as  follows: 

v  =  cd'" 
where  v  and  (I  are  the  critical  velocity  and  corresponding 
depth,  c  and  m  are  constants  to  be  determined  by  experiment. 
The  author  of  this  formula  has  made  a  number  of  observa- 
tions on  canals  of  various  sizes  in  India  which  have  been 
in  service  for  a  great  length  ot  time  and,  through  a  long 
process  of  silting  and  erosion,  have  finally  reached  a  state  of 
l)ermanent  silt  equilibrium.  From  th«se  investigations  he 
deduced  numerical  values  for  c  and  m,  namely,  c  =  0.84  and 
m  =  0.6-1,  which  substituted  in  the  above  equ«ition  give 

v  =  0.84d-'" 
v  being  the  mean  velocity  in  feet  per  second  and  d  the  depth 
in  feet.  The  claim  is  made  that  this  latter  formula  is  ap- 
plicable to  all  ditches  without  regard  to  variations  in  size 
or  to  the  character  or  specific  gravity  of  silt.  This  conten- 
tion is  substantiated  by  E.  C.  Thrupp,  who  has  shown  from 
observations  covering  the  entire  range  of  velocity  depth  and 
silt  character,  that  Kennedy's  results  are  approximately  true 
for  all  streams.  Corresponding  values  of  v  in  the  equation 
for  assumed  values  of  d  are  here  given  for  convenience  in 
computations: 

.d=l        2        3        4        5        6.7        8        9        10 
v  =  0.S4  1.30  1.70  2.04  2.35  2.64  2.92  3.18  3.43  3.66 

S.  W.  Frescoln  states:  "For  any  practical  ditch  section 
having  less  than  1.5  ft.  fall  per  mile,  Kutter's  formula  with 
n=:0.30  will  give  velocities  less  than  the  critical  velocity,  v, 
corresponding  to  the  depth;  or,  in  other  words,  for  n  =  0.030, 
all  channels  with  fall  less  than  about  1.5  ft.  per  mile  are  cer- 
tain to  silt  somewhat.  Hence,  for  such  cases,  the  only  thing 
to  do  is  to  so  proportion  the  channels  that  the  liability  to  silt 
will  be  reduced  to  a  minimum.  It  can  be  mathematically 
shown  that  for  a  rectangular  channel  and  a  given  discharge 
The  cross  section  that  gives  the  least  value  to  the  expression 
bd"'"'  will  have  the  least  tendency  to  silt,  and  therefore  this 
is  the  relation  that  should  exist  between  the  value  of  b  and  d 
for  such  cases.  In  general,  this  will  give  a  comparatively 
small  depth,  but,  in  the  case  of  large  channels,  it  will  not  be 
less  than  is  quite  usual  in  design.  For  n^  0.0225,  the  limit- 
ing slope  is  about  0.75  ft.  per  mile." 

While  it  may  not  always  be  feasible  to  apply  these  princi- 
ples in  practice  on  account  of  prohibitive  cost,  they  certainly 
deserve  most  careful  study  in  any  economical  drainage  design. 
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Comparative  Costs  of  Street  Cleaning  Ash 
and  Garbage  Collection  and  Disposal 

In  a  report  submitted  last  July  to  the  City  Council  of  Phil- 
adelphia, by  a  committee  ot  engineers  ot  that  city,  consisting 
of  E.  B.  Morden,  Chief  of  the  Bureau  ot  Street  Cleaning; 
James  W.  Follin,  Engineer  of  the  Bureau  of  Municipal  Re- 
search; and  J.  H.  Nelson,  Principal  Assistant  Engineer  o£ 
the  Bureau  of  Highways,  a  chart  was  presented  summariz- 
ing the  street  cleaning  and  ash  garbage  collection  work 
in  various  cities  visited  by  the  committee.  Table  I  is  taken 
from  the  chart. 


TABLE   I.— COMPARISON    OF   MUNICIPAL.   STATISTICS    OF   16  CITIES. 


,      Pop. 
Nirw    York,    N.    Y.  ..1.038,000 

Chicago.   lit 2.701,000 

Piiilrirltlphia,     Pa.  .1,823,000 

Lirtroli.  Mich 994,000 

St.    Louis,    Mo 773.000 

Baltimore,  Md 734.000 

Toronto.   Can 550.000 

intlsburgh.    Pa.     ..     288,000 

Buffulo,   N.  Y 505,000 

\\asliinRton,   D.   C.    437.000 

Niv;irk.    N.    J 430.000 

Kotlustor,   N.    Y...     290.000 

Coluiu'iis.    0 237.000 

VVorrester.  Mpss..  180,000 
N.  Eedforti,  Mass.  120,000 
Trenton,    N.    J  . . . .    119,000 


Area  in 

sq. miles. 

140 

200 

129 

90 

61 

31 

41 
42 
62 
24 
25 
23 
38 
£0 
9 


Pop.     Miles  of 
per  A.  pvd.  Sts. 


562 
211 
220 
172 
19S 
370 

224 
189 
116 
284 
181 
160 
14 
94 
200 


1700 
2112 
1360 
450 
688 
422 
349 
642 
430 
520 

32i 
328 

28 
137 

70 


, St. cleaning 

Cost  per 
Cost  per  Mile  of 
capita.      paved  Sts.  capita. 


Ash  &  rubbish 

collection    & 

—  disposal  -^ — , 

Cost  per       Cost  per 


ton. 


Garbage    col- 
lection  &   dis- 

, posal  , 

Cost  per    Cost  per 


capita. 


$1-68 

"  0.99 

i!69 
0.97 
0.73 
0.86 

0.64 
0.77 

0.54 


$2,134 

'i'.iio 


$0.87 


$2.59 


1,580 

1.053 

868 

721 

"'555 
550 


1.20 
0.48 


6.50 


2.82 


$0.42 
0.6O 
0.10 


ton. 


$8.04' 
5.04 
2.02 


0.31 
0.36 
0.12 


902 


4.60 


4.81 
4.60 
2.20 

■6.27» 


'On  basis  of  Hii.OOO  tons  actually  collcfcted  by  contractor,  of  which  about  70,000  tons  goes  to  reduction  plant. 
150.000  tons  sbnuld  he  produced  and  probably  is,  but  54.000  tons  are  collecud  by  i.rivate  pig  feeders.  -1918  figures, 
rial — ashes,  rubbish  and  garbage. 
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Activities  —  St. 
cleaning,  ash   & 
rubbish  &  garb- 
age  collection  & 
—   disposal   — V 
Cost  per      Cost  per 
capita.       sq.  mile. 
$2.62  $44,nnn 

1.99  26,400 

2.88  40.700 

2.32  25,600 

1.10«  4,300» 

"2.90  '.'.'.'.'.'. 

2.43  .•!2.500 

1.96  23.600 

2.22  IRMO 

2.10  37.500 

2.32  27.000 

1.60  16,400 

"l33  ii'Mo 

26.000    tons    to    pigs. 
'Includes  all  mate- 
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Compression  and  Seepage  Tests  on 

Core  Material  for  Hydraulic 

Fill  Dams* 

By  J.  ALBERT  HOLMES.     , 

Many  investigations  have  been  made  to  determine  tlie  law 
followed  by  water  in  passing  through  a  porous  material.  The 
earliest  attempt  was  that  of  Darcy.t  whose  conclusion  was 
that  the  rate  of  flow  is  directly  proportional  to  the  pressure. 
or  head,  and  inversely  proportional  to  the  thickness  of  the 
material.  That  is,  to  double  the  head  and  keep  the  depth  or 
thickness  of  the  material  the  same,  would  double  the  flow, 
and  to  double  the  depth  or  thickness  of  the  material  and 
keep  the  head  the  same,  would  result  in  one-half  the  flow. 
This  is  known  as  Darcy's  law.  He  also  found  that  the  flow 
\aried  with  the  diameter  of  the  soil  grains.  The  flow  also 
varies  with  the  porosity,  which  is  not  dependent  on  the  diam- 
eter of  the  soil  grains,  but  changes  with  the  degree  of  com- 
pactness of  the  material. t  Another  important  factor  is  the 
temperature — viscosity — of  the  water  as  it  passes  through  the 
material. 

That  the  rate  of  flow  is  not  exactly  proportional  to  the 
pressure — or  head — but  increases  slightly  with  the  head,  re- 
sulting in  a  curve  rather  than  a  straight  line,  has  been  shown 
by  King  and  others  In  a  long  series  of  laboratory  experi- 
ments.** This,  however,  is  a  refinement  not  warranted  in 
ordinary  engineering  practice. 

The  investigation  of  this  subject  by  Mr,  Hozen  and  his  re- 
ports§  thereon  antedate  those  of  Messrs.  King  and  Slichter, 
and  have  become  classic  with  American  engineers.  As  a  re- 
sult of  his  experiments,  Mr.  Hazen  found  that  the  finer  10  per 
cent  of  a  material  has  as  much  effect  on  seepage  rate  as  the 
coarser  90  per  cent,  or,  to  state  it  in  another  manner,  the  ma- 
terial would  have  the  same  seepage  rate  it  has,  if  the  grains 
were  all  the  same  size  as  those  dividing  the  10  per  cent  from 
the  90  per  cent.  This  size,  than  which  one-tenth  Is  finer  and 
nine-tenths  coarser,  he  calls  the  "effective  size." 

Another  matter  which  he  found  to  be  important  is  the  de- 
gree of  uniformity  in  the  sizes  of  the  grains  of  a  material, 
whether  the  grains  are  all  of  one  size  or  of  various  sizes. 
This  relation  he  expresses  as  a  ratio  between  the  size  which 
has  60  per  cent  finer  than  itself  and  that  which  has  10  per 
cent  finer  than  itself.  This  ratio  he  calls  the  "uniformity  cO' 
efficient"  and  states  that  the  data  only  justify  the  application 
Of  his  formula  to  material  having  a  uniformity  coefficient  be- 
low 5  and  an  effective  size  of  grain  of  from  0.10  to  .3.00  mm. 

Although  it  may  not  be  assumed  that  Mr.  Hazen's  formula 
is  applicable  to  flows  through  the  extremely  fine  materials 
used  in  earth  dam  cores,  yet  the  mechanical  determinations 
of  effective  size  and  coefficient  of  uniformity  may  be  utilized 
as  an  index  to  the  suitability  of  materials. 

As  the  coefficient  approaches  unity,  a  material  of  uniform- 
ly sized  grains  and  higher  percentage  of  voids  is  indicated; 
as  it  departs  from  unity  a  more  dense  material,  having  vari- 
ously sized  grains,  is  indicated. 

For  filters  and  filtration,  a  sand  having  a  low  uniformity 
coefficient  and  a  high  percentage  of  voids  is  required,  while 
for  concrete  and  the  core  of  an  earth  dam,  a  dense  material 
is  sought. 

For  an  earth  dam  core  such  a  material  is  indicated  by  a 
low  effective  size  and  high  uniformity  coefficient,  but  what 
is  still  more  important  to  secure  imperviousness  is  the  degree 
of  compactness  attained  in  the  core  itself.  Even  though  a 
material  is  dense  and  fine.  It  is  not  impervious  when  first 
placed  in  the  core.  Until  an  over-burden  has  acted  to  com- 
press a  zone,  the  quantity  of  water  that  can  pass  through  that 
zone  is  great,  but  as  soon  as  pressure  is  applied  the  resulting 
compactness  is  rapid,  amounting  to  20  per  cent  under  a  pres- 
sure of  only  1  ton  per  square  foot  and  the  reduction  in  seep- 
age remarkable,  being  more  than  90  per  cent. 

The  methods  followed  and  the  formulas  derived  from  the 


•From  a  paper  "Some  Investigations  and  Studies  in  Hydraulic- 
Pill  Dam  Construction,"  presented  Dec.  1  before  the  American 
E^ociety  of  Civil  Engineers. 

■i"Les  Fontaines  de  la  Ville  de  Dijon,"  par  Henri  Darcy,  Paris, 
1S36. 

'♦This  is  demonstrated  theoretically  T>v  Slichter.  19th  Annual 
Report  of  the  U.  S.  Geolog-ical  Survey,  Part  11.  1899.  See  also. 
■^"ater-Supply  and  Irrigation  Papers  No.  67,  T'.  S.  Geological  Sur- 
vey. 1902. 

tl9th  Annual  Report  of  the  U.  S.  Geological  Survey,  Part  11.  1S99. 

§"Some  Physical  Properties  of  Sands  and  Gravels,  with  Special 
Reference  to  Their  Use  in  Filtration,"  hv  Allen  Hazen,  Report, 
Massachusetts  State  Board  of  Health,  1S92,  p.  ,541. 


experiments  mentioned  will  not  be  discussed  here,  these  data 
are  readily  accessible  and  well  known  to  engineers.  There  is 
no  difficulty  in  applying  these  methods,  but  there  is  difficulty 
in  eliminating  all  the  disturbing  factors  encountered  in  a 
series  of  experiments  and  a  feeling,  when  one  is  done,  that 
practice  has  not  followed  theory  as  closely  as  one  could  wish. 

Investigations  for  Earth  Dams  of  Southern  Power  Co. — 
Compression  and  seepage  experiments  were  made  on  sam- 
ples of  core  material  collected  from  two  of  the  dams.  These 
particular  experiments  were  made  to  determine  the  effect  of 
pressure  of  over-burden  on  the  seepage  rate  through  the  ma- 
terial. 

At  the  Paddy  Creek  Dam  of  the  442  samples  taken  and 
screened,  266,  or  those  containing  more  than  35  per  cent  pass- 
ing the  100-mesh  sieve,  were  put  together  for  making  the  ex- 
periment. The  266  samples  were  taken  from  the  core  on 
twelve  cross-sections,  five  of  them  throughout  the  height  of 


Water  Suppltj 


Gage  Glass 


Confer  line 
of  Sage  Cock- 


Outlet 


Test  Tank. 


'^t>.i'.''/n'///'/////m 


the  sections,  from  bottom  to  top  of  dam,  and  were  repre- 
sentative of  the  entire  core. 

The  tank  in  which  the  test  was  made  consisted  of  a  section 
of  8-in.  wrought-iron  pipe  about  4  ft.  8  in.  long.  A  blank 
flange,  with  gasket,  was  bolted  to  a  flange  screwed  to  one 
end  of  the  pipe;  this  formed  the  bottom  of  the  tank,  the  top 
being  open.  A  %-in.  outlet  pipe  connected  at  the  center  of 
the  blank  flange  led  out  and  up  about  6  in.  above  the  inside 
botfom  of  the  tank  and  had  a  short,  horizontal,  discharge 
section.  At  a  point  12  in.  below  the  top  and  directly  over  the 
outlet,  was  a  gauge-cock,  the  glass  tube  of  which  extended 
above  the  top  of  the  tank.  The  vertical  distance  between  the 
invert  of  the  outlet  pipe  and  the  water  surface  in  the  gauge- 
glass  was  the  head  under  which  the  flow  took  place  and  was 
measured  here.  A  mark  on  the  glass  indicated  the  point  at 
which  the  water  surface  should  remain  and  a  glance  at  this 
showed  whether  or  not  the  head  was  being  maintained.  The 
tank  connections  were  tested  and  found  to  be  perfectly  tight. 
On  the  bottom  of  the  tank,  covering  the  outlet,  was  a  sheet 
of  No.  40  brass-wire  cloth  and  on  this  was  placed  5  in.  of 
gravel  and  sand  flltering  material,  graded  from  1-in.  stones 
at  the  bottom  to  sand  passing  a  No.  ;!0  sieve,  at  the  top. 

The  gravel  was  washed  and  the  sand  was  screened  and 
washed  and  screened  a  second  lime,  and  the  varying  sizes 
were  placed  in  layers. 

The  top  of  the  filtering  material  was  %  in.  lower  than  the 
invert  of  the  short  horizontal  section  of  outlet  pipe,  and  this 
formed  a  water  seal  to  a  point  %  in.  above  the  filter  and  ex- 
cluded air  from  the  open  material  of  the  filter.     To  maintain 
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a  uniform  head  a  supply  reservoir  was  placed  above  the  tank.  once  in  24  hours.     The  measurement  was  made  at  9  p.   m. 

The  "reservoir"   was  a   1-gal.   glass   bottle,   inverted   and   ad-  and  the   temjierature  of  lank   water  taken   at  9   a.    m.    and 

justed  at  the  desired  elevation  by  means  of  a  wooden  frame.  9  p.  m. 

Passinf?  through  the  cork  in  the  bottle  were  two  small  glass  Whenever  increased  pressure  was  applied  to  the  material 

tubes,  one  extending  through  the  cork  from  the  inside   end  in    the    tank   an    immediate    settlement      took     place,   which 

and    down    into    the    water   of   the    tank,    the    other    passing  amounted    to   a   greater   part   of   the    settlement   induced   by 

througli  the  cork  from  the  outer  or  lower  end  and  extending  pressure.     That  is,  most  of  the  settlement  took  place  quickly 

into  the  bottle.  under  each  increased  load  and  then  slowly  for  the  remainder 

When  the  w-ater  surface  in  the  tank  had  fallen  slightly  be-  of  the  period.     In  the  dam  the  load  is  applied  gradually  and 

low  the  cork  and  end  of  the  higher  tube,  air  was  admitted  to  the  core  settlement  is   more  uniform.     In  applying  the  load 

the   tube   and   passed    into   the   bottle,   displacing   the   water,  of  3,40(1  lb.  per  square  foot,  this  intial  movement  was  quite 

which,  at  first,  flowed  down  the  lower  tube  and  then  down  marked. 

both  tubes,  until  another  movement  of  air  took  place.     This  Pressure    and    Seepage. — Pressure    was    maintained    under 

was  repeated  until  the  head  was  restored.     A  very  slight  drop  each   load   until  no  further  movement  of  the   lever  could  be 

in  head  would  start  the  flow  from  the  reservoir.  detected.     Measurements   were   taken   at   the   beginning  and 

To  prevent  evaporation  a  small  neck,  small  diameter,  1-gal.  end   of   each   flow   period   to   determine   whether   or   not   the 

bottle  was  used  to  catch  the  seepage  water.     This  bottle  was  material   in   Ihe  tank  had   risen  after  pressure  had   been  re- 

"weighted  in"  on  an  accurate  scale,  and  the  pound  points  were  moved  and  during  the  How  period.     No  rise  of  material  oc-  . 

marked  on  a  strip  of  paper  pasted  to  the  bottle.     The  pound  curred  during  any  of  the   flow  periods.     The   pressure  data 

intervals  were  divided  into  tenths,  thus  permitting  accurate  obtained    are   given   in   Table   I,   the   pressures   given   -luring 

readings  of  weight  and  volume  of  flow.  settlement  and   flow  periods  being  those  due  to   the  c  ilumn 

The  temperature  of  the  tank  water  was  taken  by  a  ther-  of  water  above  the  .sample, 
mometer  placed   in   the  tank  and   resting  on  the  sample  sur-  TABI-E  I.                                  Percent- 
face.     The   thermometer   was   removed   from   the   water  only  Pressure     Depth  of                            age  of 
long  enough  to  make  a  reading,   that  is,  it  was  kept  almost  ^aZyf.        Period.             pe^Tn.     "Jn'f?i?.''     scurement  'Sf""s"  n.' 

continuously  in  the  water  and  directly  on  the  surface  of  the  s    Settlen.ent  150  1,791  

material  being  tested.     To  induce  settlement  of  the  sample  in  .;q    Se°Ueir,ent   !!.!!!!    leo              i'mo              b  isi              ii 

the  tank  a  piston  and  weighted  levers  were  used.     The  head  5    Plow  120  i.640  o!l51  ll 

of  the  piston  had  a  diameter  of .  %  i"-  less  than  that  of  the  J    Flov?"."^.^. . ! ! ! ! 170  llos  o'lll  is 

tank,  and  to  this  head  was  attached  a  sheet  of  cardboard,  %  12    Pressure   !!!!!!.  !!!l,5.')0              i!476              o!3l5              20 

in.  thick  and  of  diameter  slightly  less  than  the  tank.     Care  '^    r>re?«ure' 3  40n  iln  olso  23 

was  taken  to  keep  the  piston  rod  vertical  when  in  use  and  to  12    Flow   ..............    ITO              1.411              oisso              23 

see  that  the  head  did  not  jam.     In  calculating  the  pressures.  Using   the   average  flows   under   the   varying  presaures   id 

the  weight  of  water  above  the  piston  head  and  of  the  piston  the  different  periods,  the  maximum  rate  or  quantity  of  water 

itself  was  added   to  that  induced   by  the  lever  and   weights.  that  will  filter  through  the  material  with  a  loss  of  head  equal 

The  material  to  be  tested  was  placed  in  the  tank  in  the  fol-  to  the   depth   of  the   sample,   given  in  gallons    per    acre,   is 

lowing  manner:     The  outlet  pipe  was  extended   about   5  in.  shown  in  Table  II.     The  quantities  have  been  reduced  to  a 

above  the  top  of  the  filtering  material  and  water  was  intro-  uniform  temperature  of  50°  F. 

duced  into  the  tank  and  upward  through  the  filter  to  a  point  TABLE  n 

5  in.  above  it.     The  tank  was  then  filled  to  within  1  ft.  of  the  .Hmj                                 .m£             .Hme                d"    k 

top  by  lowering  water  in  a  small  bucket  and  tipping  it  out.  3^=""               «    .,j           3.a'g  .          'sSg               l«iS 

A  part  of  the  fine  core  material  to  be  tested  was  then  placed  "'r.'i        cS^'^            S>  J          Bt,  :'§          es;  -'               '  °'T, 

in  a  bucket  of  water  in  the  proportion  of  about  1  part  to  3  ti^-^        ^-t,    ^            OrfC           i^'"-'^          6^"" a.            Sgs- 

parts  of  water,   thoroughly   mixed,   and   added   to   the  water  g'S  £        ^u«-'  .         s^Z           rt&S'c           'Sats.             2^=- 

already    in   the    tank.     This    was    repeated    three    times,   the  S§2        S^^fl         g-rl           ^c^'s          ^a'^Z            I'^i 

water  for   the   second   and    third    mixings   being   taken   from  £ai'       mS.o%^        OSo          i»,2o3          mSio^            li.S « 

the    tanl:    inri    returned    to    it  1^"              ""21              1.770              1.5892              0.6778              220.800 

me    tank    ano    letuinea    to    it.  j(;(>             0.5138             1.619             1.4272             0.5568             181,400 

The  mixings  extended  over  two  days,  the  material  settling  76o           0.1210            1.484            0.3361            0.1202             39,200 

during  the   intervals,   the   object   being   to   simulate   sluicing  \^^l           lf{^           \-^l           «;213«            007|9             24.100 

into  the  pool  of  the  dam.     After  the  test  had  been  completed  '          . 

and  the  core  material  taken  from  the  tank,  it  was  found  that  Experiment  at  Linnvll  e  Dam  of  Southern  Power  Co.-An 
the  coarser  parts  had  separated  somewhat  from  the  finer  in  experiment  similar  to  that  described  for  the  Paddy  Creek 
the  process  of  placing.  It  was  estimated  that  the  depth  in  ^^"^  ^^;?s  ?  'V  ''""^  material  from  the  Linville 
the  tank  of  the  sample  dry  was  1.84  ft.,  and  the  percentages  D^™;  «'  the  5/7  samples  taken  on  five  cross-sections,  from 
of  settlement  under  pressure  are  based  on  this  depth.  The  ^^^  ''^"o"  °^  the  dam  up  to  10  ft.  below  the  flow  line,  370 
cross-sectional  area  of  the  tank  was  0.3G  sq.  ft.  ^:^J'^'Tf  "'°'^  ^^^^  ^^  P*''  ^^i^t  P^s^'^S  ^\  100-mesh  sieve. 
The  tank  was  first  allowed  to  stand  9  days  with  the  out-  ^^^  o70  core  samples  were  combined  to  make  the  test  sam- 
let closed  and  the  tank  filled  to  the  top  with  water.  At  the  ^  „,  ,  ,  .  ,  .  ,  , 
end  of  this  period  the  first  measurement  of  depth  of  ma-  ^he  same  tank  was  used  in  this  experiinent  as  for  the 
terial  was  made,  using  a  wooden  rod  to  the  end  of  which  t^^ts  on  the  Paddy  Creek  Dam  material.  After  placing  the 
was  attached  a  sheet  of  thin  metal  of  slightly  less  diameter  ""^r  gravel  in  the  bottom  of  the  tank,  water  was  introduced 
than  the  inside  of  the  tank,  thus  covering  the  whole  surface  through  the  outlet  pipe  and  upward  through  the  filter  to  a 
of  the  material  without  sinking  into  it.     Following  this,  the  ^^pth  of  about  1  in.  above  the  gravel. 

plug  was  removed  from  the  outlet,  and  the  flow  was  meas-  Following  this,  the  core  material  was  put  in  the  tank  dry 

ured  for  7  days  by  the  drop  in  the  tank.     The  outlet   was  t°  ^^"''J  t^^e  separation  that  occurred  when  the  Paddy  Creek 

again  plugged  and  allowed  to  remain  so  for  20  days,  at  the  material  was  placed  wet,  and  the   sample  was  not  rammed 

end  of  which  time  it  was  found  that  the  sample  had  settled  '"  ""=  t^"!^-    "  had  a  depth  of  2.75  ft.  m  this  loose  condition. 

0.15]  ft.    The  plug  was  then  removed  and  the  flow  was  meas-  Through  an  extension  of  the  outlet  pipe,  water  was  again 

ured  for  5  days.    Up  to  this  point  in  the  exneriment  no  pres-  introduced    into    the    tank    and    passed    upward    through   the 

sure  other  than  that  due  to  the  water  had  been  applied  to  loose  core  material  in  a  very  short  time,  about  25  minutes, 

the  material  in  the  tank.  Pressure  was  applied  to  the  sample  at  once    and  the  settle- 

The  seepage  rate  was  high,  amounting  in  24  hours  to  sev-  ment    and   flow   periods,   as   in   the   first    part   of   the    Paddy 

eral  times  the  capacity  of  the  supply  reservoir.     This  flow  Creek  dam  experiment,  were  omitted.    Under  a  pressure  of 

was  collected   in  an  open   bucket   and  returned   to  the  tank  '^10  lb.  per  square  foot,  this  material  settled  17  per  cent;  the 

and  in  this  way  the  evaporation  was  determined  and  added  to  Paddy  Creek  Dam  material  settled  18  per  cent  under  a  pres- 

the  measured  drop  to  obtain  the  correct  flow.    Measurements  S"re   of    760   lb.    per   square    foot.     The    settlement    data    in 

were  made  at  9  a.  m.  and  9  p.  m.,  to  obtain  both   the  day  Table  III   show  a  close   agreement   with  the   data  given  for 

and  night  flow  and  temperatures  of  tank  water  taken  at  the  Paddy  Creek  Dam,  in  Table  I. 

same  time.     Pressure  was  now  applied  to  the  sample  by  the  _                     table  ill.                              „„„»„„„  „f 

,                   ,         .   ,.i      »t      .c   \.   1      J                 1-1                 i  Pressure,  in        neptli  of                             Percentage  of 

piston,  lever,  and  weights,  the  first  load   so  applied  amount-  j^-^  ^j          ponnds  per        m.iterial            Total           settlement 

ing  to  760  lbs.  per  square  foot.     Following  each  flow  period.  '.laxs.          square  foot.         in  feet.        settlement.        of  2  75  ft. 

11  710!*  281  0  469  17 

the  load  was  doubled.     During  the  fifth  or  last  flow  period  \\                  .,^;^J,                2240               o!5lo                  19 

the  seepage  had  become  so  small  that  it  was  measured  only  11                 3.360               2.125              0.625                 23 
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Greater  resistance  to  seepage  is  encountered  by  the  water  necessary,  and  thermometers  should  be  introduced  into  the 

at  the  surface  of  the  sample  than  lower  down,  and  to  remove  core  material  through  holes  drilled  in  the  sides  of  the  tank 

or  reduce   this   resistance,    the   surface    of   the    sample   was  and  fitted  with  stuffing  boxes. 

scratched.     This  was  done  with  a  knife  and  to  a  depth  of  Table   V   shows   how   the   record,  made   irregular  by   tem- 

about  1  in.   The  scratching  caused  a  slight  increase  in  depth  perature  changes  (Columns  2  and  3)   is  smoothed  out  by  ap- 

ot  the  sample   and   a   considerable   increase   in   the   seepage  plying  the  corrections  (Column  4). 

rate.     To  show   the   effect   of  the   scratching,   the   quantities  TABLE  V 

were  measured  both  before  and  after  scratching  the  surface.  Cubic  feet  per 

and  the  results  were  not  uniform,  as  may  be  noted  in  Table  ^2fhourf  on^'"  "^Tf^L'nL"'"^     ^36^":  ?t", 

IV    In  this  table  the  rates  have  also  been  reduced  to  a  uni-  0.36  sq.  ft.,         water,  in        with  4.i5-ft. 

»■           t„mnor!itiirp   nf   '\(\°    V  with  4.15-ft.          degrees,         hea/1, reduced 

torm  teraperatuie  or  t)i)     v.  Date,  1919.                     head.            Fahrenheit,      to  .W  Fahr. 

TABLE  IV.  (1)                                   (2)                         (3)                         f4) 

„  .   .  u  .  -  u   .  r;  .      .  July  30,  day      0.12S  85  0.O81 

-£*.:                    ,       .             sk5                ~k£                  Stii  July  30-31.  night    ......            0  117                        77                        0.081 

^a-  k     %  3£&«  3£i  SS'C  July  31,  day   0.12S  84  0  082 

c^-          "-^tfd                H*£             'iZ-^             "^-                     ^  July  31-Aug.  1,  night...            0.119                        79                       0.080 

-Jo         .CnwV  ^o_  .SS*3<i'  B^-^   .  c>»'^'  Aug.  1    day 0  128  83  0  083 

afoS  aJu^S  0-2-S  <;u'".'^  <ut-"^a  §  §  >r  Aug.  1-2.  night    0.119  -Jg  0  080 

-,2«  SSS^  ^"^  ^g^^  SSS=  B~l  Aug.  2,  day  0.130  83  0.084 

icS  §.^'■'6  S-g-S  g°-^'t  ^^■"'■S  |g,  Aug.  2-3,  night    0119  75  0.084 

£§3  SS     =d  »a5  g'S^'S  S-S^'w  at  Aug.  3,  day   0  123  78  0  084 

710  0.1514  2.260  0.4205  0.2290  74.600  ^"^T.  4.  day         0.1.32  84  0  084 

710  •0.1699  2.281  0.4719  0.2594  t84,500  Aug.  4-5.  night    0  122  ^4  0.087 

1.170  0.1191  2.219  0.3308  0.1769  57,600  a"^-  i  J^'^''.  V; .'  ^-UI  ?S  Hlo 

1470  ♦0.1474  2.229  0.4094  0.2199  tV1.6O0  Aug.  5-6.  night    0  128  77  0  088 

3.360  0.0835  2.104  0.2319  0.1176  38.300  ,  —  „  „.,^ 

3,300  »0.1072  2.110  0.2978  0.1514  §49,300  Average    ..  0.835 

,              ^  ,^.            J,          „           ,  The  experiment  on  Paddy  Creek  Dam  material  was  made 

'.\fter  scratching  surface  of  sample.  ,.         „      .        .           ^^v^k,            t              jt.,            ..          -f^-.^ 

ti3%  increase.  durin,g  September,   October,   November  and   December,   1918. 

t24%  increase.  and  that  from  Linville  Dam  during  June,  July,  and  August, 

*"■  1919.      In    the    first    experiment,    the     average     temperature 

The  second  or  higher  rate  obtained  in  each  of  these  test  j-anged  from  60°  to  66°  F.,  and  there  was  a  gradual  decrease 

periods  has  been  plotted  on  logarithmic  paper  and  the  result-  ;„   jj^g  volume  of  seepage   during  each   flow  period.     In   the 

ing  curve  extended   to  greater  pressures.  second  experiment,  the  temperatures  were  much  higher,  and 

If  the   pressure   exerted   by   the   overlying   material   at   va-  jj^g^e  was  an  increase  in  volume  of  seepage  during  each  flow 

rious  depths  in  the  dam  were  known,  the  corresponding  seep-  period.     The  apparatus  was  housed.     This  experiment  might 

age  rate  could  be  taken  from  the  curve  and  the  seepage  de-  .^^.pi]   j^g   extended   in   a   laboratory   where   apparatus    for   ap- 

termined  for  that  particular  depth  and  therefore  for  the  full  piyjng  greater  pressures  is  available. 

height  of  the  dam.  The  Goldbeck  pressure  cells  now  in-  Permeability  of  Clay.— Some  interesting  experiments  have 
stalled  in  the  Miami  Dams  are  giving  the  information  for  ^^^^  n-iade  by  W.  Spring  on  the  permeability  of  clay.* 
those  dams.  Other  valuable  information  needed  is  the  rj,^  determine  whether  or  not  clay  would  give  up  its  moist- 
weight  per  cubic  foot  and  the  percentage  of  contained  water  ^^g  y^der  pressure  and  in  the  presence  of  water,  a  mass  con- 
at  various  depths  in  the  core.  These  will  also  be  obtained  taining  33.66  per  cent  moisture  was  placed  in  a  porous  jar— 
at  the  Miami  Dams  by  borings  in  the  cores  and  from  test  battery  cell— the  cell  surrounded  by  water,  and  the  clay  sub- 
wells  in  the  masonry  structures.  jected  to  a  pressure  of  about  3  tons  per  square  foot  for  3 
To  estimate  the  total  seepage  through  the  Linville  Dam.  ^jjyg  ^jjig  reduced  the  moisture  content  to  26.86  per  cent, 
without  knowing  the  weight  of  the  material  in  the  core  or  ^j.  oq  33  pgr  cent  of  the  original  quantity  of  water  present, 
the  depth  at  which  a  particular  pressure  takes  place,  the  ^  number  of  trials,  using  pastes  containing  varied  quan- 
rate  derived  from  the  test  under  the  highest  pressure  ap-  titles  up  to  70  per  cent  of  water  and  subjecting  each  to  the 
plied — 3,360  lb.  per  square  foot — was  used  for  the  entire  game  pressure,  or  3  tons  per  square  foot,  resulted  in  reduc- 
height  of  the  dam;  this  gives  excess  seepage  for  the  lower  j„g  gg^jj  sgi^pie  to  about  the  same  degree  of  hardness  and 
portions.  With  water  standing  for  a  considerable  time  at  ^jjg  gai^g  moisture  content,  namely,  about  27  per  cent, 
full  reservoir,  the  seepage  was  estimated  to  amount  to  21  Doubling  the  pressure,  or  increasing  it  to  6  tons  per  square 
gal.  per  minute,  or  0.047  second  foot.  This  is  considering  j^ot,  further  reduced  the  moisture  to  23  per  cent.  Not  much 
only  that  portion  of  the  dam  containing  more  than  35  per  pressure  is  necessary  to  cause  clay  to  give  up  its  water,  and 
cent  passing  a  100-mesh  sieve  or  more  than  35  per  cent  fine.  ^  greater  pressure  makes  a  quicker  expulsion. 

Similarly,  for  Paddy  Creek  Dam  the  seepage  was  estimated  Another   question    investigated    was:      Is   a   clay   which    is 

to  amount  to  about  10  gal.  per  minute.    This,  however,  was  at  mechanically   prevented    from   expanding   still   permeable   by 

a  higher  temperature  and  without  having  scratched  the  sur-  water? 

face  of  the  sample  in  the  test  tank.  Reducing  the  tempera-  tq  test  this  two  porous  earthen  battery  cells  were  filled 
ture  to  50°  F.  would  lower  this  estimate  and  scratching  the  ^,{^^]-^  day  The  clay  was  dried,  pulverized,  sifted,  and  care- 
surface  of  the  sample  would  have  raised  it,  but  probably  to  juHy  tamped  into  the  cells.  Covers  were  bolted  to  the  cells 
an  amount  less  than  that  estimated  for  the  Linville  Dam,  if  and  through  the  cover  of  one  was  passed  an  open  metal  tube 
the  scratching  could   have   been   to   exactly   the   same  depth  j„  (vhich  expansion  might  take  place. 

and  of  the  same  amount.     The  scratching  introduces  a  very  Both  cells  were  placed   in   water,  keeping  the  tube  above 

disturbing  element  into  the  problem  in  that  it  cannot  be  done  the   surface.     The   imprisoned    clay   absorbed    only    3.37    per 

in  a  uniform  manner.  cent   of  moisture  and   became  very   hard,   while  that   in   the 

Careful  measurements  of  depth  of  material  were  made  at  opgn   ggn  was   soft  and   absorbed   12.09   per  cent,   or  nearly 

the  beginning  and  end  of  each  flow  period,  and  no  increase  (o„r  times  as  much. 

in  depth  occurred  during  any  period;  that  is,  there  was  no  other  experiments  were  made  with  still  greater  care.  Sam- 
swelling  of  the  material  after  pressure  had  been  remxived.  pig^  were  placed  in  sections  of  an  artery  and  imprisoned  in 
The  sample  was  found  to  contain  28.6  per  cent  of  moisture  porous  earthenware.  The  function  of  the  artery  was  to  pre- 
immediately  after  removal  from  the  tank.  It  was  very  com-  yg^t  solids,  colloids,  or  substances  dissolved  in  the  water 
pact  and   was   taken   out   with    difliculty,   and   there   was   no  f,.om  passing  into  the  sample. 

stratification.     This   was   the   condition   after   a   pressure   of  An   imprisoned   sample   of  clay  absorbefl   2.67   per  cent   of 

11  days  under   3,360   lb.   per   square    foot    and    a   continuous  water,  while  a  sample  enclosed   in  an  artery  only  absorbed 

flow  of  21  days.  15.65  per  cent,  or  six  times  as  much.     Loam  was  found  to 

Temperature— Viscosity.— Corrections      from      temperature  take  up  24  56  per  cent  when   firmly  enclosed  and   51.80   per 

of  tank  water,   tail-water,  or  water   in   the   gage-glasses  are  cent  when  free  to  expand.                                              ,  9  c,    ,>, 

all  unstAtisfactory  in  that  they  are  not  the  same  as  that  of  In  the  case  of  a  clay  having  a  specific  gravity  of     .b<!,  tlie 

the  water  as  it  passes  through  the  sample.    The  temperature  increase  in  volume  was  found   to  be  almost  proportional  to 

in  the  sample  changes  less  rapidly  than  does  the  water  in  (he  volume  of  water  added.     The  contraction  due  t"  absorp- 

the  positions   mentioned   previously.     The  notes   often   show  tion  of  water  amounts  to  less  than  2  parts  per  l.uuu  ot  tne 

a  greater  flow  for  a  low  night  temperature  than  for  a  higher  total   volume,   the   conclusion   being  that,   in   general,   a  wet 

day  temperature.     For  a  rising  temperature  the  correction  is  — ;^„i„„     w      "Quelqucs    Experiences    sur    la    Pcrmeabilite    de 

too  large   and   for  a  falling  one,  it   is  too   small.     To   obtain  Argile."   Societe   Geolog  que   dc  Bclgique,  Annales,  Tome   28,  pp. 

results   more   nearly    correct,    more    elaborate    apparatus    is  117-127  (1901). 
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clay  expands  In   proportion  to  the  quantity   of   water  It  ab-  formula,   Q  =  1.14  hV   as   against  the   experimental   formula, 

sorbs.     The  expansive  force  of  clay  in  contact  with  water  Is  Q  =  1.18  hV. 
estimated  to  be  less  than  2  kg.  per  sq.  cm.  The  real  point  to  emphasize  is  that  engineering  formulas 

deduced   from   theory  on   certain   assumptions   very   often  do 

___     •         T^                  1                        C'            I'-fJ     A  ""'  '^'^^   *''^   correct  conception   of  the   processes   to   which 
Weir      rOrmUlaS     on     binipllIieO  they  are  intended  to  apply,  even  though  experiment  seems  to 
A  GCiimrttirtnc  ^^^^  thoni  out.     Often  the  general  acceptance  of  such  formu- 
xYSSUmpilOIla  lag  leads  to  a  cessation  of  analytical  investigation,  and  con- 
By  MlI/rON  V.  STEIN.  sequently  of  true  scientific  progress. 
In    the    theoretic   derivation   of   the   formulas   for   the    flow 
of   water   over    weirs,    it   is   assumed   that   the    total   flow    is  A     €'2  00  OOO  OOft    Trri<5{ltinn    Pr^iiprt 
equivalent  to  the  sum  of  that  from  a  series  of  orifices  situated  ^    ^OKJK),yj\jyj,K}\J\J    iril^aUUll  ril^JCCl 
in  the  plane  of  the  weir  notch,  of  infinitesimal  height,  width  A  single  project  estimated  to  cost  $300,000,(j00  for  the  irri 
varying  with  the  shape  of  the  weir,  and  under  a  head  varying  gatioii  of  1,753,000  acres  of  land  in  the  Columbia  River  Baisin, 
from  the  depth  on  the  weir  to  zero  at  the  surface.     To  these  Washington,  is  proposed  in  the  recently  issued  report  of  the 
imaginary  orifices  a  coefficient  C  is  applied,  which  is  usually  Columbian  Baisin  Survey  Commission,  of  which  Marvin  Chase, 
taken  as  0.60,  this  being  the  coefficient  of  discharge  as  experi-  Washington    State   Highway    Engineer,   is   chairman.     I'nder 
mentally    determined    for   orifices    under   average   conditions.  the   plans  outlined   water   would   be   stored   in   one   state,  di- 
These  assumptions  form  a  convenient  fiction,  and   are  born  verted   from   its  natural  channel   in  a  second,   and  delivered 
out  by  experimental  results,  which  coincidence  has  caused  the  for  Irrigation  in  a  third.     From  the  point  of  storage  to  that 
resulting  formulas  to  pass  current  as  a  true  statement  of  the  of  use  the  irrigation  water  would  be  conveyed  over  200  miles 
conditions  of  flow  over  a  weir.  in  natural  channels  and  130  in  an  artificial  supply  main,  with 
It  Is  a  matter  of  common  observation  that  the  assumptions  branch  mains  aggregating  1,000  miles.     The  main  canal  wouhl 
just  mentioned  are  not  borne  out  by  the  facts.     The  head  in  have  a  capacity  of  20,000  second-feet,  eight  or  ten  times  that  of 
the  plane  of  the  weir  notch  is  not  the  theoretical  head,  but  the  largest  irrigation  canals  built  by  the  U.  S.  Reclamation 
considerably  less,  neither  is  the  velocity  at  the  surface  of  the  Service  to  date. 

water  zero    as   these  assumptions   would  require,  but  has   a  Water  control  would  begin  with  storage  in  Flathead  Lak.>. 

considerable  value,  and  finally  there  is  no  reason  for  assum-  Mont.     Thence  the  stored  water  would  course  the  Flathead 

ing  that  the  coeflicient  C  derived  for  orifices  under  compara-  River  and  the  Clark's  Fork  of  the  Columbia,  joining  with  run- 

tively  high  heads   should  apply  to  weirs  where  the  relation  of  off   entering  Pend   Oreille   Lake,   Idaho.     Below   the  latter  a 

head,  area,  and  wetted  perimeter  are  quite  different.  dam  at  Albany  Falls,  would  serve  to  provide  additional  stor- 

,     .,,,,.<.  1       ,1  „*■ „.-ii  i,„  .„„^„  .!,„»  age   in   the   Lake  and  to  divert  the  irrigation   flow   into  the 

In  the  foUowmg  formulas  the  assumption  will  be  made  that  .       ,     -  ..  ,.c   •  ,  ,  r^u-  u  u     •     .  i 

....         ...  ..      „   ,.,„ „f  i.  „  ,„„;,    „,  head  of  the  artificial  supply  main.     This  would  be  in  tunnel 

the  velocity  is  unilorm  over  the  entire  area  of  the  weir,  al-  .         ,....,  .  i,       ■»,,    t.t     >.     . 

.    .,      .     .  .1,   .  •.  -  .         »  .i,„  u  f*        »i,  „  „.  for  about  a   miles,  emerging  near  Penrith,  Wash.,  to  utili7.< 

though  the  facts  are  that  it  is  greater  at  the  bottom  than  at  .  c.     i  n-  ,-     j    .       lu 

,,  ,  ,  ...  ..  .„^,     „„  , the    Little    Spokane   River,   canalized   for   the    purpose,   as 

the  surface,  and  this  assumption  probably  errs  as  far  on  one        .  ,,^V'.x,  \--,  ,.t         -j^^..^ 

,.,.,,  ..  ,  A *!,„     *i T*  i„  channel  to  Cham  Lakes,  which  would  be  raised  by  the  Caiu 

side  of  the  truth  as  the  usual  one  does  on  the  other.     It  is  ,       ^  o     ,,  ,  ^  ^       ,       ..     „     ,  »..  j     ^ 

„     ,.  J       .      1  .1    .  -     41,     ,..„:  „  ,-,1 A  *i A „  f'en  Dam.     Southward  from  Camden  to  Spokane  the  aquedurt 

further  understood  that  in  the  weirs  considered  the  end  con-  , ,     ,.         ^     ,    ^  ,  ,        ,  ^  ,     .,.,.., 

,.  ,  would  alternate  between  open  channel  and  tunnel — the  Milan. 

tractions  are  suppressed.  ^         ^,,^j  .-,,  jt,,  ^T^-rr. 

Deep  Creek,  Deadman  Creek,  and  Pleasant  Prairie  Tunnels 

From  the  level  surface  some  distance  back  of  the  weir  to  ^he  open  channels  would  include  lakes  formed   by  dams  at 

the  surface  at  the  weir  there  is  a  drop,  due  to  the  velocity  head  ^^y.  Deep,  and  Deadman  Creeks.     The  Spokane  River  cross 

required  by  the  flow  over  the  weir,  and  this  will  be  designated  j^g  ^.^^^^  ^e  made  just  east  of  the  city.     Thence  an  open 

by  y.     Denoting  the  area  of  the  weir  notch  measured  up  to  channel  and  the  Manito  Tunnel   would  deliver  the  water  t.. 

the  water  surface  as   usually   taken  by   A,   and   the  breadth  j^atah   Creek,  where  another  dam  would  be  required.     From 

of  the  notch  by  b|  then  ^  Latah  Creek  Lake  the  flow  would  enter  Bonnie  Lake  Tunnel, 

^  .  *3  the  longest  of  the  system,   between  15   and   16   miles.     This 

Velocity  =  V_ and   velocity    head=y= would  deliver  to  Rock  Creek,  and  a  dam  at  the  outlet  of  Rock 

•*•      °^  2g(A      by)-  Lake   would   form  an   enlarged   basin  from   which   the  water 

solving  tor  Q,      would   be  carried  mainly  in  open  channel  to  the  end  of  the 

Discharge  =  \/2g  (b'y'-2Aby=  +  A=y)V'  supply  main  at  Hillcrest,  about  10  miles  southeast  of  Ritzville. 
By  the  principal  of  conservation  of  energy  this  discharge,  Q,  In  addition  to  those  named  above,  smaller  dams  are  pro- 
will  be  the  maximum  that  can  occur  under  existing  conditions,  posed  at  several  points  on  the  main  canal  and  distributaries, 
or  the  derivative  of  Q  with  respect  to  y  must  be  zero.  Perform-  Six  of  these  are  proposed  to  care  for  overflow  from  wasteways 
ing  the  Indicated  steps  there  is  obtained  on  the  project  and  may  be  designed  to  provide  also  for  secon- 
A         A  dary  storage.    In  all.  20  dams  are  listed  in  the  report.    These 
y  =  —  or  —  at  Flathead  and  Pend  Oreille  Lakes  are  to  be  of  concrete,  the 
b        3b  others  of  earth  and  rock  fills.     The  structures  would  vary  in 
of  which  the  first  result  is  absurd  and  the  second  is  the  one  re-  length  fi  om   450  to  6.S00  feet,  in  height  from   2S   to  ISO  ft., 
quired.    Substituting  this  value  in  the  equation  for  Q,  gives  would  aggregate  over  25.000,000  yards. 

j"^  Thirteen  tunnels  are  proposed  on  the  distributaries,  making 

Q  =  3.08-\| (I)  21  in  all.    These  aggregate  about  80  miles  of  single  bore  and 

\  b  are  estimated  by  the  commission  to  cost  $119,000,000.     The 

This  equation  applies  to  any  weir  with  parallel  sides  regard-  tunnels  on  the  supply  main  would  be  twin  bores,  33  ft.  5  in. 

less  of  the  contour  of  the  bottom.    If  the  weir  be  of  the  usual  diameter,  except  the  Bonnie  Lake  Tunnel,  on  which  the  bores 

rectangular  form,  then  A  =  bh,  and  the  formula  becomes  would  be  31  ft.  4  in.     It  is  proposed  to  line  tunnels  and  canals 

Q  =  3.08  bh'/^  (II)  ^'itli  concrete. 

This    is    comparable     with     the     usual     theoretical     formula.  Other   construction    features   include   33    Inverted   siphons, 

Q  =  3.2  bhV-,   and   with   the   empirical   formula    of    Francis.  estimated  to  cost  $34,800,000;   19  railroad  underpasses,  and  a 

(^  =L  3.33  bh'/'.  larger  number  of  spillways,  wasteways,  and  other  miscellane- 

It  is  to  be  noted-  that  in  this  derivation,  contrary  to  the  ous  structures.    The  total  estimated  cost  for  the  Pend  Oreille 

customary  one.  no  experimental  constant  is  introduced,  and  maximum  development  is  summarized  as  follows: 

yet  the  formula  closely  approximates  the  results   of   experi-  Flathead  Reservoir %    2.090,933 

raents.    It  may  be  remarked  that  formula  I  is  the  same  as  the  AfbanyF.ills  hcadgatlTs  ...'..'..............'.'.'.'.'.'.'..'.'.!!!!        '440,841 

flow   in  a  frictionless   channel,  which  is  what  a  suppressed  Newport  Tunnel 18.394.^55 

weir  really  is.     That  it  gives  a  discharge  slightly  below  the  g-;^'  ^h'riP°i!akes" tS'  Hni?'eU" .'^.^'!": V—:.V:.V.\:V.    ssfsi'.fe? 

actual  is  probably  due  to  the  assumption  of  a  uniform  velocity  c.amrten  Dam  — 1.437.7S8 

througho'.it,   whereas  the  velocity  increases  somewhat  from  ]^m!in'^T^\iiine\"^ //////////////////.''////////////////......  -      sises.lio 

the  surface  downward.     By  a  comparison  of  the  discharge  as  Deep  Creek  Tunnel  '. '.'.  — '. .'..'.'.'.'. 3',856,S21 

computed  by  formulas  of  the  type  herein  derived  appropriate      peaIl.S"rcr?eirTurnclV.V.V.V  ■.■;.■..■.•.•.■.: ;::::::::::;:::::      5,396:817 

for  various  form  of  weirs  with  the  actual  discharge  of  such  Deadman  Creek  Dam 3!sn4.747 

weirs  the  laws  of  variation  of  velocity  could  be  ascertained.  Spoklfne  Rlfir  ^CrosEmg. '. '. ■.:::.■::;::::;::::•::■■:::"■:■■■■    ";267;539 

This   method   applied   to   a   60    degree   V   notch   gives   the      Manito  Tunnel ^.... ...'.'.'.'.'.'..'.'.'.'..".'.'. .'.'.'.'.'.".",'.".': !!    io!628!o80 

(46) 
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La  tah  Creek  Dam '. 

Bonnie  Lake  Tunnel   

Rock  Lake  Dam 

Wassun  Creek  inverted  siphon.. 

Dragoon  Lake   Dam 

McCall  Dam  and  Dike 

Patterson  Tunnel   

Cowy  Creok  invei-ted  siphon 

Hillcrest  inverted  siphon  and  gate.s 

Fences.  Alb.'iny  Falls  to  Hillcrest 

Telephone  lines.   Albany   Falls   to  Hillcrest 

Distribution.  North    Division    

Distribution,  Central    Division     .... 

Distribution,  South    Division    

Distribution    Lateral    "MI*'    

Distribution  system  below  100  second-feet  cai)ac?iiy 

Spill'A'ays   and    wasteways 

Lateral    headgates 

Kailroad  and  highway  changes  and  croxsin.srs 

OenernI  incidentals,  miscellaneous  items,  including  pa- 
trol  houses    

General  engineering,  administration  and  legal  expenses 
preceding  construction    

Administration,  legal  .and  general  expen'^o  during  con- 
struction      


2.4S7,75) 

46,081.166 

2.407,471 

782,588 

17,659 

401,402 

2.498,344 

2,460,286 

666,718 

106,200 

91.200 

*'57,461,163 

•23.160,325 

♦26,646,606 

ns.oso 

26.295,000 

3.027,345 

403,213 

4.084,648 


the  depth  of  flow,  which  fact  was  brought  out  also  by  the 
tests  conducted  at  the  Arlington  plant.  No  facilities  were 
available  for  conducting  tests  of  tile  under  pressure  at  Ar- 
lington, therefore  it  was  not  possible  to  determine  whether 
the  coefficient  of  roughness  for  tile  flowing  under  pressure 
would  be  greater  than  for  tile  flowing  just  full. 

In  order  to  compare  the  velocities  as  obtained  from  various 
formulas  for  a  given  size  of  tile  for  diffei-ent  grades,  two 
charts  have  been  compiled  for  8-in.  and  30-in.  tile,  respec- 
tively.    Velocity  curves   have  been   drawn   using  as   co-ordi- 

Slope  in  feet  per  /OOFeef 
.4       ^5         ^6 .7         .8         .9 


Total  cost  maximum  development 

•Doss   not    include    highway    changes,    which    are 
"Railroad  and   highway  changes  and   crossings." 


$300,475,678 

grouped    under 


Determination  of   Kutter's  Co 
efficient  for  30  in.  Concrete  Tile 


During  the  past  year  e.xperiments  have  been  made  on  a 
oO-in.  concrete  tile  for  the  purpose  of  determining  Kutter's 
11  and  comparing  it  with  data  secured  at  Arlington,  Va.,  on 
small  tile.  The  results  of  experiments  on  small  tile  are  con- 
tained in  Bulletin  854,  U.  S.  Department  of  Agriculture,  and 
were  reviewed  in  the  Oct.  13  issue  of  Engineering  and  Con- 
tracting. The  tests  on  the  30-in.  tile  were  made  by  C.  E. 
Ramser,  Senior  Drainage  Engineer,  Bureau  of  Public  Roads, 
in  Judicial  Drain  No.  15,  Murray  County,  Minnesota,  and 
ihe  results  are  given  in  a  paper  presented  last  month  by  D. 
L.  Yarnell,  Senior  Drainage  Engineer,  U.  S.  Bureau  of  Pub- 
lic Roads,  at  the  33rd  annual  meeting  of  the  Iowa  Engineer- 
ing Society,  from   which  the  following  information  is  taken. 

The  measurements  of  the  hydraulic  slope  and  the  depth  of 

S/ope  in  Feet  per  ZOO  Feet 
.3         4         .5         .6         .7        .8 


iparlsor    of   Velocities    Computed    by    Various    Formulas   Applied 
10   30   In.    Drain    Tite    Flowing    Full. 

flow  were  made  at  two  surface  inlets,  one  1,224  ft.  above  the 
lile  outlet  and  the  other  1,237  ft.  above  the  tile  outlet.  The 
tile  were  laid  at  a  grade  of  .1  per  cent.  In  tests  1  to  4  in- 
clusive the  tile  were  under  pressure  at  the  upper  surface 
inlet.  It  will  be  noted  that  the  values  of  n.  for  the  tile  under 
pressure,  ranged  from  ,0122  to  0.133.  The  value  of  n  for  the 
tile  nearly  full,  but  not  under  pressure,  was  found  to  be  .01185. 
The  coeflicient  of  roughness  increased  with  the  decrease  in 


i  '1 000  ft. 
K=     3  ft. 

c„=  /zo 


■a  ..Experimental  We/ocities 

•  -..Chezy-Kuffer V'CVns....n=.On 

'^...Chezy-Kutter.__.V--CVJis....n'.0/2 
O  _.Chezy-Kutter.._.y'C^nis.^^.n-.013 
O....Chezy-Kutter.....V-CVRs...  n  -.015 
Poncelet_ V-4&\ 


M....Poncelet. V^=40VY*54O 

m... Elliott. F-48v''Sl4g 

a...  Elliott... F=40Vfi54fl 

*...  Derived. V^-  138i?'«* 


Comparison    of    Velocities    Compiled    by    Various    Formulas   Applied 
to  8   In.   Drain   Tile  Flowing  Full. 

nates  the  velocity  in  feet  per  second  and  the  slope  in  feet 
per  100  ft.  These  curves  are  worthy  of  careful  study.  From 
the  values  obtained  by  experiment  as  shown  in  Bulletin  S54  it 
would  appear  that  the  velocities  computed  by  using  the 
derived  formula  would  approximate  closely  those  ob- 
tained by  applying  the  Chezy-Kutter  formula  with 
a  value  of  n  of  '  .011.  This  is  not  strictly  correct. 
On  the  chart  for  the  S-in.  tile  it  will  be  noted  that 
the  velocities  computed  from  the  derived  formula  are  greater 
than  those  computed  from  the  Chezy-Kutter  equation,  the 
differences  ranging  from  .1  to  0.32  ft.  per  second.  For  the 
30-in.  tile,  the  reverse  is  true;  that  is,  the  velocities  as  com- 
puted from  the  derived  formula  are  less  than  those  computed 
from  the  Chezy-Kutter  formula.  The  differences  range  from 
.01  to  .31  ft.  per  second. 

C.  G.  Elliott  in  his  boolv,  Engineering  for  Land  Drainage, 
third  edition,  page  102  (John  Wiley  &  Sons,  1919),  suggests 
using  a  variable  coefficient  in  the  Poncelet  formula,  this 
variable  depending  upon  the  diameter  of  the  tile.  Instead 
of  the  value  48  as  ordinarily  used,  he  gives  a  number  of  values 
ranging  from  34  for  5-in.  tile  to  64  for  48-in.  tile.  He  also 
suggests  using  this  variable  in  the  modification  of  Poncelet's 
formula.  In  the  chart  prepared  for  the  8-in.  tile  it  will  be 
noted  that  the  curve  for  the  Chezy-Kutter  equation,  using  a 
value  of  n  of  .013,  practically  coincides  with  the  curve   for 
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the  Poncelet  formula  using  a  value  o£  10  lecomniended  tor 
this  size  of  tile.  The  curves  tor  the  other  formulas  applied 
lo  an  Sin.  tile  are  also  shown.  In  the  chart  for  the  30-in. 
tile,  the  curve  for  the  Poncelet  formula,  using  a  value  of  48, 
coincides  with  the  curve  for  the  Chezy-Kutter  equation  with 
a  value  of  n  of  .015.  The  curve  for  the  Poncelet  formula 
using  a  value  of  57  coincides  with  the  curve  for  the  Chezy- 
Kutter  equation  using  a  value  of  n  of  .013.  None  of  the  curves 
for  the  other  formulas  coincide,  as  may  be  seen  from  a  study 
of  the  chart. 

During  the  past  year  the  writer  interviewd  a  great  many 
drainage  engineers  in  Minnesota  and  he  found  that  tor  com- 
puting flow  in  tile  they  used  almost  exclusively  the  Chezy- 
Kutter  formula  with  a  coefficient  of  roughness  of  either  .013 
or  .015.  The  tests  conducted  at  Arlington  vpould  indicate 
I  hat  the  value  of  n  for  drain  tile  lies  between  .011  and  .012. 
Mr.  Ramser's  experiments  which  comprise  the  only  known 
existing  data  on  large  sizes  of  tile  show  a  value  of  approxi- 
mately .012  for  tile  flowing  full.  It  is  desirable  that  further 
experimental  data  be  secured  on  the  larger  sizes  of  drain 
tile,  both  to  determine  the  coefTicient  of  roughness  and  to 
check  the  accuracy  of  the  derived  formula. 

To  the  engineer  who  desires  to  use  the  derived  formula  it 
is  suggested  that  he  make  a  comparison  of  discharge  capacities 
obtained  from  it  with  capacities  computed  from  the  formula 
he  has  been  using.  To  the  engineer  who  prefers  the  Cliezy- 
Kutter  equation  a  value  of  n  of  .012  is  suggested. 


Trailer  With  Dump  Body  for  Garbage  and 
Refuse 

A  combination  of  trailer  and  2-way  side  dump  body  designed 
to  meet  the  conditions  pertaining  to  ash,  rubbish  and  garbage 
removal  in  municipalities,  has  been  placed  on  the  market 
by    the   Warner    Manufacturing   Co.,    Beloit,   Wis.     The   out- 


make,  and  was  imported  for  test  purposes  at  Milwaukee. 
The  machine  promise.s  to  bo  more  suitable  for  dewatering 
Milwaukee  activated  shulge  than  sludge  presses.  The  ma- 
chine is  almost  automatic  in  operation,  occupies  15  minutes 
for  each  cycle,  and  will  centrifuge  from  2,000  to  4,000  gallons 
of  sludge  per  hour.  It  takes  a  sludge  containing  98.5  per 
cent  moisture  and  reduces  the  moisture  to  from  79  to  85  per 
cent.  The  machine  runs  at  about  1200  r.p.m.  About  20 
per  cent  of  the  solids  of  the  sludge  pass  over  in  the  filtrate 
and  what  is  to  be  done  with  these  is  still  a  matter  of  ex- 
perimentation. 


Personals 

Samuel  H.  Garvin  has  been  appointed  oity  engineer  of  Bowling 
Green,  Ky. 

Allen  J.  Savrlle  has  been  appointed  commissioner  of  public  works 

of  llichmoiid.  \'a. 

W.  J.  Kelly  Vas  resigned  as  County  Engineer  for  Walker  County. 
Texas,  to  tak<i  up  similar  work  in  Trinity  County,  Texas. 

C.  J.  Yorath,  City  Commissioner  ot  Saskatoon.  Sask..  has  been 
appointed  cciiiniissioner  of  public  works  and  utilities  at  Edmonton, 
Albe.-ta. 

But  H.  Simpson,  who  for  tlie  past  ."several  years  has  been  con- 
nected with  the  Portland  Cement  Association  as  field  engineer,  has 
reslg.-ied  to  accept  a  position  as  sales  engineer  for  West  Virginia 
for  tlie  Kentucky  Rock  Asphalt  Co.  of  Louisville,  Kentucky.  Jlr. 
Simpson  will  make  his  headquarters  at  Buckhannon,  W.  Va. 

Otto  E.  Eckert,  city  engineer  of  Lansing.  Mich.,  has  been  elected 
president  of  the  Michigan  Engineering  Society.  Other  officers 
elected  Jan.  28  at  ihe  annual  meeting  were:  Vice  president,  L.  N. 
Hayden,  assistant  chief  engineer  of  the  Detroit  United  Railway; 
treasurer,  Harrv  Shuptrine,  county  bridge  engineer,  Detroit;  secre- 
tary. C.  B.  Uuft. 


Obituaries 

Jerry  O'Shaughnessy,  sui)erintendent  ot  water  works  of  Colum- 
bus, O.,  died  Jan.  28  at  his  home  in  that  city.  He  was  born  in 
Delaware  in  1S53,  and  had  been  connected  with  the  city  water  de- 
partment for  nearly  50  years.  He  began  as  a  laborer  in  the  con- 
sti'uction  of  the  first  water  works  plant,   and   progressed   through 


Combined   Trailer  and  2-Way   Side   Dump   Body. 


Standing  features  claimed  for  this  outfit  are:  Interchangea- 
billty  of  the  trailer  equipment  with  other  bodies  for  other 
uses;  simple  construction  in  both  trailer  and  body;  possi- 
bility of  operating  trailer  and  turning  it  around  in  narrow 
alleys;  simple  body  construction,  assuring  complete  discharge 
ot  the  load;  loading  edge  from  ground,  2i/4-yard  body,  59  in., 
3%-yard  body,  62  in.;  when  body  is  dumped,  the  lower  edge 
of  body  clears  the  dumpage;  body  is  under  constant  control 
ot  cables,  thereby  eliminating  the  jumping  off  of  the  body 
from  the  trailer;  quick  operation,  as  it  takes  only  50  seconds 
to  raise  the  body  to  complete  dumping  position  and  after 
dumping,  the  body  returns  to  its  horizontal  position  by  grav- 
ity;  light  weight  of  the  entire  outfit. 


various  grades  as  wiper,  fireman  and  engineer  until  he  was  ap- 
pointed superintendent  of  water  works  by  Mayor  Cotton  Allen 
in  1896. 


Dewatering  Activated  Sludge  With  Basco 
Ter  Meer  Machine 

Tests  at  Milwaukee  with  a  centrifugal  sludge  drying  ma- 
chine have  produced  a  sludge  ot  79  to  85  per  cent  moisture, 
according  to  data  given  in  a  paper  presented  by  George  G. 
Nasmith,  C.  M.  G.,  before  the  recent  General  Professional 
meeting  ot  the  Engineering  Institute  ot  Canada,  from  which 
the  following  notes  are  taken. 

The  centrifugal  is  of  the  Basco  Ter  Meer  type,  a  German 


Industrial  Notes 

The  pombustion  Engineering  Corporation,  New  York  City,  has 
opened  a  branch  office  at  521  Candler  Bldg.,  Atlanta,  Ga.,  in  charge 
of  A.  A.  Hutchinson. 

G.  J.  Lenher,  president  of  Lenher  Engineering  Co..  New  York, 
who  assumed  the  genei-al  inanagemerit  of  S.  Flory  Mfg.  Co.,  Ban- 
gor, Pa.,  upon  the  death  of  Samuel  Flory.  has  been  elected  presi- 
dent of  S.  Flor>'  JIfg.  Co.,  and  will  direct  its  affairs  from  the  home 
office  at  Bangor. 

Joel  A.  Thayer,  for  the  past  13  years  Superintendent  ot  Streets 
of  the  city  of  Taunton,  Mass.,  has  resigned  to  become  the  New 
England  manager  of  the  Acme  Road  Machinery  Co.  of  Frankfort. 
N.  V.  He  assumed  the  management  of  the  Boston  office  at  141 
Milk  St.,  succeeding  the  late  Wm.  T.  Becker,  who  had  filled  this 
position  for  many  years  past,  and  whose  death  occurred  very  sud- 
denly on  Dec.  3. 

The  Austin  (Vlachinery  Corporation  of  Louisiana  has  been  in- 
corporated under  the  laws  of  that  state,  to  act  as  sales  dis- 
tributors for  Louisiana.  Arkans.os.  Mississippi  and  Tennessee,  of 
the  products  of  the  Austin  Machinery  Corponation.  manufacturers 
of  contractors'  equipment.  The.  corporation  will  carr>'  a  full  stock 
of  machincrj-  and  spare  parts  for  this  territon'.  The  general  offices 
are  at  1020  Maison  Blanche  Bldg.,  New  Orleans,  La. 

E.  D.  Kellogg  has  recently  been  appointed  New  Jersey  rep- 
reswitaiive  for  the  Conv-eyors'  Coj-poration  of  America — formerly 
American  Steam  Conveyor  Coriioration — manufacturers  of  ma- 
chlnei-y  for  handling  coal,  sand,  gravel,  ashes  and  other  loose  bulky 
materials.  He  will  handle  "The  American  Trolley  Carrier"  and 
"The  American  Steam  Jet  Conveyor"  in  the  northern  half  of  the 
state,  but  will  make  his  headquarters  at  the  eastern  oflSce.  110  West 
40th  St.,  New  York. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 
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(d )  Municipal    Miscellanies 
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System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)    Waterworks 
(b>    Sewers   and   Sani 
tation 

(e)    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  fower   atid   Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  ( c)   Quarries   and   Pits 

(b)  Management    and         (d>    Steam    Railways,    Con- 
Office    System  struct  ion   and    Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


)a)   Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


( d>    Miscellaneous    Structures 

( e)  Properties     of     Materials 

(f)  Management     and    Office 

System 
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Index  of   E.  &  C.  Now  Ready 

The  index  for  Vol.  LIV  covering  the  July-December  issues 
of  Engineering  and  Contracting  is  now  ready  for  distribution. 
Subscribers  desiring  a  copy  should  notify  us  at  once.  Those 
who  received  the  indexes  for  the  previous  volumes  have  been 
listed  and  -need  not  notify  us  again. 


How  Texas  Can  Get  More 
Railways 

Texas,  an  empire  in  extent  and  with  an  enormous  acreage 
of  fertile  but  undeveloped  land,  needs  thousands  of  miles  of 
new  railways  annually  for  a  generation  to  come.  Last  year 
this  great  state  got  a  scant  55  miles  of  new  railway  lines. 
The  people  of  Texas  want  capital  to  flow  into  their  state. 
They  talk  glowingly,  and  truthfully,  of  the  opportunities  for 
splendid  return  upon  agricultural  investments.  "This  state 
alone  can  raise  enough  food  and  cotton  to  supply  all  America 
and  most  of  Europe,"  said  a  Texas  farmer  the  other  day  to 
the  editor.  "What  we  need  most  is  money,"  he  added  apolo- 
.  getically. 

"You  don't  need  money  most,"  the  editor  replied.  "Money 
quickly  goes  where  profits  are  in  sight.  What  you  need  most 
is  libeiality  in  your  treatment  of  investors  in  railways  and 
public  utilities." 

The  farmer  looked  his  surprise.  It  had  never  occurred  to 
him  that  such  investors  were  not  liberally  treated.  He  did 
not  know  that  the  Railroad  Commission  which  he  had  helped 
elect  was  regarded  by  many  investors  as  unreasonably  restric- 
tive, and  that  Texas  had  long  been  regarded  by  most  railway 
officials  as  being  a  bad  state  in  which  to  do  business. 

Conversation  with  such  farmers  has  convinced  the  editor 
that  if  a  majority  of  them  could  be  reached  by  word  of 
mouth,  it  would  not  be  long  before  they  would  demand  not 
merely  fair  but  liberal  treatment  of  investors  in  railway 
securities.  As  it  is  politicians  are  apt  to  think  that  it  is 
popular  to  hold  down  profits  on  railways  to  as  low  a  limit  as 
will  pass  muster  before  a  Federal   court   as   not   being  con- 


fiscatory. But  if  politicians  could  hear  from  their  constituents 
after  those  constituents  had  themselves  heard  both  sides  of 
the  story  relative  to  railway  profits,  there  would  be  an  end 
of  railway   baiting. 

At  meetings  of  state  granges,  of  chambers  of  commerce 
and  of  editors  and  publishers,  civil  engineers  acquainted  with 
railway  and  utility  financing  should  begin  to  show  the  public 
the  folly  of  any  policy  that  makes  it  more  profitable  for  the 
average  investor  to  place  his  funds  in  mortgages  than  in 
railwav  stocks.  Consider  right  now  the  absurdity  of  asking 
a  railway  investor  to  buy  an  8  per  cent  stock,  when  mort- 
gages yield  8  per  cent.  The  average  business  man  or  farmer 
expects  to  make  fully  12  to  15  per  cent  annually  on  his 
invested  capital.  We  have  yet  to  find  one  such  investor  who 
would  contend  against  preventing  a  railway  investor  from 
receiving  10  per  cent.  But.  on  the  other  hand,  we  have  to 
hear  of  a  single  rate  making  commission  that  lias  allowed 
a  "fair  return"  of  more  than  8  per  cent  as  an  average.  Oc- 
casional instances  occur  where  slightly  more  than  8  per 
cent  is  allowed  for  a  short  time,  but  these  are  but  scattered 
stars  in  a  very  dark  night. 


The  End  of  the  Panic  of  1920 

That  much  overworked  ob.jective.  "psychological",  is  doing 
three  shifts  daily  in  editorial  comments  on  the  causes  of 
industrial  depression.  Thus:  "The  depression  which  now 
exists  is  chiefly  psychological.  It  is  a  state  of  mind."  And 
having  thus  diagnosed  the  disease,  the  editor  proceeds  to 
give  the  patient  an  "absent  treatment",  consisting  mostly 
of  absence  of  common  sense. 

Without  doubt  the  present  depression  was  made  severe 
because  many  business  men  became  unduly  alarmed.  But 
it  is  absurd  to  argue  that  there  was  no  real  cause  for  alarm. 
Commodity  prices  had  reached  an  unprecedented  height  last 
May,  averaging  then  two  and  three  quarter  times  as  high 
as  the  pre-war  average.  Many  business  men  had  begun  to 
worry  over  prices  long  before  the  "peak"  was  reached. 
Bankers  in  particular  had  grown  uneasy,  for  they  were  "hold- 
ing the  bag".     They  began  to  curtail  credits,  and,  when  they 
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did,  the  end  of  the  price  boom  was  in  sight.  Was  their  anxi- 
ety about  prices  purely  mind  made?  Scarcely.  They  knew  that, 
in  a  general  way,  commodity  prices  in  the  past  had  shown 
a  quantitative  relation  to  the  amount  of  money  in  circulation. 
In  five  years  our  per  capita  currency  had  increased  nearly 
70  per  cent,  whereas  average  commodity  prices  had  risen 
more  than  170  per  cent.  U  there  was  any  truth  whatever 
in  the  "quantity  theory  of  money  and  prices".  It  was  appar- 
ent that  prices  had  far  outrun  money,  and  that  a  fall  was 
imminent.  Now  this  relationship  between  money  and  prices 
was  a  physical  and  not  a  psychological  fact.  Other  physical 
tacts  also  worried  many  business  men,  such,  for  example,  as 
the  inability  of  foreign  nations  to  pay  for  what  they  had 
bought.  Indeed,  there  was  quite  a  mob  of  disquieting  facts 
staring  bankers  and  business  men  in  the  face.  When  the 
cumulative  effect  of  these  physical  things  became  sufficient, 
there  was  a  sudden  collapse  of  courage,  and  the  "panic  of 
1920V  was  on.  As  in  the  case  of  all  panics,  men  went  to 
extremes  and  made  matters  worse  than  they  need  have 
been. 

Panics  are  paychological  tempests,  but  they  are  invariably 
started  by  physical  forces.  It  is  incorrect  therefore,  to  speak 
of  an  industrial  crisis  as  it  it  were  purely  psychological.  Nor 
can  a  business  depression  be  ended  merely  by  pointing  out 
that  the  country  is  intrinsically  as  rich  as  ever.  Business 
men  are  not  concerned  about  the  existence  of  abundance 
of  capital  that  they  regard  beyond  their  reach.  Their  main 
concern  is  about  the  profits  of  the  near  future.  Hence  when 
prices  are  crashing,  business  men  refuse  to  commit  them- 
selves for  new  consignments. 

Within  the  next  few  weeks  the  average  price  of  wholesale 
commodities  will  have  fallen  to  a  level  70  per  cent  above  the 
pre-war  level,  and  will  then,  for  the  lirst  time  in  six  years, 
be  on  a  parity  with  the  increase  in  per  capita  currency  in 
circulation.     This  will  mark  the  close  of  the  "panic  of  1920". 


gardless  of  the  effect  upon  investors  still  dominates  the  minds 
of  some   rate   regulating  commissions. 

Then,  too,  there  are  several  state  legislative  bodies  that 
are  investigating  the  acts  of  public  utility  commissioners 
who  have  been  courageous  enough  to  raise  the  rates  of  public 
utilities.  Thus  the  California  Commission  has  been  under 
fire,  although  the  average  increase  in  public  utility  rates  in 
.California  has   been  only  40  per  cent  in  the  last  six  years! 

Fortunately  signs  are  not  wanting  that  show  the  beginning 
of  a  realization  that  investors  cannot  be  induced  to  invest 
in  stock  whose  maximum  yield  is  limited  but  whose  minimum 
yield  is  without  guarantee.  Some  leading  newspapers  are 
advocating  more  liberal  treatment  of  railways  and  other 
public  utilities.  A  few  newspapers  are  actually  praising  pub- 
lic utility  commissioners  for  their  courage  and  fairness  in 
raising  rates.  These  are  welcome  signs,  but  they  are  alto- 
gether too  infrequent  as  yet  to  raise  any  great  hope  of  a 
speedy  conversion  of  the  average  investor  to  the  belief  that 
he  may   safely   buy  the   new  stock  of   railway   companies. 

What  part  American  civil  engineers  should  take  in  educat- 
ing the  public  to  a  better  under.standing  of  railway  finances 
we  shall  not  center  upon  now.  It  seems  clear,  however, 
that  civil  engineering  societies  should  begin  to  discuss  this 
phase  of  their  duty  to  the  public. 


Only 33 14  Miles  of  New  Railway 
Line  in  America  in  1920 

Civil  engineers  first  came  into  great  prominence  in  this 
country  as  designers  of  "Clinton's  Ditch",  the  Erie  Canal. 
Shortly  after  the  public  recognized  the  value  of  applied 
science  when  civil  engineers  ushered  in  the  age  of  railways. 
The  "railway  age"  has  now  entered  its  second  century,  but 
not  as  auspiciously  as  it  began.  During  1920  only  314  miles 
of  first  track  and  90  miles  of  other  track  were  built,  and 
this  in  a  country  that  still  offers  unbounded  possibilities 
for  development.  If  such  a  miserably  poor  showing  had 
been  the  result  of  the  war.  or  of  "hard  times",  it  would  not 
occasion  much  comment.  But  the  fact  is  that  it  is  merely 
the  climax  to  a  decade  of  progressive  stagnation  in  railway 
development. 

To  any  engineer  who  has   closely   followed   the   effects  of 
public  regulation  of  railway  rates,  the  main  reason  for  rail- 
way  stagnation   is   apparent.     For   fifteen  years   many   state 
public  service  commissions  and  the  interstate  commerce  com- 
mission   have    been    "protecting    the    public"    so    vigorously 
that  investors  in   railway  stock  have  been  growing  progres- 
sively more  wary.    Like  the  hunting  dog  that  has  been  filled 
with  bird  shot  the  average  investor  needs  get  but  one  charge 
to  remain  "gun  shy"  for  ever  afterward.     A  new  crop  of  in- 
experienced  investors   is   harvested   each  year,   and   for  this 
reason,  and  this  only,  has  it  been  possible  to  sell  new  issues 
of  railway  stock  for   many  years  past.     Gradually,  however, 
even  this  source  of  capital  has  been  going  dry,  for  the  warn- 
ing cry  of  the  unfortunates  has  grown  louder  as  their  num- 
ber has  increased.     Railway  financing  has  at  least  reached 
such  a  pass  that  only  bonds  and  notes  can  be  sold  in  con- 
siderable quantities.     No  one  wants  stock  in  enterprises  that 
are  held  down  to  a  "fair  return-rate"  of  only  6  per  cent,  for 
it  thus  held  down  in  the  case  of  successful  enterprises  it  Is 
a  certainty  that  the  average  return  will  be  less  than  6  per 
cent  w^hen  the  unsuccessful  are  averaged  with  the  successful. 
Six   months   ago   railway   rates   were   raised   25   to   30   per 
cent,  and   there   was   general   approbation   of  the   act.     But, 
even  so,  the  annual  net  earnings  of  the   railways   are  now 
averaging  less  than  3.5  per  cent  on  their  book  value.    To  add 
to  the  gloom,  the  public  utility  commissions  of  several  large 
states  have  refused  to  grant  the  same  percentage  of  increase 
in   rates   granted   by   the   Interstate   Commerce   Commission, 
showing  that  the  old  policy  of  "protecting  the  public"  re- 


Book  Reviews 

A  Text  Book  of  Geology— Part  I— Physical  Geology.— By  Louis  V. 
Pirsson.  late  Professor  of  PhysicaJ  Geology  in  the  Sheffield  Sci- 
entific School  ot  Yale  University.  Second  edition.  470  pp.  John 
Wiley  &  Sons,  New  York.     |3. 

This  volume  forms  the  first  part  of  a  treatise  of  which 
"Part  II,  Historical  Geology"  is  by  Charles  Schuchert,  Pro- 
fessor of  Paleontology  in  Yale  University  and  of  Historical 
Geology  in   the   Scheffield   Scientific   School. 

This  book  exemplifies  a  task  intelligently  undertaken  and 
successfully  accomplished.  It  presents,  as  the  author  in- 
tended it  should,  a  broad  view  of  the  entire  subject  of  physical 
geology  suited  to  the  needs  of  the  general  reader  or  of  the 
student— whether  he  be  seeking  only  a  fair  fund  of  general 
knowledge  or  is  laying  the  foundation  for  detailed  studies  in 
one  or  more  ot  the  special  fields  of  the  broader  science.  The 
more  important  of  these  fields,  as  classified  by  Prof.  Pirsson 
in  his  introduction  are— Mineralogy,  Petrology,  Meteorology,  | 
Paleontology,  Physiography,  and  Economic  Geology.  | 

The  accumulation  of  new  knowledge  since  the  finishing  of 
the  original  work  in  1914  is  given  in  the  preface  as  the  reason 
for  another  edition;  and  at  another  place,  as  if  he  feared 
that  the  inference  from  the  prefatory  statement  might  be 
overlooked,  the  author  introduces  the  enticing  remark  that 
"much  also  remains  to  he  done"  in  the  field  of  geological 
exploration  and  deduction. 

The  eye  ot  the  mining  engineer  will  at  once  be  caught  by 
the  title  ot  the  last  chapter— "Ore  Deposits";  while  else- 
where there  is  treatment  of  the  many  phases  ot  structural 
geology  which  at  times  become  matters  of  engineering 
concern. 

The  text  is  profusely  illustrated  with  line  drawings  and 
half  tones,  and  is  supplied  with  an  extensive  index.  It  is 
arranged  in  two  main  divisions — Dynamical  Geology  and 
Structural  Geology.  Under  the  first  of  these  the  chapter 
headings  are  as  follows:  I,  General  Considerations;  Work 
of  the  Atmosphere;  II,  Rain  and  Running  Water:  III,  Lakes 
and  Interior  Drainage;  IV,  The  Ocean  and  Its  Work;  V,  Ice  , 
As  a  Geological  Agency;  VI,  Underground  Water;  VII,  The  I 
Geological  Work  ot  Organic  Life;  Y\\\.  Igneous  Agencies;  | 
Volcanoes  and  Hot  Springs;  IX,  Movements  of  the  Earth's 
Outer  Shell;  Earthquakes.  The  remaining  chapters  appear 
under  Structural  Geology,  and  are  X,  General  Structure  and 
Properties  ot  the  Earth;  XI.  Sedimentary  Rocks;  XII,  Igneous 
Rocks;  XIII,  Metamorphis  Rocks;  XIV,  Fractures  and  Fault- 
ing of' Rocks;  XV,  Mountain  Ranges:  Their  Origin  and  His- 
tory; XVI,  Ore  Deposits;  Appendix— Minerals  Important  Geo- 
logically in  Rocks  and  Ores. 

Fina.oclal    Engineering.— By   O.    B.    Goldman.   Consulting  Engineer. 

Professor   of  Heat   Engineering.    The   Oregon    State   Agricultural 

College.    271  pp.    John  Wiley  &  i^ons.  New  Y'ork.    $3.50. 

To   supply  "the  need  of  a  correct  method  of  determining 

the    financial    efficiency    ot   undertakings,    not    merely    as    a 

whole,  but   element  by  element,  so  that   all  losses  might  be 

discovered,  and  so  that  the  size  and  design  for  best  economy 
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migbt  be  determined"  is  the  prefatory  statement  of  the  pur- 
pose of  this  book. 

Of  its  8  chapters  and  271  pages,  3  chapters  comprising  the 
first  58  pages,  are  devoted  to  a  consideration  of  the  general 
economic  laws  and  principles  applicable  to  such  subjects  as 
Cost  Analysis,  Value,  Rate  Base,  Fixed  Charges  and  Operating 
Expenses,  Depreciation,  Economic  Comparison  of  Permanent 
and  Temporary  Installations,  etc. 

Chapter  IV  deals  chiefly  with  costs  and  cost  formulas; 
the  references  being  in  the  main  for  the  period  prior  to  1912. 
Costs  per  horse  power  or  other  unit  are  given  in  tabular 
form  for  a  considerable  variety  of  equipment.  There  are 
also  tables  of  steam  consumption,  boiler  efficiency,  etc.  A 
number  of  diagrams  are  introduced,  and  some  operating  costs 
are  given. 

Chapter  V  is  devoted  to  the  subject  of  "vestances"^ves- 
tance  being  defined  as  "the  equivalent  cost  of  a  permanent 
service",  and  being  used  as  a  basis  of  comparison. 

Chapter  VI  is  entitled  "Unit  Cost  Determination",  and 
treats  largely  of  the  economics  of  variable  loads.  Chapters 
VII  and  VIII  respectively  relate  to  the  determination  of  the 
most  economic  size  of  systems  and  most  economic  type  and 
size  of  units.  Among  the  subjects  treated  in  these  chapters 
are  total  production  costs  and  the  requirement  of  stand-by 
units. 

The  deduction  of  all  formulas  is  given  in  detail.  Calculus 
is  used  sparingly. 

How  to  Make  and  Use  Graphic  Charts,  By  Allan  C.  Has- 
kell, Principal  Assistant  Engineer,  Construction  Service 
Co.;  with  an  introduction  by  Richard  T.  Dana;  New  York. 
Codex  Book  Co.,  1919;   540  pp.;   diagrams,  6x9  in.;   cloth;   $5. 

This  book  is  very  largely  a  compilation  of  material  which 
has  appeared  from  time  to  time  in  engineering  periodicals 
and  in  the  proceedings  of  technical  societies.  Its  object  is 
to  call  attention  to  the  many  ways  in  which  graphic  charts 
may  be  used,  not  only  to  show  things  more  vividly  but  to 
shorten  the  labor  in  connection  with  so  many  problems  of 
every  conceivable  sort. 

The  theory  and  construction  of  the  various  methods  are 
described  and  explained  and  many  examples  given.  The 
author  reassuringly  states,  however,  that,  notwithstanding 
the  fact  that  the  ultimate  theory  of  charts  is  mathematical, 
once  a  person  has  he  properly  ruled  paper,  most  of  the  work 
done  with  charts  may  be  accomplished  without  knowledge 
of  the  true  mathematical  inwardness,  thus  making  it  true 
that  with  a  chart  "mathematical  work  may  be  done  with- 
out mathematics."  Valuable  bibliographies  are  given  with 
many  of  the  chapters. 

Do  the  Electric  Railways  Need  Any  More 
Technical  Graduates? 

At   this   time   of   the   year   the   prospective    five   thousand 
graduates,  more  or  less,  of  a  hundred  technical   schools  are 
beginning  to  wonder  what  they  are  going  to  do  after  com- 
mencement.     Already    the    manufacturing    and    some    other 
industries  are  planning  to   send  representatives   to  the  col- 
leges to  explain  to  the  young  men,  and  young  women,  too,  in 
some  cases,  the  attractions  of  their  several  fields  of  activity. 
The  electric   railways  will   not  be   so  represented.     This   is 
partly  because  there  is  no  central  organization  for  the  elec- 
tric railways  which  takes  up  matters  of  this  kind,  and  indi- 
vidual railways  do  not  need  enough  men  to  warrant  them  in 
going  to  the  expense  of  sending  "scouts"  to  the  colleges.     It 
is  doubtful,  also,  if  the  value  of  a  technical  education  applied 
to  the  right  kind  of  an  individual  is  appreciated  as  much  by 
the    railways    as    in    manufacturing.      Possibly    the    value    is 
actually  higher  in  the  latter  field,  but  this  ought  not  to  be  so. 
At  any  rate,  the  manufacturers  and  a  few  others  will  get 
the  choice  of  the  educational  crop  and  the  railways  will  take 
what  is  left,  including,  however,  those  young  men  who  have 
heard   the   "call   of  the   rail"   and   will   insist   on   going   Into 
transportation  work  in  spite  of  lack  of  invitation  and  even,  if 
necessary,    of    opposition.      Luckily,    this    number    is    con- 
siderable. 

There  are  many  excellent  opportunities  for  technical  grad- 
uates in  the  electric  railway  and  related  fields.  The  whole 
business  is  founded  upon  civil,  mechanical  and  electrical  en- 
gineering. Of  course,  the  focus  of  interest  has  shifted  some- 
what in  recent  years  from  track,  power  plant  and  line  to 
fares,  schedules,  accident  reduction,  etc.     But  fundamentally 


transportation  is  a  proposition  of  moving  people  and  goods 
from  one  point  to  another  with  a  maximum  of  speed,  economy 
and  safety.  As  long  as  this  is  so  the  business  will  need 
engineers. 

Furthermore,  the  principles  underlying  engineering  have 
application  far  outside  the  engineering  divisions  of  the  field 
and  engineers  are  making  themselves  useful  in  the  transpor- 
tation, purchasing,  accounting  and  other  departments.  They 
are  especially  useful  in  the  making  of  appraisals,  either  in 
the  railway  organization  or  without,  a  phase  of  the  work 
which  is  bound  to  become  more  and  more  important. 

It  is  too  bad  that  some  systematic  way  has  not  been  pro- 
vided by  which  the  electric  railway  field  can  be  explained  to 
engineering  students.  Some  schools  have  courses  in  trans- 
portation engineering,  which  serve  an  excellent  purpose,  but 
they  need  to  be  supplemented  by  talks  from  competent  rail- 
way executives  or  their  representatives.  This  would  seem 
to  be  a  line  of  work  for  the  American  Electric  Railway  Asso- 
ciation and  American  Railway  Association  to  take  up  on 
behalf  of  their  respective  clienteles.— Editorial  in  Electric 
Railway   Journal. 


Blasting  Plastic  Clays 


The  method  of  blasting  ordinary  plastic  clays  for  making 
tile  and  common  brick  will  depend  on  the  height  of  the  face, 
the  method  of  digging,  the  hardness  of  the  clay  and  the  nature 
of  the  floor. 

In  developing  this  type  of  blasting,  several  unexpected 
results  have  been  obtained.  Some  pits  employing  hand  dig- 
ging were  having  much  trouble  in  mixing  the  top  and  bottom 
strata  and  were  losing  trade  thereby.  Blasting  down  the 
face  resulted  not  only  in  decreasing  the  cost  of  digging,  but 
gave  a  better  mixture  of  the  clay  than  had  been  possible  by 
the  former  methods. 

In  other  pits  loose  boulders  seriously  retarded  the  work. 
Blasting  not  only  loosened  the  hard  clay,  but  materially  as- 
sisted In  getting  out  the  boulders,  and  sending  the  clay  to  the 
plant  in  better  shape. 

Much  good  can  be  done  in  tempering  some  clays  by  blast- 
ing the  impacted  pits,  when  in  a  dry  condition,  well  in  ad- 
vance of  the  need.  This  permits  the  absorption  of  ram,  lets 
the  frost  in  deeper,  and  begins  the  processes  of  tempering 
that  are  later  finished  in  the  mixer  or  pug. 

Clay  is  often  found  over  quicksand  or  other  soft  ground 
where  difficulty  is  experienced  in  the  upkeep  of  tracks  for 
cars  or  of  roads  for  carts.  Digging  from  above  will  largely 
overcome  these  troubles,  as  the  cars  or  carts  can  then  be 
handled  on  the  surface  instead  of  in  the  bottom  of  the  pit. 
This  substitution  is  made  possible  by  dragline  or  similar 
excavating  rigs  that  work  from  above.  When  the  clay  is 
wet  or  soft,  there  is  no  difficulty  in  filling  the  buckets  and 
working  to  full  capacity.  When  the  ground  is  hardened  by 
drying  out  or  freezing,  it  can  be  loosened  by  blasting.  Prac- 
tical pit  trials  have  proved  the  advantages  of  this  method 
of  digging.  Even  where  the  bottom  is  solid  and  is  free  from 
standing  water  this  method  is  proving  satisfactory.  Where 
the  drainage  conditions  are  bad  it  is  to  be  highly  recom- 
mended. 

When  frozen  or  dried  hard,  this  bank  can  be  shot  down 
by  blasts  so  as  to  reduce  the  cost  of  shoveling.  I£  l>lasted 
a  drag-line  or  steam  shovel  can  be  used  to  replace  the  hand 
labor. 

Some  high-grade  clays  contain  hard  pebbles  and  must  be 
spaded  thin  to  expose  the  pebbles  so  that  they  can  be  picked 
out  by  band.  When  this  is  necessary,  blasting  should  not  be 
practiced  unless  the  clay  is  dry  or  frozen  and  the  cut  cannot 
be  begun. 

To  start  the  work  put  down  two  or  more  shallow  holes 
spaced  30  or  40  in.  apart,  load  each  with  from  one  to  two 
cartridges  of  30  to  60  per  cent  ammonia  dynamite,  primed 
eSicallv,  and  fire  all  together.  This  will  open  up  a  short 
trench  and  expose  ample  room  for  the  shovelers. 


Annual  Meeting  of  Illinois  Section  Am.  W.  W.  Assoc- 
■The  annual  meeting  of  the  Illinois  Section  of  he  American 
waterworks  Association  will  be  held  in  Chicago.  March 
23-'>4  The  program  and  exact  place  of  meeting  will  be 
announced  later.  G.  C.  Habermeyer,  Urbana,  111.,  is  Sec- 
retary. 
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Costs  of  Concrete,  and   Organiza- 
tion Employed  on  the  Taylor- 
ville  Works  of  Miami  Con- 
servancy District 

The  data  forming  the  basis  of  this  article  were  furnished 
chiefly  by  Mr.  O.  N.  Kloyd,  Division  Engineer  at  Vandalia, 
Ohio.  Other  data  and  descriptive  matter  are  taken  from  the 
January  issue  of  The  Miami  Conservancy  Bulletin. 

General  Description.  The  magnitude  of  this  worli,  and 
the  elticiency  with  which  it  has  been  carried  out  make  it 
a  subject  of  particular  interest  and  one  worthy  of  detailed 
study.  The  outlet  works,  of  which  description  and  costs 
follow,  are  shown  in  general  view  in  Fig.  1.  They  contain 
45,000  cu.  yd.  of  concrete,  more  than  half  of  which  is  below 
the  water  level  in  the  picture.  The  extreme  width  of  the 
structure  is  241  ft.,  its  length  628  ft.,  and  its  height  111  ft. 
The  base  of  the  right-hand  wall  is  50  ft.  in  thickness  exclu- 
sive of  the  projecting  cut-off  wall.  Fig.  2  gives  the  general 
plan  and  section  of  the  outlet,  and  Fig.  3  the  completed  lay- 
out of  dam,  outlet  construction  works  and  gravel  pits.  There 
is  yet  to  be  constructed  a  massive  cross  dam  or  spillway 
weir  at  the  location  shown  in  Fig.  3.  This  structure  will 
contain  about  10,000  cu.  yd.  of  concrete.  The  National  High- 
way will  cross  both  the  outlet  works  and  the  spillway  by 
pier   supported    bridges. 

The  four  openings  of  the  outlet  works  as  shown  in  Fig.  2 
will  take  the  entire  flood  flow  of  the  Miami  River,  which  at 
spillway  level  is  53.600  second  feet.  It  is  not  expected,  how- 
ever, that  water  will  ever  go  over  the  spillway;  while  to  top 
the  dam  itself  would  take  a  flood  more  than  double  that  of 
1913.  The  reduction  in  flood  flow  at  Taylorsville  could  have 
been  made  considerably  more  but  for  the  fact  that  the  cities 
of  Troy  and  Tippecanoe  on  the  edge  of  the  retarding  basin 
would  have  required  excessive  protection. 

Work  Done  by  Force  Account.— The  common  inefficiency 
force  account  work  was  in  this  instance  overcome  by  the 
employment  of  a  particularly  able  construction  manager. 
Mr.  C.  H.  Locher,  a  contractor  of  long  experience,  was  chosen 
for  the  position,  and  it  appears  that  the  action  has  been 
justified  by  the  results  secured. 

Figure  4  shows  that  the  progress  of  the  work,  while  dis- 
appointing for  the  first  few  months  was  made  eventually  to 
substantially  exceed  the  schedule.  The  proposed  rate  was 
100  ou.  yd.  per  day  from  Oct.  17,  1919,  to  March  15,  1920, 
and  200  cu.  yd.  per  day  thereafter. 

The  Downs  and  Dps  of  Concreting. — Several  interesting 
things  are  brought  out  on  this  chart.  One  is  that  at  the  be- 
ginning the  curve  of  actual    progress   dropped   distinctly   be- 


son  was  rather  severe,  and  this  held  the  work  back,  a  mat- 
ter commented  on  later.  From  March  15  on,  however,  the 
rate  acceleiates  at  once  as  an  average,  to  the  standard  200 
cu.  yd.  per  day  set,  and  so  continues  till  the  middle  of  June, 
when  it  again  speeds  ui>  and  about  July  25  reached  and 
crossed  the  line  of  the  proposed  progress.  It  dropped  again 
as  the  work  approached  its  end,  unavoidably,  as  most  con- 
crete work  slows  up  in  the  "puttering"  details  of  finishing 
the  job.     The  last  concrete  was  poured  on  Sept.  25. 

The  rate  of  placing  during  July  and  August  exceeded  con- 
siderably, in  fact,  the  expectation,  and  broke  all  previous 
records  on  conservancy  work.  This  might  perhaps  be  ex- 
pected, the  work  being  considerably  more  massive  than 
any  other  conservancy  job.  and  therefore  permitting  the 
development   of  more  efficient  "quantity  production."    Never- 
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Ftg.     1 — General     View    of     Uml^i     vVwifv^. 

low  the  100  yd.  per  day  set.  The  reason  for  this  was  the 
lack  of  sufficient  gravel  to  keep  up  the  pace,  and  this  in  turn 
was  due  to  the  necessities  of  the  Baltimore  &  Ohio  R.  R. 
relocation.  The  Taylorsville  borrow  pit  was  in  fact  furnish- 
ing gravel  ballast  for  the  new  tracks,  and  this  continued 
from  the  beginning  up  to  Dec.  16,  the  total  furnished  for 
this  purpose  during  this  period  being  33,000  cu.  yd.,  a  fact 
noted  on  the  chart.  The  equipment  was  not  of  sufficient 
capacity  to  keep  both  the  railway  and  the  outlet  work  going 
at  full  speed.  The  railway  work  was  in  fact  delayed  beyond 
the  date  originally  estimated;   hence  the  interference. 

It  will  be  noted  that  the  rate  of  actual  progress  did  not 
at  once  pick  up  much,  following  the  completion  of  the  bal- 
lasting, and  this  was  due  to  the  winter  weather.     The  sea- 
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Fig.   2 — Plan    and    Section    of   Outlet. 

theless,  much  credit  must  be  given  to  those  in  charge,  the 
chart  showing  that  the  work  was  finished  about  one  month 
ahead  of  the   expected   date. 

The  record  day's  work  at  Taylorsville  was  568  cu.  yd.  of 
concrete  in  place,  made  on  Monday,  July  29,  the  high  record 
at  any  other  dam  being  374  cu.  yd.  This  was  in  one  lo-hour 
shift.  The  high  week  included  the  record  day  and  ended 
July  24,  with  2,408  yd.  placed,  or  at  the  rate  of  401  yd.  per 
10-hour  shift.  In  27  consecutive  working  days,  9,280  cu.  yd. 
were  placed,  or  at  the  rate  of  343.7  yd.  per  day.  The  day's 
work  was  always  in  one  lo-hour  shift. 

The  men  in  charge  of  the  work  at  Taylorsville  have  been 
O.  N.  Floyd,  Division  Engineer;  H.  L.  Freund,  Assistant  Engi- 
neer; Ben.  H.  Petty,  and  C.  O.  Shively.  successive  Office 
Engineers,  and  H.  M.  Sherwood,  Superintendent  of  Construc- 
tion. Those  in  direct  charge  of  the  concreting  were  H.  R. 
Daubenspeck.  Assistant  Engineer,  inspector  of  mixing;  AV. 
J.  Smith,  Jr.,  Assistant  Engineer,  inspector  of  placing;  and 
W.  D.  Rogers,  General  Foreman  at  the  forms;  and  C.  P. 
Heckman,  Foreman  at  the  screening  and  mixing  plant. 

The  10-Hour  Day. — All  men  worked  regularly  10  hours, 
but  because  of  the  state-  law  this  was  on  an  8-hour  basis 
with  time  and  one-half  for  overtime  and  double  time  for 
Sundays  and  holidays.  Thus  the  regular  daily  pay  was  for 
11  hours'  work.  Only  emergency  repair  work  was  done  on 
Sundays   and   holidays. 

Working  Force. — The  accompanying  organization  chart  is 
for  the  second  week  in  August.  1920  (a  period  of  rapid 
pro.gress)  but  is  typical  for  the  summer  work  in  general. 
The  chart  also  shows  rates  of  wages.  In  addition  to  the 
men  shown  on  this  chart  men  from  the  Master  Mechanic's 
were  called  in  for  repairs  of  any  magnitude.  Also  another 
labor  foreman  with  a  gang  of  from  8  to  10  men  was  often 
called  in  to  unload  cement  when  the  regular  concrete  labor 
gang  was  busy  at  other  work.  The  men  on  the  mechanic's 
gang  were  paid  52  to  60c  and  the  laborers  were  paid  46c 
to   47c. 

concrete'  OROANIZ.^TIOX.    TATLORSA^LiJE    DAM.    1920. 
(Ipueral  .Supf-rintendent. 
Assist.int  Superi.itendent — In  charge  of  concrete.  $280  month. 
Foreman — In  charpre  of  gravel  pit  and  mixer,  $4S  week. 
1   specal  laborer.    $6  day. 

1  mlxerman.  56  ot.  hour. 

2  special  laborers  charBing  hopper.  47  ct.  hour. 
2  six>ci.Tl  laborers  trucking  cement.    47  ot.   hour. 

1   special  laborer  stacking  cement  for  trucks.  47  ot.   hour, 
o  laborprs.  belt    dumping-  hopper,  etc.,  47  ct.  hour. 
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Carpenter  Foreman.   S5  ct.   hour. 

21  firpt-class  carpenters.  SO  ct.  hour. 

18  second-class  carpenters,  60  to  70  ct.  hour. 

12  rough  carpenters,  52  to  56  ct.  hour. 
Concrete  Foreman — In  charge  of  placing,  60  ct.  hour. 

3  special  lahorers,  49  ct.  hour. 
Labor  Foreman,  60  ct.  hour. 
32  to  15  laborers,   47  ct.  hour. 

Z  derrick  runners,  70  ct.  houi-.      ^ 

T;  derrick  tenders,  70  ct.  hour.     (These  men  could   lun  d.^i-rick 
when  needed.) 

2  gasolme  dinkey  runners,    56   ct.    hour. 

2  concrete  finishers,   BO  ct.  hour. 

2  pun.'pmen  on  unwatering  pumps.   $:i6  weelv. 
Train  Crew — 

1  dinkey   runner,    60   ct.   hour. 

1  fireman,  53  ct.  hour. 

1  brakcman,  50  ct.  hour. 
Dragline   Crew — 

1  dragline  runner,   $250  niontli. 

1  fireman,  52  ct.  hour. 

1  pitman.  52  ct.  hour. 
Note. — Work   10    hours   .ind   pay    for    11.     Men    paid    liy    week    or 
month  are  not  paid  extra  for  overtime  or  Sundays. 

The  concrete  was  usually  placed  by  one  derrick  while  the 
other  derrick   was   handling   forms   and   muck,   but   often   on 


,067 
.500 


Storing  aggregate   (extra  labor  only) : 

Dismantling  and  general  cleaning  up 

'  $3.51 

Supplies    (lumber,  repair  parts,  conyeyor  l)elt,  etc.) $10.59 

Cement   (less  credit  on   sacks) 2.20 

Dayton  shop  (mostly  on  repair  parts) 23 

Dayton  Garage  (hauling) 01 

%  3.02 
F'ower — 

Coal  (dragline,  dinky  and  heating) %  "-P? 

Electrical  at  .02   per  kwh -22. 

Gasoline  and  oil "16 

.$  0.37 

T'lant— 

Erection   cost    (approxiinate ) ■. $0.60 

Depreciation  at  2  per  cent  per  month TO'     1.30 

Camp — 50  per  cent  of  yearly  depreciation 1.13 


$  2.43 

Industrial  insurance  (2.45  per  cent  of  payroll) $  0.074 

,Tob  overhead  (20  per  cent  of  payroll) 602 

$  0.67 

Approximate    unit    cost    per    cu.    yd 10.00 

(Based  on   42,243   cu,  yd.    concrete.) 

Supplies  issued  per  cu.  yd.  of  concrete: 

Luinber ^"i- 

Bolts  and  anchor  washers 0 1 

Conveyor   belt    02 

INliscellaneous    ■ 33 

Boots  and  slickers 06 

UNIT  COST  OF  CONCRETE.  OCT.  20.  1920. 
Sq.  ft.  of  form 


surface. 

Bulk- 


Forms. 

paver  wall   57.372 

Land   wall    40.401 

Floor  and  weir   4.901 

Weirs     17,225 

Center  wall    S,042 

3    piers    11,700 


heads. 

22,492 

9,341 

34,193 


570 
1,212 

67,808 


Total, 
sq.  ft. 
79,864 
49.742 
39,094 
17,225 
8,612 
12,912 


Concrete, 

cu.  yd. 

15,400.4 

7,869.6 

13,562.1 

4,985.1 

556.9 

1,966.2 


44.340.3 


Sq.  ft. 
forms 

per 
cu.  yd. 

5.19 

6.24 

2.89 

3.46 
15.46 

6.59 

4.69 


Fig.    3 — Layout    of    Construction    Work. 

the  heavier  part  of  the  work  both  derricks  were  placing  con- 
crete at  the  same  time.  In  this  case  one  of  the  rough  car- 
penters was  placed  in  charge  of  a  second  concrete  placing 
gang. 

The  Cost  of  Concreting.— The  favorable  rate  of  progress, 
indicated  by  the  chart,  is  of  course  connected  with  the 
question  of  cost.  The  original  estimate  of  this  was  $9.47  per 
cubic  yard  of  concrete,  as  an  average  for  the  several  classes 
of  the  material  placed,  the  classes  depending  upon  the 
amount  of  cement  required,  the  difflculty  of  placing  (as  re- 
quiring pumping  when  below  water  level,  for  instance),  and 
other  factors.  The  $9.47  was  divided  into  $2.87  for  the 
cement  (>4  bbl.  at  $2.30  per  barrel),  and  $6.60  per  cubic 
yard  for  the  remaining  items  (shown  in  the  table  below). 
The  actual  cost  has  been  $10  per  cubic  yard.  The  estimate 
was  made  in  1917.  In  consideration  of  the  general  condi- 
tions confronting  construction  work  during  the  period  when 
the  work  was  being  done,  the  showing  is  a  very  creditable 
one  for  the  engineers  and  workers  on   the  job. 

The  division  of  the  cost  per  cubic  yard,  just  referred  to,  is 
given  in  the  following  table.  It  is  based  on  "pay  yardage," 
computed  to  the  "neat  line"  of  the  masonry,  this  quantity 
being   42,243   cu.   yd. 

The  total  amount  poured  was  44,340  cu.  yd. 

SUMMARY   OF   CONCRETING   COSTS. 

Cost  per  Per  cent 

Item.                                                                                     cu.  yd.  of  total. 

T_>abor   $3.51  35.1 

Supplies  (cement,  lumber,  repair  parts,  etc.) 3.02  30.- 

Power    (coal,    electricity,    gasoline) 0.37  3.^ 

Plant    (erection,   depreciation,   camp) 2.43  24.3 

Industrial  insurance  (2.45  per  cent  of  payroll);  .iob 

ovei'head  (20  per  cent  of  payi-oU) 0.6T  6.  i 

Total     $10.00  100.0 

LABOR  DETAIL  OF  COSTS  PER  CU.  YD. 

T^aying   tracks    (in   borrow   pit) ^^■\^% 

Excavating  gravel   333 

Screoning  and  washing  gravel Jjj 

Mixing  and  placing ■''Y' 

Building  forms    ■•*♦ 

Tr-ostle  and  concrete  tracks 21 0 

Repairs    067 

Placin.g  reinforcement    Oil 

Unloading  cement  047 

Cleaning  up  -032 

General    and    miscellaneous    (includins'    heatini::) ^37 


Total    139.641         67,808       207.449 

Form  lalwr,  $41,820.55  -f  861.16  (02B)  =  $42,681.71. 
Form  labor  per  sq.  ft.  of  form  surface,  20.6c. 
Lumber,  bolts,  nails,  etc.  (approximate),  8,5c. 

On  March  1,  pay  of  common  labor  was  raised  from  $4.18 
(o  $5.06  per  diem,  an  increase  of  21  per  cent,  and  flrst-class 
carpenters  from  $8.25  to  $8.80  per  diem,  an  increase  of  6.7 
per  cent.  Average  increase  of  entire  payroll  about  10  per 
cent.  This  general  increase  in  wage  scale  added  approxi- 
mately $10,200  to  cost  of  labor  or  increased  unit  cost  of  con- 
crete, approximately  23c  per  cubic  yard.  Cement  cost  dur- 
ing first  half  of  work,  $2.85  per  barrel,  with  an  allowance 
of  60c  for  sacks,  making  a  net  price  of  $2.25  per  barrel:  a 
later  contract  was  made  for  $3.19  per  barrel,  with  $1  off  tor 
sacks   or  $2.19   per  barrel  net.    Form   lumber   was   purchased 
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Fig.   4 — Progress   Chart. 

at  about  an  average  price  of  $40  per  thousand.     Unloading 
cement  from  cars  into  warehouse  cost  $4.83  per  barrel. 

Excavating    washing  and  screening  gravel,  labor $0.44 

Cost  per  cu.  yd.  gravel,  pit  run,  plant   _. Jj-^'^ 

Supplies    ■ Q^Q 

Power    Q  jp 

Overhead    ■ ' 

Per  cu.  yd.  gravel  ^^-^^ 

About  58,000  cu.  yd.  of  pit  run  gravel  was  screened  and 
washed  to  obtain  sand  and  gravel  for  44.340  cu.  yd.  of  con- 
crete, but  there  was  always  a  surplus  of  sand  of  20  per  cent 
to  50  per  cent  of  which  was  wasted  with  the  use(J  water,  also 
considerable  pea  gravel  was  wasted. 

Production  Record  and  Mixture  Details.— The  work  being 
most  of  it  massive,  with  little  steel  reinforcement,  the  mix 
was  in  general,  approximately,  1:3:6,  It  being  convenient 
to  measure  the  cement  in  the  full  bags  as  shipped,  the 
measures  to  secure  the  proportions  named  were  4  bags  of 
cement   (1  cu.  ft.  to  the  bag),  to   13  cu.  ft.  of  sand,  to  25.8 
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cu.  ft.  of  mixed  gravel,  the  latter  figure  being  the  result  of 
mixiug  16  cu.  ft.  each  of  the  fine  and  the  coarse  grades,  as 
given  by  preliminary  tests.  But  practically,  as  stated,  the 
16:16  mix  was  varied  to  suit  the  run  of  gravel  in  the  pits.  A 
1:3:6  mix  would  seem  to  require  12  cu.  yd.  of  sand  instead 
of  13,  but  as  repeated  tests,  made  regularly  as  the  work 
proceeded,  showed  that  10  to  25  per  cent  of  the  "sand" 
which  came  through  the  sand  screen  exceeded  %  in.  in  size 
and  could  be  considered  really  as  fine  gravel,  the  extra  cubic 
loot  was  added  to  secure  a  true  sand  ratio. 

MONTHLY  RECORD. 

(Overbrcuk  filler  not  Included.) 

Cu.  yd. 

October,   1919   340 

November    1,219 

December     1,547 

Januiiry,  1920 1.347 

Petniary    2,053 

March    5,011 

April    3,S68 

May    5,025 

June     7,025 

July    7,927 

Augvist    4.774 

September    2,450 

The  above  figures  are  from  monthly  estimates.  Final 
estimate  revised  these  amounts  so  that  the  total  amount  of 
pay  concrete  allowed  was  42,243.2  cu.  yd.  Best  day's  run 
was  on  July  19,  when  in  9  hours  and  30  minutes'  running 
time,  437  batches  or  567.7  cu.  yd.  of  concrete  were  placed. 
On  same  day  the  washing  and  screening  plant  handled  53 
12-yd.  capacity  cars  of  pit  gravel.  Mixer  was  a  No.  28-S 
Smith  power  tilting  1  cu.  yd.  size,  with  a  cone  extension  on 
discharge.  Average  size  of  batch  34  cu.  ft.  Ran  one  10-hour 
shift  only,  and  did  not  work  on  Sundays  or  holidays 

In  all  44,817  bbl.  cement  were  used,  an  average  of  1.01 
bbl.  per  cubic  yard  of  concrete.  Standard  batch,  13  cu.  ft. 
sand;  16  cu.  ft.  small  giavel;  16  cu.  ft.  large  gravel  and  4 
bags  of  cement.  For  a  12-in.  facing  of  walls,  weirs,  and 
floor,  6  bags  of  cement  were  used  per  batch.  For  a  12-in. 
lining  of  the  conduits,  8  bags  of  cement  were  used  per 
batch. 

Aggregate  was  screened  to  three  sizes  on  a  set  of  rotary 
screens.  Passing  a  %-in.  hole,  sand;  passing  1%-in.  hole 
and  retained  on  %-in.,  fine  gravel;  passing  a  3-in.  and  re- 
tained on  li^-in.,  large  gravel.  Over-size  rocks,  up  to  6  in., 
were  carried  into  the  large  gravel  bin.  By  a  measurement 
test  of  full  size  batches,  a  mixture  of  16  cu.  ft.  of  small 
gravel  and  16  cu.  ft.  of  large  gravel  gave  approximately  28 
cu.  ft.  of  mixed  gravel,  with  35  per  cent  voids.  This  propor- 
tion of  small  and  large  gravel  was  varied  at  times  to  suit 
deliveries  from  pit.  The  average  was  about  18  cu.  ft.  small 
to  14  cu.  ft.  of  large. 

A  total  of  35,774  batches  were  mixed. 

A  new  conveyor  belt  was  put  on  March  14  (20-in.  wide, 
Goodrich).  This  belt  lasted  till  end  of  job.  and  was  com- 
pletely worn  out,  4.400  cars  or  52,800  cu.  yd.  of  pit  gravel 
were  elevated  on  this  belt.  Original  cost  of  belt  was  $2.22 
per  foot. 

In  all  approximately  5,500  12-yd.  capacity  cars  of  gravel 
were  washed  and  screened  of  which  4,200  cu.  yd.  of  sand 
and  6,600   cu.  yd.   of  gravel  were  stored   for  future   work. 

Some  of  this  was  used  for  other  purposes. 


A.  A.  E.  Railroad  Conference  March  14. — The  third  annual 
railroad  conference  of  the  American  Association  of  Engi- 
neers will  be  held  at  the  Congress  Hotel  in  Chicago  on 
March  14.  Many  delegates  will  be  present  from  all  over  the 
country,  representing  the  50-odd  sections  of  the  association. 
Last  year  several  hundred  engineers  attended  the  confer- 
ence and  this  year  the  attendance  is  expected  to  be  at  least 
500.  The  conference  is  an  annual  feature  of  the  railroad 
engineering  week  in  Chicago,  being  the  occasion  of  the 
annual  meeting  of  the  American  Railway  Engineering  Asso- 
ciation and  the  annual  railroad  show  at  the  Coliseum. 


New  Hudson  River  Railway  Bridge. — The  TJ.  S.  House  of 
Representatives  on  Feb.  7  passed  a  bill  authorizing  the  con- 
struction of  a  railroad  bridge  over  the  Hudson  River  at 
Castleton.  N.  Y.  The  bill  had  previously  been  passed  by  the 
Senate  and  now  goes  to  the  President.  The  new  bridge  will 
connect  the  New  York  Central  Lines  to  New  York  and 
the  B.  &  A.  R.  R.  Lines  to  Boston  with  the  West  Shore  R.  R. 
and  thus  will  relieve  traffic  congestion  at  the  Albany  gate- 
way into  New  England.  A  large  freight  terminal  will  be  built 
and  special  trackage  laid. 


U.  S.  Chamber  of  Commerce  on  the 
Street  Railway  Problem 

In  November,  1920,  there  was  issued  by  the  Chamber  of 
Commerce  of  the  United  States  to  its  members  and  asso- 
ciate members  a  report  by  its  Special  Committee  on  Public 
Utilities  and  a  referendum  ballot  on  the  eight  recommenda- 
tions contained  therein.  The  preliminary  canvass  of  the 
ballots  was  published  on  Jan.  21,  and  is  given  below. 

1.  ExI.sting  traction  facilities  should  be  conserved. 

In   favor   i.ggS 

Opiosed     None 

2.  Thu  attitude  now  taken  toward  street  railway  problems 
should  be  based  upon  the  present  and  future  needs  of  the  com- 
munity. 

In  favor   1,677 

Opposed    None 

3.  The  attitude  which  is  taken  toward  street  railway  problems 
should  contemplate  private  ownership  and  operation. 

In   favor   1,657 

Opposed    24 

4.  Regulation  should  everywhere  be  instituted  that  will  prompt- 
ly follow  changres  in  the  situation  of  the  companies  rendering  ser- 
vices of  local  transportation. 

In  favor   1,666% 

Opposed    4^4 

5.  Provision  should  be  made  against  the  consequences  of  unfair 
competition. 

In  favor   1,651 

Opposed    16 

6.  All  burdens  unrelated  to  the  service  performed  should  be 
removed  from  the  street  railways. 

In  favor   / 1,46014 

Opposed    167V4 

7.  Official  responsibility  should  be  definitely  fixed  for  the  appli- 
cation of  regulation. 

In   favor    1,682 

Opposed    3 

S.  Each  company  should  seek  to  have  available  for  the  public 
at  all  times  the  facts  as  to  the  results  of  operation  and  should  have 
resident  responsible  executives  wholly  conversant  with  local  re- 
quirements. 

In  favor   1,683 

Opposed    1 

Arguments  in  the  Negative. — ^These  were  included  as  a 
supplement  to  the  committee's  signed  report,  but  their  origin 
was  not   stated. 

Another  supplement  contained  the  conclusions  and  rec- 
ommendations of  the  "Federal  Electric  Railways  Commis- 
sion," which  are  printed  elsewhere  in  this  issue.  The  com- 
mittee placed  great  value  upon  these  conclusions  and  the 
report  covering  them. 

There  follows  an  abstract  of  the  Chamber  of  Commerce 
report,  in  which  the  "arguments  in  the  negative"  have 
been  grouped,  each  with  the,  recommendation  to  which  it 
refers.  The  personnel  of  the  committee  is  given  at  the  end 
of  the  abstract. 

Sources  of  Data. — Material  for  the  committee's  report  was 
gathered  in  an  intensive  study  of  the  problems  in  the  course 
of  whicn  it  received  statements  from  economists,  public 
oflicials,  utility  executives  and  employes  and  others.  Fur- 
ther assistance  was  received  through  the  detailed  ttate- 
ments  of  local  transportation  conditions  furnished  by 
numerous    commercial    organizations. 

I.  Existing  Traction  Facilities  Should  Be  Conserved. — The 
Federal  Commission  found  that  the  electric  railway  irdus- 
try  is  without  financial  credit  and  is  not  performing  prop- 
erly its  public  function.  The  commission  concluded  that  the 
first  essential  is  to  restore  credit  to  the  street  railways  in 
order  that  they  may  obtain  necessary  new  capital  for  the 
extension  and  improvement  of  service. 

In  this  finding  and  conclusion  the  committee  concurs,  and 
it  recommends  that  as  the  first  step  in  bringing  about  this 
result  existing  traction  facilities  should  be  conserved.  The 
attitude  taken  toward  them  by  the  public  must  be  con- 
structive and  not  destructive.  The  point  of  view  must  be 
that  local  transportation  is  an  industry  to  be  to.stered  and 
developed,  with  ample  povision  for  correcting  abuses  and 
for  preventing  anyone  from  taking  unfair  advantage  of  the 
public  attitude. 

The  importance  of  such  a  policy  as  the  committee  recom- 
mends has  been  emphasized  by  the  United  States  Supreme 
Court,   which   said: 

Our  social  system  rests  largely  upon  the  sanctity  of  private 
property,   and  that  state  or  community  which  seeks  to  invade  it 
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will  j-ooii  discover  the  error  in  the  disaster  wliicli  follows.  The 
slight  sain  to  the  consumer  -which  he  would  obtain  from  a,  reduction 
in  the  rate  charged  by  the  public  service  corporations  is  as  noUxing 
comoared  with  his  share  in  the  rain  which  would  he  brought  about 
by  denying  to  private  property  its  just  reward,  thus  unsettling 
values  and  destroying  confidence. —  (213  N.  S..  IS.) 

Importance  of  Adequacy.— Consideration  of  the  nature  oC 
tho  service  performed  by  local  street  railways,  and  of  the 
groat  place  mis  service  has  in  the  local  prohlsms  of  read- 
justment to  meet  conditions  following  the  war,  emphasizes 
tlie  outstanding  truth  of  the  Supreme  Court's  statement. 
Every  phase  of  a  community's  interests  and  activties, 
whether  .social  in  the  broadest  sense  or  economic,  is  affected 
by  the  services  of  local  transportation  that  are  available 
In  the  public.  Transportation  iacilities  which  are  adeciuate 
and  which  keep  pace  with  needs  of  communities  that  grow 
at  the  rapid  rate  distinguishing  American  cities  in  recent 
years  contribute  to  the  welfare  of  every  member  of  the 
public.  On  the  other  hand,  inadequate  and  inefficient  facili- 
ties give  rise  to  a  constantly  multiplying  series  of  prob- 
lems. Congestion  of  population  results,  often  in  the  most 
undesirable  districts,  and  brings  in  its  train  problems  and 
consequences  upon  which  we  scarcely  need  dwell.  Access 
to  jiarks,  educational  institutions,  churches,  and  other  com- 
mon resources  of  the  city  is  made  difficult  and  perhaps 
wholly  cut  off.  Industries  find  themselves  cramped  in  old 
quarters  and  cannot  seek  new  sites,  and  the  commercial 
life  of  the  community  may  become  concentrated  and  em- 
barraased  by  obstacles  in  transportation.  In  cammuuities 
where,  for  one  reason  and  another,  traction  services  have 
been  discontinued  for  a  period,  every  inhabitant  became 
keenly  aware  of  the  relation  of  local  transportation  to  him 
anl  his  ftffairs.  That  relation  exists  just  as  directly  when, 
instead  of  total  stoppage,  there  is  anything  less  than  com- 
pletely   adequate    service. 

Housing  and  Other  Local  Problems.— This  is  a  time  when 
(ruction  service  should  be  facilitating  the  solution  of  other 
problems,  and  not  aggravating  them.  Among  the  problems 
affected  by  local  transportation  conditions  is  the  housing 
situ,^lion.  Provision  of  adequate  and  appropriate  housing 
tor  urban  populations  is  a  pressing  requirement  for  the 
hour.  The  question  is  not  only  how  to  obtain  housing  but 
how  to  utilize  it,  and  utilization  in  every  instance  turns 
upon  the  facilities  for  local  transportation.  To  a  house, 
either  new  or  old,  access  to  an  efficient  street  railway  is 
quite  as  essential,  for  practical  purposes,  as  sewer  connec- 
tions and  a  water  supply.  Clear  recognition  of  this  .lirect 
relation  of  traction  services  to  utilization  of  housing  was 
given  by  the  government  during  the  war,  when  it  directly 
Ijromoted  local  transportation  for  industries  related  to  the 
conduct  of  the  war. 

Substitutes  for  Electric  Railways  Do  Not  Enter  the  Pres- 
ent Problem. — The  transportation  facilities  which  are  here 
under  discussion  are  supplied  by  electric  street  railways — 
i.  e.,  by  cars  propelled  by  electric  energy  and  operated  upon 
rails.  Some  other  means  of  providing  local  transportation 
may  eventually  be  developed.  That  possibility  has-  no  place 
in  the  present  discussion.  The  problem  demanding  solu- 
tion is  immediate,  and  the  present  solution  must  be  found 
in  the  material  now  at  hand. 

Same  Problems  Abroad.- The  problem  which  is  before 
your  committee  is  not  to  be  understood  as  being  peculiar 
to  the  United  States.  It  has  arisen  in  every  country  where 
there  Is  a  street  railway.  In  the  spring  of  1920  the  British 
government  indicated  that  of  66  municipal  street  railway 
companies  in  the  United  Kingdom  20  had  to  receive  sub- 
sidies from  public  funds  and  the  263  such  companies  in  pri- 
vate ownership  and  operation  had  insufficient  revenue  to 
meet  fixed  charges  and  pay  renewals.  Parliament  enacted 
legislation  giving  governmental  authorities  power  to  in- 
crease fares.  Even  so,  in  August  the  tramways  of  so  im- 
portant a  city  as  Manchester  were  facing  a  deficit  of  $1,500,- 
000. 

Arguments  Against  Conservation  of  Existing  Facilities. — 
The  negative  arguments  presented  are  all  based  upon  the 
assumption  that  private  interests,  when  in  conflict  with  pub- 
lic interests,  are  not  to  be  considered.  Three  main  argu- 
ments with  some  slight  elaborations  are  presented  in  the 
report:  (1)  That  the  investors  took  a  voluntary  risl-;  an 
entering  the  business.  [To  the  editor  of  Engineering  and 
Contracting   it   appears   that   these   arguments   treat   far   too 


lightly  the  differences  between  an  independent  competitive 
business  and  one  which  either  originally  or  at  some  date 
after  its  inception,  was  placed  under  public  control  with  a 
comparatively  low  limit  of  allowable  earnings.] 

(2)  That  in  general  there  cannot  be  competition  between 
street  railways,  and  that  competition,  if  it  is  to  come  at 
all,  must  be  from  other  means   of  transportation. 

(3)  That  any  attitude  now  taken  for  the  conservation  of 
present  facilities  should  not  foreclose  the  public  from  hav- 
ing the  benefits  of  future  advances  in  local  transportation. 
[It  seems  scarcely  probable  that  any  large  number  of  peo- 
ple believe  that  progress  in  transportation  should  (or  for 
any  long  period,  could)  be  stopped  by  the  interests  of  the 
present  investors.  True  conservation  means  something  very 
different. 

It  is  interesting  to  note  that  recognition  is  given  to  the 
prospect  of  radical  changes  in  transportation  requirements 
through  scientific  city  planning. — Editor  Engineering  and 
Contracting.] 

Past  Mismanagement. — In  the  United  States  one  great 'cause 
for  public  indifference  to  the  situation  of  local  street  rail- 
ways lies  in  widespread  belief  that  in  the  earlier  history  of 
many  traction  companies  there  was  financial  mismanage- 
ment. 

Proper  Method  of  Approach. — Even  in  cases  where  this  has 
been  the  fact,  however,  it  becomes  relatively  unimportant  at 
this  time,  inasmuch  as  the  problem  should  be  approached 
from  the  point  of  view  of  the  value  of  the  property  used  for 
the  public  service  rather  than  from  the  point  of  view  of  the 
outstanding  securities.  If  it  be  conceded  that  the  public  in- 
terest is  to  obtain  good  service  at  lowest  cost  and  that  street 
railways  are  essential  and  necessary,  then  the  sensible  way 
to  deal  with  the  problem  is  to  permit  existing  organizations 
and  present  properties  to  earn  a  sufficient  sum  over  their  op- 
erating expense  to  induce  investment  of  capital  for  extensions 
and  improvements  to  existing  facilities.  It  is  not  a  question 
of  past  financing  but  of  present  earnings  and  there  should  be 
provided  a  margin  sufficient  to  attract  new  capital.  This  will 
result  in  the  end  in  the  most  efficient  and  cheapest  service 
to  patrons  of  utilities  and  to  the  public  in  the  communities 
served. 

Recommendation  No.  1 1. — Believing  that  this  position  is  in  the 
highest  public  interest,  the  Committee  recommends  that  the 
attitude  which  is  now  taken  toward  street  railway  problems 
should  be  based  upon  the  present  and  future  needs  of  the 
community,  a^d  not  upon  earlier  conditions.  Equitable  read- 
justment au'd  not  past  performance  is  the  immediate  problem. 
Arguments  in  the  negative,  including  the  comment  on  hold- 
ing companies,  are  presented  as  follows: 

A  public  attitude  such  as  is  recommended  by  the  Commit- 
tee, based  upon  present  and  future  needs,  would  not  solve  the 
problems  that  cause  difficulty.  It  is  past  events,  in  the  period 
before  regulation,  that  now  cause  such  controversies  as  dis- 
putes over  the  proper  method  to  be  used  in  valuation.  Those 
disputes  are  justified  by  reason  of  the  bona  fide  investments 
which  have  become  involved.  The  shortest  way  to  a  solution 
of  traction  problems  is  to  settle  these  controversies.  When 
they  are  out.  of  the  way,  there  can  easily  be  agreement  that 
the  valuation  plus  future  contributions  by  owners  is  the  just 
amount  upon  which  owners  of  street  railways  should  have 
fair  return  commensurate  with  the  efficiency  of  their  efforts 
and  the  prevailing  rate  of  risk. 

Holding  Companies. — There  are  also  problems  of  organiza- 
tion continuing  out  of  past  conditions.  Holding  companies 
persist,  although  according  to  census  reports  there  would  ap- 
pear to  have  been  some  decrease  in  number  in  the  street  rail- 
way field.  Holding  companies  are  often  operating  compa- 
nies, controlling  a  number  of  subsidies  with  a  complexity  of 
corporate  relationships,  including  numerous  bond  issues,  ren- 
tal charges,  and  over-lapping  a.greements.  Corporate  relation- 
ships should  be  simplified  and  made  more  direct.  Such  a  re- 
form would  fi-equently  tend  to  fix  rosponsibilty  and  decrease 
expense. 

Public  Ownership.— Although  the  Committee,  in  seeking  to 
develop  all  pos.sible  points  of  view,  received  statements  from 
advocates  of  public  ownership,  it  has  been  unable  to  discover 
any  reasons  which  would  justify  belief  that  better  service  or 
lower  rates  would  accrue  from  public  ownership.  On  the  con- 
trary, the  Committee  had  before  it  persuasive  reasons  show- 
ing that  public  detriment  would  follow.  In  European  countries 
where  there  is  to  an  extent  public  ownership  exactly  the  same 
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crisii  ^as  appeaipd  as  in  the  Vnitod  States.  In  our  own  coun- 
try none  of  the  attempts  at  municipal  ownership  and  opera- 
tion of  street  railways,  as  in  Seattle  and  to  an  extent  in  San 
Francisco,  has  yet  demonstrated  advantages  to  the  public. 

Costs  Borne  by  Public. — No  matter  by  whom  or  in  what  man- 
ner the  service  is  provided,  whether  by  private  or  public  op- 
eriition,  the  community  must  ultimately  pay  all  necessary 
costs.  They  must  be  paid  either  by  the  farepayer  or  by  the 
taxpayer;  what  the  farepayer  does  not  pay  the  taxpayer  must 
pay. 

To  continue  rates  of  fare  under  which  the  street  railway 
industry  cannot  be  self-supporting  is  to  force  the  abolition  of 
private  and  the  substitution  of  public  operation.  The  com- 
munity cannot  gain  thereby  unless  it  can  materially  reduce 
the  costs  of  street  railway  operation.  The  Committee  has  con- 
sidered that  possibility. 

It  would  be  superfluous  to  argue  the  proposition  that  no 
industrj'  operated  by  private  capital  can  long  continue  when 
the  expenses  exceed  the  revenues.  If  the  street  railway  in- 
dustry is  to  serve  the  people  with  the  efficiency  which  the 
latter  demand,  it  must  be  put  and  kept  on  the  same  basis  as 
that  upon  which  all  efficient  industries  rest,  namely,  that  of 
.':elf-support  and  reasonable  return.  Private  capital  will  not 
embark  and  cannot  remain  in  an  industry  which  is  artificially 
precluded  from  earning  its  costs  plus  a  reasonable  return. 

There  is  abundant  support  for  the  conclusion  that  public 
operation  of  street  railways  instead  of  diminishing  would  in- 
crease the  cost  of  street  railway  service  and  at  the  same  time 
lower  its  efficionry. 

More  Efficient  Personnel  In  Private  than  in  Public  Manage- 
ment.— No  business  can  be  carried  on  efficiently  and  econ- 
nomlcally  except  by  men  having  special  training  and  experi- 
ence therein,  qualified  by  expert  knowledge  and  ability,  stim- 
ulated by  self-interest,  and  secure  in  their  tenure  during  effi- 
ciency. 

The  public  service  does  not  attract  and  does  not  often  long 
retain  men  with  the  qualifications  without  which  the  maximum 
of  efficiency  and  economy  is  impossible.  The  pay  in  the  pub- 
lic service,  especially  in  the  higher  grades,  is  relatively  small. 
The  tenure  is  uncertain  and  brief.  The  opportunity  for  ad- 
vancement is  slight.  Unusual  zeal  and  exceptional  ability 
bring  little  or  no  reward,  and  the  powerful  incentive  of  self- 
interest  is  paralyzed. 

In  almost  uniform  practice  important  public  business  under- 
takings are  entrusted  to  men  without  the  special  knowledge, 
the  skill  and  the  experience  Indispensable  to  good  manage- 
ment and  low  cost.  Nor  can  inexperienced  oSiciiils,  however 
intelligent  and  zealous,  acquire  full  efficiency  during  the  short 
time  they  are  in  ofHce. 

Moreover,  public  officials  even  if  properly  qualified  person- 
ally for  their  duties  are  so  hampered  by  restrictions  of  law, 
by  insufficient  discretionary  powers  and  by  co-ordinate  or  su- 
perior authority  as  greatly  to  limit  their  effectiveness. 

With  the  results  of  this  condition  of  affairs  the  public  is 
already  familar  in  other  directions.  A  continuous  and  well- 
defined  policy  becomes  impossible.  In  its  place  invariably  ap- 
pears a  series  of  experiments  directed  by  inexperienced  offi- 
cials. Co-ordination  and  efficiency  cannot  exist  under  such 
circumstances.  For  the  public  there  are  at  the  same  time 
burdens  from  added  costs  and  a  lack  of  adequate  service. 

Relative  Efficiency. — The  relative  inefficiency  of  public  as 
compared  with  private  management  is  well  illustrated  by  a 
comparative  study  published  in  1918  and  presenting  the  facts 
regarding  17  municipal  and  18  private  electric  lighting  plants 
in  Massachusetts.  In  every  essential  element  of  cost  the  show- 
ing was  markedly  against  the  municipal  plants.  To  manufac- 
ture current  cost  the  municipal  plants  33  per  cent  per  kilowatt 
hour  more  than  the  cost  to  private  plants;  to  distribute  cur- 
rent 20.7  per  cent  per  kilowatt  hour  more.  Their  labor  costs 
at  station  per  kilowatt  hour  were  .53  per  cent  in  excess  of  those 
of  the  private  plants;  their  excess  of  fuel  costs  per  kilowatt 
hour  was  13.2  per  cent.  The  labor  efficiency  of  the  municipal 
plants,  as  gaged  by  the  product  of  current  per  employe,  was 
26  per  cent  below  that  of  the  private  plants.  The  municipal 
plant's  loss  of  current  by  leakage  or  otherwise  was  31  per  cent 
more  than  that  of  the  private  plants.  This  was  probably  due 
to  bad  engineering,  due  in  turn  to  inefficient  general  manage- 
ment and  supervision.  The  municipalties  paid  7.4  per  cent  per 
ton  more  for  their  coal  than  was  paid  by  the  private  plants. 
For  an  equal  result  the  municipalities  consumed  15  per  cent 
more  coal  than  the  private  plants  consumed.  Excluding  taxes, 
the  operating  expenses  of  the  municipalities  exceeded  those  of 
the  private  plants  by  20  per  cent. 


It  is  not  practicable  to  present  here  in  detail  a  vast  body 
of  available  evidence  which  demonstrates  conclusively  that 
under  government  operation  operating  costs  rapidly  and  waste- 
fully  increase  and  are  almost  invariably  much  in  excess  of 
those  of  private  operation,  and  that  such  excess  cost  is  usually 
coincident  with  low,  and  frequently  with  absolutely  decreased 
efficiency.  A  few  examples  may,  however,  be  cited.  A  case 
in  point  is  the  operation  of  the  American  railroads  by  the 
United  States  government. 

Tremendous  Inefficiency  in  Europe. — Another  instance  is 
supplied  by  Italy.  In  10  years  .50,188  employes  were  added 
to  the  payroll  of  the  Italian  government  railroads  without 
the  addition  of  any  new  mileage,  and  without  improving  the 
service.  Before  the  government  took  the  roads,  they  paid 
small  dividends,  besides  annually  paying  $10,000,000  to  $12.- 
000,000  in  taxes.  Since  governmontalization  the  annual  deficit 
from  1905  to  1914  has  been  from  $3.5,000,000  to  $42,000,000,  to 
say  nothing  of  the  loss  in  taxes.  After  the  French  govern- 
ment took  over  the  Western  Railroad  system,  in  five  years 
the  operating  costs  increased  from  C7.8  per  cent  to  89.4  per 
cent  of  the  gross  revenue — an  increase  more  than  2V4  times 
that  of  the  private  French  lines  during  the  same  period.  This 
staggering  increase  did  not  go  to  produce  better  service,  but 
went  for  new  and  needless  employes.  Where  the  private 
companies  employed  174  persons,  the  state  railway  employed 
235  persons;  where  the  private  lines  paid  $57  in  wages,  the 
state  lines  paid  $97.  The  new  appointments  were  largely  po- 
litical.    Discipline  and  service  were  completely  demoralized. 

Published  Accounts  May  Be  Misleading. — Some  communi- 
ties have  apparently  believed  that  public  operation  has  pro- 
vided them  with  lighting  and  water  service  at  less  cost  than 
those  services  could  be  obtained  from  private  companies. 
Public  accounting  seldom  exhibits  the  true  costs  of  a  par- 
ticular service.  Charges  for  renewals  and  replacements  are 
often  entirely  ignored.  Sinking  fund  outlays,  interest  charges 
and  rents  arising  from  the  particular  service  are  often 
charged  against  other  funds.  Tax  losses  are  disregarded. 
By  omitting  or  improperly  disposing  of  these  items  of  ex- 
pense the  actual  cost  of  a  utility  service  is  concealed,  and  the 
public  is  led  to  believe  that  it  is  getting  that  service  for  much 
less  thon  it  is  actually  paying  for  it. 

Recommendation  No.  III.— -A  canvass  of  every  considera- 
tion that  has  been  brought  forward  in  support  of  public  own- 
ership has  resulted  in  the  Committee's  finding  In  it  no  solu- 
tion for  present  problems  or  means  for  meeting  future  re- 
quirements. The  Committee  accordingly  recommends  that 
the  attitude  which  is  taken  toward  street  railway  prol)!"nis 
should  contemplate  private  ownership  and  operation  ol  l.'fiil 
transportation  facilities. 

Arguments  for  Public  Ownership. — The  following  is  given 
under  "Arguments  in  the  Negative": 

Since  the  Committee  made  Its  report  a  committee  of  tlie 
National  Association  of  Railway  and  Utilities  Commission- 
ers has  declared  that  the  question  of  public  ownership  and 
operation  "should  no  longer  be  considered  by  intelligent  in- 
vestigators as  open,"  because  it  has  been  foreclosed  through 
failure  of  public  ownership  and  operation  wherever  it  has  been 
properly 'tested.  Such  statements  should  be  supported  with 
data  analyzed  from  an  impartial  point  of  view. 

The  Committee  supports  its  recommendation  by  data  which 
is  not  conclusive.  In  order  to  arrive  at  a  decisiou  respectins 
public  ownership  and  operation  one  should  first  foraulat' 
standards  by  which  success  or  failure  is  to  be  measured.  The 
experience  of  any  foreign  country  should  be  estimated  accord- 
ing to  Us  own  peculiar  conditions.  By  way  of  illustration,  it 
might  be  pointed  out  that,  even  if  it  were  conceded  that  in 
the  United  States,  government  operation  would  be  more  costly 
than  private  operation.  It  is  essential  to  ascertain  if  this  ex- 
cess cost  is  offset  by  the  lower  rate  at  which  a  municipality 
can  obtain  capital. 

From  the  theoretical  point  of  view  a  number  of  arguments 
are  advanced.  It  is  argued  that  street  railway  transportation 
Is  of  such  general  and  essential  importance  to  the  community 
that  its  provision  is  a  public  function,  much  like  the  supply 
of  water.  It  Is  said  that  some  Incidents,  such  as  the  desira- 
bility of  a  rate  of  fare  that  does  not  vary  approximately  with 
distance,  places  a  burden  upon  a  private  company  that  should 
be  assumed  by  the  w'hole  public,  since  it  is  in  the  general  in 
terest  of  the  community  that  all  parts  of  it  should  obtain  its 
transportation  at  equal  rates.  If  there  are  deficits  for  private 
companies  in  meeting  these  conditions,  and  in  furnishing  a 
quantity  and  quality  of  service  the  public  interest  requires, 
it  is  said  to  be  Inconsistent  to  use  the  taxing  power  to  make 
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good  the  deficits  accruing  to  private  enterprises.  Public  own- 
ersriip  and  operation  is  sometimes  advocated  as  tlie  only 
means  for  obtaining  a  unified  traction  service  in  some  cities, 
and  of  remedying  the  complex  corporation  relationships  which 
have  been  created.  Finally,  it  is  contended  that  private  enter- 
prise has  had  the  task  of  supplying  management  and  capital 
in  an  industry  constantly  requiring  large  amounts  of  new  cap- 
ital, and  having  reached  a  point  where  it  cannot  furnish  the 
new  credit  that  is  needed  it  has  failed  and  should  be  replaced 
by  a  public  agency. 

Modern  developments  in  the  United  States  at  least  open 
the  way  for  public  ownership  and  operation.  A  number  of 
cities  have  found  some  relief  from  their  difficulties  through 
cost-of-service  franchises  and  indeterminate  permits:  both  ex- 
pressly contemplate  public  ownership  as  a  possibility.  In- 
auguration of  regulation  likewise  points  toward  the  possibility 
of  substitution  of  public  operation  for  private  ownership  witii 
public  regulation.  In  fact,  if  regulation  breaks  down  in  that 
it  does  not  produce  the  benefits  that  are  required  by  the  pub- 
lic interest,  there  would  seem  to  be  no  alternative  to  public 
ownership  and  operation.  Some  cities  take  the  position  that 
no  satisfactory   system   of  regulation   has   yet   been   devised 

IV.  Regulation  Should  Conform  to  Changing  Conditions. — 
This  is  very  nearly  self-evident,  and  is  treated  only  briefly 
in  the  report. 

The  negative  arguments  are  chiefly  in  elaboration  of  the 
statements.  "Flexibility  is  only  an  incident  to  regulation.  It 
is  more  important  that  regulation  should  be  thoroughgoing." 

V.  Provision  Should  Be  Made  Against  the  Consequences  of 
Unfair  Competition.—  This  does  not  mean  that  local  transpor- 
tation as  it  now  exists  should  be  perpetuated  regardless  of 
advances  that  may  be  achieved  in  the  art  of  transportation 
or  in  the  science  of  regulation.  It  does  mean,  however,  that 
a  company  which  is  rendering  service  and  should  be  devel- 
oped in  efliciency  should  not  be  subjected  to  competition  from 
any  other  source  wliich  is  not  under  corresponding  regulation 
and    obligations. 

VI.  Unrelated  Burdens  Should  Be  Removed.— The  whole 
purpose  of  regulation  likewise  implies  that  the  companies 
subject  to  regulation  should  be  responsible  only  for  perform- 
ing the  service  they  have  undertaken.  Their  efficiency  and 
the  reasonableness  of  their  rates  of  charge  are  the  matters 
which  should  have  undivided  attention.  Reasonableness  in 
rates  should  be  decided  only  with  reference  to  the  service 
that  is  rendered.  In  other  words,  the  rates  charged  for  street 
lailway  transportation  should  not  be  made  an  indirect  method 
of  taxation  for  the  community.  A  street  railway  company 
should  be  taxed  only  on  the  basis  of  other  comparable  tax- 
payers. 

The  negative  side  of  this  question  is  presented  thus: 

In  recommending  that  street  railway  companies  should  be 
relieved  of  burdens  unrelated  to  the  service  they  render,  the 
Committee  obviously  has  in  mind  liabilities  for  repairs  of 
pavements,  removal  of  snow  from  streets,  payment  of  salaries 
for  traflFic  policemen,  etc.  The  variety  of  these  liabilities  im- 
posed in  different  cities  is  large. 

Consideration  of  the  propriety  of  these  burdens  should  not 
overlook  the  fact  that  surface  traction  companies  occupy  the 
streets,  which  in  one  form  or  another  are  public  property.  In 
this  respect  they  differ  from  steam  railroads  generally,  since 
the  latter  for  the  most  part  occupy  lands  which  they  have 
acquired.  The  streets  require  public  expense  for  their  main- 
tenance and  for  the  supervision  of  trafiic.  It  is  not  inequita- 
ble that  an  enterprise  which  occupies  a  considerable  part  of 
this  property,  by  its  method  of  operation  causes  special  de- 
terioration of  the  street  surface,  and  contributes  to  congestion 
and  other  undesirable  conditions  should  assume  at  least  part 
of  the  cost  of  maintenance  and  supervision. 

Recommendations  Nos.  VII  and  Vill. — These  are  treated 
only  briefly  in  the  body  of  the  report,  but  the  Arguments  in 
the  Negative  are  of  greater  length  and  interest. 

Official  Responsibility — The  Negative  Argument. — Adminis- 
trative oflicials  applying  principles  of  regulation  which  have 
been  decided  upon  by  legislative  authorities  have  duties  which 
are  more  judicial  than  executive.  In  the  performance  of  their 
duties  they  are  under  obligation  to  follow  laws  which  a  legis- 
lature directly  responsible  to  the  electorate  has  enacted.  The 
success  of  the  application  of  the  principles  depends  much 
more  on  the  ability  with  which  the  legislative  authorities  per- 
formed their  duties  than  upon  the  action  of  the  administrative 
agency.  If  the  administrative  agency  does  not  follow  the  leg- 
islation which  has  been  enacted,  it  becomes  the  duty  of  the 


executive  authority  to  exercise  its  power  of  removal,  or  of 
the  legislative  body  to  use  its  powers  of  investigation  and 
impeachment.  The  nature  of  regulation  and  the  distinction 
clearly  drawn  among  duties  in  our  form  of  government  make 
it  improper  to  charge  an  administrative  body  with  direct  re- 
sponsibility for  getting  successful  results  from  regulation. 

Facilities  for  Local  Information  Will  Not  Take  the  Place  of 
Local  Ownership.— Good  service  to  the  public  is  the  source 
of  good  will  from  the  public  and  good  will,  or  the  lack  of  it. 
detei-mines  whether  public  reg.ulation  will  be  formulated  and 
applied  from  a  constructive  point  of  view  or  will  reflect  a 
hostile  attitude.  Good  service  from  a  utility  that  is  peculiarly 
local  requires  that  the  ultimate  private  responsibility,  which 
resides  not  in  management  but  in  ownership,  should  be  local. 

That  this  has  not  been  the  case  is  stated  by  the  Federal 
Electric  Railways  Commission,  which  said: 

Through  the  system  of  financing-  and  management  the  utilities 
have  teen  largely  controlled  by  persons  living  distant  from  the 
community  affected  by  a  particular  electric  railway,  whose  prime 
consideration  has  been  to  secure  a  return  upon  the  property.  This 
"absentee"  management  and  control  has  not  been  successful  in 
brin^-ing  about  the  proper  spirit  of  co-operation  between  the  local 
managers,  employes  and  the  public.  Since  the  electric  railway 
compaiies  come  into  immediate  daily  contact  with  large  numbers 
of  people,  it  is  of  the  utmost  importance  that  the  industry  should 
gain  and  hold  the  respect,  confidence  and  good  will  of  its  patrons. 
If  the  local  public  should  invest  its  money  in  the  stock  and  bonds 
of  its  local  utilities  there  would  be  an  improvement  in  the  relations 
now  existing  between  the  corporation  and  the  public. 

[In  this  discussion  the  subject  has  been  shifted  from  one 
of  publicity  to  one  of  ownership. — Editor  Engineering  and 
Contracting.! 

Personnel  of  Committee. — Pierson,  Lewis,  E.,  chairman: 
Banker,  of  New  York  City:  chairman  of  the  board,  Irving 
National  Bank  of  New  York;  formerly  president,  American 
Bankers'  Association;  vice-president.  Merchants'  Association 
of  New  York:  a  director  in  the  Chamber  of  Commerce  of  the 
United   States. 

Brad  lee,  Henry  G.:  Engineer,  of  Boston;  president.  Stone 
«&  Webster,  and  director  in  numerous  public  utility  corpora- 
tions; member.  Committee  on  National  Relations,  American 
Electric  Railway  Association;  member,  Boston  Chamber  of 
Commerce. 

Brady.  Arthur  W.:  President,  Union  Traction  Co.,  Ander- 
son, Ind.;  formerly  president,  American  Electric  Railway  As- 
sociation; formerly  member,  War  Board  of  the  American 
Electric  Railway  Association. 

DeBerard.  F.  B.:  Director  of  Research,  Merchants'  Associa- 
tion of  New  York. 

Hall,  E.  K. :  Lawyer,  of  New  York  City;  vice-president, 
American  Telegraph  and  Telephone  Co.:  formerly  vice-presi- 
dent of  the  Boston  Chamber  of  Commerce;  formerly  member. 
Committee  on  Education  and  Special  Training,  War  Depart- 
ment. 

Harris.  Albert  W. :  Banker,  of  Chicago;  president,  Harris 
Trust  and  Savings  Bank. 

Han-ison,  Charles  L.:  President.  Board  of  Sinking  Fund 
Trustees.  Cincinnati;  a  director  in  the  Cincinnati  Chamber 
of  Commerce:  formerly  chief,  Cincinnati  Ordnance  District. 

Lieb,  John  W. :  Engineer,  of  New  York  City; 'vice-president. 
New  York  Edison  Co.:  president,  Edison  Testing  Laborato- 
ries; recently  president,  National  Electric  Light  Association, 
and  formerly  president,  American  Institute  of  Electrical  Engi- 
neers. 

McCune,  H.  L. :  Lawyer,  of  Kansas  City:  senior  member  of 
McCune,  Caldwell  &  Downing;  member,  Kansas  City  Cham- 
ber of  Commerce:  formerly  circuit  judge  in  local  courts. 

Myers,  Paul  N.:  Manufacturer,  of  St.  Paul:  vice-president, 
Waldorf  Paper  Products  Co.;  president.  St.  Paul  Association 
of  Public  and  Business  Affairs;  formerly  chairman,  Regional 
Committee,  Resources  and  Conversion  Section,  War  Indus- 
tries  Board. 

Van  Allen,  .lohn  W.:  Lawyer,  of  Buffalo;  member  of  Wil- 
cox &  Van  Allen;  vice-chairman.  Transportation  Committee, 
All-For-Buffalo  Committee. 


Engineer  for  Locomotive  Inspection  for  I.  C.  C. — The 
United  States  Civil  Service  Commission  announces  an  open 
competitive  examination  for  senior  mechanical  engineer. 
Grade  1,  to  fill  vacancy  in  the  Bureau  of  Locomotive  Inspec- 
tion, Interstate  Commerce  Commission,  Washington,  D.  C, 
at  $3,000  to  $3,600  a  year,  and  vacancies  in  positions  requir- 
ing similiar  qualifications  at  salaries  ranging  from  $3,000 
to  $5,000.     Receipt  of  applications  closes  March  29. 
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Pacific  Coast  Cross  Ties 

In  the  CroBs  Tie  Bulletin  of  January,  Mr.  E.  O.  Faulkner, 
manager  of  the  Tie  and  Timber  Department  of  the  Santa 
Fe  Railway  System,  has  an  article  with  the  above  title  in 
which  some  experience  is  given  relating  to  varieties  of  wood, 
methods  ot  handling,  and  prospects  for  future  supply.  The 
following  is  quoted  from  the  article; 

Uotjwood  and  cedar  timbers  contain  an  oil  that  seems  to 
help  materially  in  retarding  decay,  so  that  as  a  rule  in  the 
case  of  cross  ties  made  from  them  not  more  than  20  per 
cent  are  removed  for  decay  and  the  rest  for  mechanical  wear; 
of  these  latter  a  fair  proportion  are  still  suitable  tor  fence 
posts  and  many  such  can  be  seen  in  use  on  the  railway  right 
of  way.  The  chief  trouble  is  their  softness,  the  redwood  a 
little  more  so  than  the  cedar,  which  in  reality  is  a  cypress; 
to  overcome  this  large  flat  tie  plates  are  used,  the  Santa 
Fe  standard  having  two  small  ribs  %  in.  deep  on  the  under 
side  ot  the  plate  parallel  to  the  rail,  which  embed  them- 
selves in  the  wood  and  materially  help  in  reducing  re-spiking 
and  rail  spreading.    All  ties  on  the  Santa  Fe  are  plated. 

The  value  of  the  redwood  for  tie  purposes  seems  to  merit 
special  effort  to  overcome  its  main  fault,  mechanical  wear, 
and  a  number  were  dow^elled;  that  is,  liardwood  dowels  or 
plugs  2  in.  in  diameter  at  tlie  top,  tapering  to  1%  in.  at  the 
bottom,  with  a  heavy  thread  cut  on  the  outside,  were 
screwed  into  corresponding  holes  bored  in  the  tie  in  sets 
of  two  or  four  under  each  rail  base,  then  tie  plates  placed 
over  them  to  equalize  the  load,  in  this  way  making  hardw^ood 
ties  of  them  in  the  most  vulnerable  places,  in  fact,  better 
than  that,  because  the  dowels  were  made  and  inserted  paral- 
lel to  their  grain,  so  that  rail  cutting  or  abrasion  would  be 
reduced  to  a  minimum.  A  number  of  dowelled  redwood  ties 
have  been  in  the  track  since  1910  en  a  10°  curve  on  the 
Arizona  division,  under  the  heaviest  traffic  and  axle  load 
conditions,  and  at  a  recent  inspection  showed  up  all  right. 
As  an  ordinary  redwood  tie  will  last  there  about  10  or  11 
years,  the  further  service  from  these  now  applies  wholly 
to  the  dowelling.  After  the  cost  of  this  is  met,  the  profit 
begins,  which  will  determine  further  work  of  this  character. 

Practically  all  our  redwood  ties  are  split,  the  specifications 
requiring  that  "butt  cuts"  must  be  made  into  ties  as  well 
as  from  the  rest  of  the  tree.  These  "butt  cuts"  are  locally 
known  as  "sinkers,"  the  wood  being  so  dense  and  heavy 
that  it  sinks  in  water,  and  so  far  as  service  is  concerned, 
will  last  twice  as  long  as  ties  made  from  near  the  top  of 
the  tree,  in  fact  the  difference  in  strength  and  length  of 
service  between  a  tie  is  so  marked  that  we  segregate  the 
two  kinds  lor  the  service  which  best  suits  each,  and  by  a 
simple  contrivance  separate  the  heavy  ties  from  the  light 
ones  at  time  of  loading  and  mark  them,  the  heavy  going 
into  main  line  and  the  light  into  side  tracks. 

Port  Ortord  cedar  is  Quly  found  in  the  Coos  Bay  District 
in  Oregon,  mixed  among  the  fir  and  and  not  growing  in 
pure  stands.  The  wood  is  somewhat  harder  than  redwood, 
consequently  holds  the  spike  better  and  is  equally  as  dura- 
ble and  desirable  for  cross  ties,  but  its  scarcity  and  com- 
mercial value  for  other  purposes  creates  such  a  demand  that 
comparatively  speaking  very  few  ot  these  ties  are  on  the 
market. 

Fir  and  kindred  trees  will  undoubtedly  be  the  prevailing 
tie  timber  tor  this  coast,  and  assuming  the  present  per- 
forating experiments  are  successfully  worked  out  so  that 
the  timber  can  be  more  thoroughly  and  successfuly  treated 
— and  I  see  no  reason  why  they  should  not  be — it  will  be 
in  general  demand  for  ties,  not  only  locally,  but  east  ot 
the  Rockies  and  for  export.  The  Forest  Service  reports 
that  today  one-half  the  standing  timber  ot  the  United  States 
is  in  the  states  of  Washington,  Oregon  and  California.  Such 
being  the  case,  it  becomes  all  the  more  necessary  to  con- 
serve the  tie  supply,  and  by  treatment  make  it  last  its  max- 
imum life.  Many  roads  have  experimented  in  steel  and  con- 
crete ties,  hoping  to  find  a  satisfactory  substitute  for  the 
wooden  ones,  but  so  far  without  much  success,  the  old  fash- 
ioned tie  being  still  in  popular  demand  and  likely  to  con- 
tinue so,  and  its  value  as  such  is  so  great  that  it  is  criminal 
to  use  it  untreated.  Compared  with  untreated,  the  benefit 
and  economy  ot  using  treated  ties  is  now  so  thoroughly 
established,  and  the  opportunity  ot  getting  them  properly 
tro^f  f'   !•-  ivithin  easy  reach  ot  all  sections,  that  any  rail- 


road \ising  untreated  ones  made  from  limber  susceptible  of 
a  prolonged  life  by  treating,  should  be  posted  as  a  waster 
of  natural  resources,  and  for  that  matter  so  should  tie 
makers  as  well  as  sawmill  companies,  it  they  allow  any 
avoidable  waste  in  converting  the  raw  material  to  a  manu- 
factured and  merchantable  shape.  We  are  using  several 
times  more  timber  in  quantity  each  year  than  the  increase 
in  growth,  and  unless  we  properly  conserve  the  supply  the 
time  is  not  far  distant  when  wooden  ties  will  be  beyond 
reach  so  far  as  cost  is  concerned. 

For  some  distance  east  of  the  Rocky  Mountains,  west  to 
the  Coast,  there  are  no  hardwood.s  suitable  for  tie  making, 
which  is  quite  a  drawback,  as  mountain  railroad  mainte- 
nance, especiall.v  on  curves,  would  be  mucli  helped  if  a  sup- 
ply of  these  was  available.  There  is  a  so-called  California 
w-hite  oak — known  as  valley  oak — which  bears  a  resemblance 
to  the  eastern  white  oak,  but  is  not  found  in  sufficient  quan 
titles  to  make  an  impression.  The  trunk  of  the  live  oak  is 
too  short,  and  as  a  rule  irregularly  shaped,  to  be  considered 
in  this  connection.  Two  tie  cuts  could  seldom  be  had  from 
one  tree,  and  their  value  is  Hkcly  to  remain  largely  in  orna- 
ments to  the  landscape. 

A  good  deal  has  been  said  and  written  about  eucalyptus 
ties  from  locally  grown  timber.  This  is  admittedly  a  hard- 
wood, but  some  of  its  other  characteristics  are  such  as  to 
practically  unfit  it  for  use  as  ties  for  the  time  being.  As  is 
generally  known  the  gum  varieties  are  exceptionally  quick 
growers.  They  usually  have  straight  barrelled  trunks  ot 
small  taper,  so  that  when  conditions  are  most  favorable  they 
grow  to  tie  size  in  about  12  years,  but  if  they  are  then 
felled  and  cut  into  S-ft.  lengths  they  will  split  and  check  to 
such  an  extent  as  to  render  them  wholly  useless  for  the 
purposes.  Due  to  its  quick,  vigorous  growth  the  wood  is 
generally  full  of  sap,  which  the  warm  atmosphere  expands 
to  such  an  extent  that  it  creates  an  inside  pressure  which 
must  obtain  an  outlet,  and  thus  tears  or  splits  the  fibre  of 
the  wood  apart  in  escaping.  This  checking  is  the  bane  of 
the  young  eucalyptus,  and  several  years  ago  the  Forest 
Service  made  numerous  and  lengthy  tests  to  try  and  over- 
come it,  which  I  think  they  did  to  a  certain  extent,  but  the 
methods  were  such  that  it  would  not  be  applicable  to  ties. 
On  several  occasions  when  parties  have  w-ritten,  wanting 
to  make  ties,  we  have  agreed  to  accept  them,  but  before 
they  could  be  made  and  hauled  to  the  right  ot  way  they 
were  practically  useless  for  such  purposes  on  account  of 
checking,  and  would  have  to  be  converted  into  cord  wood. 
The  loblolly  pine  of  Texas  is  the  quickest  growing  ot  any 
of  the  conifers  down  there,  but  even  under  favorable 
growth  conditions  it  takes  pracitically  40  years  to  attain 
the  same  diameter  as  some  red  gums  do  here  in.  say,  20, 
but  such  loblolly  when  made  into  ties  will  not  check  a  tenth 
part  ot  what  the  others  will,  even  though  the  sap  ring  is 
as  great  if  not  greater,  this  presumably  being  due  to  the 
fact  that  the  construction  of  the  pine  timber  offers  better 
opportunities  for  sap  escaping  than  the  other. 

Some  one  may  ask  why  Australian-grown  eucalyptus  ties 
give  such  excellent  results.  These  again  are  made  from 
trees  In  natural  forests,  possibly  200  or  300  years  old,  many 
older  than  that,  some  being  over-matured  so  that  they  have 
"pipe  heart."  Like  our  redwoods,'  the  ties  are  mostly  split, 
the  timber  splitting  easier  and  more  regularly  even  than 
redwoods,  in  fact,  the  wood  is  very  similar  in  many  respects, 
but  harder  and  more  durable.  For  height,  size  and  appear- 
ance a  grove  ot  such  trees  reminds  one  very  much  ot  a 
grove  ot  redwoods  in  northern  California,  and  it  would  be 
unfair  to  expect  the  same  results  from  our  recently  planted 
trees  as  given  by  those  old  timers.  I  do  not  say  wait  100 
years  for  ours.  Less  than  halt  that  time  should  do,  but  the 
quality  ot  the  timber  will  then  he  such  as  to  put  it  out  of 
reach  for  ties. 

The  possibility  has  been  suggested  of  being  able  to  im- 
port hardwood  ties  from  foreign  countries,  but  in  my  opin- 
ion the  leopard  will  have  to  change  its  spots  before  any 
appreciable  number  is  obtained  from  such  sources.  I  think 
I  am  correct  in  saying  the  Santa  Fe  has  done  more  inves- 
tigating and  experimenting  in  that  line  than  all  the  other 
roads  in  America  'put  together,  and  we  have  come  to  the 
conclusion  that  the  ties  to  be  had  at  home  are  not  so  bad 
after  all,  although  I  will  admit  we  would  like  to  have  some 
of  these  fine  foreign  hardwoods  tor  curves  if  we  could  get 
them,  but  the  domestic  tie  maker  has  no  reason  to  be  afraid 
of  foreign  tie  imports. 
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Portable   Electric   Logging  Yarder 
and  Loader 

The  application  of  electric  apparatus  to  the  various  proces- 
ses in  sawmills  is  widespread,  hut  it  remained  for  the  Sno- 
qualmie  Falls  Tyumber  Co.  of  Snonuahnie  Falls,  Wash.,  to  use 
it  on  actual   legging  apparatus   in  the   toi-est. 

This   company  has  at   present   tor   this   wortL  in   tlie   woods 


Portaul*    Transformer    Substation    With    Two    250    KV-A.,    3-Phase. 
13200/600    Volt   Transformers. 

a  yarder  and  loader  both  mounted  on  the  same  sled.  The 
former  is  a  Willianiette  Iron  Works  Humboldt  U-drum  yarder. 
having  for  motive  power  a  General  Electric  2(I0  H.P.  phase 
wound  induction  motor  used  on  a  3-phase,  60-cycle,  5.50- 
volt  power  circuit.  The  loader,  also  built  by  the  Williani- 
ette Iron    Works,   is   equipped   with   two   G.   E.   75-H.P.   phase 


..-*--- ■I  :■:. 

Electric   Yarder  and   Duplex   Loader   Mounted   on   i>ieci. 

wound    induction    mr>tors.      The    two    m;ichines    each    occupy 
half  of  a   60-tt.   sled,  which   renders   them   portable. 

The  power  supply  for  the  two  machim's  is  stepped  up  to 
13,200  volts  at  the  mill  power  plant,  by  three  250  Kv-a  trans- 
formers transmitted  through  the  woods  and  stepped  down 
to  operating  voltage  by  two  250  Kv-a  single  phase  600/13,200- 
volt   transformers,   on   the   scene   of   opeiations.     The   trans- 


formers are  rendered  mobile  by  being  mounted  on  a  small 
.'led  which  is  equipped  with  a  disconnecting  switch.  This 
sled  is  set  about  500  ft.  distant  from  the  one  carrying  the 
yarder  and  loader,  energy  being  transmitted  between  them 
by  a  flexible  armored  cable  laid  on  the  ground. 

Some  difficulty  was  experienced  at  first  in  obtaining  de- 
sired slow  speeds  on  the  yarder,  but  when  this  was  over- 
come by  the  insertion  of  resistance  in  the  phases  of  the 
rotor,  the  operation  was  highly  satisfactory.  In  1918  the 
machine  yarded  3.144,?98  ft.  of  timber  in  44  days,  or  an 
average  of  71,470  ft.  per  day.  In  1919,  due  to  increase  in 
t'lp  transformer  capacity  the  average  per  day  was  raised  to 
77,000  ft.  per  day. 

The  same  efficiency  which  characterizes  the  operation  of 
the  electric  yarder  is  demonstrated  by  the  loader.  The 
ap]ilication  of  solenoid  load  brakes  to  the  motor  makes  it 
possilde  to  hold  a  log  suspended  in  mid-air,  or  in  any  posi- 
tion desired.  This  is  made  possible  by  the  fact  that  when 
power  is  shut  off  from  the  motor  the  solenoid  brake  sets 
automatically,  so  as   to   prevent  any  motion. 


Foreign  Experience  with  the  Trackless 
Trolley 

The  Amercan  Electric  Railway  Association  has  recently 
collected  some  information  on  the  operation  of  trackless  trol- 
leys in  England,  Germany,  Austria  and  China,  and  this  has 
been  summarized  by  Mr.  James  W.  Welsh,  Special  Engineer 
of  the  association,  in  the  February  number  of  Aera.  Accord- 
ing to  Mr.  Welsh  very  complete  responses  were  received 
from  the  Leeds  City  Tramways  and  the  Rotherham  Corpo- 
ration Tramways  of  England,  the  Shanghai  Electric  Tram- 
ways of  China,  and  the  Vienna  Municipal  Tramways  of  Aus- 
tria, in  answer  to  a  questionnaire  covering  in  great  detail 
operating  methods,  costs   of  construction,  etc. 

The  four  companies  are  operating  trackless  trolley  routes 
rangin.g  from  1  mile  to  5  miles  in  length  through  urban  and 
suburban  districts  which  are  in  general  a  co-ordinate  al- 
though  minor  branch  of  the   general  transportation  system. 

The  advantages  claimed  by  these  companies  for  the  track- 
less trolley  are  its  low  initial  capital  investment  compared 
with  tramways  and.  on  the  other  hand,  a  cheaper  operating 
and  maintenance  cost  compared  with  the  motor  bus.  From 
the  standpoint  of  the  car  rider  it  is  claimed,  it  provides  a 
service  of  equal  reliability  and  comfort,  and  in  many  cases 
the  operation  is  faster  and  smoother,  especially  where  the 
streets  are  well  paved  and  maintained.  It  offers  the  disad-. 
vantage,  however,  of  a  smaller  carrying  capacity  than  the 
tramways  and  less  flexibility  than  the  motor  bus. 
The  four  companies  referred  to  own  from  four  to 
eight  vehicles  each,  ranging  in  weight  from  3V^  to  5  tons 
and  in  seating  capacity  from  16  to  30,  with  a  maximum  ca- 
pacity ranging  from  24  to  60,  the  latter  figure  being  reported 
by  the  Shanghai  Electric  Tramways.  As  these  companies 
have  been  in  operation  from  as  easly  as  1908  in  the  case 
of  Vienna.  1911  and  1912  in  the  case  of  the  English  compa- 
nies, and  1915  in  Shanghai,  their  experience  on  maintenance 
and  depreciation  is  of  some  interest.  The  English  compa- 
nies state  that  the  average  life  of  bodies  for  trucks  is  from 
S  to  10  years,  while  the  Austrian  company  uses  a  deprecia- 
tion figure  of  5  per  cent. 

The  method  of  collecting  the  current  is  by  means  of  trol- 
ley poles  in  the  case  of  the  English  and  Shanghai  compa- 
nies. The  Rotherham  company,  however,  employs  a  cast 
iron  skate  instead  of  the  trolley  wheel  on  each  of  the  double 
trolley  poles,  while  the  Shanghai  company  uses  a  single  trol- 
ley pole  with  a  branch  head.  The  Vienna  company  uses  a 
small  over-running  carriage  connected  by  a  cable  to  the  car. 

In  none  of  these  equipments  is  there  any  provision  for 
heating  the  car. 

While  these  cars  in  general  are  operated  by  one  man,  the 
total  number  of  employes  assigned  to  trackless  trolley  opera- 
tion including  maintenance  and  repairs  is  approximately 
three  men  per  car. 

The  average  power  consumption  is  one  kilowatt  hour  per 
vehicle  mile.  The  average  schedule  speed  including  both 
rush  hour  and  non-rush  hour  periods  for  city  and  suburban 
districts  is  8.4  miles  per  hour  in  Leeds;  9.4  miles  per  hour 
in  Rotherham;,  6  miles  per  hour  in  Shanghai  and  12  kilo- 
meters per  hour  in  Vienna. 
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Minimizing  the  Risk  in 
Contracting* 

Uy  W.M.  13.  KING, 
Of  Kln»j  &  King,  Attorneys,  Waslilngrton.  D.  C. 

Three  Forms  of  Contract. — Construction  work  is  commonly 
carried  on  under  one  of  three  forms  of  contract:  the  cost- 
plus,  unit  price  or  lump  sum  contract. 

It  the  cost-plus  contract  could  generally  be  adopted  the 
risk  in  contracting  would  largely  be  eliminated.  Many  of 
the  abuses  discussed  in  this  address  find  no  place  under  it. 
Its  uses  are  limited.  It  was  the  only  possible  form  for  much 
of  the  work  during  the  war,  but  in  spite  of  the  fact  that  it 
achieved  splendid  results  it  foil  into  popular  disfavor.  It 
changes  the  fundamental  relation  of  owner  and  contractor. 
Under  other  forms  of  contract  the  financial  interests  of  con- 
tractor and  owner,  as  to  excellence  of  workmanship  and  com- 
pleteness of  compliance  with  the  specifications,  are  opposed; 
under  a  proper  cost-plus  system  they  agree. 

Whether  this  extremely  advantageous  method  of  contract- 
ing comes  Into  general  use  depends  largely  upon  the  confi- 
dence which  individual  contractors  are  able  to  inspire  in  the 
minds  of  owners,  personal  or  corporate,  and  upon  the  recog- 
nition by  owners  that  their  greatest  interest  is  in  having 
the  best  building  and  paying  a  reasonable  price  for  it. 

In  promoting  the  cost-plus  contract  the  effort  Should  be  in 
favor  of  some  form  of  cost-plus-fixed-fee,  rather  than  cost- 
plus-percentage.  It  will  be  much  easier  to  establish  the 
former  than  the  latter. 

The  unit-price  system  tends  to  eliminate  the  contractor's 
risk  by  paying  him  upon  the  basis  of  the  work  actually  done 
rather  than  by  making  him  responsible  for  errors  in  esti- 
mating the  work  to  be  done.  It  is  otherwise  open  to  the 
same  abuses  as  the  lump-sum  contract  and  the  dangers  here- 
after pointed  out  and  the  remedies  suggested  are  equally 
pertinent  to  it. 

It  is  much  more  applicable  to  engineering  than  building 
contracts.  It  ought  to  be  used  in  preference  to  a  lump-sum 
contract,  if  cost-plus  is  not  available,  in  all  cases  where  the 
work  to  be  done  is  susceptible  of  division  into  prescribed 
units  and  where  there  is  any  uncertainty  about  the  ultimate 
plans  or  the  conditions  to  be  encountered.  But  there  should 
always  be  a  proper  variation  in  the  unit  prices  if  the  number 
of  units  varies  materially. 

The  lump-sum  contract  in  it?  ordinary  form  throws  upon 
the  contractor  not  only  the  legitimate  risk,  but  also  the  risk 
of  the  correctness  of  his  calculation  of  quantities  and  of  the 
sound  judgment  and  personal  disposition  of  the  architect  or 
engineer.  Some  of  these  risks  can  be  eliminated,  as  will  be 
hereafter  discussed. 

Every  lump-sum  contract  possesses  in  the  minds  of  most 
owners  one  substantial  merit  often  outweighing  all  others; 
namely,  that  the  owner  knows  in  advance  what  the  work 
is  to  cost.  This  will  keep  the  method  in  general  use;  so  the 
contractor's  interests,  therefore,  must  be  carefully  safe- 
guarded. 

Under  present  systems  of  lump-sum  contracts  the  con- 
tractor has  three  branches  of  work,  equally  necessary  for 
his  financial  success.  The  first  is  estimating  the  quantities 
of  material;  the  second  is  estimating  the  cost  of  placing 
these  materials  in  the  work;  the  third  is  the  ability  to  do 
the  work  economically  and  within  the  estimates. 

The  estimating  of  costs  and  the  execution  of  the  work 
within  those  costs  are  uncertain  factors.  The  skill  of  the 
contractor  finds  its  opportunity  here.  His  judgment  as  to 
marKets,  his  business  connections,  his  judgment  as  to  the 
future  cost  and  efficiency  of  labor  decide  his  estimates.  His 
ability  to  select  suitable  superintendents  and  foremen,  his 
elimination  of  unnecessary  overhead  and  the  capacity  of  his 
organization  for  teamwork  determine  whether  he  can  execute 
his  work  within  his  estimates.  These  are  the  legitimate  fields 
for  competition,  where  the  most  competent  man  will  prove 
most  successful.  Variations  cannot  be  eliminated  as  long 
as  men  are  of  varying  degrees  of  ability. 

Advantages  of  the  Quantity  Survey.— The  estimate  of  quan- 
tities is  a  different  matter;  this  is  purely  mathematical. 
Generally  speaking,  there  can  be  but  one  bill  of  quantities 
if  the  plans  and  specifications  are  clear  and  susceptible  of 
but  one  meaning.    The  figuring  of  quantities  is  really  a  part 
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of  the  specificalions.  It  ultcn  rciiuires  tlie  interpretation  of 
them.  A  bill  of  quantities  is  a  definition  of  the  extent  of  the 
work  required  by  the  specifications.  It  is  the  part  of  the 
owner  to  declare  to  the  contractor  not  only  the  ultimate 
structure  to  be  achieved  but  also  the  necessary  constituents 
to  that  result.  The  contract  fixes  the  conditions  of  per- 
formance of  the  work,  the  drawings  show  tl)e  structure  to 
be  built,  the  specifications  describe  the  material  to  be  used 
and  the  manner  of  use,  and  the  bill  of  quantities,  to  complete 
the  description  of  the  job.  should  state  the  quantities  of 
materials  to  be  used  according  to  the  owner's  interpretation 
of  the  drawings. 

In  Great  Britain  it  has  long  been  recognized  that  the  bill 
of  quantities  is  the  owner's  responsibility.  In  this  country 
the  contractor  has  assumed  this  risk.  The  British  practice 
is  sounder  in  principle. 

Beside  eliminating  the  contractor's  risk  as  to  quantities 
the  quantity  survey  presents  two  other  distinct  advantages: 

The  efficient  contractor  has  usually  built  up  an  adequate 
estimating  department.  The  more  efficient  this  is  the  more 
certain  it  is  to  include  the  entire  quantity  of  every  material. 
The  efficient  contractor  has  as  a  competitor  a  host  of  ineffi- 
cient contractors  who  have  no  capable  estimating  organiza- 
tion. They  are  far  more  likely  to  estimate  quantities  too  low 
than  too  high.  The  inefficient  contractor,  by  reason  of  esti- 
mating quantities  too  low,  bids  low,  gets  the  job  and  loses 
money  on  it.  His  error  thus  deprives  the  efficient  contractor 
of  an  opportunity  to  do  the  work  to  the  satisfaction  of  the 
owner  and  at  a  profit  to  himself.  The  adoption  of  the 
quantity  survey  would  relieve  the  efficient  and  skilful  bidder 
of  the  fallacious  competition  of  the  man  who  figures  quanti- 
ties too  low.  The  quantities  should  be  figured  and  guaran- 
teed by  the  owner  and  provision  made  in  the  contract  for 
an  increase  or  reduction  of  the  contract  price  for  errors  in 
the  guaranteed  quantities. 

This  practice  would  save  the  contractor's  overhead.  The 
cost  of  the  estimate  on  the  work  not  secured  either  eats  up 
the  contractor's  profits  or  is  paid  by  the  owner  whose  work 
he  gets.  In  any  event,  someone  pays  for  on  the  average  prob- 
ably ten  times  as  much  estimating  of  quantities  as  is  neces- 
sary. If  a  quantity  survey  is  made  and  guaranteed  by  the 
owner  the  cost  is  of  only  one  estimate  and  it  falls  directly 
where  it  ought  to  fall — upon  the  owner. 

More  Precise  Forms  of  Specifications  Needed. — This  coun- 
try is  deficient  in  specifications  of  material  and  of  methods 
of  work.  It  ought  to  be  possible  in  the  case  of  almost  every 
material  to  say  that  it  shall  conform  to  a  given  grade  of 
fixed  and  known  standards  prescribed  by  a  central  organiza- 
tion. This  would  take  the  place  of  the  old  and  inexact  form:  j 
"Unless  otherwise  prescribed,  all  material  shall  be  of  the  ■ 
best   quality." 

The  contracts  of  the  United  States  engineering  depart- 
ment fix  the  quality  of  cement  by  reference  to  tests  pre-  M 
scribed  by  certain  official  publications.  Lumber  is  often  speci-  ^ 
fied  to  conform  to  the  classifications  of  the  lumber  manu- 
facturers' association.  The  U.  S.  Bureau  of  Standards  has 
published  some  standards  of  quality.  There  are  standard 
codes  of  practice  for  electric  and  gas  installation.  Very  fine 
constructive  work  has  been  done  by  the  American  Society 
for  Testing  Materials.  These  definitions  have  generally  been 
of  materials  and  have  not  included  methods  of  doing  work. 
Like  standards  and  exact  definitions  should  be  made  of  every 
material  used  in  construction  and  of  every  process  of  instal- 
lation. The  result  would  be  that  every  contractor  would 
know  at  once  exactly  what  he  was  required  to  furnish  and 
would  not  be  dependent  upon  interpretation  by  any  engineer 
or  his  subordinate. 

How  loose  these  specifications  have  been  in  the  past  is 
illustrated  by  a  case  in  my  own  practice  in  a  contract  made 
some  years  ago  by  the  United  States.  The  specification  for 
framing  lumber  was   in  the  following  terms: 

All  framing  or  other  lumber  to  be  thoroughl.v  sea.sonetl,  straigbt- 
grained  and  square-edged,  free  from  shakes,  wanes,  large  or 
loose   knots,    and    other   imperfections    impairing   its   durabilit.\-. 

This   is  supplemented  by  the   following: 

All  framing  and  other  lumlier.  except  where  specified  l>fIow.  to 
be  bright  southern  yellow  pine:  sap  on  one  edge  and  extending 
from  this  rot  more  than  one-third  on  each  face  will  be  admissible. 

It  is  not  surprising  that  the  general  contractors  endeavor- 
ing to  obtain  bids  from  lumber  manufacturers  under  this 
specification  were  advised  generally  by  them  that  they  would 
not  bid  on  such  vague  specifications  and  were  obliged  to  go 
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back  to  the  United  States  officer  and  insist  upon  his  amend- 
ing the  specifications  so  as  to  permit  the  use  of  lumber  in 
accordance  with  the  carefully  detailed  classification  of  the 
Southern   Lumber    Manufacturers'    Association. 

Loose,  uncertain  and  discretionary  specifications  should 
be  excluded.  In  a  recent  contract  for  paving  the  streets  of 
a  town  in  Virginia  the  materials  were  defined  with  a  mod- 
erate degree  of  accuracy,  but  the  specifications  contained 
the  following  loose  requirement: 

The  materials  used  must  comply  with  the  requirements  of  these 
specilications  and  be  .suitable  for  use  upon  the  street  or  streets 
to  be  paved.  They  shall  be  mixed  in  definite  proportions  by 
weight,  depending  upon  their  character  and  the  traffic  upon  the 
street,  and  such  materials  and  proportions  must  be  satisfactory 
to  the  engineer. 

The  engineer  was  quite  unfamiliar  with  street  paving  and 
varied  his  requirements  of  quantities  of  the  different  materi- 
als from  day  to  day,  finally  stationing  at  the  mixer  a  man 
who  dictated  what  should  be  done  according  to  his  own 
daily  judgment.  Any  practical  man  knows  what  the  result 
of  this  must  have  been  upon  orderly  work  at  the  mixer,  upon 
obtaining  the  proper  materials  and  having  them  delivered  on 
time.  The  specification  quoted  was  a  cover  for  a  want  of 
definite  knowledge  as  to  what  was  required. 

In  the  same  specifications  for  street  paving  the  town  as- 
sumed the  responsibility  for  nutting  in  sewer  and  water  pipes. 
It  relieved  itself  from  any  definite  obligations  by  the  follow- 
ing provision: 

Tho  town  will  use  all  reasonable  care  and  diligence  to  have 
sewer,  water  pipes  or  other  connections  and  improvements  con- 
structed in  advance  ot  the  laying  of  the  pavement,  but  will  reserve 
tho  right  to  open  the  street  to  perform  such  subsurface  work 
during  the  progress  of  the  work  under  this  contract  which  in  its 
judgment  it  may  deem  necessary. 

No  contractor  should  be  obliged  to  bid  on  such  an  indefinite 
obligation. 

In  a  recent  case  coming  before  the  courts  the  specifications 
provided  for  a  classification  of  excavation  as  "either  common 
excavation  or  rock  excavation."  These  were  defined  as 
follows: 

Common  excavation  shall  include  all  material  that  can  be  re- 
moved with  pick  or  shovel  or  by  dipper  dredge  without  blasting. 
Rofk  excavation  shall  include  boulders  exceeding  9  cu.  ft.  in 
\  olunie  and  material  requiring  blasting  for  removal. 

The  contractors  came  upon  sunken  logs  not  expected  by 
either  party.  These  had  to  be  removed  by  hand  and  cost 
the  contractors  more  than  twice  what  they  were  paid  for 
rock  excavation  and  more  than  twelve  times  what  they  were 
paid  for  common  excavation.  The  War  Department  said 
that  it  could  find  no  provision  in  the  contract  for  paying 
them  anything  more  than  the  common  excavation  price  for 
this  unusual  condition.  Contractors  should  be  protected 
against  such  loose  specifications  as  these  by  expressing  in 
the  general  conditions  that,  where  unexpected  conditions  are 
met,   a   reasonable   allowance   shall   be   made. 

This  association  can  render  valuable  service  in  cooperating 
with  other  organizations  to  secure  more  exact  definitions  of 
materials  and  more  precise  forms  of  specifications. 

The  Need  for  a  Standard  Form  of  General  Conditions  of 
Contract. — The  American  Institute  of  Architects  has  pre- 
scribed a  form  of  general  conditions  of  contract  w-hich  is 
tar  in  advance  of  any  other  form  in  recognizing  the  con- 
tractor's rights  as  an  equal  part  to  a  contract.  It  is  not  too 
much  to  say  that  every  other  form  in  common  use  is  so 
vague  that  it  is  within  the  power  of  the  architect  or  engineer 
to  make  or  break  the  contractor. 

A  standard  form  of  general  conditions  should  be  framed 
by  engineers  and  contractors  working  together  and  made  a 
part  of  every  engineering  contract.  It  should  be  carefully 
prepared  upon  the  principle  of  doing  equal  justice  to  both 
parties  to  the  contract.  There  are  two  primary  principles 
which  should  control  in  the  preparation  of  such  forms: 
,  a.  Proper  responsibility  should  be  assumed  by  each  party 
in  his  appropriate  sphere: 

b.  All  disputed  questions  should  be  finally  settled  through 
the  action  of  an  impartial  tribunal. 

A  form  extensively  used  in  contracts  with  the  War  De- 
partment contained  the  following  provision  violative  of  the 
first  of  the  above  principles: 

It  is  distinctly  understood  and  agreed  that  the  contractor  as- 
sumes all  risks  under  and  in  connection  with  the  contract  on 
account    of  delays  in  the  work  due  to  any  cause. 


In  another  government  contract  for  public  buildings  the 
following  provision  occurred:       > 

That  no  claim  shall  be  made  or  allowed  for  damages  which 
may  arise  out  of  any  delay  caused  by  thflT  party  of  the  first  part. 

The  party  of  the  first  part  was  the  government  and  it 
actually  delayed  the  contractor.  The  court  before  which 
the  case  came  held,  as  it  was  obliged  to  do,  that  the  con- 
tractor could  recover  no  damages  for  delay  caused  to  it  by 
the  United  States.  The  injustice  of  these  provisions  cannot 
be  denied,  but  they  occur  over  and  over  again  in  public 
and  private  contracts  and  should  be  eliminated  through  the 
action  of.  an  organization  like  this. 

At  the  present  time  it  is  usual  to  place  responsibility  upon 
the  contractor  for  underground  or  underwater  conditions. 
The  owner  makes  some  explorations  and  places  these  at  the 
disposal  of  the  contractor,  but  guards  himself  from  responsi- 
bility by  some  such  clause  as  this: 

The  material  to  be  excavated,  as  far  as  known,  is  shown  by 
borings  plotted  on  tile  drawings  herewith  (Sheets  Nos.  11,  18 
and  25),  but  bidders  must  inform  and  satisfy  themselves  as  to 
the  nature  of  the  material.  The  United  States  will  not  guarantee 
il>c  accuracy  of  its  information. 

Usually  no  time  is  left  for  the  contractor  to  make  explora- 
tions. If  there  were  the  cost  would  be  prohibitive.  Condi- 
tions are  found  very  different  from  those  represented  by  the 
borings  and  the  contractor  suffers  a  loss.  The  courts  'will 
give  no  relief  save  under  exceptional  conditions  because, 
they  say,  the  contractor  had  accepted  the  responsibility  in 
signing  the  contract.  It  is  entirely  wrong  to  throw  the  risk 
for  underground  conditions  upon  the  contractor.  The  site  is 
the  owner's  and  he  should  assume  responsibility.  He  should 
make  sufficient  preliminary  surveys  through  borings  or  other- 
wise to  satisfy  himself  of  the  true  conditions  and  these  should 
be  described  and  guaranteed  by  him.  Thus  the  minds  of  the 
owner  and  contractor  would  meet  upon  a  definite  work  to 
be  done.  If  other  conditions  are  found  upon  excavation  the 
compensation  should  be  increased  or  reduced. 

"The  Engineer's  Decision  Shall  Be  Final." — The  contracts 
generally  in  use  make  the  architect  or  engineer  the  final 
authority  upon  all  question  arising  under  building  and  engi- 
neering contracts.  The  following  is  a  provision  from  a  gov- 
ernment contract: 

These  specifications  are  intended  to  be  full,  clear  and  complete. 
-Any  doubt  as  to  their  meaning  or  any  obscurity  in  the  wording 
of  them  will  be  explained  by  the  Engineer  Officer,  who  shall  also 
have  the  right  to  correct  any  errors  or  omissions  in  them  when- 
ever such  errors  or  omissions  become  apparent.  His  decision  in 
all  such  cases  and  upon  all  matters  relating  to  the  work  shall  be 
rinal  and  binding  upon  the  contractor. 

This  is  frequently  justified  on  the  ground  that  he  is  the 
author  of  the  specifications  and  therefore  the  person  best 
able  to  construe  them.  This  very  fact  affords  the  best  ot 
reasons  why  he  should  not  construe  them.  The  engineer 
writes  what  in  his  judgment  has  a  certain  meaning;  the  con- 
tractor reads  them  with  another  meaning.  The  proper  per- 
son to  decide  what  the  specifications  mean  is  someone  who 
is  acquainted  with  the  general  subject-matter  but  whose  mind 
is  not  already  made  up  as  to  the  meaning.  The  question  for 
decision  is  not  the  intention  of  the  author  of  the  specifications 
when  he  wrote  them;  it  is  the  intention  properly  conveyed 
by  the  expression  used.  There  should  in  every  instance  be  an 
independent  tribunal  created  by  the  contract  from  which  an 
appeal  could  be  taken  from  every  decision  ot  the  architect 
or  engineer. 

The  standard  documents  of  the  American  Institute  of  Archi- 
tects, by  way  of  contrast  to  the  above,  thus  define  the  archi- 
tect's rights: 

The  architect  shall  have  general  supervision  and  direction  of  the 
work.  He  is  the  agent  of  the  owner  only  to  the  extent  provided 
in  the  contract  documents  and  when  in  special  instances  he  is 
authDrized  by  the  owner  so  to  act,  and  in  such  instances  he  shall, 
upon  request,  show^  the  contractor  written  authority. 

.\s  the  architect  is,  in  the  first  Instance,  the  interpreter  ot  the 
conditions  of  the  contract  and  the  judge  of  its  performance,  he 
shall  side  neither  with  the  owner  nor  with  the  contractor,  but  shall 
use  his  powers  under  the  contract  to  enforce  its  faithful  perform- 
ance by  both. 

The  architect  shall,  within  a  reasonable  time,  make  decisions 
on  ;iH  claims  of  tho  owner  or  contractor  and  on  all  other  matters 
relating  to  the  execution  and  progress  of  the  work  or  the  inter- 
jiretation  of  the  contract  documents. 

The  architect's  decisions,  in  matters  relating  to  artistic  effect, 
shall  be  final,  if  within  the  terms  of  the  contract  documents. 

Except  as   above   or  as   otherwise   expressly   provided    in    these 
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perioral  ronditlonr;   or   in   the   sjicclflcations   all   Wm-   architect's  de- 
cisions Phall  be  sut>Jcct  to  arlutiatlon. 

The  easy  devolution  of  ftuthorily  to  the  architect  or  engi- 
neer to  decide  all  uucoftaiiuies  directly  encourages  vague- 
ness in  writing  specifications.  If  the  engineer  knew  that 
the  meaning  of  his  specifications  is  to  be  determined  not  by 
himself  but  by  independent  authority,  he  would  take  every 
possible  care  to  write  the  specifications  with  exactness. 

Where  the  right  to  make  final  decisions  is  conferred  by 
the  contract  upon  the  architect  or  engineers,  and  he  decides 
erroneously,  it  is  held  by  the  courts  that  no  correction  can 
be  made,  even  if  he  is  wrong,  no  matter  how  much  injustice 
may  result. 

Advantages  of  Uniform  System  of  Cost  Keeping.  Another 
method  of  eliminating  risk  arises  in  the  adoption  of  proper 
systems  of  cost  keeping.  ?Iero  again  is  an  instance  where 
the  skillful  and  efficient  contractor  is  at  a  disadvantage  in 
obtaining  contracts.  The  inexperienced  man  underestimates 
his  costs  and  his  quantities,  and  thus  underbids  the  efficient 
contractor  and  in  the  end  loses  money.  Generally  he  has 
no  proper  acquaintance  with  overhead.  The  job  is  lost  to 
ihe  efficient  contractor  through  this  unnecessary  competition 
with  a  possible  profit  at  a  reasonable  price.  Thus  both  are 
losers,  while  the  owner,  who  has  been  struggling  with  a  losing 
contractor,  is  equally  dissatisfied. 

I  recall  hearing  a  distinguished  architect  say  that  he  con- 
sidered one  of  his  first  duties  to  an  owner  was  to  see  that 
he  paid  a  sufficient  price  for  his  work,  meaning  that  this  is 
the  only  method  in  which  a  good  job  could  be  insured.  An 
opportunity  for  extremely  valuable  work  by  this  association 
is  presented  by  instructing  their  inexperrienced  competitors 
as  to  the  meaning  of  overhead  and  by  agitating  for  a  uniform 
cost-keeping  system,  whereby  it  would  be  certain  that  every 
contractor  had  considered  all  the  elements  of  cost  before 
making  his  bid. 

A  manufacturer  doing  a  large  business  in  a  common  build- 
ing material  in  a  middle  western  city  told  me  that  he  had 
found  it  to  his  advantage  to  publish  a  pamphlet  containing 
his  entire  cost  system  and  to  employ  capable  men  to  go 
about  among  his  competitors  and  explain  to  them  the  ad- 
vantages of  cost  keeping  on  this  basis. 

The  result  of  eliminating  the  risk  as  far  as  possible  from 
construction  work  is  not  alone  for  the  benefit  of  the  con- 
tractor. Whatever  unnecessary  risk  the  contractor  assumes 
must  ultimately  be  included  in  the  cost  which  the  owner  pays. 
There  is  no  other  paymaster  but  the  owner.  Contractors 
cannot  live  without  charging  a  percantage,  payable  by  the 
owner,  to  cover  unnecessary  risk.  This  becomes  a  part  of 
the  ultimate  actual  cost.  By  such  risks  owners  would  b« 
relieved  of  such  additional  charges  and  would  obtain  rock- 
bottom  prices  based  upon  actual  work  and  a  complete  under- 
standing of  the  work  to  be  done.  Besides  this  competition 
would  be  increased.  Yet  the  contractors  would  be  greatly 
benefited  because  the  ever-present  fear  of  loss  would  be 
measurably  reduced. 

No  contractors'  organization  in  this  country  has  ever  been 
placed  upon  a  sufficiently  firm  basis  to  permit  it  to  undertake 
these  movements  for  the  benefit  of  contractors  as  a  whole 
until  the  organization  of  this  association  along  broad  lines, 
with  sufficient  financial  support  to  insure  beneficial  results 
to  the  entire  body  of  contractors  of  the  United  States. 


Civil  Service  Examination  for  Assistant  Engineer. — The 
U.  S.  Civil  Service  Commission  announces  an  open  competi- 
tive examination  for  assistant  engineer.  A  vacancy  in  the 
Engineer  Department  at  Large,  Chattanooga.  Tenn.,  at  ?4,000 
a  year,  and  vacancies  In  positions  requiring  similar  qualifica- 
tions, at  this  or  higher  or  lower  salaries,  will  be  filled  from 
this  examination,  unless  it  is  found  in  the  interest  of  the 
service  to  fill  any  vacancy  by  reinstatement.  Jransfer,  or 
promotion.  The  duties  of  the  appointee  will  include  super- 
vision of  the  preliminary  report  of  the  survey  of  the  Ten- 
ne.ssee  River  covering  the  potential  development  of  its  water 
resources,  including  navigation  and  the  relation  to  naviga- 
tion of  possible  hydroelectric  development,  flood  protection, 
water  supply,  etc.,  and  the  extent  to  which  such  develop- 
ment would  affect  the  United  States,  the  states,  municipali- 
ties, and  private  interests.  Applications  must  be  filed  before 
March  15. 


River  Control  by  Wing  Dams 

An  interesting  description  of  bank  protection  work  which 
was  carried  out  during  the  past  two  years  in  British  Colum- 
bia was  given  by  Mr.  R.  W.  Maclntyre,  of  Victoria,  B.  C,  in  a 
discussion  of  a  paper  submitted  by  W.  C.  Curd  to  the  Ameri- 
can Society  of  Civil  Engineers.  The  notes  following  are  taken 
from  Mr.  .Maclntyre's  discussion: 

The  Capilano  River,  with  a  drainage  area  of  64  sq.  miles 
rises  among  the  lofty  peaks  of  a  mountainous  peninsula  lyim; 
directly  north  of  Vancouver,  B.  C  Canada,  at  a  head-water 
altitude  of  between  1,500  and  1,600  ft.,  thence  following  south 
for  20  miles  to  the  mouth,  where  it  discharges  into  Burrard 
Inlet,  an  arm  of  the  Pacific  Ocean.  The  Pacific  Great  East- 
ern Ry.  crosses  the  Capilano  River  about  %  mile  from  its 
mouth,  and  early  in  1918  it  was  decided  to  replace  the  exist- 
ing trestle  bridge  with  two  100-ft.  through  Howe  truss  spans, 
at  the  same  time  raising  the  rail  level  10  ft.  above  the 
original  elevation,  in  order  to  eliminate  the  trouble  caused  by 
flood  discharge  carrying  down  trees,  logs,  and  driftwood, 
which  had  hitherto  periodically  swept  away  the  trestle  bridge 
during   high   water. 

The  main  problem  to  be  solved  in  connection  with  the  new 
bridge  and  grade  was  how  to  control  the  river  which  had 
widened  its  channel  to  about  900  ft.  at  the  bridge  site,  al- 
though the. normal  width  of  the  water  surface,  when  confined 
in  one  channel  and  clear  enough  for  fishing  with  rod  and  line, 
would  probably  not  exceed  100  ft.  The  measured  flow  of 
this  stream  during  the  past  five  years  gives  a  maximum  dis- 
charge of  9,620  cu.  ft.  per  second  in  April  and  a  minimum  of 
35  cu.  ft.  per  second  in  September,  but  both  figures  may  be 
considered  to  be  abnormal,  the  average  extreme  flood  dis- 
charge running  between  2.000  and  3.000  cu.  ft.  per  second, 
with  low  water  from  50  to  100  cu.  ft.  per  second,  it  wis 
fully  realized,  however,  that  the  new  bridge  and  approaches 
must  be  designed  to  withstand  the  most  extreme  conditions 
recorded  in  the  past  or  possible  in  the  future. 

The  geological  formation  of  the  bed  of  the  Capilano  River 
presents  serious  difficulties  for  obtaining  good  foundations, 
consisting  of  gravel  and  large  round  boulders  of  undoubtedly 
glacial  origin,  for  an  indefinite  depth.  On  this  the  hydraulic 
force  of  the  river  exerts  a  "digging  "  action  which  was  given 
practical  demonstration  during  1917  wlien  the  east  span  of  the 
Marine  Drive  Highway  Bridge  collapsed,  owing  to  the  un- 
dermining action  of  the  river  in  the  abutment  foundation. 
This  is  a  highway  bridge  of  reinforced  concrete,  consisting 
of  four  70-ft"!  arches,  and  was  built  by  the  municipality  in 
1914;  it  is  less  than  a  mile  up  stream  from  the  Pacific  Great 
Eastern  Railway  Bridge  and  is  referred  to  here  because  river 
conditions  at  both  bridge  sites  are  exactly  similar,  identical 
methods  having  b'cen  utilized  for  protection  work. 

The  contract  was  let  in  April.  1918.  for  a  bridge  consisting 
of  two  100-ft.  through  Howe  truss  spans  supported  on  a 
center  pile  pier,  with  a  pile  abutment  at  either  end.  both 
substructure  and  superstructure  being  of  the  standard  type 
usual  for  this  class  of  railway  bridge,  and  pile-driving  was 
started  during  same  month.  Some  delay  was  encountered  in 
the  erection  of  the  superstructure,  owing  to  the  falsework 
being  carried  out  by  a  sudden  freshet,  but  the  bridge  was 
opened  for  traffic  on  Nov.  7.  191S. 

Nearly  all  the  piling  pulled  out  in  connection  with  the 
removal  of  the  original  trestle,  was  found  to  have  "broomed" 
at  the  points.  The  average  "refusal"  depth  of  the  piles  driven 
on  the  new  work  was  about  6  ft.,  with  a  maximum  of  10  ft.. 
but  in  such  a  river-bed  formation  it  is  doubtful  whether  any 
pile  was  driven  beyond  6  or  8  ft.  without  "brooming",  al- 
though shod  and  ringed. 

Details  of  Log  Wing  Dams. — When  construction  was  started 
in  April,  the  main  channel  of  the  Capilano  River  hugged  the 
west  bank  which  was  found  to  be  rapidly  eroding  and.  con- 
sequently, endangering  the  fill  at  the  west  end  of  the  bridge 
toward  which  the  flow  of  the  river  was  directly  working.  To 
remedy  this  condition  three  log  wing  dams  tor  groins)  were 
built  about  400  ft.  apart,  up  stream  from  the  bridge,  and  ap- 
proximately at  right  angles  to  the  current;  the  dimensions 
were  about  18  ft.  long  by  6  ft.  high  and  4  ft.  wide,  each  crib 
resting  on  a  brush  wire  mattress.  The  principle  involved 
being  flexibility  as  opposed  to  rigidity,  may  be  explained  as 
follows:     A  brush  mattress  is  first  made  from  ordinary  No.  9 
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wire  fencing  (such  as  is  used  for  right-of-way  fences), With 
live  green  tree  limbs,  willows,  or  any  suitable  brush  in  leaf, 
laced  in  and  out  between  the  strands;  this  is  sunk  to  the  bed 
of  the  channel  as  a  foundation  for  the  cribwork  which  is  built 
up  similarly  to  a  log  shack,  except  that  the  timbers  are  wired 
together  with  No.  8  or  No.  9  telephone  wire,  and  drift-bolts 
are   driven  where   required. 

Before  filling  the  cribs,  the  wire  fencing  is  dropped  inside 
to  form  a  loop  with  the  ends  projecting  above  the  sides,  and 
loose  brush  is  laid  in   the  bottom   of  the  crib    (on   the  wire 
fencing),  this  being  covered  with  gravel  and  boulders  up  to 
the  level  of  the  crib  top.     The  shore  end  of  the   crib  sides 
should  be  dug  into  the  bank  for  2  or  3  ft.  and  protected  with 
a  wire  and  brush  mattress  at  the  up-stream   side,  from  top 
to  bottom.     The  height  of  the  crib  is  governed  by  high-water 
flow  which  should  have  a  depth  of  from  18  in.  to  2  ft.  above 
the  top.  to  avoid  impact  from  floating  logs  and  other  detritus. 
Action  of  Wing   Dams.— The  action  of  the  wing  dams  is  to 
cause   a   strong  eddy   which   carries   in  gravel   and   boulders 
behind  the  cribwork,  forming  a  bar,  and  in  the  writer's  ex- 
perience  this  constitutes   the   best   type   of   protection,   as   a 
river  seldom  digs  out  bars  of  its  own,  under  normal  condi- 
tions.   As  a  general  rule,  the  up-stream  toe  of  the  crib  under- 
mines  more   or   less   during   high   water,   causing   it    to   cant 
over  at  any  angle,  and  the  cribs  built  on  the  Capilano  River 
proved  to  be  no  exception,  but.  being  flexible,  adapted  them- 
selves to  the  new  position  while  the  brush  and  wire  beneath 
the   filling   followed   the   subsidence   down,   checking   further 
undermining;    one  wing  dam  crib,  exposed  to   the  full  force 
of  the  current  at  a  bend  in  the  river,  was  undermined  at  the 
up-stream  face  to  such  an  extent  as  to  tilt  forward  60°  from 
the   vertical,   but  without   developing  any   lateral   movement. 
In    this    case,    a    new  crib  was  built  up  behind  the  original 
structure  which  now  acts  as  a  foundation  protection,  effectu- 
ally   preventing    erosion    beneath    the    toe.      Within    a    few 
months  of  construction  the  wing  dam  cribs  had   built   up  a 
solid  bar  along  the  west  bank  of  the  river  which  then  changed 
its  course  to  the  opposite  bank,   threatening  the  fill  at  the 
east  end  of  the  bridge  and  emptying  the  east   abutment  by 
scouring  beneath  the  sheeting.     Prompt  action  being  neces- 
sary to  meet  this  contingency,  continuous  loops  of  wire  fenc- 
ing wore  dropped  inside  the  empty  abutment,  followed  by  a 
heavy  layer  of  green  brush  on  which  loose  rock  (train-hauled) 
was  dumped  to  complete  the   filling;    in  addition   to   this,  a 
brush   wire   mattress   was   woven   and    sunk   vertically   down 
the  nose  of  the  abutment,  the  ends  being  swung  into  place 
along  each  side  by  the  force  of  the  current. 

Similar  methods  were  adopted  at  the  center  pier,  which  was 
undermined  and  emptied  shortly  afterward,  the  river  also 
scouring  out  a  hole  16  ft.  deep  immediately  behind  it,  which 
was  filled  as  follows:  A  wire  brush  mattress  was  sunk  for 
a  foundation  and  was  followed  by  heavy  loose  rock  filling 
5  ft.  in  height,  wire  fencing  laid  on  top  completely  covering 
the  surface  of  the  filling;  the  second  layer  of  loose  rock  and 
boulders  for  the  next  5  ft.  was  also  covered  with  wire  fencing, 
and  the  final  6-ft.  section,  bringing  the  fill  level  with  the  river 
bed,  was  niattressed  about  18  in.  below  it. 

In  addition  to  this  work  on  the  piers,  the  east  bank  was 
mattressed  tor  a  distance  of  900  ft.  up  stream,  as  the  current 
was  commencing  to  find  a  new  channel  through  the  river  flats 
which  lie  at  an  elevation  of  from  8  to  10  ft.  above  low-water 
level;  all  the  work,  as  described,  has  been  subjected  to  the 
most  severe  flood  tests  during  the  past  11/2  years  without 
showing  any  sign  of  erosion.  The  use  of  plain  wire  fencing 
in  connection  with  gravel  and  boulder  filling  for  wash-outs, 
cribs,  etc.,  has  proved  remarkably  effective  both  in  checking 
erosion  and  providing  a  stable  foundation  base  for  the  exten- 
sion of  the  protection  work  when  required,  as  the  fine  silt  de- 
posited during  high  water  rapidly  fills  in  all  the  voids,  form- 
ing a  solid  mass  which  is  impervious  to  the  destructive 
"digging"  action  of  the  river.  Similar  wing  dams  composed 
of  gravel  and  brush  only,  owing  to  the  scarcity  of  timber, 
have  been  built  on  prairie  streams  under  the  writer's  super- 
vision with  satisfactory  results,  but  in  every  instance  the 
channel  b-ed  formation  consisted  of  gravel  and  boulders  in 
which  tests  made  during  flood  discharge  established  the  fact 
that  a  down-stream  movement  was  perceptible  in  the  gravel 
for  a  depth  of  several  feet  below  its  surface.  It  is  this  feature 
which  constitutes  the  greatest  menace  to  bridge  foundations, 
as  any  rigid  structure  (such  as  a  pier)  forms  an  obstruction 
providing  the  necessary  leverage  to  set  up  gyratory  action 
wherewith  the  hydraulic  force  of  the  river  bores  downward, 
finally    undermining    concrete    substructures    or    digging    out 


the  piles  in  timber  construction,  lu  theory,  the  engineer  is 
supposed  to  lay  out  his  work  so  that  excavation  will  be  car- 
ried down  until  a  stable  foundation  is  assured,  but  this  dis- 
cus,sion  is  designed  to  show  that  alternative  methods  are 
botn  feasible  and  practical,  especially  when  the  amount  of 
expenditure  is  limited. 

Essential  Points  in  Use  of  Wing  Dams. — In  conclusion,  it 
may  be  stated  that  while  no  hard  and  fast  rules  can  be  laid 
down  for  this  class  of  river-protection  work,  there  are  a  few- 
essential  points  which  should  not  be  neglected,  namely: 

Wing  dams  should  not  be  too  long,  as  this  prevents  the 
"eddy"  from  carrying  material  inshore  to  the  bank;  a  length 
of  crib  of  from  16  to  'M  ft.  will  start  a  good  bar,  and  when  this 
is  built  up  the  wing  dam  can  be  lengthened  in  sections  to 
continue  the  same  operation.  The  height  should  be  carefully 
regulated  to  allow  tor  a  depth  of  from  1%  to  2  ft.  of  water 
flowing  above  the  top  logs  at  flood  stages  of  the  stream. 

Flexibility  being  the  underlying  principle  in  this  type  of 
protection  work,  the  logs  should  be  held  together,  both  ver- 
tically and  horizontally,  with  several  strands  of  twisted  No. 
S  galvanized  wire;  drifts  should  be  used  as  little  as  possible, 
owing  to  their  tendency  to  split  the  logs  when  the  crib  be- 
comes distorted   from   undermining. 

An  inside  width  of  about  4  ft.  is  sufBcient  for  the  first  sec- 
tion as  extensions  are  added  by  the  logs  overlapping  on  the 
outside  thus  widening  the  crib  as  each  new  section  is  built  on. 
The  selection  of  strategic  points  at  which  to  place  the  wing 
dam  cribs  is  a  matter  of  judgment  based  on  a  careful  study 
of  conditions,  and  as  the  construction  has  to  be  carried  out 
at  low-water  stage  the  engineer  should  be  ready  personally 
to  observe  the  action  of  the  stream  during  the  first  high 
water,  in  addition  to  the  after  effect  when  it  has  lowered 
sufflciontly  to  expose  the  cribs,  etc.  It  will  then  become 
evident  whether  these  are  properly  located  or  working  to 
advantage,  and  changes  or  additions  can  be  made  in  accord- 
ance with  the  results  revealed. 

This  class  of  work  closely  resembles  a  game  of  chess  in 
which  the  river  is  constantly  making  new  moves  and  calling 
"check",  while  the  engineer  responds  with  counter  moves 
backed  by  the  definite  object  of  being  able  to  say  "checkmate". 


Magnetic  Analyses   for   Detecting  Imper- 
fections in  Steel  Rails 

Through  the  efforts  of  several  steel  experts  who  recog- 
nized the  great  practical  value  and  immense  possibilities  of 
magnetic  testing  to  the  metallurgical  industry,  an  appara- 
tus has  been  perfected  and  placed  on  the  market,  accord- 
ing to  the  Electric  Railway  Journal,  which  enables  one  to 
establish  the  relation  between  the  magnetic  and  mechanical 
properties  of  steel  and  detect  imperfections.  Such  an  ap- 
paratus, called  the  Burrows  magnetic  analyzer,  is  now  obtain- 
able from  Holz  &  Co.,  New  York. 

The  principle  on  which  this  analysis  is  based  is  that  there 
is  but  one  set  of  mechanical  conditions  corresponding  to 
every  set  of  magnetic  characteristics.  There  are  two  sep- 
arate analyses  made,  one  using  a  magnetoscope.  which 
gives  information  about  the  composition  and  mechanical 
and  heat  treatment  of  the  specimen,  but  does  not  give  any 
indication  of  the  existence  of  flaws,  and  the  other,  the  defec- 
toscope,  which  determines  whether  non-uniformities  exist, 
but  does  not  indicate  whether  or  not  a  specimen  is  hard  or 
soft.  The  analyzer  consists  of  a  magnetizing  solenoid  wound 
on  a  brass  tube,  inside  of  which  is  a  test-coil  unit  conform- 
ing as  nearly  as  possible  to  the  section  of  the  specimen. 
The  unit  consists  of  two  coils  of  fine  wire  having  an  equal 
number  of  turns  and  connected  with  ballistic  effects  op- 
posed. This  outfit,  which  surrounds  the  specimen,  is  driven 
at  a  constant  speed  along  it  and  whether  used  to  analyze 
quantitatively  or  to  detect  imperfections  depends  on  the 
connections  and  circuits,  for  which  two  separate  control 
boxes  are  furnished. 

Magnetic  surveys  and  analyses,  it  is  claimed,  will  furnish 
information  impossible  to  secure  by  any  other  means  of 
testing.  The  fact  that  materials  can  be  tested  without 
destruction  is  of  prime  importance,  and  it  is  this  feature 
of  magnetic  analysis  which  makes  it  possible  to  find  in  ad- 
vance those  rails  which,  after  injury  under  straightening 
presses,  would  develop  in  service  a  complete  interior  trans- 
verse fissure.  It  is  also  suggested  that  this  test  would  elim- 
inate the  occasional  defective  rail  before  It  leaves  the  mill 
or  is  put  in  the  track. 
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A  New  Reinforced  Concrete  Rail- 
road Tie 

A  new  railway  tie,  tlie  invnitioii  of  A.  C.  Rapelje,  Senior 
Highway  Engineer,  IT.  E.  bureau  of  Public  Roads,  is  shown 
In  the  illustration.  In  this  invention  the  rail  fastener  is  the 
special  feature  on  which  a  patent  haa  been  awarded.  It 
will  be  noted  from  the  sketch  that  the  bolts  are  readily  re- 
movable in  case  ot  breakage  or  for  the  insertion  of  bolts 
of  greater  or  less  lengths  for  a  purpose  to  be  explained  later 
on.  It  also  will  be  observed  that  these  bolts  are  entered  by 
a  side  opening  or  slot,  which  extends  from  the  base  of  the 
tie  to  a  point  about  one-half  the  tie  thickness. 


A  liberal  amount  of  reinforcement  is  allowed  to  protect 
the  metal  sockets  from  breaking  out  under  the  strain  and 
pull  of  traffic  and  the  expansion  and  contraction  of  the  rails. 
It  is  realized  that  should  a  tie  become  cracked  through  in 
its  narrower  or  central  portion.  It  would  not  mean  the  spread- 
ing of  the  rails  or  the  discard  of  the  tie,  as  the  four  re- 
inforced metal  bars  would  hold  the  same  in  rigid  position 
for  some  years  of  service. 

The  shape  of  the  tie  is  such  as  to  give  a  uniform  and 
wider  rail  ba^e  surface  than  is  possible  with  the  wooden 
tie;  likewise  advantages  will  obtain  in  a  more  uniform  tamp- 
ing whether  by  hand  or  machine  due  to  this  uniformity  of 
width.  It  is  also  claimed  that  the  tie  would  effect  a  very 
large  reduction  in  ties  per  mile.  Taking  the  standard  prac- 
tice of  20  wooden  lies   to  the   .lO-ft.   rail,  but   15   of  the   con- 
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Details   of    New    Reinforced    Concrete    Railroad   Tie. 


The  upper  half  section  of  the  tie  and  centered  directly 
over  the  slot  is  a  mouldedin  cast  metal  square-headed  socket 
in  which  the  bolt  is  inserted;  above  the  sockets  rests  a  sec- 
lion  of  either  fibre  or  creosoted  wood  block  and  above  this 
the  metal  plate  on  which  the  base  of  rail  rests.  These  bolts 
pass  through  the  sockets,  the  fiber  or  wood  block  and  the 
metal  plate.  The  principle  exerted  is  to  hold  the  lower  halt 
section  of  bolt  firmly  in  the  socket  and  the  upper  half  is 
allowed  a  certain  amount  of  play  or  spring  between  the  sides 
of  the  fibre  or  wood  block,  metal  plate  and  the  concrete 
shoulders  ot  the  tie.  In  this  way  some  elasticity  of  value  is 
given  to  the  whole  mechanism  of  rail  fastening.  By  the  use 
of  this  method,  it  is  claimed  that  the  track  that  becomes 
■'heavfd"  by  poor  drainage  and  frost  action,  can  'readily 
t>e  shimmed  up  or  down  to  reduce  jolts  by  inserting  bolts 
of  greater  length  and  temporary  shim  blocks,  or,  working 
the  other  way  or  both,  by  reducing  the  length  of  the  bolts 
;ind  lessening  the  thickness  of  the  normal  sized  fibre  or  creo- 
-oted  block.  Should  a  bolt  become  broken  at  any  time,  the 
lower  broken  section  will  drop  down  in  the  slot  and  the 
upper  broken  section  being  released  from  its  holding  pres- 
sure, will  lift  and  become  out  of  position  sufficiently  to  call 
the   attention   of  the  trackwalker   to   its   condition. 


Crete  ties  of  this  standard  will  be  required  to  give  an  equal 
amount  ot  rail  bearing  surface  and  spacing.  This  means  a 
saving  of  880  wooden  ties  to  a  single  track  mile. 

Ties  ot  this  type  when  used  for  sidings,  yards,  branch  lines 
and  electric  urban  and  suburban  use  may  be  moulded  in 
lighter  section  with  but  one  rail  fastening  on  each  side  ot 
the  rail  staggered. 

The  tie  as  shown  in  the  sketch  is  designed  for  heavy  main 
line  service.  As  to  gage,  the  question  may  be  asked,  how- 
to  take  care  of  the  varying  gage  between  the  standard  4  ft. 
&Vz  in.  and  the  widening  on  curves  as  standard  practice  in 
use  by  railroads  using  such  gage.  With  the  Pennsylvania 
Lines,  standard  gage  is  4  ft.  9  in.  irrespective  of  curves,  ex- 
cept at  extreme  degrees  of  curvature  some  concession  may 
be  made  in  widening  the  gage.  This  feature  on  railroads 
carrying  the  4-ft.  SVa-in.  standard  and  going  up  to  4  ft.  9  in. 
on  curves,  may  be  provided  tor  in  a  different  sized  clip  or 
fastener  of  different  shape  to  identify  them  from  the  tangent 
fasteners  and  to  provide  ',4-in.  excess  gage  on  each  rail. 

As  for  any  complications  arising  at  the  rail  connections 
due  to  splice  bars,  these  may  be  repunched  with  an  open- 
ing of  sufficient  size  to  permit  the  fastener  to  rest  on  the 
rail  base,  or  a  special  size  fastener  to  rest  over  the  top  of 
the  splice  bar  may  be  provided. 
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Statute  of  Employment  Relations 
for  Construction  Industry 

In  its  report  presented  Jan.  2G  at  the  Second  National  Con- 
ference ot  the  Associated  General  Contractors  of  America, 
the  Committee  on  Labor  embodied  a  fundamental  document 
called  "A  Constitution  of  Industrial  Relations,"  which  con- 
tained principles  applicable  to  all  employment  in  every  indus- 
try. This  document  was  supplemented  by  "Statutes"  designed 
to  be  a  general  statement  of  right  employment  relations  in 
the  construction  industry.  The  Committee  on  Labor  of  the 
association  consisted  of  Leonard  C.  Wason,  chairman,  of  the 
Aberthaw  Construction  Co.,  Boston,  Mass.;  H.  J.  Brennan  of 
W.  E.  Wood  Co.,  Detroit,  Mich.:  Tylor  Field  of  the  Ferro 
Concrete  Construction  Co.,  Cincinnati.  O.;  G.  O.  Muhlfeld  of 
Stone  &  Webster,  Boston,  Mass.;  F.  W.  Smith  of  the  Walsh 
Construction  Co.,  Cleveland,  O.,  and  C.  P.  Watennan  of  J.  H. 
Grozier  Co..  Hartford,  Conn.  The  report  of  committee  was  ap- 
proved by  the  convention.  The  "Constitution"  was  made  public 
last  June  and  was  reprinted  in  the  July  21  issue  of  Engineer- 
ing and  Contracting.  The  "Statute  of  Employment  Bulletin" 
follows : 

'• — Employment. —  (1)  The  value  of  a  good  spirit  in  an  or- 
ganization is  vital  to  successful  industry.  The  organization 
may  think  favorably  or  unfavorably  of  its  employers,  may 
work  with  enthusiasm  or  without  any,  depending  upon  what 
the  individual  thinks  of  his  employers  and  the  work  they  are 
doing.  Therefore,  there  must  be  frankness  between  employer 
and  employe,  perfect  freedom  in  action  and  expression  of 
thought,  to  maintain  mutual  friendly  relations. 

(2)  When  hiring  an  employe,  a  complete  record  of  his  ex- 
perience should  be  obtained.  He  should  be  fully  mformed  of 
the  conditions  of  his  employment,  wages,  hours,  location,  liv- 
ing conditions,  dangers,  etc.,  and  the  methods  of  his  em- 
ployer and  what  he  expects  of  his  employe.  That  is,  there 
should  be  frankness,  mutual  confidence,  and  respect  on  both 
sides  from  the  start.  Continuous  efforts  must  be  made  to 
;'.dvance  and  increase  these  mutual  relations  in  order  to  pre- 
vent or  adjust  misunderstandings  as  soon  as  they  are  dis- 
•covered. 

(3)  The  fact  is  recoginzed  that  in  many  locations  and  es- 
tablishments, the  basic  8-hour  day,  or  a  weekly  equivalent, 
lias  been  adopted  as  the  usual  standard.  As  the  number  of 
hours  properly  constituting  a  day's  work  varies  in  some  loca- 
tions and  classes  of  construction  work,  it  is  recommended  that 
•changes  from  the  usual  standard  be  so  made  as  not  to  dis- 
rupt or  disorganize  the  rest  of  the  industry. 

(4)  Overtime  work  should  be  discouraged.  Where  the  na- 
ture of  the  work  is  such  as  to  require  employes  to  work  be- 
yond the  established  hours,  they  should  receive  an  extra  i-ate 
of  compensation  for  such  overtime. 

(5)  Continuity  of  employment  is  desirable  and  should  be 
maintained  as  far  as  possible. 

(6)  Apprentices  should  not  be  limited  in  number  in  any 
trade.  If  equitable  rules  as  to  the  period  of  service  and  the 
degree  of  skill  required  of  apprentices  are  made  by  the  va- 
rious trades,  the  law  of  supply  and  demand  will  regulate  the 
number. 

(7)  Discrimination  against  the  use  of  apprentices  by  organ- 
ized labor  must  not  be  permitted.  Employers  in  large  com- 
munties  should  encourage  the  establishment  of  public  trade 
schools  and  the  attendance  of  the  youth  at  them. 

II. — Working  Conditions. —  (1)  The  public  interest  and  the 
comfort  and  health  of  individual  employes  demand  that  every 
effort  should  be  made  to  perfect  the  conditions  of  employ- 
ment, with  special  reference  to  sanitary  conditions,  heat, 
light,  ventilation;  safeguarding  the  health  of  workers  and  pro- 
viding protection  against,  and  treatment  in  cases  of  accidents; 
suitable  rest  periods  where  necessary;  and  due  warning  to  the 
worker  if  he  is  undertaking  to  peform  a  hazardous  operation. 

(2)  Provide  safety  devices  and  guards  against  accident  and 
disease.  Mechanical  plants,  stagings,  ways  and  works  should 
be  inspected  daily.  Where  temporary  camps  are  used,  pro- 
vide proper  inspection  for  sanitation,  food  supply,  water,  and 
the  welfare  of  the  men. 

(3)  Employes  should  be  safeguarded  against  unjust  treat- 
ment or  arbitrary  discharge  by  their  foremen  or  immediate 
superiors.  In  justice  to  employes,  adequate  advance  notice 
should  be  given,  whenever  possible,  to  those  who  must  neces- 
sarily be  laid  off.  Likewise,  an  employe  should  give  reason- 
able notice  to  his  employer  of  his  intention  to  leave  the 
service. 


(4)  The  temperament  of  the  gang  boss  or  foreman  in  direct 
contact  with  the  hand  workers  is  most  important.  He  must 
be  fair  and  give  his  men  a  square  deal. 

(5)  Establishment  by  conference  between  the  parties,  what 
facts  concerning  the  company's  and  men's  activities  should 
be  common  knowledge  to  both,  and  provide  for  giving  these 
facts  fullest  publicity. 

(6)  All  states  should  enact  compulsary  workmen's  compen- 
sation insurance  laws  that  are  just  both  to  the  employer  and 
employed. 

III. — Production.— (1)  Public  interest  requires  increasing 
output  per  man  as  a  prime  factor  in  reducing  construction 
costs. 

(2)  Employes  should  not,  therefore,  intentionally  restrict 
individual  output  to  create  an  artificial  scarcity  of  labor  as 
a  means  of  increasing  wages  or  continuity  of  employment,  or 
of  equalizing  the  productivity  and  wages  of  workers  having 
different  degrees  of  skill  and  ability.  Employes  should  also 
co-operate  with  the  employer  in  the  adoption  of  new  and  im- 
proved machinery  and  methods  with  a  view  to  increasing  ef- 
ficiency, thereby  lowering  the  cost  of  construction. 

(3)  The  value  of  industrial  training  as  a  means  of  increas- 
ing production  is  recognized.  Such  training  should  be  encour- 
aged by  employers  and  employes. 

(4)  The  reduction  in  working  hours  below  the  economic 
limit  in  order  to  secure  greater  leisure  for  the  individual 
should  be  made  only  with  full  understanding  and  acceptance 
of  the  fact  that  it  involves  a  commensurate  loss  in  the  earn- 
ing power  of  the  workers,  a  limitation  and  a  shortage  of  the 
output  of  the  industry,  and  an  increase  in  the  cost  of  con- 
struction, with  all  the  necessary  effect  of  these  things  upon 
the  interests  of  the  community  and  the  nation. 

(5)  As  an  incentive  to  greater  production,  make  provision 
for  increasing  compensation  whereby  men  of  extra  skill  and 
knowledge  may  add  to  their  regular  wage. 

(G)  .Wake  some  expression  of  appreciation,  by  word  or' let- 
ter as  reward  for  duty  well  done. 

(7)  Make  an  incentive  to  extra  effort  for  production  by  pro- 
motion where  possible  for  those  who  prove  worthy. 

IV- — Right  of  Association. —  (1)  The  a.=sociation  in  groups 
of  employes  not  affiliated  with  an  organization  of  non-em- 
ployes should  be  encouraged.  The  right  of  employes  to  or- 
ganize into  trade  unions  is  recognized. 

(2)  Employes  should  not  require  of  their  employer  that 
employment  bo  conditioned  on  membership  or  non-member- 
ship in  a  trades  or  labor  union.  Employes  should  not  coerce 
fellow-employes  to  join,  or  refrain  from  joining,  a  trades  or 
labor  union. 

(3)  Freedom  of  contract  of  employment  must  never  be  im- 
paired. However,  employers  should  not  so  exercise  this  right 
as  to  discriminate  in  the  employment  or  discharge  of  employes 
on  the  ground  that  they  are,  or  are  not,  members  of  a  trades 
or  labor  union. 

(4)  Means  should  be  devised  to  create  public  sentiment  in 
favor  of  these  principles  and  to  keep  the  community  informed 
of  all  action  at  variance  to  them. 

(5)  Capital,  employers  and  employes  should  be  subject  to 
law  and  its  processes  with  equal  facility.  Special  legislation 
which  may  benefit  either  to  the  possible  injury  of  the  other, 
or  to  the  possible  injury  of  the  consumer,  is  detrimental — and 
a  consequent  menace  to  the  community. 

V. — Adjustments  of  Disputes. —  (1)  Adequate  means,  satis- 
factory to  both  employer  and  employe,  and  voluntarily  agreed 
to  by  them,  should  be  provided  for  mutual  discussion  and  ad- 
justment of  employment  relations. 

(2)  Where  the  channel  of  communication  existing  between 
an  employer  and  and  the  individual  emiiloye  does  not  offer 
employes  suitable  means  oi  negotiation  with  their  employer, 
tlie  employer  should  seek  to  establish  mutually  satisfactory 
means.  For  this  purpose  representative  negotiation  is  advo- 
cated. 

(3)  Representative  negotiation  is  dofinod  as  that  form  of 
collective  bargaining  which  provides  for  negotiation  be- 
tween an  employer  and  duly  accredited  representative  of  his 
r-mployes,  regarding  hours,  wages,  and  all  other  matters  prop- 
erly affecting  their  relationship.  Employes'  representatives 
should  be  duly  accredited,  should  be  chosen  by  the  employes, 
from  among  their  own  number  unless  otherwise  agreed  by 
employer  and  employes,  and  be  empowered  by  the  employes 
to  negotiate  for  them.  Such  negotiation  should  l>e  under  con- 
trol of  the  parties  immediately  concerned  and  should  they 
fall  to  reach  an  agreement,  the  employer  and  the  group  ot 
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employes'  representatives  should  each  lum-  uk:  uptioii  of 
choosinK,  without  restriction  by  the  other  party,  a  reputable 
and  competent  advisor  or  advocate  to  meet  with  them  in  the 
continued  negotiations.  Representatives  of  employes,  selected 
by  and  from  among  their  own  number,  should  be  assured  by 
thtir  employer  that  no  discrimination  will  be  made  against 
them  because  of  anything  said  or  done  in  their  representative 
capacity. 

(4)  As  it  is  often  impractical,  owing  to  the  nature  of  the 
industry,  for  a  single  employer  to  reach  a  final  conclusion  w  ith 
his  own  employes,  a  group  of  employers  should  negotiate 
with  a  group  of  employes.  Such  group  negotiations  should 
be  conducted  as  far  as  possible  in  accordance  with  the  plan 
of  representative  negotiations  above  outlined. 

(.■>)  Nothing  herein  is  intended  to  abrogate  the  right  of  an 
indivinual   employe  to  negotiate  directly  with  his   employer. 

((>)  l':inployers  and  employes  should  uphold  in  their  integ- 
rity all  arbitration  awards  or  agreements  entered  into  be- 
tween them. 

(7)  While  the  employer  and  employe  may  reach  a  settle- 
ment of  their  individual  relations  without  reference  to  out- 
side aid,  this  solution  may  affect  the  rest  of  the  :ndust>-y,  lo- 
cally, as  well  as  the  interest  of  the  public,  which  is  para- 
mount. Therefore,  the  public's  representatives  ought  to  have 
a  right  of  review  of  a  settlement  to  ensure  that  its  interests 
are  protected.  The  interests  of  the  public  in  reviewing  ad- 
justments of  industrial  relations  can  be  well  performed  by  the 
establishment  of  Industrial  Courts. 

(8)  There  must  be  no  coercion  by  either  party  toward  the 
other.  Public  sentiment  should  support  all  public  ofHcials 
in  enforcing  the  laws  In  respect  to  those  practices. 

(9)  The  fact  should  be  recognized  that  both  employer  and 
employe  are  servants  of  the  public,  that  every  disagreement 
adds  to  the  cost  of  living  and  that  the  final  judge  in  all  dis- 
putes should  be  the  public.  The  public  should  give  expres- 
sion to  Its  views  through  a  board  of  advisers  whose  decision 
should  be  recognized  by  both  parties  as  final.  Disputes,  11! 
feeling,  and  discord  invariably  fade,  once  the  facts  are  aired 
and  given  to  the  public. 


best  record  was  629  bonds  in  seven  hours  and  20  minutes' 
drilling  lime.  The  actual  drilling  time  averaged  about  514 
hours  per  day,  the  lost  time  being  due  to  going  to  and  from 
work,  clearing  the  track  for  trains,  etc.  This  time  would 
vary  considerably  with  other  working  and  traffic  conditions. 
For  one  compressor  the  usual  bonding  crew  consisted  of 
21  men.  Including  the  foreman,  drillers,  helpers  and  others 
required  for  the  complete  bonding  operation. 


Rapid  Rail  Bonding 

A  description  of  equipment  for  rail  bonding  is  given  in  a 
recent  issue  of  the  Electric  Railway  Journal^  Unusual  speed 
was  attained  by  drilling  with  two  air-operated  drills,  the 
two  %-in.  holes  required  in  the  web  of  each  rail  for  the  rail 
bond.  The  compressor  was  an  "Imperial"  IngersoU-Rand 
type  on  a  four-tool  compressor  car,  originally  designed  for 
operating  tie  tampers.  Two  air  tanks,  16  in.  x  48  in.,  were 
added  to  this  outfit  in  order  to  secure  a  more  uniform  pres- 
sure and  better  engine  operation.  While  the  drills  were 
operating  an  air  pressure  of  55  to  60  lb.  was  maintained  at 
the  reservoir  of  the  compressor  which  furnished  power  for 
two  drilling  motors. 

The  drilling  machines  were  close-quarter  drill  motors, 
mounted  on  a  frame  consisting  of  two  IVi-in.  pipe  guides  ex- 
tending from  rail  to  rail.  These  were  separated  at  the  ends 
by  two  clamp  plates  of  sufficient  depth  to  prevent  the  frame 
from  slipping  over  the  head  of  the  rail.  The  drill  motor  was 
supported  between  the  guides  by  two  transverse  plates  sep- 
arated by  sleeves  which  slide  on  the  pipe  guides.  The  drill 
feed  consisted  of  a  long  lever  with  a  gear  segment  acting  on 
a  rack.  A  downward  pressure  on  the  lever  forces  the  whole 
carriage  along  as  the  drill  bores  through  the  web  of  the  rail. 
The  whole  frame  was  supported  on  four  set-screws,  one  in 
each  corner,  resting  on  the  head  of  the  rail  and  furnishing  a 
means  of  adjustment  and  leveling  the  frame. 

With  an  outfit  of  this  type  a  hole  can  be  bored  in  an  aver- 
age rail  in  about  25  seconds,  but  in  harder  steel  it  often 
takes  40  to  50  seconds.  Some  difficulty  was  experienced  with 
extremely  hard  steel  in  the  rails.  It  was  found  necessary  to 
use  care  in  selecting  the  drill  bits,  otherwise  there  was  con- 
siderable trouble  due  to  breakage  and  difficulty  in  regrinding. 
One  man  was  retained  at  the  shops  for  regrinding  drills, 
which  operation  required  careful  attention  in  order  to  se- 
cure bits  which  would  give  uniform  diameter  of  holes. 

The  drill  motors  were  connected  to  the  compressor  with 
a  50-ft.  and  a  75ft.  section  of  %-in.  armored  air  hose.  With 
this  hose  each  drill  could  work  on  two  joints  for  each  move- 
ment of  the  compressor.  To  clear  the  track  for  train  move- 
ments the  air  compressor  was  jacked  up  and  rolled  clear 
on  skidways.  The  average  bonding  rate  was  about  80  per 
hour,  and  as  many  as  110  have  been  placed  in  an  hour.   The 


Fighting    Snow  on  an  Electrified 
Railway 

Mr.  Arthur  C.  Carty,  writing  in  Electric  Traction,  has 
given  some  experience  acquired  on  the  London  and  Port 
Stanley  Ry.  in  Ontario,  and  emphasized  some  of  the  advan- 
tages of  electrical  operation  with  special  reference  to  fight- 
ing snow.     The  following  is  quoted  from  his  article: 

Before  the  electrification  of  the  L.  &  P.  S.  Ry.,  the  writer 
has  seen  that  road  stormbound  for  the  better  part  of  a 
week;  with  five  or  six  Pere  Marquette  and  Michigan  Cen- 
tral locomotives  dead  in  a  5-mile  stretch  of  track:  stand- 
ard steam  road  plows  unmoved  by  three  enfeebled  steam 
locomotives,  with  fires  killed  by  melting  snow;  and  dis- 
gruntled passengers  stranded  in  nearby  farmhouses  arrang- 
ing unwelcome  sleigh   ride   parties  back  to   the   city. 

Since  electrification  the  L.  &  P.  S.  Ry.  has  never  operated 
fewer  than  12  trains  a  day  over  its  most  troublesome  sec- 
tion. The  one  day  on  which  that  low  level  was  reached 
saw  the  worst  storm  in  memory — a  continual  blizzard  in 
.January,  1918,  that  left  steam  railroads  of  both  the  United 
States  and  Canada  paralyzed  for  a  week.  But  throughout 
that  storm  the  L.  &  P.  S.  Ry.  kept  open,  and  accepted  for 
transfer  the  passengers  of  the  stormbound  trunk  steam 
railroads. 

The  principle  snow  fighting  equipment  on  this  road  is 
an  ordinary  steel  nose  plow,  driven  by  an  800-H.P.  60-ton 
locomotive.  During  the  first  couple  of  winters  it  was  the 
practice  to  attach  a  plow  directly  to  the  locomotive.  That 
entailed  about  three  hours'  work,  the  attendant  delay,  and 
the  withdrawal  of  the  motor  from  service  while  the  work 
was  performed.  Now  nose  plows  are  attached  to  each  end 
of  a  flat  car,  weighted  with  P.O  tons  of  rails.  The  car  springs 
are  removed  to  eliminate  a  tendency  to  climb.  The  flat 
car  is  equipped  also  with  wings  to  spread  the  snow,  and 
the  cab  following  the  locomotive  carries  a  set  of  flangers. 
This  battery  ordinarily  maintains  a  speed  of  20-25  miles 
an  hour  through  snow  up  to  2  ft.  deep  and  throws  it  back 
to,   or   beyond,    the  right-of-way   fence. 

Drifts  slacken  the  pace,  but  it  has  never  yet  been  found 
necessary  to  put  more  than  one  lomomotive  on  a  plow.  Cuts 
to  a  depth  of  6  ft.  have  been  made  at  5  miles  an  hour,  under 
conditions  that  would  have  taken  the  heart  out  of  steam  motive 
power.  In  cuts  where  snow  has  drifted  to  abnormal  depths 
It  has  been  found  necessary  to  draw  back  and  run  into  the 
bank  repeatedly.  That  is  the  work  in  which  the  drivers 
of  the  steam  locomotives  used  to  slip  and  stall;  but  the 
electric  motors  deliver  a  steady  flow  of  power,  at  full  effi- 
ciency, to  every  axle,  and  slipping  is  seldom  known. 

Railroad  operators  generally  agree  that  about  the  most 
perilous  job  men  can  be  given  is  manning  a  plow  that  is 
made  the  nose  of  a  battering  ram  driven  by  two  or  three 
locomotives.  Plows  in  that  service  have  been  wrecked 
and  crushed  and  death  or  maiming  has  been  the  fate  of 
workers.  On  the  L.  &  P.  S.  Ry.  equipment,  the  workers 
are  not  endangered. 

The  Hanger  operators  are  safe  in  caboose  behind  the  loco- 
motive. With  a  plow  on  each  end.  and  the  switches  open, 
the  locomotive  can  be  run  around  the  flat-car  equipment, 
and  the  battery  quickly  remarshaled  for  operation  in  the 
reverse  direction  from  any  part  of  the  line. 

The  spreader  wings  on  the  plow  car  have  been  found 
especially  useful  in  cleaning  up  the  yards,  where  snow  can 
be  quickly  shoved  across  from  track  to  track  and  at  length 
clear  of  the  right  of  way.  Through  the  open  country  they 
have  a  more  restricted  usefulness.  When  drifts  cover  and 
fill  the  snow  fences,  it  is  usually  necessary  to  employ  shovel 
gangs  to  widen  the  trough  cut  by  the  plow,  and  haul  the 
snow  away. 

The  L.  &  P.  S.  Ry.  has  kept  its  mechanical  troubles  to 
a  minimum  by  occasionally  sending  locomotives  into  the 
warm  shops  after  a  couple  of  trips  on  snow  plow  service. 
When    snow    fills    the   resistance    grids    and    accumulates    in 
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^Z^:'Z^^Tl^::^  ■■"""  "'^  ''"^'"'  °"'  '^  ^    Renewal  of  overhead  Construction 

The  same  holds  ti-ue  for  passenger  motor  cars  when  sleet  jjj  the   HoOSaC  Tunnel 

is   the  clifflculty.     When   heavy  ice   coats   the   power  wire  it 

is  the  custom  to  send  out  two-car  trains  with  all  four  panta-  The    Hoosac    tunnel,    in    western    Massachusetts,    on    the 

graphs  up.     The   first  usually   shatters   the  ice,  but  collects  Boston  &  Maine  Ry.   system  still  retains   the   distinction   of 

no    power;    the    second    continues    that    operation    and    may  being   the    longest    mountain    tunnel    in    the    United    States, 

furnish  a  little  energy,  but  the  third  and  fourth  can  be  de-  ^^^  ^^^^^   ^j^^   ^^^^^   j,^^^^  ^^    .^   ^^^   ^^^^   ^^^^^   so 

pended  upon  to  find  a  bare  spot  and  keep  the  wheels  mov-  ...,,,.  ..  «,,,.■«  ^     Th=  t.offin 

ing      The  ice  has  on  a  few  occasions  formed  so  heavily  on  t^at  about  10  years  ago  it  was  finally  electrified.    The  traffic 

the  pantagraphs  as  to  bear  them  down  against  the  air  pres-  has    kept    on    increasing,    and    owing    to    the    fact    that    the 

sure,   thereby  weakening  their   capacity   to   scrape  th,e   wire.  steam    locomotives    are    towed    through    the    tunnel    it    has 

In    that    contingency    such    cars    are    relieved    from    service  ^gg^  found  that  the  injurious  gases   escaping  are  sufficient 

and  sent  to  the  barns  for  an  hour's  thawing  out.  jq    quantity    to    have    caused    considerable    corrosion    in    the 

The  Chicago,   Milwaukee  &   St.  Paul  Ry.  has  now  adopted  catenary  construction  overhead.     Recently  part  of  this  over- 

a    snow-proof    motor    housing    that    was    developed    on    the  head  construction  has  been  renewed  as  is  described  in  the 

London  &  Port  Stanley  Ry.     The  L.  &  P.   S.  Ry.  passenger  Railway   Electrical    Engineer,    from   which    the    following   is 

cars    are    equipped    with    ventilated    type    motors    through  taken: 

which  a  current  of  air  is  drawn  in  operation.     The  motors  The   new   catenary  messenger  wire   or  cable   differs   from 

developed  trouble  each  winter,  due   to  the   melting  of  snow  the  original  In  that  it  is  covered  with  a  single  braid  of  im- 

on  the  armatures.     The  crippling  of  motors  became   such  a  pregnated  cotton.     This  cable  was  supplied  by  the  Standard 

serious    problem    that    immediate    steps    were    necessary    to  Underground    Cable    Co.    and    the    weatherproof    braid    with 

eliminate  the  trouble.     Accordingly,   there  was   devised   gal-  which   it    is    suiTounded   is   intended   to   prevent    a    re-occur- 

vanized   iron   housings   to   enclose   the   vents   through   which  rence  of  the  same  trouble  which  so  shortened  the  life  of  the 

the    snow    entered.      The    manufacturer's      engineers      gave  previous  cable.     Furthermore,  the  trolley  hangers  which  are 

warning    that    overheating    troubles    would    follow,    but    the  clamped  firmly  to  this  messenger  wire  are  hooked  over  the 

road's  management  took  a  chance.     It  ended  the  old  trouble  outside  of  this  braid,   the  only   contact  surface   exposed  be- 

and    produced    no    new    ones,    as    winter    temperatures    fur-  jng    a    small    portion    of    the    cable    on    the    underside    upon 

nished  all  the  cooling  required.     The  test  was  followed  with  which   the    clamp   presses.     This   unique   construction    detail 

interest  by  the  manufacturers   of   the   motors   and   the   idea,  has   been    adopted   with    the    idea   of   preventing,    if    such    a 

as  stated,  has  now  been  passed  along  to  the  St.   Paul  elec-  thing  is   possible,  a  reoccurrence  of  the  trouble   which   was 

trification,  where  an  identical  problem  had  been  encountered.  experienced  with  the  former  cable.     In  addition  to  the  braid 

-     covering  over   the   messenger   cable   a   coating   of   black   en- 

t.   n      A        *■•  '  ameled    paint   has   been    applied.     This    paint   not   only   has 

Portland    Cement    rrOdUCtlOn    in  ^^^^^^  ^,ggj,   ^^  further  protect  the   messenger   cable   but   has 

1919    and    1920  'ilso    been   used    on    the   hangers    and    the    trolley    wires    as 

well.     It  is  hoped,  to  some  extent  at  least,  it  will  eliminate 

In  the  production,  shipment,  and  gross  value  of  Portland  ^^^   corrosion   which   was   experienced   with   the   first   instal- 

cement,  1920  was  a  record  year,  according  to  estimates  pre-  j^tjQQ      jygt   how   often   it   will   be   necessary   to   paint   this 

pared  under  the  supervision  of  Ernest   F.   Burchard,  of  the  p^ble,  hangers  and  trolley  wires  is  a  matter  of  conjecture. 

United    States    Geological    Survey,    Department    of   the    Inte-  ^^j.   .j   .j.   ^^^^^^^  tj^gt  ^jjg  painting  periods   are  not  too   fre- 

rior.     The   production   is   estimated    at    100,302.000 -bbl.   and  ^^g^j  j^  jg   obvious  that  it   will   be   far   cheaper  than  to  be 

the  shipments  at  96,329,000  bbl.,  valued  at  $193,548,000,  com-  p^jUgg^   to   renew  the   entire   overhead   equipment, 
pared    with    80,769,378    bbl.  manufactured  and  85,596,616  bbl.,  ^j^^  present  traffic   through  the  tunnel   amounts   to   about 

valued  at  $146,656,076,  shipped  in  1919,  an  increase  of  24  per  ^^^^   niovements   per  day,  and   the   electrical   operation   is   so 

cent  in  production,  13  per  cent  in  shipments,  and  31.9  per  ^^^^^^^  mo,.g  satisfactory  than  the  steam  that  the  difference 
cent  in  value  of  shipments  in  1920.  The  stocks  of  finished  .^  ^^^^  striking  in  many  ways.  It  is  said  that  now  one  may 
cement  increased  from  5,852,497  bbl.  at  the  end  of  1919  to  g^j^jj^'ju  the  center  of  the  tunnel  and  see  the  daylight  at 
about  8,290,000  bbl.  at  the  end  of  1920,  or  more  than  41  per  gj^j^g^  portal.  A  partial  description  of  the  difficulties  of 
cent.  The  average  factory  price  in  bulk  at  the  mills  for  the  ^^^^  ^^^  steam  operation  are  quoted  from  the  above  men- 
whole  country  was  $2.01  a  barrel  in  1920,  compared  with  jjo^ed  journal.  Years  ago  the  tunnel  was  equipped  with 
$1.71  in  1919,  an  increase  of  17.5  per  cent.  electric  lights  and  was  featured  in  the  advertising  literature 

The  statistics  for  1920  include  reports  from  practically  ^j  the  company.  As  time  went  on,  the  traflic  through  the 
all  manufacturers  of  Portland  cement  and  are  based  on  rec-  tunnel  increased  and  the  quantity  of  smoke  and  gases 
ords  for  the  first  11  months  plus  estimates  for  December,  gritted  by  locomotives  passing  through  dimmed  the  elec- 
Some  of  the  estimates  for  December  may  have  been  too  ^J.^^  lights  imtil  eventually  they  were  abandoned.  Each  sue- 
large,  so  that  when  the  final  returns  for  1920  are  received  ceeding  year  brought  increases  in  traffic  with  the  conditions 
the  actual  production  and  shipments  may  prove  to  be  slightly      gro-vving  worse   and  worse. 

lower   and   the   stocks   on   band    slightly    greater    than    the  r^j^g   construction   of   the   tunnel   is    such   that   there   is    a 

figures  here  given.  slight   grade  upward   from   each  portal   to   the  center.     Nor- 

There  were  115  plants  that  manufactured  Portland  cement  nially  there  would  be  no  necessity  for  a  helping  locomotive, 
in  19-'0  compared  with  111  active  plants  in  1919,  one  addi-  but  the  rail  conditions  in  the  tunnel  are  so  bad  and  so 
tional  plant  each  having  operated  in  Alabama,  Indiana,  New  much  trouble  was  experienced  that  helpmg  locomotives 
York  and  Oregon  were  provided  for  trains  in  both  directions.     Now  and  then 

.  ?,%"Ts-""  '*'" """ "'' "'"°" '"  ■""""""'  zr£s:":it,£tz£^  •re-nusr.-irs 

in  1919  and  1920.                             ^_  Shipments  — .  Average  the   most  part  the  men   were   so   affected   by   the   difficulties 

I     1919  1920     factory  price  ^^  the  run  that  thev  could  not  be  induced  to  make  the  at- 

District.                        ?b"^.'?eis''  n,Tr?*4s^  ^^^w''  mo.  tempt  alone.     It  must  be  said  that  their  fears  were  justified, 

Lehigh   district    (eastern    Pennsyl-    '  „„„  ,,  ^,  ,,  .,  for    on    many   occasions    enginemen    and    trainmen    were    so 

vania  and  New  Jersey)    "H?J'SfS  'fiMq'oon  l'"  19<  overcome   bv    smoke   and    gas   as   to    require    hospital    treat- 

oZ  Jri'd^wesiern-p^nnsVlVania::     7;?02;f42  fi.n^V.oon  l.Tl  l.i|4  nient.      So   bad   were   the   rail   conditions,    that   it   was    quite 

Michigan  and  northeastern  Indiana.  5,459,439  4.»20.000  l.iO  2.44  common  thing  for  an  engineman  to  hold   a  broom   handle 

^Z^^rJr^es\e^\^atT^'^'^:l:U2:llt  tSToS  1:62  If,  against  the  tunnel  wan  to  ascertain  whether  or  not  Ws  loco- 

Maryland.  Virginia  and  West  Vir-  „  ^,,  „^,  ,  on  nnn  1  ?■?  ->  m  motive   was   moving.     On   one   occasion,   an   engineman   of   a 

Tlxln'e^sseeV  Alabama  and- Geof^a'.:  Hl^oHl  fX  ltI  2.f  passenger  train  was  SO  deceived  by  the  sound  of  the  exhaust 

Iowa.  Missouri  and  Minnesota   ....11,440,645  11.593,000  1.69  1.93  ^^^    motion   of   the   locomotive    that    he    allowed    the   driving 

""cenfraf •  -^e^T^'   °'"^''°'"'''  ""''  6  "92  741  7,981,000  1.84  2.02  wheels  to  slip  until  he  was  signalled  from  an  official  on  the 

Colorado.  Utah.  Montana  and  west-  _       „„  ,  „„  „  „„  train  who  had   discovered   that  the  train   had   stopped.     The 

em   Texas    2,982.04<5  l'U^,-^r.1  HI  Ha  ririvinp-   wheels     had     slipped     so     long     that     the     head     of 

California,  Washington  and  Oregon.  6.359,22i;  9,124,000  1.92  2.36       driving    Wheels      naa     ^"UIJb"    .!,,„„„.,      „„h    fho     tJrnc 

— ■     the     rails     were     practically    worn   through     and    the     tires 

■^pAcel*'"''"'"'''    ^""^    ''''""^^%5  596  6ir.    96,329,000     1.71      2.01      on   all   Of  the   drivers   loosened. 
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Conclusions  and  Recommendations 
of  the  Federal  Electric  Rail- 
way Commission 

In   May.    1920,    President   Wilson   appointed    a   commission 
to  investigate  and  report  upon  tlie  condition  ot  tlie  electric 
of    the    country.      Its    personnel    included    utility 
and     other     offlcials,     representatives 


managers 

ployes,       bankers,       and       students      of      street 

problems;      and 


railways 

of  em- 
railway 
its  report  rendered  in  August,  1920, 
was  unanimous.  The  report  was  comprehensive,  and  was 
based  upon  elaborate  studies  of  data  as  well  as  upon  the 
personal   testimony   of   95   witnesses. 

The  problem  before  the  commission  was  stated  in  a  joint 
letter  from  the  Secretaries  of  Commerce  and  of  Labor  as 
follows: 

"Large  systems  are  on  the  verge  of  insolvency,  for  the 
industry  as  a  whole  is  virtually  bankrupt.  The  continued 
shrinkage  in  the  values  of  hundreds  of  millions  of  electric 
railway  securities  held  by  savings  banks,  national  banks, 
life  insurance  companies,  and  by  the  public  at  large  threat- 
ens to  embarrass  the  nation's  financial  operations.  Further- 
more, the  withdrawal  ot  this  industry's  buying  power, 
which  Is  said  to  rank  third  in  magnitude,  involves  the  un- 
settlement  of  collateral  industries,  naturally  entailing  labor 
dislocatioil  that  will  affect  hundreds  of  thousands  of  em- 
ployes." 

The    Commission's    conclusions   follow: 

1.  The  electric  railway  furnishing  transportation  lupon 
rails  is  an  essential  public  utility  and  should  have  the  sym- 
pathetic understanding  and  co-operation  of  the  public  if  it 
is  to  continue  to  perform  a  useful  public  service. 

2.  The  electric  railway  has  been  and  will  continue  to  be 
a  public  utility,  subject  to  public  control  as  to  the  extent 
and  character  of  the  service  it  renders  and  as  to  the  rates 
it   charges   for   such   service. 

3.  It  is  of  the  highest  importance  that  both  the  total  cost 
ot  the  service  and  the  cost  to  the  individuals  who  use  it 
shall  be  kept  as  low  as  possible  without  injustice  to  those 
who  take  part  in  producing  it. 

I.  The  electric  railway  industry  as  it  now  exists  is  with- 
out financial  credit  and  is  not  properly  performing  its  pub- 
lic  function. 

5.  This  condition  is  the  result  of  early  financial  misman- 
agement and  economic  causes  accentuated  by  existing 
high-price  levels  of  labor  and  materials,  and  of  the  failure 
of  the  uniform  unit  fare  of  5  ct.  prescribed  either  by  statute  or 
by  local  franchise  ordinances  or  contracts  to  provide  the 
necessary  revenues  to  pay  operating  costs  and  to  main- 
tain the  property  upon  a  reasonable  basis. 

G.  The  industry  can  be  restored  to  a  normal  basis  only 
by  the  introduction  ot  economies  in  operation,  improving 
the  tracks,  equipment,  and  service,  and  assuring  a  reason- 
able return  upon  the  fair  value  of  its  property  used  in  the 
public  service  when  honestly  and   efficiently  managed. 

7.  The  electric  railways  must  expand  to  meet  the  grow- 
ing needs  of  their  communities;  therefore,  the  first  essen- 
tial is  to  restore  credit  in  order  to  obtain  necessary  new 
capital  for  the  extension  and  improvement  of  service. 

S.  Restoration  ot  credit  involves  a  readjustment  of  rela- 
tions which  will  remove  public  antagonism,  provide  public 
co-operation,  and  insure  to  the  investor  the  integrity  of  his 
Investment   and   a  fair  rate   of  return   thereon. 

9.  Effective  public  co-operation  should  be  exercised  by 
eliminating,  in  so  far  as  it  is  practicable,  special  assessments 
for  sprinkling,  paving,  and  for  the  construction  and  main- 
tenance of  bridges  which  are  used  by  the  public  for  high- 
way purposes. 

10.  Extensions  into  new  territory  resulting  in  special 
benefits  to  the  property  In  that  vicinity  should  be  paid  for 
by  assessments  on  such  property  in  proportion  to  the  ben- 
efits received,  and  the  amount  ot  such  assessment  should 
not  be  added  to  the  physical  value  of  the  corporate  prop- 
erty. 

II.  The  great  increase  in  the  use  of  private  automobiles, 
the  jitney,  and  motor  buses  has  introduced  a  serious,  al- 
though not  a  fatal,  competition  to  the  electric  railway. 
These  forms  of  public  motor  conveyance  when  operated  as 


public    carriers    should    properly    be    subject    to    equivalent 
logulatory   provisions. 

12.  The  full  co-operation  ot  labor  is  essential  to  the  high- 
est prosperity  and  the  usefulness  of  the  industry.  The  em- 
ployes engaged  in  this  orcupation  should  have  a  living 
wage  and  humane  hours  of  labor  and  working  conditions. 
They  should  have  the  riglit  to  deal  collectively  with  their 
employers,  through  committees  of  representatives  of  their 
own  selection.  All  labor  disputes  should  be  settled  volun- 
tarily or  by  arbitration,  and  the  award  of  such  a  board 
should  be  final  and  binding  upon  both  parties.  It  is  intol- 
erable that  the  transportation  .service  of  a  city  should  b*- 
subject  to  occasional  paralysis,  whether  by  strikes  or  by  lock- 
outs. 

13.  A  private  industry  should  not  be  subsidized  by  public 
funds  unless  it  is  imperatively  necessary  for  the  preserva- 
tion of  an  essential  service,  and  then  only  as  an  emergency 
measure. 

14.  Unless  the  usefulness  ot  the  electric  railways  is  to 
be  sacrificed  public  control  must  be  flexible  enough  to  en- 
able them  to  secure  sufficient  revenues  to  pay  the  entire 
cost  ot  the  service  rendered,  including  the  necessary  cost 
of   both   capital   and   labor. 

1,1.  There  can  be  no  satisfactory  solution  of  the  electric 
railway  problem  which  does  not  include  the  fair  valuation  of 
the  property  employed  in  the  public  service,  and  where 
that  is  done  the  companies  should  voluntarily  reduce  any 
excessive  capitalization  to  the  basis  of  such  value. 

16.  There  is  no  insuperable  objection  to  a  large,  wide-open 
city  having  exclusive  jurisdiction  over  tlie  rates  and  services 
of  public  utilities. 

17.  The  necessity  for  scientific  and  successful  regulation 
of  systems,  whether  large  or  small,  and  especially  those 
which  operate  through  several  cities  and  villages  and  in 
rural  territory,  leads  to  the  conclusion  that  local  regulation 
should  generally  be  subject  to  the  superior  authority  of  the 
state,  whether  as  a  matter  of  original  jurisdiction  or  through 
the  medium  ot  appeal. 

15.  Cost-of-service  contracts  are  in  the  experimental  stage, 
but  where  tried  they  seem  to  have  secured  a  fair  return 
upon  capital,  established  credit,  and  effected  reasonably 
satisfactory  public  service.  Such  contracts  may  safely  be 
entered  into  where  the  public  right  eventually  to  acquire 
the  property  is  safeguarded. 

19.  The  right  of  the  public  to  own  and  operate  public 
utilities  should  be  recognized,  and  legal  obstacles  in  the 
way  of  its  exercise  should  be  removed. 

20.  While  eventually  it  might  become  expedient  for  the 
public  to  own  and  operate  electric  railways,  there  is  noth- 
ing in  the  experience  thus  far  obtained  in  this  country  that 
will  justify  the  assertion  that  it  will  result  in  better  or 
cheaper  service  than  privately  operated  utilties  could  afford 
if  properly  regulated. 

21.  Public  ownership  and  operation  of  local  transportation 
systems,  whether  or  not  it  be  considered  ultimately  desira- 
ble, is  now,  because  ot  constitutional  and  statutory  prohibi- 
tions, financial  and  legal  obstacles,  the  present  degree  of 
responsibility  ot  our  local  governments,  and  the  state  of 
public  opinion,  practicable  in  so  few  instances,  that  private 
ownership  and  operation  must  as  a  general  rule  be  continued 
for  an  extended  period. 

22.  It  the  reforms  incident  to  public  regulation  which  we 
suggest  in  this  report  should  not  result  in  making  private 
ownership  satisfactory  to  the  public,  such  reforms  should 
at  least  enable  public  ownership  to  be  established  upon  a 
just  and  equitable  basis. 


Statewide  Optional  City-Manager  Bills  Before  Five  Legisla- 
tures.— Bills  to  authorize  the  adoption  of  commission-man- 
ager government  throughout  the  state  by  popular  referendum 
are  before  the  legislatures  of  Indiana,  Illinois,  New  Jersey. 
South  Carolina,  and  Wyoming.  No  cities  in  any  of  these 
states  are  now  operating  under  commission-manager  char- 
ters except  in  South  Carolina,  where  three  cities  have  se- 
cured charters.  The  new  bill  would  obviate  the  difficulty  of 
securing  separate  legislation  in  each  case,  and  would  tend 
to  standardize  the  plan.  In  Illinois,  several  village  suburbs 
ot  Chicago  have  created  the  position  of  manager  by  ordi- 
nance. The  other  three  states  are  virgin  territory.  This  is 
the  first  attempt  t"*  secure  state-wide  legislation  in  Wyom- 
ing and  South  Carolina,  the  second  attempt  in  Indiana  and 
Illinois,  and  the  third  effort  in  New  Jersey. 
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Present  Methods  of  Obtaining 
Railway  Labor 

The  Committee  on  Economics  of  Uailway  Labor,  of  the 
American  Railway  Engineering  Association,  has  recently 
completed  an  investigation  on  the  above  subject  and  has 
presented  a  report  in  a  bulletin  of  the  association,  from 
which  the  following  is  taken,  as  being  an  indication  of  pres- 
ent practice,  tendencies  in  certain  directions,  and  some  im- 
portant changes  recommended  by  the  committee. 

The  questionnaire  deyeloped  that  very  little  is  being  done 
by  the  railways  in  the  way  of  specializing  tor  the  selection  of 
tboir  maintenance  of  way  labor.  The  returns  when  care- 
fully analyzed  also  show  that  for  maintenance  of  way  labor, 
at  least,  the  railways  have  not  availed  themselves  of  the 
lessons  which  the  experiences  resulting  from  the  war  merely 
developed  and  intensified,  and  that  no  positive  action  has 
been  taken  to  overcome  the  economic  conditions  which  tend 
to  create  serious  labor  shortages  at.  different  seasons  of  the 
year. 

Excess  Labor  Recruited  Through  Labor  Agencies. — Except 
for  such  labor  as  can  be  obtained  locally,  on  approximately 
two-thirds  of  the  roads  throughout  the  country,  the  great 
army  of  excess  workers  required  during  the  w'orkiiig  season 
are,  as  a  rule,  recruited  through  labor  agents,  the  majority 
of  whom  charge  the  men  for  securing  the  temporary  job. 
There  is  no  uniform  practice  as  to  the  officer  charged  with 
responsibility  for  such  matters;  the  tendency,  howevei', 
seenis  to  be  to  leave  it,  in  a  general  way,  under  the  engineer 
maintenance  of  way,  where  same  exists.  Where  the  services 
of  these  labor  agents  are  utilized,  it  is  almost  (he  universal 
custom  for  the  railways  to  obtain  labor  from  various  agencies, 
there  being  little  tendency  to  accomplish  this  through  a 
.single  source  of  supply. 

As  a  general  rule,  railways  do  not  pay  bonuses  or  com- 
pensation to  agencies  for  maintaining  a  stated  supply  of 
workers  on  their  lines,  but  there  are  cases  where  this  method 
has  been  followed,  especially  in  times  of  labor  stringency 
the  agency  being  responsible  for  maintaining  the  supply 
and  being  paid  accordingly.  Very  little,  if  any.  written  limi- 
tations or  rules  are  placed  upon  labor  agents  concerning  the 
manner  and  method  that  they  shall  observe  in  securing 
labor,  although  some  states  and  the  larger  cities  have  regu- 
lations pertaining  to  same,  which,  however,  are  not  very 
rigidly  enforced. 

Very  few  railways  pay  the  agencies  for  securing  their 
labor,  it  being  customary  for  the  labor  agent  to  require  the 
laborers  to  reimburse  him  for  bis  efforts.  This  has  resulted 
in  a  great  many  abuses  which  are  alike  prejudicial  to  the 
interests  of  the  worker  and  the  railways,  and  your  commit- 
tee has  been  impressed  with  the  need,  of  uniform  regulations 
with  respect  to  such  matters. 

During  the  war.  the  U.  S.  Employment  Service  was  created, 
and  for  a  time  the  indications  pointed  to  some  unified  sys- 
tem, but  for  various  reasons  it  ceased  to  be  an  effective  fac- 
tor as  a  labor  gathering  medium. 

Many  roads  report  that  they  use  state  and  municipal 
agencies  to  a  more  or  less  extent  but.  as  a  rule,  the  majority 
of  the  roads  rely  on  their  own  unorganized  efforts,  or  a  few 
utilize  the  services  of  free  labor  gathering  agencies,  either 
wholly  or  partially  supported  by  themselves,  but  the  ma- 
jority depend  upon  the  fee  agencies,  who,  as  previously 
stated,  are  supported  by  fees  obtained  from  workers. 

The  majority  of  the  roads  do  not  contract  maintenance 
work,  although  there  is  a  tendency  in  this  direction  on  some 
of  the  more  important  items  requiring  extra  gangs,  or  where 
special  skill  is  required. 

Railway  Maintained  Labor  Employment  Offices. — Prior  to 
the  war,  it  was  the  practice  for  many  roads  to  maintain  labor 
agencies  in  the  large  labor  centers,  like  Chicago,  St.  Louis, 
Kansas  City,  Omaha,  etc.  These  were  abolished  during  the 
war,  but  since  the  armistice  was  signed  pre-war  conditions 
have  been  restored  and  there  has  been  a  marked  tendency 
to  increase  agencies  either  wholly  or  partially  supported 
by  individual  roads  entering  the  larger  labor  centers.  There 
has  also  been  a  mark'ed  increase  of  fee  agencies  patronized 
by  the  railways. 

No  cases  are  reported  where  more  than  one  road  has  com- 
bined for  this  purpose.  There  does  not  appear  to  be  any 
uniformity  of  practice  as  to  whom  labor  gathering  agencies 
shall  report,  although  the  tendency  is  towards  the  mainte- 
nance of  way  department. 


The  reports  indicate  that  in  reality  practically  no  limita- 
tion is  placed  on  free  transportation  for  transporting  labor 
that  cannot  be  obtained  locally,  and  apparently  no  means  has 
been  found  for  protecting  against  the  abuses  resulting  from 
the  flagrant  misuse  of  transportation  furnished  for  the  pur- 
pose of  transporting  this  labor.  In  times  of  shortages,  where 
labor  cannot  be  supplied  locally  or  obtained  by  labor  con- 
tractors from  territory  tributary  to  the  carriers,  it  is  cus- 
tomary for  most  roads  to  pay  fare  for  laborers  recruited  iu 
off-line  districts  over  other  lines  in  order  to  bring  them  to 
their  own  road. 

It  is  not  the  practice  of  the  roads  to  invoke  statutory  re- 
quirements against  the  misuse  of  transportation,  as  no 
method  has  yet  been  found  whereby  this  may  be  effectively 
used.  This  problem  presents  many  difficult  and  baffling 
angles,  and  various  remedies  have  been  suggested,  but  they 
have  failed  by  reason  of  an  entire  absence  of  co-ordinated 
effort  among  the  roads. 

No  effective  means  have  so  far  been  developed  to  protect 
against  the  worker  who,  having  accepted  free  transporta- 
tion, fails  to  accept  service.  When  such  worker  leaves  the 
service  after  a  few  days'  (or  hours')  service,  as  is  frequently 
the  case,  few  roads  make  any  attempt  to  retain  part  of  his 
earnings  as  partial  compensation  for  such  free  transporta- 
tion. 

Length  of  Service  of  Casual  Laborer. — The  investigations 
of  this  committee,  previously  reported,  have  shown  that  the 
length  of  service  for  the  casual  worker  is  of  exceedingly 
short  duration,  and  the  facility  with  which  these  transient 
workers  may  move  from  place  to  place  is  almost  entirely 
responsible  for  this  condition.  The  questionnaire,  however, 
develops  that  the  majority  of  the  roads  appear  not  to  feel 
that  the  abolition  of  free  transportation  for  these  casual 
workers  would  operate  to  stabilize  labor.  The  replies  reach- 
ing the  committee  indicate  a  general  recognition  of  this 
widespread  abuse  in  connection  with  the  transportation  of 
laborers,  but  few  practical  suggestions  have  so  far  reached 
the  committee  for  its  remedy.  The  popular  one  seems  to 
be  that  some  arrangement  should  be  worked  out  by  each 
road  whereby  laborers  will  be  piloted  from  the  source  of  em- 
ployment to  the  particular  job   for  which  they  are  engaged. 

Where  the  services  of  boarding  contractors  are  utilized  to 
feed  extra  or  floating  labor,  it  is  customary  to  afford  free, 
reduced  or  limited  transportation  for  their  camp  and  food 
supplies,  or  approximately  half  of  the  roads  reporting,  the 
others  assessing  charges  in  some  form  or  other  thereon. 

There"  is  no  accepted  practice  among  roads  concerning  the 
wisdom  of  permitting  their  own  employes  to  board  extra  or 
floating  labor,  when  ty  doing  so  free  or  limited  transporta- 
tion tor  camp  and  food  supplies  are  given. 

The  replies  indicate  a  decided  effort  is  being  made  to  fur- 
nish houses  for  regular  section  foremen  at  nominal  rental, 
and  some  feeble  efforts  are  being  made  to  furnish  better 
quarters  than  heretofore  for  common  labor,  but  it  is  not 
general. 

The  conditions  in  the  Eastern  section  do  not,  as  a  rule, 
require  this  for  its  excess  labor,  whereas  in  the  West  it  is 
necessary  in  some  form  on  account  of  the  long  stretches  of 
open  country  and  the  comparatively  long  distances  between 
the  towns.  The  majority  of  the  roads  furnish  bunk  houses 
for  their  laborers  for  which  no  rental  is  charged,  but  as  a 
rule  they  consist  of  old  car  bodies.  Some  tendency  for  im- 
provement in  this  direction  is  reported. 

It  is  the  general  practice  for  the  railways  to  supply  hous- 
ing with  wood  or  steel  bunks  for  their  floating,  or  semi-per- 
manent labor,  but  the  bedding,  kitchen  and  other  utensils 
are  supplied  by  the  boarding  contractors,  or  the  laborers 
themselves. 

It  is  also  the  general  practice  to  supply  cooks  for  track 
gangs,  but  no  uniformity  exists  as  to  the  number  in  pro- 
portion to  the  men  employed.  This  applies  to  bridge  and 
building  department  and  miscellaneous  employes   as  well. 

The  m.ajority  of  the  roads  reporting  apparently  contract 
with  companies  or  individuals  for  feeding  their  common 
labor  that  is  seasonably  employed,  the  balance  evidently  be- 
lieving that  better  results  are  secured  where  this  is  not  done. 

There  is  almost  an  entire  absence  of  trained  supervision 
over  food,  sanitation  or  camp  supplies  for  the?  workers. 
Where  such  supervision  exists  it  is  usually  of  a  sporadic  char- 
acter and  confined  to  local  officers  engaged  in  other  duties. 
One  large  Eastern  road,  however,  has  assigned  the  feeding 
of  its  laborers  to  its  dining  car  department  and  through  it 
secures  the  benefit  of  the   same   sanitation   and   supervision 
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of  Its  food  and  camp  pquipment  that,  is  afforded  to  its  patrons. 

There  is  a  marked  difference  between  -  the  practices  of 
Eastern  and  Western  roads  in  the  matter  of  engaging  and 
caring  for  labor.  The  general  tendency  of  the  Eastern  lines 
is  to  so  arrange  their  maintenance  work  that  it  shall  be 
done  with  regular  forces  and  minimize,  as  far  as  possible, 
the  use  of  extra  gangs,  whereas,  as  a  general  rule,  the  West- 
ern roads  depend  on  the  extra  gangs  and  casual  labor  to 
supplement  the  work  of  the  sections,  principally  for  relaying 
rail,  ballasting  and  similar  heavy  work. 

Stabilizing  Labor.— There  appears  to  be  an  almost  univer- 
sal appreciation  by  the  roads  of  the  serious  effect  that  in- 
termittent labor  has  on  their  organization  and  efficiency  in 
maintaining  the  railways  of  the  country.  There  is  also  a 
general  feeling  on  the  part  of  a  majority  of  the  roads  that 
this  can  only  be  corrected,  or  at  least  minimized,  by  work- 
ing out  a  more  scientific  method  of  arranging  the  mainte- 
nance of  way  program  whereby  large  armies  of  workers  will 
not  be  made  idle  during  a  very  considerable  part  of  the  year. 
The  annual  man-hours  remain  about  the  same,  but  due  to 
the  fact  that  it  is  not  scientifically  arranged,  a  great  many 
excess  workers  remain  frequently  on  furlough,  creating  an 
economic  condition  that  is  hurtful  to  all  concerned. 

There  is  a  universal  feeling  that  before  very  much  can 
be  done  by  railways  to  stabilize  labor,  housing  and  living 
conditions  must  be  more  in  conformity  with  the  current 
practice  of  industrial  and  similar  concerns,  who  seem  very 
dium  that  will  react  powerfully  to  stabilize  railway  track 
labor.  A  better  distribution  of  the  forces  so  arranged  as  to 
give  consideration  to  the  comfort  of  the  foremen  and  their 
families  are  a  greater  asset  than  is  popularly  supposed  for 
increasing  the  efHciency.  contentment  and  loyalty  of  the 
worker. 


New  Gasoline  Shovel 

A  now  design  of  power  shovel  built  for  gasoline  operation 
has  been  brought  out  by  the  Austin  Machinery  Corporation, 
Chicago,  111.  The  shovel  has  patented  air  controlled  clutches 
enabling  the  operator  to  manipulate  the  principal  operations 


.Austin    Gasoline    Shovel,     Model    6-T. 

■with  ease.  Cushion-drive  clutches  of  swinging  and 
crowding  devices  satisfactorily  insure  the  necessary  over- 
lapping of  operations.  All  operations  may  be  quickly  re- 
versed at  any  time.  The  swinging  machinery  and  hoisting 
drum  are  locked  by  means  of  automatic  brakes  when  the 
power  is  shut  off.  Other  features  of  the  shovel  Include: 
Three-lever  digging  control;  "slam  the  dipper"  door 
(a  clean  dipper);  power  boom  hoist;  quick  replace- 
ment of  clutch  bands;  interchangeable  clutch  parts;  com- 
plete  accessibility. 


A  New  Explosive  that  Cannot  Freeze. — A  non-freezing  ex- 
plosive has  been  placed  on  the  market  by  the  Atlas  Powder 
Co.,  Philadelphia,  Pa.  Some  of  the  claims  made  for  the  ex- 
plosive are:  (1)  Five  grades  for  every  blasting  requirement; 
(2)  Cannot  freeze  at  any  temperature;  (3)  Withstands  the 
heat  of  summer;  (4)  Its  stability  avoids  premature  explo- 
.=!ion8  (nothing  weaker  than  a  No.  6  blasting  cap  should  be 
used  to  detonate  It);  (5)  Will  not  cause  headaches  to  those 
who  use  and  handle  it;  (6)  Made  in  all  standard  size  cart- 
r'.^.ees. 


Economy  in  Railway  Water  Treatment 

Some  rpci.Tit  figures  on  I  lie  udvanlages  obtained  by  in- 
vestment in  water  softening  plants  are  given  in  the  Rail- 
way Age  by  Mr.  Paul  M.  La  Bach,  Engineer  of  Water  Serv- 
ice, C,  R.  I.  &  P.  Ry.,  Chicago.  The  Rock  Island  is  one  of 
the  largest  western  railway  systems  and  traverses  regions 
where  much  of  the  water  obtainable  is  classed  as  hard,  thus 
making  it  desirable  to  treat  it  for  locomotive  use.  While 
water  softening  has  been  resorted  to  for  some  years  at 
many  poinis,  Mr.  La  Bach  states  that  the  present  policy 
of  the  road  is  to  fill  in  the  "blank"^  points  and  thus  secure 
engine  districts  on  which  all  water  requiring  it  will  be 
treated.  The  following  data  is  abstracted  from  Mr.  La 
Bach's  article: 

The  Rock  Island  has  a  total  of  412  water  stations  or  an 
average  of  one  about  every  20  miles.  .\t  2.5  per  cent  of  the 
stations  the  water  is  bought  from  municipalities. 

The  balance  is  handled  by  company  forces.  About  ."0  per 
cent  of  the  water  comes  from  open  or  tubular  wells,  25  per 
cent  from  streams,  10  per  cent  from  impounding  reservoirs 
and  the  balance  from  lakes,  springs,  etc.  FYom  these  va- 
rious sources  over  eight  billion  gallons  are  pumped  by 
company  forces  per  j'ear  and  over  one  billion  gallons  are 
purchased  from  others.  The  methods  of  pumping  the 
water  are  as  varied  as  the  sources  of  supply.  Steam,  inter- 
nal combustion  engines,  electricity  and  gravity  stations  are 
found. 

.\  tabulation  of  the  analyses  from  all  the  412  water  sta- 
tions shows  that  290  stations  furnish  water  of  over  10  grains 
hardness  per  gallon.  Of  the  117  stations  which  take  water 
from  streams,  all  may  be  said  to  carry  large  quantities  of 
silt  part  of  the  year  and  a  number  practically  all  of  the 
year.  As  mud  is  readily  removed  in  a  water  softener,  the 
muddy  water  territories  with  hard  water  are  being  handled 
with   reference  to   both   the  suspended   and  dissolved   solids. 

Computations  based  on  the  A.  R.  E.  A.  formula  of  10  ct. 
saved  through  the  removal  of  each  pound  of  incrusting  solids 
give  the  total  of  $.3.58,552  saved  per  year,  not  including  in- 
terest, repairs  or  depreciation  of  plant.  .The  total  cost  of 
plants  was  $305,587.  This  gives  a  gross  operating  saving  of 
117  per  cent.  If  the  interest  on  the  cost  of  plant  is -6  per 
cent  this  will  be  reduced  to  111  per  cent.  Depreciation  and 
repairs  will  subtract  another  S  per  ceut  and  thus  leave  the 
net  profit  at  103  per  cent  on  invested  capital.  In  this  com- 
putation no  credit  has  been  taken  for  mud  removed,  al- 
though a  large  quantity  has  been  taken  out  at  many  of 
these  points.  The  saving  due  to  the  elimination  of  mud 
must  be  estimated  in  each  particular  case.  No  formula  of 
general  applicability  has   been   devised. 

In  this  accomplishment  two  elements  have  entered  into 
the  result,  namely,  supervision  and  design.  The  two  operat- 
ing districts  of  the  Rock  Island  each  have  a  supervisor  of 
chemical  tests  and  a  supervisor  of  water  stations,  in  addi- 
tion to  the  division  forces,  whose  duties  require  them  to 
follow  the  daily  operations  of  each  station.  By  the  fol- 
low-up methods  installed,  satisfactory  treatment  is  secured 
with  all  the  different  types  of  plants  when  operated  prop- 
erly. When  in  good  working  order  the  question  of  operat- 
ing capacity  is  the  principal  element  of  difficulty.  The 
capacity  varies  even  with  apparatus  of  the  same  design 
and  any  crowding  or  hurrying  the  process  produces  much 
harm.  The  "intermittent"  and  "soda  ash"  apparatus  is 
home  made.  With  a  few  exceptions  the  tubs  are  wooden. 
The  "continuous  type"  machines  are  of  the  general  type 
made  by  the  patentees  at  the  time  of  installation,  with  such 
variations  as  were  thought  to  best  suit  local  conditions. 


\ 


Advocates  of  Engineer  License  Laws  Busy  in  Many  States. 
— The  engineer's  license  law  Introduced  into  the  Indiana 
legislature  at  the  instance  of  the  chapters  of  the  American 
Association  of  Engineers  in  Indiana  was  reported  favorably 
by  a  house  committee  on  Jan.  28.  The  chapters  of  the  asso- 
ciation in  Texas  were  successful  in  supporting  their  engi- 
neer's license  bill  at  a  committee  hearing  held  at  Austin 
on  Feb.  2.  The  Atlanta,  Ga.,  Chapter  has  its  license  law 
almost  ready  to  introduce.  A  New  Jersey  engineers'  license 
hill,  providing  for  the  licensing  of  professional  engineers  and 
land  surveyors,  was  introduced  on  Feb.  7  in  the  New  Jer- 
sey legislature  as  a  result  of  joint  action  of  the  Trenton 
and  New-  York  Chapters  of  the  American  Association  of 
Engineers. 
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The  Duties  of  a  Roadmaster* 

By    R.   E.   KEOUGH, 

Assistant  Engineer.  Maintenance  of  Way,  Canadian  Pacific  Ry. 

While  the  roadmaster  is  supposed  to  be  purely  a  mainte- 
nance man,  he  is  such  only  where  roadbed  is  old  and  well- 
ballasted.  After  construction  the  track  is  turned  over  to 
the  maintenance  of  way  department  with  the  expectation 
that  construction  days  are  over.  This  is  usually  erroneous, 
as  it  is  generally  found  that  construction  as  practiced  on 
this  continent  is  only  well  commenced  when  the  mainte- 
nance of  way  department  takes  charge.  Sufficient  attention 
is  not  given  to  proper  drainage  to  cuts  or  crowning  and  set- 
tling of  fills.  The  present  practice  of  hurried  construction 
work  calls  mostly  lor  machine  work,  such  as  train  filling 
fi-oni  steam  shovels,  or  heavy  blasting,  all  of  which  tend  to 
lower  the  cost  of  construction. 

Soundings  may  be  made  to  determine  the  depth  of  mus- 
kegs, but  aside  from  this  no  such  accuracy  is  used  in  build- 
ing roadbed   as  is  followed   in  bridge   construction. 

The  construction  engineer  merely  hopes  to  see  the  earth's 
cnust  stand  up  under  the  heavy  wheel  loads.  Although  it 
does  this  to  everyone's  satisfaction  in  the  majority  of  cases, 
there  are.  however,  numerous  instances  where  the  roadbed 
is  found  to  be  anything  but  desirable.  These  are  places 
which  cause  much  worry  to  the  roadmaster  and  maintenance 
engineer.  If  they  are  ever  entirely  cured  it  is  only  after 
long  years  of  constant  work.  Ideal  construction  would  mean 
that  such  places  would  be  broken  down  and  the  bottom 
found,  when  the  gradin.g  was  being  done,  rather  than  allow- 
ing it  to  do  so  gradually  under  several  years  of  operation 
and   maintenance. 

Oftentimes  cuts  are  taken  put  of  fills  made  which  are 
scarcely  passable  even  for  light  construction  equipment, 
which  will  in  no  degi'ee  cope  with  the  heavy  traffic  which 
is   to  follow. 

Lines  have  frequently  been  built  and  ballasted,  but  In- 
spected while  "frozen  in,"  and  pronounced  satisfactory  when 
afterward  the  same  road  is  found  impassable.  I  merely 
mention  this  to  show  how  poor  construction  is  reflected  to 
maintenance.  The  roadmaster  is  often  whipped  over  the 
back  for  rough  track  made  by  such  conditions  as  these  and 
where  money  is  available  he  must  see  to  it  that  these  early 
day  defects  are  corrected,   either  gradually  or  otherwise. 

Although  improper  construction  shows  up  in  any  part 
of  the  country  it  is  perhaps  more  pronounced  in  the  north- 
ern portion,  where  frost  enters  deeply  into  the  roadbed, 
causing  excessive  heaving,  or  in  the  gulf  states,  where  rain- 
fall is  heavy  during  the  winter  months. 

This  is  one  of  the  hardest  jobs  a  roadmaster  has  to  com- 
bat. Heaving  spots  must  be  carefully  marked  so  as  to  have 
them  "dug  out"  during  the   summer  months. 

Much  care  is  needed  when  digging  in  order  to  avoid  going 
too  deeply,  which  will  cause  a  hole  that  will  ride  as  badly 
as  the  high  spot  did  before. 

It  is  usually  found  that  roadbeds  contain  enough  moisture 
in  a  climate  similar  to  this  to  cause  heaving  by  frost  to  a 
certain  degree.  It  is  only  the  irregularity  of  heaving  that 
gives  us  trouble.  This  is  often  noticed  where  we  originally 
had  open  pit  cattleguards,  which  were  later  filled  up  with 
clean  ballast  or  cinders,  which  do  not  permit  the  track  above 
it  to  heave  correspondingly  to  the  track  approaching  it.  The 
result  is  we  have  shimmed  track  at  such  points,  even  on 
our  oldest  lines. 

When  making  inspection  with  a  roadmaster  some  time 
ago  he  called  my  attention  to  two  cattle  guards  which  he 
had  treated  while  foreman  of  that  section  several  years 
before.  He  had.  with  two  men,  in  one  day,  dug  out  all  the 
ballast  from  two  old  pit  guards  and  had  back  filled  them 
with  clay  up  even  with  the  clay  found  in  the  adjoining  road- 
bed. He  then  applied  a  similar  depth  of  ballast  to  the 
track,  either  side. 

The  result  is  entirely  satisfactory,  as  it  is  found  that  these 
places  have  never  given  trouble  since. 

There  are  still  many  such  places  which  can  be  corrected 
on  our  roads  equally  as  easily  by  observing  trackmen  who 
are  given  the  money  and  labor  to  do  the  work. 

In  the  most  northern  states  metal  cattleguards  are  some- 
times used  as  well  as  wooden  ones,  both  of  which  are  left 
in  over  winter. 


The  roadmaster  soon  notices  the  track  does  not  stay  as 
low  under  metal  guards  as  it  does  with  the  wooden  ones, 
owing  to  the  steel  guard  permitting  frost  to  enter  easily, 
allowing  track  to  heave  a  corresponding  amount  under 
them. 

Also  he  will  find  he  often  can  save  considerable  shim- 
ming and  rough  riding  track  by  putting  a  temporary  door 
over  culverts  which  are  close  to  the  surface,  and  where  it 
is  found  the  frost  goes  up  from  the  culverts  as  well  as  down 
from  the  top  of  ballast,   causing  double  heaving. 

The  curving  of  rails  is  a  live  subject  and  one  which  has 
been  handled  with  perhaps  tess  regularity  than  is  generally 
supposed  by  most  of  those  not  immediately  connected  with 
the  work. 

We  frequently  notice  angular  looking  joints  on  the  inner 
side  of  curves  and  on  inquiry  learn  that  this  is  due  to  the 
fact  that  these  rails  were  not  curved  when  laid.  Close 
scrutiny  will  prove  that  the  rail  very  likely  was  laid  with 
excessive  expansion  on  this  curve  and  that  the  joint  bolts 
were  badly  neglected  at  one  time  or  another.  These  two 
factors  taken  together  allow  rail  ends  to  tend  to  straighten 
out  and  appear  kinky.  It  is  found  that  even  at  the  sharp- 
est curves  curving  need  not  be  done  throughout  the  full 
length  of  a  rail,  nor  will  they  show  signs  of  joint  kink- 
ing if  a  slight  set  is  given  each  rail  close  to  each  end  with  a 
.Tim  Crow.  This  will  care  for  even  neglected  bolts  or  ex- 
cessive expansion,  as  well  as  if  curved  throughout  the  en- 
tire length  of  the  rail. 

Yon  will  not  see  kinky  looking  switches  on  the  more  ob- 
serving roadmasters'  territory.  In  fact,  under  normal  con- 
ditions a  switch  should  be  the  last  to  go  out  of  line,  as  there 
are  at  this  point  four  rails  instead  of  two  as  well  as  heavy 
timber,  which  make  for  better  conditions.  Such  defects 
are  the  result  of  improper  attention  given  to  expansion  on 
rail  approaching  the  switch  or  hunching  of  rail  at  this  point, 
which  has  been  neglected  through  ignorance  or  shortage 
of   labor. 

The  roadmaster  who  studies  his  conditions  will  know  that 
frogs  of  all  kinds,  when  used  on  high-speed  tracks,  will 
last  and  ride  better  where  gage  is  kept  snug.  This  is  more 
important  when  frogs  are  located  on  inner  rail  of  curves. 
With  good  close  gage  the  wheel  flanges  are  directed  through 
the  flange-way  provided  for  them  instead  of  being  allowed 
to  pound  the  frog  to  pieces  by  striking  the  wing  rails  sharp 
blows    while    passing. 


Rental  Schedule  for  Construction  Equipment. — A  rental 
schedule  for  construction  equipment,  prepared  by  a  commit- 
tee of  the  Associated  General  Contractors  of  America,  was 
printed  in  our  Dec.  15  issue.  In  the  report  of  the  commit- 
tee submitted  at  the  annual  meeting  of  the  association  last 
month  another  column  has  been  added  to  the  table  shown 
on  page  583  of  the  above  issue.  This  column  covers  the 
"equivalent  annual  interest  at  6Vi  per  cent."  It  increases 
the  total  annual  charge  per  cent  of  initial  investment  (the 
last  column  in  the  table)  by  4  per  cent.  It  should  be  noted, 
however,  that  contractors  should  determine  the  proper  inter- 
est charge  for  each  job  after  determining  the  prevailing  rate 
in  accord  with  one  of  the  three  ways  suggested  in  the  article. 


New  Jersey  Road  Material  Exhibit  and  Convention. — The 
New  .lersey  State  Highway  Department  will  hold  a  road 
material  exhibit  and  convention  at  the  Grand  Theater  Bldg., 
Trenton,  N.  J.,  Feb.  23-26.  The  exhibit  is  to  be  used  in  con- 
nection with  a  series  of  lectures  which  will  be  delivered  by 
different  highway  officials  of  New  Jersey  and  other  states. 
In  order  that  the  materialmen  may  become  better  acquainted 
with  the  different  grades  of  materials  which  have  been  ap- 
proved for  use  in  highway  construction,  the  method  to  fol- 
low in  using  these  materials  and  the  general  personnel  and 
work  of  the  Department,  they  have  been  invited  to  attend 
the  convention. 


•From   a  paper  presented  lajst  fall   before  the   Canadian   Railway 
Club.  Montreal.  Que. 


News  Letter 

ST.    LOUIS    ITEMS. 
By    A.    B.    Koenig. 
J.  J.  Mclnerney  showed  up  here  the  other  day.     Mack  is  grading 
real  estate  at  Akron.  O. 

The  Mcssnian  Construction  Co.  are  finishinfr  their  riprap  and 
slioro  protection  \\orIv  on  the  Missouri  River. 

Tom  Walsh  of  the  Walsh  Construction  Co.  passed  through  here 
on  his  way  to  Arkansas  City.  Ark.  where  they  are  operating'  a 
Kravel   pit. 
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Engineering  and  Contracting  fur  February  16,   1921. 


I.aiu-  «•  .MnliiiK-y  oiiiiiililcd  llu-lr  work  sU  UiSiilli'.  111.,  and  want 
a.  j<iL(  lor  their  20- team  ivnil  wheeler  outfit.  2821  Norwood  Ave.,  bt. 
LoiliM.    .Mo.,  will  catch   them. 

The  P.  J.  Hannun  Co.,  Boatmen's  Bank  Bld^..  St.  Louis,  have 
a  first  ■cla.s.s  .vtanilard  KauKe  Hteam  Bliovel  outnt  idle  that  they  can 
place    on    wf  rk    immediately. 

VVm.  lioach  on  l-Mi.  1  was  appointed  sewer  commissioner  liy 
the  Ka.-il  St.  l.ouls  City  Council  to  1111  the  place  made  vacant  tiy 
the  resisration  of  R  A.  Cooper. 

SjKirkH  Atkinson  Construction  Co.  wril.s  from  Fordyce  Ai-k.. 
that  thiv  are  In  the  market  for  a  concrete  or  ^'raains  job  in  this 
neighborhood.     Can   place  an   outfit  on   work    immediately. 

Clws.  C.  Clan-  was  in  from  Watson,  111.,  sretlins  some  prices 
on  some  wheelers  and  a  grader.  Clarr  expects  to  get  some  of  the 
new  iitatt,  road  work  to  be  let  at  Spring-Meld,  111.,  this  month. 

Wm.  Kenetlck,  one  of  the  oldest  railroad  contractors  in  this 
part  of  the  country,  died  at  Garden  City.  .N'.  Y..  .Ian.  25.  At  the 
time  of  his  death  he  was  spendlnn  the  winter  with  his  daughter. 
Mrs.' Arthur  Day. 

The  Slate  iniblic  Service  Commission  on  .Jan.  26  granted  the 
electric  llj-ht  company  of  Kxcelsior  Springs  authority  to  build  an 
exten.'ion  line  to  l..iherty  for  the  transmission  of  electric  current 
for   llgliting    purposes. 

C.  P.  OReilly  &  Co..  fi21  Wainsvright  Bldg..  St.  Louis,  Mo.,  have 
two  piects  of  road  work  to  sublet.  One  of  these  jobs  consists  of 
about  21.000  yd.  of  machine  work  at  Honeywell.  Mo.,  and  one  of 
28.000  yd.  of  wheeler  work  at   Krankfort.   Mo. 

VVm  Cordon,  of  Condon  &  P.olen,  w.'is  a  visitor  at  Koenig's 
new  otnce  in  Kansas  City.  Has  been  resting  up  at  Hot  Springs 
for  sev.rai  weeks.  Returning  to  Omaha  to  start  track  laying  for 
the  street  car  company   there. 

•John  VV  Ground,  railroad  builder  and  mine  operator,  died  at  hi.s 
home  in  Kansas  City.  .Ian.  2(i,  following  a  short  illness.  Ground 
was  vice  president  of  the  Joplin-l'ittsburgh  Railway  Co.  and  an 
exten.<ive  holder  in  zinc  and  lead  mines  in  Missouri  and  Oklahoma. 
He  was  74  je.ars  old  and  a  native  of  Indiana. 

On  Feb.  1  Koenig's  Labor  Agency  in  Kansas  City  was  removed 
from  503  to  501  Delaware  St..  corner  of  Fifth.  There  is  a  special 
room  reserved  for  contractors  wh(  re  visitors  can  clean  up,  write 
letters,  sharpen  pencil-s  and  get  posted  on  what  is  going  on  out 
west.     Xewt.  I'aisley  is  manager  of  this  office. 

A  contract  for  the  labor  ir.  constructing  three  miles  of  concrete 
road  between  Belleville  and  Mascfiutah.  III.,  was  awarded  .Tan.  29 
by  the  Beard  of  Supervisor.'!  at  Hellevillc  to  Koeffken  Bros,  for 
$62.»00.  The  county  will  furnish  the  materials.  The  cost  of  the 
worii  IS  estimated  at  $12.').40n.  The  road  between  the  two  cities  is 
nine  miles  in  length 

Officials  of  the  American  Loci>motive  Co.  of  IMttsburgh  filed  deeds 
ffir  the  purchase  of  Itjti  acres  of  land  in  Venice  Township.  Madison 
County,  Illinois,  upon  which  will  be  erected  a  $25,000,000  locomotive 
plant.  A  price  of  Jl.SCT  an  acre  was  paid.  The  land  was  pur- 
chased from  trustees  representing  fifteen  separate  interests.  This 
is  an  addition  to  the  tract  of  205  acres  recently  acquired  by  the 
compiny. 

llugene  S.  Beaty.  aged  60.  for  many  years  Washington  county 
bridge  contractor,  died  at  his  home  in  Blair.  Nebr..  after  an  illness 
of  several  weeks.     He  leaves  a    widow,   one  son  and  one  daughter. 

Ben  Reynolds,  who  has  been  in  charge  of  the  P.  .1.  Hannan  Co. 
work  at  Jonesburg,  Mo.,  has  finished  this  job.  Is  going  to  spend 
the  balance  of  the  winter  with  his  son,  John  Reynolds,  at  Hunts- 
ville,  Tex. 

The  Board  of  .Vldermen  of  St.  Louis  without  a  dis.'fenting  vote 
on  .Jan.  2S  passed  a  measure  to  repeal  the  municipal  contract  ordi- 
,naace,  commonly  known  as  "board  bill  28."  which  regulated  the 
letting  of  contracts  for  public  work,  containing  special  provisions 
as  lo  he  kii.d  of  labor  to  be  employed  and  the  wages  to  be  paid. 
The  repeal  of  the  law  means  the  definite  end  of  a  bitter  fight 
between  the  local  contractors  and  l.alKir  organizations,  which  lasted 
more  than  a  year.  "Board  l^iU  2S"  was  pass.'d  bv  the  Board  of 
AId.?rmen  about  a  year  and  a  half  .ago.  following  a  number  of  pub- 
lic hearingK  at  which  stormy  protests  against  the  proposed  law- 
were  made  by  local  contractors  and  financiers.  The  contractors 
cliimed  that  the  ordinance  would  invalidate  the  city's  special  tax- 
bills,  inasmuch  as  it  ordered  the  contractor  to  pay  his  men  a 
certain  amount  of  wages.  They  also  contended  that  the  banks  had 
refused  to  lend  money  on  the  special  tax  bills  as  long  as  the  ordi- 
nance was  in  existence.  Following  the  i)assage  of  the  law  the 
contractors  informed  the  Board  of  Public  S,'r\ice  that  thev  would 
refuse  to  bid  on  public  work  and  that  the  city  would  either  have 
to  do  Its  work  itself  or  else  repeal  the  contract  ordinance.  The 
threat  was  carried  out  by  the  contractors,  and  when  no  bids  were 
received  at  several  lettings  of  the  lioard  of  I^iblic  Service  it  was 
timlly  deciaed  by  President  Kinney  of  the  board  to  appeal  to  the 
Board  of  Aldermen  in  behalf  of  a  repeal  of  the  measure.  Since 
then  aldermen  have  delayed  action  on  the  repeal  for  many-  weeks 
until  the  bill  came  up  for  repeal.  Before  a  vote  was  talien'a  letter 
waj>  read,  written  b.v  Secretary  Maurice  Ca-ssidy  of  the  Building- 
Trades  Council,  explaining  the  attitude  of  organized  labor  with 
regard  to  th"  liill  and  pleading  with  the  Board  of  Aldermen  for  a 
still  further  delay  in   the  iiiatter  of  repealing  the  law. 

Personals 

Alexander  England  has  been  appointed  Chief  Bngineer  of  the 
Westinghouse  .-Mr  Brake  Co..  to  .succeed  S.  W.  Dudley,  who  re- 
signed Feb.  1st  to  join  the  .faculty  of  Yale  University  as  a  pro- 
fessor of  iMechanical   lOngineering. 

Major  Clyde  V.  Taylor  has  resigned  from  the  U.  S.  Indian  Irri- 
gation Service  after  ti  years'  service  with  that  department,  and  has 
joined  L.  H.  Taylor.  Consulting  Engineer,  in  private  engineering 
prat-tice  at  Reno,  Nevada,  under  the  firm  name  of  T...  H.  Taylor 
v"t  Co, 

R.  N.  Kmnaird  has  opened  an  office  at  204  Iowa  Bldg..  Des 
Moines.  la.,  where  he  will  enga.ge  in  a  consulting  practice,  special- 
izing in  Water  Supply  and  Purification,  Municipal  Sanitation, 
Sewerage,  Power  Plant  Engineering,  Coal  Mining,  Coal,  Sand  and 
Gravel   preparation   and   handling. 

G.    Lewis    Taylor,    .-Vssistant    Chief    Engineer   of   the    McClintic- 

^^.lrs!lall  Company.   Pittsburgh.  Pa.,  has  been  appointed  Chief  En- 

-  of  that  company,   succeeding  the  late   Paul    L.  Wolfel.     Mr. 

-    who  held   the  position  of  Assistant   Chief  Engineer  for  the 

Mvelve  years,  graduated   from  the  LTniversit.v  of  Pennsylvania 

ill    ISOO.      His    connection    with    the    McCiintic-Marshall    Company 

dates  from  a  period  shortly  after  the   inception   of   that   company. 


and  his  experience  includes  a  prominent  iiart  in  the  ccmstruction 
of  most  of  the  great  bridges  and  other  structures  erected  bv  the 
comjian.v. 

Walter  F.  Shaw  has  been  elected  president  of  the  .Jamestown 
Kngin-iring  Society,  recently  organized  by  engineers  and  architects 
at  .Jamestown.  .V.  Y.  Oth.-r  oMlcers  are:  Vice  President,  E.  C. 
iJollard,  City  Engineer  of  .Jamestown;  Secretary.  H.  <;.  Garlock, 
Chief,  Contract  I>epartment,  Dahlstrom  .Metallic  IDoor  Co,;  Treas- 
urer, F,  A.  Irvine,  former  City  Engineer.  The  executive  com- 
mittee consists  of  the  following:  E.  W.  Sellstrom,  Superintendent, 
Dahlstrom  Metallic  Door  Co,  chairman;  L.  L.  Graham,  of  Chap- 
man &  iJrali.-im;  T.  .V.  Hulbcrt,  Managing  Kilitor,  "Good  Roads"; 
Win,  ,1.  Knauer,  Count.v  Sujierintendent  of  Highways  of  Chau- 
tauqua. County;  and  c.  O.  Ilultgren.  Superintendent  of  Streets, 
.Jamestown.  The  present  membership  of  the  society  is  about  forty, 
iiut  it  is  expected  that  there  will  be  twice  that  number  within  a 
few  Weeks.  .Meetings  are  lield  twice  a  month,  on  the  first  and 
third  Wednesdays. 

Michael  Idvorsky  Pupin,  professor  of  electro  mechanics  at  Colum- 
bia t  niversity  and  a  past  chairman  of  Engineering  Foundation 
established  to  further  research  in  science  and  in  engineering  will 
be  .awarded  the  Kdi.<-on  Medal  for  his  work  in  electrical  engineering 
Th  li,diEon  Medal  is  awarded  annually  to  a  scientist  who  has  done 
notaole  work  in  electrical  engineering.  Dr.  Pupin.  one  of  the 
foremost  figures  in  American  scientific  research,  receives  the  honor 
for  his  work  in  the  improvement  of  telephone  communication  bv 
means  of  loading  coils  and  for  his  recent  work  in  connection  witii 
high  freiiucncy  electric  currents.  Prof.  I'upin  was  born  in  Idvor 
I-!anat.  Hungary.  Oct.  4.  185S.  He  was  graduated  from  Columbia 
I'oUege  in  l>^s:^  and  in  1889  received  the  degree  of  Ph.  D.  from  the 
I  niversity  of  Berlin.  Prof.  Pupin  recently  stated  that  when  he 
came  to  America  as  an  immigrant  youth  his  material  w-ealth  con- 
sLsted  of  an  apple  and  five  cents  in  cash. 


Obituaries 

Ernest  S.  Draper,  principal  assistant  engineer  of  the  Boston  & 
.Albany  R.  li..  died  Feb.  6.  He  was  born  at  Weyland.  Mass.  on 
Feb.  19,  iss;j.  After  attending  the  public  schools  at  Wevland  he 
entered  Tufts  College  at  .Medford,  Mass.,  and  graduated  with  the 
class  of  1904.  In  January.  1905,  he  entered  the  employ  of  the 
Boston  &  Albany  R.  li.  as  rodman  and  left  that  company  in  March, 
1912,  lo  accept  a  position  as  draftsman  with  the  Stone '&  Webster 
Engineering  Corporation  at  Boston.  In  April,  1913,  he  re-entered 
the  emplo>-  ot  the  Boston  &  Albany  as  assistant  engineer,  w;i-^ 
appointed  ergineer  of  structures  in  Januarj-,  1918.  and  in  May,  19:;ii 
principal  assistant  engineer.  He  is  survived  by  his  widow-  and  tw:. 
children. 

Frank  P,  McCaughey,  one  of  the  pioneer  railroad  contractors 
ot  the  Middle  West,  died  suddenly  Feb,  i  at  his  late  residence.  No. 
1319  Columbia  Ave.,  Chicago.  Mr.  McCaughey  was  a  member  of 
the  .'irm  of  McCaughey  Bros,,  which  he  and  his  two  brothers, 
John  J.  and  Patrick  E.,  formed  in  1882.  In  18-92,  Mr.  McCaughey 
married  Elizabeth  CuUen,  who,  with  two  sons,  John  .\lva  and 
Russell  Jay.  survive  him.  He  also  leaves  to  mt»urn  his  loss,  two 
brothers,  joiin  J.  and  Patrick  E.  McCaughey,  and  three  sisters, 
.Mrs,  McGowan,  Mrs,  Kennedy  ot  Aurora,  III.,  and  Mrs.  Hunter  ot 
Philadelphia,  Mr.  McCaughey  was  a  member  of  the  Holy  Name 
Society  of  St.  Ignatius  Church,  and  of  the  University  Council.  K. 
of  C  and  had  resided  in  Chicago  for  the  past  30  years.  Requiem 
higli  mass  was  celebrated  at  St.  Ignatius  Churcli  Wednesday  mom-  ■ 
ing.   Februar.v  9th;   interment  at  Calvary  cemetery. 

Frederick  William  Shepperd,  founder  and  for  33  years  proprietor 
of  Fii-e  and  Water  Engineering,  died  Feb.  8  at  his  home.  1006  East 
31st  St..  Brooklyn.  N.  Y.  He  had  been  failing  in  health  for  two 
years,  which  prompted  his  withdrawal  from  Fire  and  'Water  Engi- 
neering. With  him  passes  a  most  conspicuous  figure  at  both  fu-e 
department  and  water  works  conventions.  For  a  period  of  over 
30  years  hardly  a  single  convention  passed  at  w-hich  he  was  not 
present.  Mr.  Shepperd  was  a  pioneer  in  the  trade  Journalism  field. 
His  early  publication  training  was  received,  first,  with  a  Toronto, 
Ont.  nevvspaper,  following  .vhich  he  entered  the  trade  journal 
field  as  one  of  the  first  employes  of  Engineering  ^s■ews.  now  known 
as  Engineering  Xews-Record.  Leaving  the  Engineering  News  in 
1886.  Mr.  Shepperd  joined  the  forces  of  the  Firemen's  Journal,  then 
a  struggling  little  weekly  of  a  dozen  pages.  It  took  him  but  seven 
months  to  put  the  paper  on  its  feet,  and  so  promising  did  tlie 
field  ahead  appear  to  him  that  he  arranged  to  secure  control  of 
the  journal.  This  he  attained  in  Novei-nber  of  18S6,  and  the  scope 
of  the  paper  was  broadened  to  cover  fire  protection  and  its  allied 
field,  water  supply,  the  name  being  changed  to  Fire  and  Water. 
Other  results  of  his  labor  may  be  found  in  Handbook  of  Water 
W'oi'ks  and  Fire  Department  Statistics;  Fire  Service  Review-,  a 
monthly  fire  department  publication,  which  appeared  for  a  decade 
and  which  was  discontinued  on  the  rapid  growth  of  Fire  and  Water 
Engineering.  Contract  News,  an  engineering  and  contracting 
paper,  wa.s  also  founded  by  hiin  and  was  later  taken  o\-er  by  Engi- 
neering and  Contracting  of  Chicago. 


Industrial  Notes 

The  Jeffrey  Manufacturing  Co..  Columbus,  C,  has  removed  its 
Denver.  (;;olo.,  offlci-  from  the  First  National  Bank  Bldg.  to  421 
United   States   National   Bank   Bldg. 

The  Associated  Manufacturers  of  Water  Purification  Equipment 
held  their  annual  meeting  in  Chicago  on  Feb.  2  with  an  attend- 
ance of  a  large  majority  of  the  membership.  Many  matters  of 
interest  were  discussed,  especially  the  question  of  standardization, 
and  considerable  progress  along  this  line  made.  Also  some  papers 
of  interest  to  the  manufacturers  were  read  and  discussed.  The 
officers  for  the  ensuing  year  elected  '^^'ere:  M.  F.  Newman  of  the 
W.  13.  Scaife  Co..  presidcn*;  G.  P.  Hodkinson  of  the  American 
W'ater  Softener  Co..  vice-president,  and  H.  G,  Tate  was  re-elected 
secretarv   for  the   ensuing  year. 

At  the  annual  election  of  officers  of  the  Concrete  Mixer  Asso- 
ciation of  the  United  States  recently  held  in  Chicago,  Clifford  F, 
Messinger,  General  Sales  Manager  of  Chain  Belt  Co.,  Milwaukee, 
was  el-cted  president:  AV.  B.  Knickerbocker  of  the  Knick- 
erbocker Co.,  Jackson,  Mich.,  w.as  elected  vice-president;  A.  T. 
Scannell  of  tlie  Archer  Iron  Works,  Chicago.  III.,  was  elected  treas- 
urer- H.  E.  Smith,  president  of  the  T.  L.  Smith  Co..  Milwaukee. 
Wis  was  maile  chairman  ot  the  executive  committee,  while  P.  A. 
Koeiiring.  secretary  of  the  Koehring  Machine  Co..  Milwaukee. 
Wis.,  and  Z.  W.  Carter,  sales  director  cf  the  Austin  Machinerj- 
Corporation.  Chicago.  111.,  were  elected  members  of  the  same  com- 
mittee. The  installation  of  officers  took  place  at  a  dinner  given 
by  the  association  at  the  Atlantic  Hotel,  Chicago,  on  Friday  even- 
ing.   Jan.    28. 
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Roads  and  Streets — 1st  Wednesday 

(a)    Koads  (l-  )    Stit^et    (.-loaning 

(b>    Streets  (d)    Municipal    Miscellanies 

(e)    Management    and    Office 
System 

Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani- 

tation 

(e)    Management    and    Office 
System 


( c)    Irrij;atioii    and    Drainage 
(d>    i^owtr   and   Pumping 


Railways  and  Excavation — 3rd  Wednesday 

I  a)    Excavation  (c)    Quarries    and    Pits 

(,b)    Management    and         (d)    Steam    Railways,    Con- 
Office    System  struction    and    Maintenance 
(e)   Electric    Railway    Construction 
and   Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


( d>    Miscellaneous    Structures 

( e>    Properties     of     Materials 

(f)   Management    and    Office 

System 
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Index  of  E.  &  C.  Now  Ready 

The  index  for  Vol.  LIV  covering  the  July-December  issues 
ot  Engineering  and  Contracting  is  now  ready  for  distribution. 
Subscribers  desiring  a  copy  should  notify  us  at  once.  Those 
who  received  the  indexes  for  the  previous  volumes  have  been 
listed  and  need  not  notify  us  again. 


A  Scientist  Writes  on  Unscientific 
History 

H.  G.  Wells,  author  of  28  novels  and  12  books  ou  social  top- 
ics, has  recently  written  a  two-volume  "Outline  of  History" 
that  has  received  many  favorable  reviews.  It  is  perhaps  the 
first  history  whose  author  has  had  much  training  in  physical 
science.  For  that  reason  alone  it  merits  the  attention  of 
engineers.  But  we  must  caution  our  readers  against  expect- 
ing a  truly  scientific  treatment  of  history  at  the  hands  of 
Mr.  Wells.  Although  his  early  training  was  in  science,  moat 
of  his  life  has  been  spent  in  imaginative  writing,  and  the 
effect  of  this  later  training  is  not  conducive  to  a  philosophical 
analysis  of  social  events,  however  much  it  may  have  en- 
lianced  his  power  of  vivid  portrayal. 

Wells  essays  to  produce  a  "Plain  History  of  Life  and  IVIan- 
lund,"  beginning  with  Gilbert  and  Sullivan's  "protoplasmic 
globule"  and  ending  with  the  "Catastrophe  of  1914."  As  a 
matter  of  fact,  the  book  is  almost  as  much  an  essay  on 
socialism  as  it  is  a  history.  While  most  of  its  pages  are  a 
recital  of  facts  or  alleged  facts,  there  runs  through  all  the 
thought  that  mankind  has  been  evolving  from  individualism 
to  collectivism,  and  the  culmination  thereof  is  to  be  socialism. 
To  those  who  have  read  the  works  of  a  much  more  scientific 
writer,  Herbert  Spencer,  it  will  be  apparent  that  Wells  has 
repeatedly  strained  the  facts  to  fit  his  theory.  Spencer  in- 
terprets social  evolution  as  being  away  from  collectivism  to- 
ward individualism,  away  from  social  restraint  toward  indi- 
vidual freedom.  Probably  there  is  truth  in  both  views.  In 
other  words,  there  has  been  a  progressive  increase  in  indi- 
vidual freedom   in   many  respects,   accompanied   by  progres- 


sive restraint  in  other  respects.  Egoism  and  altruism  are  not 
incompatible  traits  of  human  nature,  although  they  do  pull 
in  opposite  directions.  Gravitation  and  the  motive  power  of 
a  bird's  wings  act  in  contrary  directions,  but  both  are  essen- 
tial to  successful  flight.  There  we  see  physical  opposition, 
but  not  incompatibility.  Why  may  not  mental  forces  simi- 
larly be  opposed,  yet  capable  of  resulting  in  a  moving  equili- 
brium? Are  not  such  extremists  as  Wells  unscientific  when 
they  see  nothing  but  evil  in  one  of  two  opposing  mental 
forces,  and  nothing  but  good  in  the  other? 

Wells'  lapses  from  the  scientific  method  of  interpreting 
phenomena  are  very  frequent,  and  especially  noticeable  when 
he  undertakes  to  predict  the  future.  Listen  to  this  sentence: 

On  the  night  of  Aug:.  2  (1914),  while  most  of  Europe,  still  under 
the  tranquil  inertias  of  half  a  century  of  peace,  still  in  the  habitual 
enjo^Tnent  of  such  a  mildly  diffused  plenty  and  cheapness  and 
freedom  as  no  man  living  wilt  ever  see  again,  was  thinking  about 
its  summer  holidays,  the  little  Belgian  village  of  Vise  was  ablaze, 
and  ftupified  rustics  were  being  led  out  and  shot  because  it  was 
alleged  son^eone  had  fired  on  the  invaders. 

Now,  a  careful  scientific  writer  would  never  have  said  "as 
no  living  man  will  ever  see  again,"  for  many  a  living  man 
will  live  another  70  years,  and  70  years,  as  Wells  had  pre- 
viously shown,  has  resulted  in  marvelous  industrial  progress. 
But  if  this  was  merely  a  slip,  such  as  an  author  of  exuberant 
imagination  is  apt  to  make,  what  of  this? 

It  was  becoming  very  evident  that  unless  thoic  w;is  to  be  some 
profound  change  in  the  spirit  of  business  unil.r  an  unrestrained 
private  sy.stem  there  was  little  or  no  hoi>e,  in  lOurope  at  any  rate. 
of  decent  housing,  clothing,  or  education  for  the  workers  for  two 
or  three  generations.  These  are  facts  that  (he  historian  of  man- 
kind is  obliged  to  note  with  as  little  comment  as  possible.  Pri- 
vate enterprise  in  Europe  in  1919  displayed  neither  will  nor  capac- 
ity lor  meeting  the  crying  needs  of  the  lime. 

Note  how  Wells  charges  against  'private  enterprise"  the 
temporary  Industrial  debacle  in  Europe  following  the  close  of 
the  war,  where  it  Is  at  least  probalile  that  "public  enterprise" 
was  more  to  blame  than  "private  enterprise."  In  another 
place  he  mentions  the  tremendous  effect  ot  the  Issuance  of 
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paper  money,  .iml  the  complete  demoralization  of  prices  con- 
sequent upon  that  inflation.  That  fact  alone  suffices  to 
account  for  the  general  upset  of  business  in  Europe,  and  it 
is  certainly  not  ascribable  to  "private  enterprise."  With 
egual  disregard  of  the  blighting  effect  of  stupendous  income 
laxes,  and  the  demand  of  British  labor  unions  tor  the  na- 
tionalization of  the  great  industries,  Wells  lays  the  entire 
blame  for  business  depression  upon  the  selfishness  of  cap- 
italists. This  is  indeed  scientific  history,  if  it  bo  scientific 
to  ignore  all  the  industrial  conditions  save  one  and  attribute 
to  that  one  the  cause  of  every  ill! 

Wells  speaks  of  the  rapid  increase  \iB  general  prosperity 
in  Germany  during  the  50  years  prior  to  the  war  and  at- 
tributes it  to  the  unprecedented  spread  of  scientific  educa- 
tion and  research.  He  fails  to  comment  upon  the  even 
greater  increase  in  prosperity  in  America  during  the  same 
period,  although  he  was  doubtless  aware  of  it.  But  these 
i.re  facts  that  do  not  fit  his  theory  of  "progress  and  poverty." 
Like  his  illustrious  prototype,  Henry  George,  he  sees  clearly 
only  such  facts  as  lend  credence  to  his  philosophy.  He  at- 
tributes Germany's  progress  to  scientific  education,  and 
Britain's  relative  stagnation  to  lack  of  such  education.  There 
is  doubtless  some  truth  in  this  analysis,  but  may  there  not 
be  a  fuller  explanation  in  other  differences  between  the  two 
countries.  For  example,  British  labor  unions  had  been  grow- 
ing steadily  more  powerful  in  Britain,  and  had  been  coinci- 
(ientally  reducing  the  output  of  workmen,  both  directly  and 
indirectly.  In  the  structural  trades,  where  little  or  no  com- 
petition with  other  countries  exists,  the  British  workmen 
had  not  only  put  an  end  to  progress,  but  had  declined  grossly 
in  output.  British  quarry  owners,  for  example,  were  not 
allowed  to  introduce  American  quarry  machinery,  such  as 
rock  channellers.  Similarly  British  coal  miners  had  prevented 
the  introduction  of  American  coal  cutting  machines,  and  the 
like.  But  of  all  this  Wells  says  not  a  word,  apparently  be- 
cause it  does  not  fit  his  theory  that  "private  enterprise"  is 
the  cause  of  British  industrial  stagnation.  Truly  it  is  a 
curious  thing,  this  "private  enterprise,"  that  was  making 
America  and  Germany  great  Industrially  and  giving  pros- 
perity to  all  ranks,  yet  was  throttling  progress  in  the  British 
Isles. 

Wells  is  not  only  insular  as  to  nationality,  but  as  to  his 
knowledge,  nor  have  his  intellectual  excursions  carried  him 
far  enough  afield,  even  in  the  writing  of  his  Outline  of  His- 
tory, to  free  him  from  that  insularity.  Yet  his  Outline  will 
appeal  to  most  educated  men  because  it  is  charmingly  writ- 
ten and  delightfully  simple  in  its  explanation.  There  is  sel- 
dom more  than  one  force  in  any  of  the  "complexes"  that 
Wells  analyzes.  Even  as  he  finds  nothing  save  vanity  and 
ruthlessness  in  Napoleon's  genius,  so  he  finds  "private  enter- 
prise" to  be  little  else  than  a  myriad  of  minor  Napoleons. 

The  Law  of  Supply  and  Demand 
Never  "Ceases  to  Operate" 

Nowadays  we  frequently  I'ead  such  statements  as  this: 
"The  law  of  supply  and  demand  is  beginning  to  reassert 
itself"  and  "The  law  of  supply  and  demand  ceased  to  operate 
during  the  war."  Even  scientific  writers  are  not  always  free 
from  the  error  of  speaking  of  a  natural  law  as  if  it  were  a 
iiuman  law. 

A  natural  or  scientific  law  states  an  unvarying  relationship 
between  such  and  such  things.  It  never  "ceases  to  operate." 
John  Stuart  Mill  in  his  "Logic"  repeatedly  confounds  natural 
laws  with  natural  forces,  using  the  term  law  as  if  it  were  a 
^  synonym  for  force.  He  also  commits  the  common  blunder  of 
speaking  of  natural  laws  as  if  they  were  institutions  subject 
to  a  changing  will. 

A  natural  law  may  not  apply  under  certain  conditions  be- 
cause the  forces  named  or  implied  in  the  law  are  not  all 
enacting  in  the  manner  prescribed  by  the  law.  But  this  is 
quite  different  from  saying  that  the  law  has  "ceased  to  oper- 
ate." It  is  merely  equivalent  to  saying  that  the  law  does  not 
apply.  A  natural  law  is  "universally  applicable"  only  when 
the  conditions  of  its  applicability  are  present.  The  univer- 
sality of  the  law  merely  refers  to  the  absence  of  any  excep- 
tions to  it,  and  not  to  an  incessant  manifestation  of  it.  It  is 
\iniversally  true,  for  example,  that  a  balloon  filled  with  a  gas 
lighter  than  air  will  rise,  but  this  is  not  equivalent  to  saying 
that  gas  filled  balloons  are  incessantly  rising. 

Of  .mother  sort  are  the  errors  of  those  that  tell  us  that 


prices  have  risen  during  the  past  few  years  because  the  law 
of  supply  and  demand  was  inoperative.  As  a  matter  of  fact, 
prices  rose  in  exact  accordance  with  that  law,  because  the 
effective  demand,  measured  in  money,  increased  faster  than 
the  available  supply  of  goods.  The  total  effective  demand 
during  a  year  is  measured  by  the  total  currency  in  circula- 
tion multiplied  by  the  velocity  of  circulation  ti.  e.,  MXV). 
The  available  annual  supply  of  commodities  is  the  product  of 
the  number  of  people  by  their  per  capita  output  (i.  e.,  P  X  E). 
The  ratio  of  demand  to  supply,  (M  X  V)  -^  (P  X  E),  deter- 
mines the  average  price  or  price  level.  This  is  a  condensed 
statement  of  the  law  of  supply  and  demand  as  applied  to 
price  levels.  It  makes  clear  the  error  of  attributing  high 
prices  to  cessation  of  the  law  of  supply  and  demand. 


Estimating  Fair  Rentals 

Recently  laws  and  ordinances  have  been  passed  to  control 
rents,  on  houses  and  tenements.  This  may  ultimately  lead  to 
public  regulation  of  rentals  on  all  urban  real  estate.  But 
whether  it  does  or  not.  there  will  be  more  scientific  study 
given  to  the  estimating  of  fair  rentals. 

William  C.  Bentert,  former  president  of  the  Philadelphia 
Real  Estate  Board,  gives  the  following  estimate  of  the  an 
nual  cost  of  operating  dwelling  properties: 

Per  ceil  i 

Repairs   1.0 

Depreciation    2.0 

Insurance     0.1 

Management    0.5 

Vacancies    1.0 

Taxes  and  water  rates  2.5 

Total    , 7.1 

The  U.  S.  Housing  Corporation  estimates  the  corresponding 
cx>sts  as  follows: 

Perceni 

Repairs     1.4 

Depreciation    3.0 

Insurance 0.2 

MaraBemenc 0.fi 

Service O.B 

Vacancies  and  bad  debts 0.7 

Taxes  and   assessments 1.4 

Total    7.7 

There  will  doubtless  arise  considerable  difference  of  opin 
ion  as  to  the  allowance  for  depreciation,  particularly  where 
a  city  is  growing  at  such  a  rate  as  to  cause  a  marked  appre 
ciation  in  the  value  of  land.  Will  not  appreciation  of  land 
offset  in  large  measure  depreciation  of  buildings? 

A  writer  in  a  building  magazine  infers  from  the  above 
given  data  that  not  less  than  13  per  cent  of  the  total  value 
of  residence  property  should  be  taken  as  a  fair  rental  basis, 
that  is  7  per  cent  for  operating  expenses  and  G  per  cent  for 
interest.  This  is  clearly  erroneous,  for  the  2  to  3  per  cent 
for  depreciation  and  the  1  to  1.4  per  cent  for  repairs  apply 
only  to  the  building  and  not  to  the  land.  Moreover,  the  de 
preciation  percentage  should  apply  to  the  original  cost  of  thr 
house,  whereas  the  repair  percentage  should  apply  to  the 
l)resent  cost  of  reproducing  the  house. 

Considering  the  enormous  investment  in  buildings,  it  is 
really  surprising  how  meager  are  the  published  data  relative 
to  the  costs  of  operation. 
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Convention  of  New  Organization  of  College  Student  Engi- 
neers.— Choosing  the  Missouri  School  of  Mines  at  Rolla  a^ 
their  next  meeting  place,  college  student  engineers  from  the 
middle  western  engineering  colleges  closed  their  second  an- 
nua! convention  Feb.  12  at  low'a  State  College,  Ames,  after 
changing  the  name  of  their  organization  from  "Guard  of  St. 
Patrick"  to  "Association  of  Collegiate  Engineers."  William 
Crilly,  a  senior  mechanical  engineer  at  Iowa  State,  was 
chosen  president  of  the  new  organization.  The  vice-president 
is  to  be  chosen  from  the  senior  student  body  of  the  Missouri 
School  of  Mines.  The  purpose  of  the  "Association  of  Col- 
legiate Engineers"  as  statetl  in  the  constitution,  •  is  to  pro- 
mote interest  in  engineering  work  between  students  of  the 
different  institutions,  to  foster  engineering  student  govern- 
ment and  to  standardize  engineering  college  publications.  It 
is  an  outgrowth  of  the  recent  "Order  of  the  Guard  of  St. 
Patrick,"  a  local  engineering  society  having  chapters  at 
several  mid-western  engineering  colleges.  Delegates  attended 
from  Missouri,  Iowa,  Colorado.  Tennessee,  Arkansas,  Okla- 
homa, Oklahoma  A.  &  M.,  Missouri  School  of  Mines  and 
Iowa  State.  Fifteen  schools  are  ready  to  take  charters  in 
the  new  organization. 
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Book  Reviews 


Concrete  Houses— How  They  Were  Built— Kditecl  by  Harvey 
Whipple,  Editor  of  Concrete.  215  pp.  Li  by  12  in.  Concrete- 
i-enient  Age  Piiblishins  Co.,  Detroit.     1020. 

The  title  page  announces  that  the  book  is  "compiled  from 
Concrete  in  response  to  a  demand  greater  than  could  be 
met  with  c()i)ies  ol"  house  buildins  numbers  of  that  maga- 
zine." 

Here  is  an  excellent  compilation  of  much  that  the  pros- 
pective home  builder  will  want  to  know;  in  addition  to  which 
it  is  not  without  value  to  the  architect  and  the  contractor. 
Frankly  an  argument  in  behalf  of  concrete — its  claims  are 
urged  in  gentlemanly  fashion  and  without  subterfuge.  The 
preface  makes  plain  that  only  good  concrete  is  recommended. 

The  first  section,  entitled  "Concrete  Houses,"  deals 
with  the  aesthetic  and  miscellaneous  advantages  of  con- 
crete. It  points  out  forcibly  that  concrete  design 
should  not  attempt  deception  by  masquerading  as 
stone,  brick  or  frame.  "When  concrete  is  used,  the  designer 
should  think  in  terms  of  concrete,  from  footing  to  parapet." 

•How  Will  the  Builder  Get  a  Concrete  House?"  is  the  title 
of  the  second  section,  in  which  are  presented  the  economic 
;tdvantages  of  concrete. 

Following  this  comes  a  set  of  half-tones  really  convincing 
of  the  artistic  adaptability  of  concrete.  Tt  includes  general 
views  and  details  of  homes  in  widely  separated  parts  of  the 
country,  and  also  a  set  of  eight  "close-ups"  of  finished  sur- 
faces of  various  types  as  follows:  Blocks  in  two  grades  of 
facing  mix:  fine  tooled  surface  of  moulded  concrete;  brushed 
and  acid-washed  surface  of  mica  spar  crystals;  white  stucco: 
dry  dash  stucco  with  colored  aggregates;  coarse  tooled  sur- 
face;  brushed-out  surfaces  of  various  mixtures. 

The  fourth  section  constitutes  by  far  the  largest  part  of 
the  book  and  consists  of  a  series  of  articles  giving  many 
plans,  details,  views  of  finished  and  unfinished  work,  descriji- 
tion  of  methods,  and  collections  of  cost  data  on  single  house 
and  group  construction. 

Succeeding  headings  to  brief  articles  are  "What  Shall  Be 
Done  About  the  Surface"?  "Burned  Clay  Inserts,"  "Mosaic 
Rnrichment,"  and  "History  and  Development  of  Stucco." 

Standard  practice  for  Portland  concrete  stucco  as  recom- 
mended by  the  American  Concrete  Institute  is  given  in  full. 

The  final  section  is  a  collection  of  articles  by  seven  men 
Mud  women  reciting  their  actual  experiences  in  living  in  con- 
ixv'Xp  houses. 


and  Tests  for  Portland  Cement,  D — Suggestive  Speciiications 
for  Concrete  Storage  Tanks  and  Reservoirs.  B — Typical 
Waterproof  Construction,  F — Estimating  Concrete  Buildings. 
G — Data  for  Estimating. 

The  table  of  contents  gives  an  extensive  subdivision  of 
each  chapter  in  a  form  convenient  for  any  reference,  chap- 
ters being  subdivided  by  numbered  articles.  A  good  example 
is  furnished  by  Chapter  IV,  Column  Footings,  as  follows: 
Article  25,  Types:  26.  Proportions  of  Concrete  Materials: 
27,  Proportioning  Concrete  to  Suit  the  Materials;  28,  Sieve 
Analysis;  29,  Information  on  Sieves;  39,  Void  Determination: 
31,  Proportioning  by  Scientific  Principles:  32,  Importance  of 
Consistency  and  Good  Mixing:  33,  Concrete  of  Maximum 
Density;  34,  Consistency  of  Concrete:  35,  Abram's  Measure 
of  Consistency;  36,  Steel  Placing  in  Footing  Slabs;  37,  Types 
of  Reinforcement;  38,  Problems  for  Review.  A  conspicuous, 
though  not  important,  peculiarity  of  the  text  is  the  very 
extensive  use  of  bold-faced  type  for  added  emphasis  or  to 
attract   attention. 

Volume  II,  now  in  press,  "Contains  a  number  of  jobs,  by 
accomplishing  which  the  worker  will  learn  the  how  and  the 
why  01  the  elements  entering  into  concrete  constructions. 


Concrete  Work,  Volume  I— A  Book  to  Aid  the  Self •  Development  of 
Workers  in  Concrete  and  for  Students  In  Engineering. — By  Wil- 
liam Kendrick  Hatt.  Professor  of  Civil!  Engineering.  Purdue 
'Tniversity,  and  Walter  C.  Voss,  Head  of  Department  ol"  Arch- 
itertural  Construction.  Wentworth  Institute.  451  pp.,  244  figures 
.ind  plates,     .lohn  Wiley  &  Sons,  New  Tork.  1921.     $4.00  net. 

This  volume  is  the  first  of  a  series  of  industrial  texts  edited 
by  W.  H.  Timbie,  Associate  Professor  of  Electric  Engineer- 
ing, Massachusetts  Institute  of  Technology,  from  the  material 
and  experience  of  the  Committee  on  Education  and  Special 
Training  of  the  War  Department,  under  whose  direction  was 
conducted  the  successful  training  of  130,000  soldiers  in 
various  vocations  and  trades  in  147  different  schools  during 
the  war  period.  The  authors  were  both  intimately  connected 
with  this  work.  Professor  Hatt  having  planned  and  super- 
vised the  army  training  in  concrete  construction,  while  Mr. 
Voss  had  immediate  charge  throughout  the  war  of  the  train- 
ing given  in  this  subject  at  the  Wentworth  Institute. 

The  primary  purpose  of  the  work  is  clearly  set  forth  as 
follows:  "The  purpose  of  these  volumes  is  to  extend  the 
scope  of  work  now  possible  to  the  concrete  worker  of  un- 
■  guided  experience  by  bringing  him  to  an  intelligent  under- 
standing of  the  scientific  principles  underlying  his  art  and 
by  introducing  him  to  the  wider  opportunities  that  exist  for 
him  in  modern  concrete  construction;"  and  in  this  purpose 
it  is  believed  that  the  authors  have  been  successful.  For 
such  a  book  there  is  a  very  evident  place,  but  its  field  of  use- 
fulness is  by  no  means  limited  to  that  place  alone. 

Chapter  headings  are  as  follows:  "I.  Opportimities  in  the 
Concrete  Industry.  II.  Plans,  Details  and  Specifications.  III. 
Simple  Footings.  IV.  Column  Footings.  V.  Concrete  Walls. 
VI.  Reinforced  Concrete  Frame.  VII.  Erection  of  Reinforced 
Concrete.  VIII.  Pre-cast  Stone.  IX.  Walls  and  Partitions. 
-X.  Concrete  Walks  and  Paving.  XI.  Building  Finish.  XII. 
Special  Concrete  Construction.     XIII.  Estimating. 

Appendixes  covering  90  pages  are  as  follows:  A — Aggre- 
gates. B— Manufacture  of  Cement,  C — Standard  Specifications 


Wage  Tables — By  Jas.  Oliver  Hogg,  Jr.  4%  in.  by  6%!  in.;  full 
leather  binding;  Jas.  Oliver  Hogg.  Jr.,  &  Co.,  536  Rialto  Bldg  . 
Kansas  City,  Mn.    $5. 

This  handbook  of  wage  tables  was  compiled  especially  for 

the  building  trades.    It  contains  59  tables  of  wages,  figured  to 

every  quarter  hour  from  1  to  60%   hours  and  for  rates  from 

30  ct.  to  $1.50  per  hour. 


Wages  in  Building  Trades  and 
American  Plan  of  Employment 

To  the  Editor:  W'e  note  in  the  Feb.  9th  issue  of  your  pa 
per  the  statement  regarding  the  future  of  construction  wages 
You  may  be  interested  in  noting  that  the  builders  of  Kalama- 
zoo, Mich.,  have  recommended  through  their  local  papers  a 
wage  scale  which  they  recommend  to  the,  workmen  for  con- 
sideration. You  also  probably  know  that  in  the  Feb.  9th  is- 
sue of  the  Detroit  Free  Press,  the  Associated  Builders  of  De- 
troit made  a  definite  recommendation  that  building  trades 
labor  should  be  reduced  20  per  cent. 

On  Feb.  2nd  the  general  contractors  and  builders  of  the 
entire  state  of  Michigan  were  invited  to  be,  and  most  of  them 
were  present  at  a  meeting  helding  in  Lansing,  Mich.,  for  the 
jjurposes  of  organizing  a  State  Association  of  Building  Trades 
Employers.  Committees  were  appointed  and  on  Feb.  10th. 
several  committees  met  in  Lansing  again  and  formal  steps 
were  taken  to  complete  the  organization.  By-laws  were  sub- 
mitted and  approved  and  a  temporary  Board  of  Governors 
elected  to  undertake  the  management  of  the  Association  until 
a  date  in  the  near  future  at  which  the  formal  election  of  per- 
manent officers  will  take  place. 

The  outstanding-  feature  of  this  meeting  was  the  adoption 
of  the  following  Declaration  of  Principles  approving  the  Amer- 
can  Plan  of  Employment: 

DECLARATION    OF   PRINCIPLES. 

The  Associated  Buildirg  Employers  of  Michi.!;an  de<:lare  that 
in  all  buildings  or  other  construction  work  in  whirh  in  the  future 
they  shall  be  interested,  -whether  as  contnictors  or  ll^^mers,  in  the 
.State  of  Michigan,  it  is  tlieir  purpose  to  adopt  and  support  the 
.\racrican  Plan  of  Employment  only. 

By  the  use  of  the  term  "American  Plan"  of  Kjuployment,  we 
moan  that  all  men  shall  have  equal  rights  to  work  on  any  and  all 
projects  without  re.gard  to  afliliation  or  non-affiliation  with  or- 
ganized labor.  We  consider  it  the  fundamental  ronstitutionat  right 
of  every  employe  to  sell  his  services  where  he  may.  without  fear 
or  hindrance. 

A  due  legard  will  be  held  for  ah  contiaets  for  labor,  to.mmonly 
known  as  tr.ade  agreements,  to  which  any  employer  or  group  of 
employers  has  previously  subscribed. 

In  no  case  shall  the  Associated  Industries  of  Detroit  recognize 
or  support  any  .so  called  trade  agreement  that  in  any  way  attempts 
to  destroy  or  defeat  the  American  Plan  of  Employment. 

Where  any  tradesman  working  under  a  so  called  trade  agrree- 
ment  shall  interfere  with  or  intimidate  by  sympathetic  strike  or 
otherwise  workmen  in  other  trades  or  shall  hinder  them  in  the 
execution  of  their  work,  such  tradesmen  shall  be  considered  as 
acting  in  contravention  of  the  American  Plan  of  Employment  and 
tho  parties  signing  this'Dec!a.ration  will  lend  every  .support  and 
assistance  within  their  power  to  employers  affected  liy  such  breach 
of  agreement. 


Lansing.  Mich. 


H.  L.  CONRAD,  Manager, 

H.  G.  Christman  Co. 
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The  Trend  Toward  the  Engineer 

The  present-day  whirlpool  of  industrial  events  and  opin- 
ions may  appear  to  the  casual  ohserver  to  be  a  hopeless 
contest  ot  coufliftinK  currents  and  counter-currents.  The 
skilled  observer,  however,  detects  the  formation  ot  two  un- 
mistakable and  encouraging  trends.  One  is  the  constantly 
increasing  public  interest  in  industrial  economics.  The  other 
is  (he  constantly  increasing  appreciation  of  the  trained  engi- 
neer as  a  principal  factor  in  industrial  management. 

These  two  trends  are  not  only  ot  high  importance  and 
closely  related  to  each  other,  but  they  also  have  vital  bear- 
ing in  their  individual  and  collective  relationships,  to  the 
••l)iirning  questions  of  the  day"'  such  as  that  of  the  open  or 
I  losed  shop,  the  restriction  ot  immigration,  and  the  general 
relations  between  capital  and  labor.  So  important  are  these 
trends  in  their  bearing  upon  the  jtrincipal  subjects  of  in- 
terest to  industrial  managers  that  it  is  worth  while  to  develop 
I  lie  subject  step  by  step. 

Industrial  topics  today  are  considered  by  the  public  press 
ot  tirst-page  importance.  Hardly  a  day  passes  without  the 
appearance  in  the  American  press  of  many  columns  per- 
taining to  industrial  economics.  Such  matters  as  the  open 
versus  tho  closed  .shop,  collective  bargaining,  employee  rep- 
resentation and  kindred  subjects,  are  studied  with  interest 
not  alone  by  the  parties  most  immediately  concerned,  but 
by  the  general  public  as  well.  This  tact  assumes  its  real 
importance  when  one  reflects  that  even  five  years  ago  such 
lopics  rarely  were  discussed  in  the  general  press.  In  past 
years  during  a  labor  controversy,  the  two  sides  would  fight 
ii  out  between  themselves.  Today  the  first  thought  of  either 
party  to  an  industrial  controversy  is  to  get  its  arguments 
I'.pfore  the  public. 

This  change  has  been  brought  about  primarily  by  the 
war  and  secondarily  by  'war's  effect  on  the  cost  of  living. 

I'ntortui.ateiy  the  average  layman  is  not  sufficiently 
(■(mversant,  with  economic  truths  and  principles  to  be  able 
to  invariably  sift'  the  chaff  from  the  wheat.  And  so  a  fair 
proportion  of  the  industrial  economics  presented  in  the  pul|- 
lic  press  is  propaganda  based  on  or  at  least  influenced  by 
the  special  interests  of  one  class  or  another.  Public  opin- 
ion, to  which  both  capital  and  labor  turn  with  increasing 
frequency  as  an  arbiter  in  industrial  matters.  Is  therefore 
somewhat  in  the  position  ot  an  English  speaking  juror  try- 
ing to  decide  between  foreign  litigants.  It  needs  an  inter- 
preter. 

This  same  period  which  established  the  trend  toward  the 
imblic  discussion  ot  industrial  matters  has  also  forced  the 
(rained  engineer  more  or  less  without  his  volition,  to  take 
an  increasingly  important  part  in  management  economics. 
Ten  years  ago  executives  who  were  engineers  were  com- 
paratively few  and  far  between.  Today  they  are  fairly  com- 
mon. Ten  years  from  now  they  will,  perhaps,  be  the  rule. 
Sam  A.  Lewisohn  in  "Industrial  Leadership  and  the  Man- 
ager" (The  Atlantic  Monthly,  September,  1920).  calls  atten- 
tion to  this  trend  in  the  following  words: 

It  ia  therefore  particularly  inlcresting  to  note  that  more  and 
more  of  those  who  are  given  the  responsibility  of  managinK  our 
local  plants  are  graduates  of  technical  Fchools.  It  is  becoming  each 
year  increasingly  evident  that  a  large  part  of  the  industrial  leader- 
.ship  ••f  the  countr>-  must  come  from  such  engineer-managers,  who 
have  succeeded  the  old  owr.er-managers.  .  .  .  The  old-fashioned 
owner-manager  has  too  often  been  hampered  in  the  handling  of 
his  employes  by  the  conventions  of  his  class.  He  may  have  been 
human,  but  surely  it  has  been  a  dogmatic  humanity.  On  the  con- 
trary, the  scientific  approach  of  the  engineer  is  untriendl.v  to  intol- 
erance. Above  all,  he  is  taught  to  be  thorough  and  open-minded. 
Engineer-managers  who  have  combined  with  their  knowledge  of 
tho  material  sciences  a  scientific  study  of  human  relations  are 
usually  superior  to  otber  industrial  managers  in  their  approach. 

Note  that  Mr.  Lewisohn  describes  the  quality  of  "open- 
mindedness"  possessed  by  the  engineer  as  that  responsible 
for  bringing  about  this  trend. 

Tho  recognition  ot  the  trained  engineer  as  a  prime  factor 
in  management  is  further  emphasized  by  the  election  of 
Herbert  Hoover,  on  November  19,  1920,  to  be  president  of 
the  American  Engineering  Council,  the  purpose  of  which  Is 
to  encourage  active  participation  by  American  engineers  in 
tho  solution  of  broad  economic  and  industrial  problems.  In 
his  inaugural  address,  Mr.  Hoover  spoke  in  part  as  follows: 
V    profound   development   in    our   economic   system,   apart   from 


control  iif  cMi)il:il  :inil  service  during  the  last  score  of  years,  has 
been  the  gri-ai  growth  and  ronf:oIidation  of  voluntar>*  local  or 
national  asso<;iatlons.  We  liavc  the  ,!^-owtli  of  great  employers' 
associations,  great  farmers'  associations,  great  merchants'  a.sso- 
ciatlons,  great  bankers'  associations,  great  labor  a.ssociations — alf 
groups  striving  by  political  agitation — propaganda  and  other  nie.as- 
iires  lo  advance  group  interests. 

If  the  engineers  can  be  of  service  in  bringing  aljout  co-opera- 
tion l>et\*een  these  great  economic  groups  tliey  will  have  perf()rmed 
all  extraordinary  ser\ice.  The  engineers  should  be  able  to  take  an 
objective  and  tietached  point  of  view.  Their  calling  in  life  is  to 
coffer  expert  service  in  <'onstruetive  solution  of  problems  to  the  indi- 
viduals  in    .'iny   of   these    groups. 

Note  that  here  again  we  have  the  emphasis  ot  the  quality 
of  "open-mindedness"  together  with  the  warning  of  the  danger 
of    uncoordinated    organization. 

Again,  and  from  an  entirely  difteient  angle,  we  have  the 
viewpoint  of  organized  labor  as  expressed  on  November  18, 
1920,  by  Matthew  Woll,  vice-president  of  the  American  Fed- 
eration of  Labor,  who  said: 

The  viewpoint  of  the  engineer  is  valuable  becaust-  it  is  a  view- 
point of  a  man  whose  position  is  such  as  to  enable  him  to  see 
the  whole  broad  problem  involved.  He  is  in  a  position  to  know 
lully  the  value  of  being  able  to  release  the  creative  energ>'  of 
workers  to  bring  into  pl.'iy  their  interest  and   intelligenc. 

So  we  have  Mr.  Lewisohn.  who  may  be  taken  as  repre- 
senting capital,  Mr.  Hoover,  representing  broad-minded  man 
agement,  and  Mr.  Woll,  representing  organized  labor,  all 
uniting  in  the  belief  that  the  engineer  can  play  a  most  im- 
portant part  in  shaping  our  industrial  affairs,  and  each  ot 
them  ascribing  "open-mindedness"  as  the  reason  for  this 
capability. — From   an   editorial    in   Industrial   Management. 


Properties   of    Ordinary   Wood    Compared 
With  Plywood  ^ 

Wood,  as  is  well  known,  is  a  non-homogeneous  material, 
with  widely  different  properties  in  the  various  directions  rela- 
tive to  the  grain.  This  difference  must  be  recognized  in  all 
wood  construction,  and  the  size  and  form  ot  parts  and  place- 
ment of  wood  should  be  such  as  to  utilize  to  the  best  advan- 
tage the  difference  in  properties  along  and  across  the  grain. 
Were  wood  a  homogeneous  material  such  as  cast  iron,  hav- 
ing the  same  strength  properties  in  all  directions  that  it  has 
parallel  to  the  grain,  it  would  be  unexcelled  for  all  struc 
tural  parts  where  strength  with  small  weight  is  desired. 

The  U.  S.  Forest  Products  Laboratory  has  found  that  the 
tennile  strength  ot  wood  may  be  20  times  as  high  parallel  to 
the  gruir.  as  perpendicular  to  the  grain,  and  its  modulus  of 
elasticity  from  1.5  to  20  times  as  high.  In  the  case  of  shear 
the  strength  is  reversed,  the  shearing  strength  perpendicular 
to  the  grain  being  much  greater  than  parallel  to  the  grain. 
The  low  parallel-to-the-grain  shearing  strength  makes  the 
utilization  of  the  tensile  strength  ot  wood  along  the  grain 
difficult,  since  failure  will  usually  occur  through  shear  at  the 
fastening  before  the  maximum  tensile  strength  of  the  mem- 
ber is  reached. 

The  large  shrinkage  of  wood  across  the  grain  with  chang- 
ing moisture  content  may  introduce  distortions  in  a  board 
that  decrease  its  uses  where  a  broad,  flat  surface  is  desired. 
The  shrinkage  from  the  green  to  the  oven-dry  conditions 
across  the  grain  for  a  flat-sawed  board  is  about  S  per  cent, 
and  for  quarter-sawed  board  about  4%  per  cent,  while  the 
shrinkage  parallel  to  the  grain  is  practically  negligible  for 
most  species. 

It  is  not  always  possible  to  proportion  a  solid  plank  so  as 
to  develop  the  necessary  strength  in  every  direction  and  at 
the  same  time  utilize  the  full  strength  ot  the  wood  in  all 
directions  ot  the  grain.  In  such  cases  it  is  the  purpose  of 
plywood  to  meet  this  deficiency  by  cross  banding,  which  re- 
sults in  a  redistribution  of  the  material. 

In  building  up  plywood  a  step  is  made  in  obtaining  equality 
of  properties  in  two  directions,  parallel  and  perpendicular  to 
the  edge  ot  a  board.  The  greater  the  number  of  plies  used 
for  a  given  panel  thickness,  the  m.ore  homogeneous  in  prop- 
erties is  the  finished  panel.  Broadly  speaking,  what  is  gained 
in  one  direction  is  lost  in  the  other.  For  a  very  large  ntunber 
of  plies  it  may  be  assumed  that  the  tensile  strength  in  two 
directions  is  the  same  and  that  it  is  equal  to  the  average  of 
the  parallel-to-the-grain  and  perpendicular-to-the-grain  values 
ot  an  ordinary  board. 
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Analysis  of  Cost  of  Elements  Enter- 
ing into  Construction  of  a  Rein- 
forced Concrete  Building 

An  interesting  analysis  of  the  relative  eitect  on  cost  of 
variations  in  the  proportions,  dimensions  and  floor  loading 
tor  a  reinforced  concrete  building  was  given  by  Mr.  .T.  Mor- 
row Oxley,  in  a  paper  presented  Feb.  2  at  the  general  pro- 
fessional meeting  at  Toronto  of  the  Engineering  Institute 
of  Canada. 

The  method  employed  wa^  to  study  first  the  main  elements 
individually,  then  to  combine  them  into  a  complete  building, 
and  finally  to  make  applications  to  specific  problems.  Only 
the  structural  elements  were  considered  in  the  study,  an 
abstract  of  which  follows: 

Type  of  Building  and  Design  Features. — The  type  consid- 
ered was  a  flat  slab  reinforced  concrete  building,  with  brick 
spandrel  walls,  solid  metal  sash  glazed  with  clear  glass,  con- 
crete coping  and  sills,  cast  in  place,  five-ply  felt  and  gravel 
roof,  cement  finish  on  floors,  and  reinforced  footings  resting 
on  firm  soil.  This  type  was  chosen  for  the  first  study  as  one 
that  is  well  standardized  in  both  general  and  detail  con- 
struction and  readily  adaptable  to  practically  all  classes  of 
light  manufacturing  and  storage  occupancy. 

The  slab  design  was  based  on  the  Chicago  Building  By-law 
Regulations  of  Jan.  1,  191S.  with  a  slight  modification  of  the 
bending  moments  in  the  slab  justified  by  more  recent  analysis 
of  the  conditions.  Columns  and  footings  were  designed 
according  to  the  report  of  the  American  Joint  Committee  on 
Reinforced  Concrete  1916.  The  above  specifications  were 
chosen  as  it  was  considered  that  on  the  whole  they  have 
met  with  a  more  general  acceptance  than  any  others  avail- 
able. 

The  working  unit  stresses  and  moment  constants  used  are 
tabulated  below. 

UNIT  STRESSES  EMPLOYKU. 
Footings — 

Pressure  on  soil  =  4  tons  per  .sq.  It. 

Punching  shear  on  cone.  =       120  lb.  per  sq.  in. 

Tension   on    steel  =  16,000  lb.  per  sq.  in. 

Bond  on  steel  =       100  lb.  per  .sq.  in. 

(df formed)  •  -    -> 

Columns — 

1:2:4  mix  (unhooped  i 

Comp.  on  cone.  =     450  lb.  per  m-  in. 

Comp.  on  steel  —  6,750  lb.  per  sq.  in. 

(n  =  15) 

1:1:2    mix    (hooped) 

Comp.  on  cone.  .  ;=    1.050  lb.  per  sq.  in. 

Comp.  on  steel  =  10,500  lb.  per  sq.  in. 

(n  =  10) 
Slab  and  beam  (1:2:4  mix) — 

nomp.  on  cone.  =       750  lb.  per  sq.  in. 

Tension  on  steel  =  IS.OOO  lb.  per  sq.  in. 

Diag.  tens,  on  cone.  =         60  lb.  per  sq.  in. 

(on  vert.  sect,  b.id.) 
Punch  shear  on  cone.  =       120  lb.  per  .<!q.  in. 

E. 

r  = =         15 

Ee 

d  =:  effective  depth. 

1{  =  depth   to  neut.   axis  =0.384  d 
j  =  centroid  romp,  to 

centroid  tens.  =  0.872  d 

Moment  of  resistance  cone.  =:=  126  bd* 

Moment  of  resistance  steel  =  Area  steel  y.  1570nil  ^ 

MOMENT   CONSTANTS. 
W  =  Total  live  and  dead  load  on  panel. 
Wi  =  Total  live  load  only  on  panel. 
L.    =  I'anel  length  c.  to  c.  columns. 

Half  panel  width  Half  panel  width 

centered  at  column,     centered  at  mid-span. 
Tvne  of  panel  Neg.  mom.    Pos.  mom.  Neg.  mom.    Pes.  mom. 

over  col.  at  over  straight        at 

naoital.         mid-span.         band.         mid-span. 
WL  WL  WL,  WL. 

Interior     — ~  T7Z~  ^  oc 

30  75  125  125 

Wall    panel    supported         WL.  WL  WL  WL. 

on    cone.    cols,    and        — — -  ,„„ 

.girders    :iO  60  12o  1"" 

MOMENT   rOXSTANTS   ON   COLUMNS. 

WjL 
Int.  column  carrying  roof     — - 

W,L, 

Int.  column  carrying  floor   

60 

^   WL 

■Wall  column  carrying  roof   ■ ■ 

30 

WL 

Wall  column  carr\'ing  floor ■ 

CO 


Method  of  Analysis. — All  costs  noted  represent  total  cost 
to  the  owner  of  the  building.  Except  for  the  items  of  some  of 
the  individual  elements,  costs  are  expressed  in  relation  to 
the  square  foot  of  floor  area  as  it  is  believed  that  this  gives 
a  more  useful  and  commercially  applicable  result  than  the 
cubic  foot  basis.  Except  for  buildings  of  the  1-story  mill 
type  where  the  cost  of  walls  is  a  relatively  large  part  of  total 
cost,  it  is  considered  that  cost  figures  based  on  floor  area 
are  a  truer  index  than  those  based  on  cubic  contents. 

The  unit  prices  used  in  compiling  the  tables  and  diagrams 
are  tabulated  below.  They  are  based  on  tenders  received 
for  various  buildings  in  Toronto  in  the  fall  of  1920.  Ot  course 
with  changes  in  the  prices  of  materials  and  labor  these  unit 
prices  would  vary,  but  as  the  purpose  of  the  present  analysis 
is  to  show  the  relative  not  the  absolute  costs  of  the  features 
considered,  the  unit  pripes  are  of  secondary  importance  a.s 
long  as  their  relation  one  to  another  is  approximately  correct. 
This  feature  will  be  dealt  with  later  in  the  form  of  an  "index" 

Jrb// Psmr/         **■"  ' 

\PMfi 

.( 


Fig.   1 — Partial   Cross   Section. 

figure  which  may  be  used  to  arrive  at  absolute  costs  in  spite 
of  variations  in  unit  prices. 

UNIT  COSTS  EMPLOYED. 
Flat  Slab  Const.— 

6  m.  to  9  in.  slab—  .nci.A 

Con.,   per  cii.   fi *"•?;* 

Steel,  per  lb 0» 

Forms,  per  sq.  ft ;0 

fl:2:4 54 

Cols.  cone,  per  cu.  ft.  ...  ^  1:1%:3. 59 

11:1:2 :.     .64 

Col.  forms,  drop,  each   ^ 9-25 

Can,  each 3.90 

f  .s(iuare    25 

Per  sq.  it -!  Oct 30 

t  round    •     -30 

Concrote  Floor  Finish—  > 

Laid  with  slab.  '4   in.  thick   0i2 

I-^id  after.   Itl    in.   thick    Oil 

Brick  spandrels.  9  in.  thick,  per  super,  ft 64 

TSV-  in.  thick,  per  super.  It SS 

Rooflng.  per  sq.  ft 165 

leashing,  per  lin.  ft 465 

Coping,  per  lin.  ft 465 
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.SIUb,   jKi    lin.    11 ■      'oi 

.Sanh.  In  place,  clear  glazed,  per  »<|.  ft •»5 

With  wiro  glass,  per  sq.  ft '■■'^^ 

'I round  Floor — 

rinlsh.  per  sq.  ft J0.07 

S  In.  cone,  per  (kj.  ft 2S 

1  'n.  cinders,  per  .Mq.  ft 08 

Orading,  per  sq.   ft OS 


H'ootfnps — 

Rxcavation,  per  cu.  yd. 
Concrete,  per  cu.  ft.... 

Pormj    per  cu.  ft 

Stoel,  per  lb 


$0.41 

.$.■5.00 

.     .20 
.     .07S 


A  typical  section  of  one  building  has  been  worked  out  in 
tietail  and  by  the  use  of  the  diagrams  corresponding  coat 
items  may  be  found  for  other  buildings  of  different  heights, 
panel  sizes  and  floor  loadings.  The  building  chosen  for 
detailed  study  has  panels  20  ft.  square,  live  load  on  floors 
of  200  lb.  per  square  foot;  it  has  a  story  height  of  12  ft.  and 
is  8  stories  high.  A  partial  cross  section  and  floor  plan  with 
some  particulars  as  to  reinforcement,  etc.,  are  shown  in 
Pigs.  1  and  2. 

Cost  of  Footings.— The  cost  of  footings,  including  excavation, 
h.is  been  computed  in  relation  to  the  column  head.  Fig  o  shows 
ihese  costs  in  terms  of  total  cost  of  single  footings  for  a 
given   column   load,   and   Fig.   4    shows  them   combined   with 
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Fig.   2 — Floor    Plan. 

columns  in  terms  of  cost  per  square  foot  of  floor  carried.  It 
was  found  that  except  for  the  very  light  loads  the  depth  of 
footing  was  determined  by  the  unit  stress  in  punching  shear, 
which  was  measured  on  a  cylinder  of  the  perimeter  of  the 
column.  Bond  stresses  were  figured  from  vertical  shear 
and  necessitated  the  use  of  rods  smaller  than  base  price 
sizes  up  to  column  loads  of  about  850,000  lb.  Some  discus- 
sions which  have  appeared  in  the  technical  journals  since 
the  preparation  of  these  diagrams  might  justify  the  use  of 
a  truncated  cone  section  instead  of  a  cylinder  as  the  criterion 
for  punching  shear,  and  permit  of  a  more  even  distribution 
of  bond  stress  over  the  length  of  the  rod.  Both  these  points 
would  tend  to  reduce  the  cost  of  the  footings  somewhat. 

Cost  of  Various  Types  of  Colunons. — A  comparison  of  the 
relative  values  of  different  types  of  columns  was  made  to 
show  definitely  the  advantage  of  using  a  hooped  column  and 
:i  rich  mix.  This  is  based  on  24-in.  columns,  with  1  per  cent 
longitudinal  steel  and  hooping  equivalent  to  1  per  cent  of 
the  volume  of  the  enclosed  concrete.  The  concrete  outside 
the  steel  is  not  considered  as  effective  section.  Costs  are 
stated  in  terms  of  the  cost  in  cents,  of  carrying  a  load  of  1,000 
lb.  a  vertical  distance  of  1  ft.  The  weight  of  column  is  given 
in  thf  P;ime  terms. 


These  tabulations  show  the  economic  value  of  using  hoop- 
ing and  a  rich  mix,  particularly  in  a  high  building,  where 
the  weight  of  the  column  itself  will  be  an  important  item 
as  the  lower  stories  are  reached.    This  table  shows  that  for 


?        «        % 

Fig.  3 — Cost  of  Single  Footings  for   Various  Loads. 

a  given  load  carrying  capacity  the  type  of  column  that  a 
few  years  ago  was  considered  standard,  not  only  costs  71 
per  cent  more  than  the  minimum  tj'pe  but  also  weighs  more 
than  twice  as  much.     It  also  shows,  by  means  of  the  items 
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Fig.   4 — Cost   per   Square    Foot   of   Columns   and    Footings. 

tor  an  additional  1  per  cent  of  longitudinal  steel,  the  rela- 
tive extravagance  of  using  more  steel  than  the  allowable 
minimum. 
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Fig.   5 — Cost    per   Square    Foot   of    Floor   Area    of    Wall   and    Interior 

Panels. 

The  item  of  cost  for  the  additional  1  per  cent  of  longitudi- 
nal  steel   is   the   cost   per   1.000   lb.    for   the   additional   load 
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which  the  more  heavily  leiaforced  column  is  capable  of  car- 
rying. 

Of  course  the  necessity  of  keeping  columns  within  a  reason- 
able size,  and,  in  some  cases,  the  provision  for  bending 
moments,  will  frequently  make  it  advisable  to  use  more  than 
the  minimum  of  steel.  In  one  building  tor  which  the  gen- 
era! cost  amounted  to  about  $2.50  per  square  foot  it  was 
found  that  the  addition  of  sufficient  steel  to  keep  the  maxi- 
mum column  side  down  to  24  in.  amounted  to  $20  per  square 
foot  of  floor  space  gained. 

COST  OF  COLUMNS  OF  VARIIllS  TYI'ES. 


W 

eig-h 

t  per 

Cos 

t  per  ft 

%  of 

It 

per 

l.UUl 

per 

1,000  lb. 

iMinimuTii 

Type.                     Mix. 

II 

.  carried. 

carried. 

cost. 

1:1:?. 

1.27  lb. 

1.58  ct. 

100 

Add    1% 

steel 

2.7  ct. 

24    ill.    diam. 

round 

l:l>4:3 

1.4y 

1.81 

llt.U 

hooped. 

Add.   \% 

steel 

■IM 

Long' 

>-teel  -  1% 

1:2:4 
.\dd     1% 

1:1:2 
Add.   1% 

steel 

steel 

I. SI 

i.ni 

:■  81 
4.2 

2.  l.T 

1.9.T 

136.0 

24    in.    sq. 

ties  ®           •{ 

1:1V.:3 

■.•  4(1 

2.21 

140.0 

12  in.  ctrs. 

Add     1  % 

steel 

4. IS 

Long! 

.-teel  =.  1% 

1:2:4 
.Vdd     1% 

steel 

2.'J.i 

4.05 

2.70 

171.0 

Comparative  Costs  of  Slabs. — For  purposes  of  comparison 
a  table  has  been  compiled  showing  the  cost  per  square  foot 
of  slabs  composed  of  various  concrete  mixes.  This  table  is 
based  on  a  slab  or  beam  designed  for  a  given  live  load,  and  as 
the  dead  load  increases  with  the  greater  depth  of  slab  re 
quired  for  the  leaner  mixes  the  total  bending  moment  in- 
creases  correspondingly. 

An  application  may  be  made  of  the  tables  to  find  at  what 
height  above  footings  it  would  pay  to  use  a  richer  mix  for 
Ihe  slab  than  the  normal  1:2:4. 

Consider  a  panel  20  ft.  square,  area  400  sq.  ft.  A  slab  of 
1:1%:  3  mix  would  cost  400X1.1  ct.  =!$4.40  more  than 
one  of  the  same  strength  in  a  1:2:4  mix,  but  would  weigh 
100  X  8:=:  3,200  lb.  less.  The  saving  in  column  cost  per  foot 
of  height  would  be  1.5S  X  3.2  =:  5.06  ct.  So  the  column  height 
440 

nf  =87  ft.  the  saving  in  column  cost  would  balance  the 

5.06 
higher  slab  cost,  and  at  any  height  above  this  there  would 
be  some  economy  in  using  the  richer  mix  tor  the  slab. 

Application  to  Complete  Building. — The  curves  of  Figs,  'h 
:ind  6  represent  costs  computed  for  what  may  be  considered 
an  average  type  of  building  as  illustrated  by  Figs.  1  and  2. 
These  curves  cover  the  range  of  probable  variations  in  width 
and  number  of  stories.  They  are  prepared  from  the  amounts 
shown  on  Fi,g.  1  which,  it  will  be  noted,  are  in  two  series. 
The  items  on  Fig.  1,  enclosed  in  the  rings  represent  the 
square  foot  cost  for  each  tier  when  it  becomes  the  lowest 
story  of  the  building,  while  the  unenclosed  items  are  for 
the  tier  when  it  is  an  upper  story. 

The  method  of  computing  these  items  was  first  to  work 
out  the  actual  costs  of  an  8-story  building.  Then  for  each 
floor  in  turn  the  saving  in  floor  slab  construction  is  deducted, 
and  the  footing  cost  is  added,  to  arrive  at  the  unit  cost  when 
the  floor  in  question  is  considered  as  the  .ground  floor.  Thus 
to  arrive  at  the  average  cost  of,  say.  the  wall  panel  of  a  4- 
story   building   we   add   together  the    unenclosed   figures    for 


roof,  one,  two  and  three  stories  and  the  enclosed  figure  for 
the  fourth  or  ground  floor  totaling  $9.79.  Divide  the  sum 
by  the  number  of  stories,  four,  and  we  have  the  average  cost 
per  square  foot,  equals  $2.45. 

The  wall  panel  has  been  considered  as  extending  only  to 
the  mid-span.  This  give:  s  convenient  arrangement,  as  then 
an  interior  panel  may  be  considered  as  the  area  centered 
on  a  single  column,  and  any  number  of  interior  panels  may 
be  added  to  two  wall  panels  to  produce  the  total  for  any 
width  of  building.  In  the  costs  for  the  wall  panels  are  in- 
cluded the  costs  of  the  extra  steel  in  the  slab  required  for 
the  greater  bending  moment,  the  wall  beam,  the  brick  span- 
drel, and  the  sash. 

The  cost  per  square  foot  of  a  corner  panel,  which  has  an 
area  equal  to  one-half  that  of  an  ordinary  wall  panel,  but  a 
wall  length  and  column  cost  equal  to  that  of  a  wall  panel, 
will  be  very  nearly  the  same  as  the  sum  of  the  wall  and 
interior  panel  costs  tor  the  corresponding  floor.  Thus  tor  a 
4-story    building,   the   square   foot   costs   of  wall   and   interior 


Fig. 


6 — Cost  per  Square   Foot  of  Floor  Area   for  Complete   Building. 


panels  taken  from  Pig.  5  are  $2.45  and  $1.40,  respectively. 
The  sum  of  these  gives  us  $3.85  per  square  foot.  The  area 
of  the  corner  panel  will  be  10  ft.  x  10  ft.  =  100  sq.  ft.  per 
floor,  and  this  item  may  be  added  to  the  amounts  made  up 
from  complete  wall  and  interior  panels  to  get  the  total  tor 
the  whole  building. 

Application  of  Curves  to  Practical  Case. — The  applications 
of  these  curves  may  be  made  clearer  by  consideration  of  a 
practical  case. 

An  owner  requires  256,000  sq.  ft.  of  space  for  light  manu 
facturing,  of  which  he  wants  one-half  built  at  present  and 
the  remainder  at  some  future  date.  The  building  has  unob- 
structed light  from  both  sides  and  so  may  be  fairly  wide, 
say,  SO  ft.     Compare  two  possible  solutions. 

Case  I — Building  80  ft.  wide,  400  ft.  long,  tour  stories  high, 
designed  for  a  future  addition  of  four  stories. 

Case  II— Building  SO  ft.  wide,  200  ft.  long,  eight  stories 
high,  with  provision  tor  an  extension  at  one  end  200  ft.  long. 

For  Case  1  we  shall  have  to  go  back  to  the  table  of  unit 
prices  for  the  items  of  parapet  and  the  temporary  roofiing  and 
fill.  The  cost  of  the  top  floor  slab  without  finish,  columns 
or  walls,  and  the  items  tor  interior  apd  wall  panels  tor  the 
one,  two,  three  and  tour  tiers,  counting  from  the  top,  will  be 


CiiST  OF  1    SV     I'-T,   (IF  SL.\B  DESIGNED  FOR  B.   M.   FltO.M    L.    1..    OF   JOO   I.U.    FEl;   SQ.    FT.    OF  SO, 000   l.l;,    IN    STRIP   12  IN.   WIDIO. 


,\lix. 


l-2'/i- 


1-2-4 


1-1%-:'. 


1-1-2 


T.it.al    B.M.   A   —   V Wt.   of   sl:ili        i 'DPcreto 

l.L,+  DL  12RM'      per    sq.     It.         ill    c.u.    I't. 


:iO,000 
1G.500 


4fi.500 

:!ii.00o 
l:i,500 

G.35  (-f  1") 

4:!, 500 

:;o.ooo 

12.000 

5.27  {+  1") 

42,000 

:«l,00O 
10,500 

4.65  (-f  1") 

to, .500 

:;o,ooo 

0.500 

:i9.500 


70  lbs. 


=  27.6 


Steel, 
sq.  ins. 


7.S5  C-f  1")            110  lbs.             0.74   @48c  0.37(>(ff27c 

=  35.5  10.2 

02  lbs.             0.01  @aOc  0.425@27c 

=  30.5  11.5 

7S  lbs.             0.52  (g)54c  0.505@27c 


=  28  13.6 

0.47  @59c  0.56  @27c 


15.1 


4.20  (+  1")  65  lbs.    ■         0.433@64c  0.605@27c 

=  27.6  16.3 

(31) 


Total  cost       Per   cent 
Cone.  +        l''inisli     ami         in    cts.  of 


.stei-1. 


45.' 


42.0 


41.6 


42.: 


43.0 


37 


37 


37 


per  .s(|.  ft.       min.  cost. 


82.7 


79.0 


7S.6 


79.7 


SO. 9 


105.2 


100.6 


100 


100  7 


10:!.  0 
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found  on    Kig.   1.    The  two  caseB  may  then  be  tabulat<^il   as 
follows: 


CASE  I. 

r.ootlnf!:       fiGO  liii.  11.  iniiarK-l  at  $2.38 

5G0  lin.  ft.  llH.shin»;  at      A<; 

32.000  .sq.  ft.  rooflnK  at     .16%.; 

32,000  wi.  ft,  nil  at       .20 


Tljrs. 
Top  . . . 
One  . . . 
Two  .. 
Throe  . 
Four 


Interior. 

.$0.8714 
1.22H 
1.21  It 
1.29 
2.02 


-Cost  in  panels 


.$  1,334 

25K 
.  5,2S0 
.     6,400 

$13,272 


11.00 


16.85 ',i 


Totals 

Area    22,800  8,800  400 

Amount     $151,734.00         $96,800.00         $6,742.00 

Total  for  floors   (everythlnR  below  roofing) 255,276 

Total    for   building...  *268,54S 

Total  area  128.000  so.   n 
CoBt    per   sq.    ft.  :-  $2.10 

CASE  II. 
For  Case  II.  witli  the  exception  of  the  end  wall  panels,  this 
may  be  taken  directly  from  Fig.  G  where  we  find  the  cost  for 
an  8-story  building  80  ft.  wide  to  be  $1.G9  per  square  toot. 

Floor  area    omitlincr  end  wall  panels  is 

80  X  ISO  X  S  =  115.200   sq.   ft.   at  1.69  = 

6  end  wall  panels  grive  nn  ear  of 

10  X  20  X  6  X  8   stories  =  9,600  sq.  ft.  at  2.48  = 

.\nd  4  corner  panels  sive  . 

10  X  10  X  4  X  8   stories  =  3,200   sq.   ft.   at  3.90%  =. 


.$194,688 
.  23,608 
.     12,496 


Total    cost    

Total  area  128.000  sq.  fl 
Cost  per   sq.   ft.  = 


$230,792 

$1.S0 

Thus  it  is  found  that  Case  I  will  cost  30  ct.  per  square  foot 
or  nearly  17  per  cent  more  than  Case  II.  Another  point  to  be 
considered  is  that  the  roofing  on  Case  I  will  have  to  be  dis- 
carded before  having  given  full  service  if  the  addition  is 
made  in  a  few  years,  while  In  Case  II  it  will  probably  be 
desirable  to  retain  the  end  wall  as  a  fire  wall  even  when  the 
addition  is  made. 

Effect  of  Live  Load  on  Cost. — Fig.  1  shows  the  effect  of 
variation  in  live  load  on  the  cost  of  a  typical  interior  panel 
including  columns  and  footings,  in  a  4-story  building.  It  will 
be  noted  that  the  relative  costs  are  given  in  percentages 
referred  to  the  typical  building  shown  in  Pigs.  1  and  2  and 
for  which  he  can  get  dollars  and  cents  costs  from  Fig.  6. 

It  is  interesting  to  note  what  a  relatively  small  increase  in 
costs  is  caused  by  a  large  increase  in  load  carrying  capacity. 

Effect  of  Variation  In  Panel  Size. — Figure  8  shows  the  effect 
of  variation  in  panel  size  on  the  cost  for  interior  square 
panels,  including  columns  and  footings.  The  percentages  on 
this  figure  are  also  referred  to  the  costs  on  Fig.  6. 

By  the  use  of  Figs.  G,  7  and  8  it  is  possible  to  compare  the 
cost  of  any  probable  combination  of  length,  width  and  num- 
ber of  stories  for  the  type  of  building  considered,  and   find 


*  *  ^  6  ?, 

Live  load  -  per  square  foot 

F'B.  7 — Relative   Costs  for  Various   Sizes   Square    Interior    Panels. 

without  great  labor,  the  most  economical  solution  of  the 
problem  of  supplying  an  owner  with  a  given  amount  of  floor 
area.  Or  they  may  be  applied  to  balance  the  cost  of  various 
solutions  against  other  considerations,  such  as  the  cost  of 
land  available,  the  size  and  usable  area  of  the  lot,  architec- 


lural  considerations,  effect  of  width  on  natural  lighting  and 
so  on. 

As  stated  earlier,  the  dollars  and  cents  costs  may  not  be  of 
direct  application  owing  to  the  continuous  variation  in  ma- 
terial and  labor  prices,  and  the  eagerness  or  otherwise  of 
contractors  to  take  on  a  .iob.  but  it  is  hoped  that  the  relative 


M'iA 


Side  of  square  panel  C  to  C  Columns 
Fig.  8 — Relative  Cost  for  Various   Live  Loads. 


costs  may  be  of  some  use  to  others  as  they  have  been,  in  a 
cruder  form,  to  the  writer. 


Comparative  Bidding  Prices  1917-20  on 
Warehouse  Building 

Interesting  comparative  costs  for  several  years  as  indi- 
cated by  actual  competitive  bids  on  a  building,  are  given  in 
a  recent  issue  of  the  Monthly  Bulletin  of  the  Illinois  Society 
of  Architects  by  Mr.  F.  E.  Davidson,  of  Davidson  &  Weiss. 
Architects,  Chicago.  The  bids  were  submitted  for  a  4-story 
and  basement  standard  mill  sprinklered  warehouse  building 
in  Chicago,  from  plans  prepared  in  the  office  of  Messrs.  David- 
son &  Weiss.  This  building  was  designed  in  accordance  with 
the  building  code  of  Chicago  for  a  live  load  of  200  lb.  per 
square  foot.  The  building  was  to  be  equipped  with  a  dry 
pipe  sprinkler  system.  The  heating  system  was  to  provide 
heat  in  the  basement,  the  office  section,  toilet  rooms  and  for 
the  gravity  tank  only.  Only  eight  toilet  fixtures  were  pro- 
vided for  in  the  plumbing  system. 

.\  careful  analysis  of  the  estimates  for  the  different  classes 
of  work  will  result  in  some  interesting  conclusions,  states 
the  Bulletin.  Particular  attention  is  called  to  the  trend  in 
prices  for  cut  stone,  sheet  metal,  hollow  metal  doors,  eleva- 
tor doors,  glazing,  painting,  plumbing  and  heating. 

At  the  time  the  original  proposals  were  received  the  owner, 
while  possessiong  ample  funds  to  build,  and  in  need  of  the 
structure,  was  of  the  opinion  that  the  estimates  submitted 
were  entirely  too  high  and  deferred  construction,  hoping  that 
costs  would  be  reduced.  At  various  times,  as  outlined  in  the 
schedule,  the  work  was  again  estimated  with  the  results  indi- 
cated; 

Ausf.  29.   June  IS,  June  IS.  Stf|>t.  15,   Feb.  3,    Nov.  9. 
1917.         191S.         1919.         1919.         1920.         1920. 
Masonr\'.  carpentry 

and  concrete  ...%  9S.7S3  $119,283  $136,700  $155. .532  $213,000  $207.00" 
Structural  steel  and 

misc.    iron 13,468       15.400       16.300       16,300       21.535       19.C6.'> 

Cut   stone    1.195         1.965         2.438         2.792         3.748         4.97" 

Sh,..:t   metal    240  2S2  .n60  360  475  807 

IIolloAV  metal  stair 

doors     2.100         2.13.T         2.121         2.121         2.522         3.4.-,. 

Klevator  doors 2.400         2.450         2,580         2.880         3.700         J  .tTi 

Fire    f scapes    2,428         2.42S         2.381         2.518         2,923         2.92^ 

I'lastering    525  550  570  665  833         1.000 

Clazins    1,820         1.645         1,526         1.681         2,524         2.919 

Itoofing  1,192         1,240         1,380         1.640         2.000         2.5S0 

Vault   doors    185  22u  250  260  265  29ft 

Painting     2.593         3.140         3,412         3.712         4.327         5.200 

Plumbing     5.355         5.782         6.054         6,654         8,538       10.040 

|.:ieva:ors    1.740         4.800         4.900         5,100         6.450        6.700 

1 1  rating     4.000         4.300         4..500         4.800         6.500         S.OOn 

IClectric  wiring   . . .       2.000         2.000         2.000         2.400        3.000         3,400 

Sprinklers     17,500       17,500       IS.OOO      18,900       23.187       23.187 

Hardware    500  520  560  575  800  S75 

Total     $161,024  $185,640  $206,032  $228,890  $308,327  $307. 5Ti: 

Host  per  sq.  ft $1.46         $1.68         $1.87         $2.07         $2.80        $2.T9 

lncr.>ase  over  1917.  15%  28%  41%  92%  Sl*^, 

Cost   per  cu.    ft 097  .114  .124  .132  .187  .186 
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Accident  Prevention  in  Construc- 
tion Operations* 

By  DAVID  S.  BEYER. 
Vice-President  and  Chief  Ensinecr,  Liberty  Mutual  Insurance  Co. 

I  suppose  everyone  here  has  heard  something  about  the 
"Safety  First"  movement;  it  has  spread  all  over  the  country 
ill  the  past  few  years,  but  maybe  some  of  you  still  look  oji  it 
as  more  or  less  "bunk'  or  a  (ad  that  can't  last.  But  let  me 
tell  you,  gentlemen,  a  proposition  that  is  adopted  year  after 
year  by  concerns  such  as  the  United  States  Steel  Corpora- 
tion, the  International  Harvester  Co.,  the  Pennsylvania  R.  R. 
Co.,  and  Fred  T.  Ley  &  Co.,  and  which  is  carried  out  year 
after  year,  is  something  more  than  a  fad,  it  is  good  business! 

I  have  the  accident  chart  of  a  Massachusetts  plant  insured 
with  the  Liberty  Mutual,  that  is  saving  more  than  $100,000 
per  year  as  a  result  of  the  application  of  accident  prevention 
to  the  reduction  of  their  insurance  cost,  and  it  is  costing 
them  only  a  fractional  part  of  this  saving  to  keep  up  the 
accident  prevention  work.  Do  you  think  they  consider  acci- 
dent prevention  a  fad?  They  will  tell  you  it  is  one  of  the 
best  investments  they  have  ever  made. 

Let  me  explain  a  little  further  how  this  accident  prevention 
proposition  works  out.  Did  you  ever  stop  to  think  that  there 
are  two  ways  of  doing  nearly  everything — a  safe— and  an 
unsafe  way?  Take  the  simple  illustration  of  a  woman  get- 
ting oft  a  street  car:  her  natural  inclination  seems  to  be 
to  step  off  with  her  back  towards  the  direction  in  which  the 
car  is  moving,  and  hundreds  of  accidents  have  been  the 
result.  Street  car  companies  have  been  trying  for  years  to 
educate  the  public  to  face  in  the  direction  that  the  car  is 
going,  and  when  this  is  done  an  accident  seldom  happens. 

In  knocking  down  concrete  forms  one  way  is  to  let  the 
hoards  lie  where  they  happen  to  fall,  with  rusty  nails  stick- 
ing up  like  snakes  in  the  grass,  ready  to  pierce  the  foot  of 
the  next  man  that  comes  along;  another  way,  which  takes 
no  longer  in  the  end,  is  to  pile  the  boards  up,  so  they  will 
not  cause  a  tripping  hazard  and  so  the  nails  will  be  covered. 

Forming  safety  habits  of  this  kind  on  the  jobs  of  one  con- 
tractor resulted  in  cutting  the  nail  injuries  from  SO  per  1,000 
employees,  to  42  per  1,000  employees,  or  47  per  cent,  in  two 
years.  It  reduced  the  accidents  from  handling  material  54 
per  cent,  from  handling  tools  59  per  cent,  and  from  falling 
material  T.'i  per  cent.  The  greater  care  in  guarding  and 
using  machines  reduced  the  machine  accidents  75  per  cent. 

How  Some  Serious  Accidents  Occur.— Some  staging  that 
was  being  used  in  putting  up  the  brick  wall  of  a  building 
on  a  job  which  we  insured,  was  designed  with  ample  strength 
to  carry  the  weight  of  two  men  and  the  material  that  was 
likely  to  be  piled  on  one  section  at  a  time.  -\u  unusual 
amount  of  material  was  heaped  up  on  this  section,  and  then 
half  a  dozen  men  got  together  to  hold  some  kind  of  a  "party" 
the  purpose  of  which  was  never  quite  clear — although  it  was 
before  the  dry  law  went  into  effect  and  you  may  havf"  your 
own   suspicions. 

The  result  was  that  some  nails  in  the  bearer  pulled  out 
and  the  whole  party  dropped  to  the  ground,  a  distance  of 
about  fifteen  feet.  They  were  all  more  or  less  damaged.  As 
an  illustration  of  where  the  money  in  the  contracting  indus- 
try goes  these  days,  I  might  say  that  one  of  these  fellows 
who  was  a  bricklayer,  telephoned  home  and  had  his  wife 
send  down  his   limousine  and  chauffeur  to  take  him  home! 

However,  we  see  how  a  little  caution  on  the  part  of  the  men. 
a  little  more  watchfulness  on  the  part  of  the  foremen,  might 
easily  have  prevented  this  crowd  from  getting  together  and 
overloading  the  staging,  and  thus  have  prevented  the  ac- 
cident. 

You  know  one  foreman  will  have  his  men  trained  to  "stand 
from  under"  when  a  heavy  piece  of.  stone  or  steel  work  is 
being  lifted;  in  another  gang  no  attention  is  paid  to  this 
point,  and  when  a  hook  or  chain  gives  way  from  some  hidden 
defect  or  from  strain  or  "fatigue"  developed  by  constant  use, 
somebody  who  is  standing  underneath  the  load  goes  to  the 
morgue  or  to  the  hospital. 

Safety  a  State  of  Mind.- 1  might  say  that  accident  preven- 
tion is  "a  state  of  mind,"  if  you  will  excuse  the  "high-brow" 
expression,  because  it  consists  in  getting  every  man  on  the 
job  to  form  safety  habits,  so  thai  he  will  automatically  do 
things  in  the  safe  rather  than  the  dangerous  way. 


'•Fi-om  an  address  presented  at  the  New  Orleans  cciriventinn   of 
the  Associated  General  Contractors  of  America. 


This  is  true  in  any  industry,  but  it  is  more  especially  true 
in  building  contracting,  where  the  most  important  feature 
of  all  is  habitual  caution  on  the  part  of  every  member  of 
the  working  force. 

A  typical  accident  analysis  tor  one  of  our  large  contracting 
concerns,  entitled  "How  Our  Men  Get  Hurt,"  shows  that  only 
14  per  cent  of  the  accidents  had  anything  to  do  with  oper- 
ating or  handling  machinery,  and  for  some  contracting  con- 
cerns the  machine  accidents  are  as  low  as  5  per  cent  of 
the  total. 

HOW  OITU  .MKN  OKT  HL'UT. 

Accidents.     1'.  C 
N'ehicles :'. .  43  IT 

Loading  trucl\s  and   carts    12 

Han.llinK   horses    ^ in 

iJetting-  on  and  oft  trucks  ajid  carls  :' 

Collisiony  of  autos    ^> 

Kailroad  cars 1 

Cranking  autos .  .  .     ;! 

Handling:  materials    ..  S7  215 

Tiinbers    -4 

Iron  pii'cs  and  rods   ...  IS 

Ra'ls    14 

Stone    11 

Hand  toolti    ...  "t  1 " 

f-Tammery.  axes,  saws  ...    12 

j^icks,  crowbars,  jacks   ,  .  .    10 

Wrenches,  etc.  ' .  . .   1" 

Flying;  particles  1  r.  •; 

Stone,  cenient,  etc.,  in  e>i-   .  t: 

.Steel  chips  striking;  body i; 

Steel  clips  in  eye  :} 

Falls    : 29  12" 

l-Yom  overhead  structures   .• 8 

From  stagings    I 

On  trourid  level 17 

Power  driven  machinery   ,15  1 1 

v'^peratinf:*  hoists.  mi.x<'rs.  saws,  i  \<  •!% 

Setting  up  machine'^                                         ...     7 
Projecting  nails   ...  12  5 

Foot    injuries    .  .  (^ 

Hand  injuries    .  .  i; 

Falling  -materials    .  ,  111 

Blasting     4  2 

Flectric  sV  ocks  2  1 

1"'>;al  250  ino 

A  few  of  the  construction  accidents  can  be  prevented  by 
mechanical  guards,  railings,  toe  boards  along  working  plat- 
forms, etc.,  but  the  provision  of  such  guards  should  become 
a  habit  on  the  part  of  the  foreman,  and  the  element  of  per- 
sonal caution  on  the  part  of  the  men  is  still  a  big  factor. 

Putting  Safety  to  Work. — In  order  to  get  accident  reduc- 
tion, it  is  necessary  to  "sell"  the  safety  idea  to  the  entire 
organization.  You  must  do  as  the  man  digging  a  well  did — 
"begin  at  the  top  and  work  down."  In  other  words,  the  heat' 
nf  the  organization  must  be  interested  and  get  back  of  the 
movement  with  snap  and  enthusiasm.  He  must  pass  this 
interest  along  to  the  foremen,  and  it  must  finally  become  a 
habit  with  the  man  on  the  job.  before  the  big  results  will  be 
secured. 

And  let  me  say  right  here  that  the  "king-pin"  of  every 
safety  proposition  is  the  superintendent  or  foreman  on  the 
job.  Conditions  on  a  building  contract  change  every  day. 
and  unless  the  foremen  are  interested  in  safety  and  con- 
.-^tantly  on  the  lookout  to  see  that  the  men  are  trained  in 
safe  practices,  tlie  accident  rate  will  not  come  down. 

Competitive  Records  Create  Interest. — We  have  found  that 
the  best  way  to  keep  up  the  interest  of  the  superintendent 
rnd  foreman  is  to  start  a  little  competition,  by  comparing 
the  results  one  man  gets  with  those  of  another  man  on  simi- 
lar work. 

C.imparative  records  of  this  kind  bring  out  some  interest- 
ing things  besides  "gingering  up"  the  interest  in  safety. 
The  g'3neral  superintendent  finds  that  the  foreman  who  is 
careful  about  the  safety  of  his  men  is  also  careful  about 
the  work  that  is  being  done,  and  a  lot  of  concerns  now  tell 
their  men  frankly  that  their  safely  record  wvill  be  consid- 
ered in  making  promotions. 

I  recently  looked  over  the  list  showing  the  record  of  about 
fifty  superintendents  on  contracting  jobs;  some  of  them  had 
gone  for  several  months  without  a  single  lost-time  accident 
on  work  employing  three  or  four  hundred  men.  From  no 
accidents,  the  record  ran  dp  to  th;'  high  limit  of  seven  acci- 
dents per  hundred  men  per  month.  In  other  words,  this  last 
superintendent  was  "getting"  eighty-four  out  of  ever^  hun- 
dred men  on  his  force  during  the  year.  It  he  were  a  trap 
shooter  that  is  a  record  of  which  he  might  feel  proud,  but  as 
an  accident  score,  he-  well,  when  he  got  a  letter  from  the 
"big"  boss  commenting  on  his  record;  they  tell  me  he  has 
been   pitting  up  nights  ever  since,  framing  alibis! 

Every   man   on   that  list   got    a   personal   letter   from    the 
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liead  of  till'  coiicii  n  <(iiiimending  a  good  record  or  criticizing 
;i  bad  one.  My  cnfrineers  tell  nie  lliat  in  several  cases  the 
superintendents  lijve  suggested  on  the  side  that  we  pass  the 
word  along  that  (hey  are  doing  their  best  and  it  is  just  a 
little  hard  luck  that  their  records  are  so  high. 

Of  course  there  is  an  element  of  luck  in  the  accidents  on 
a  single  job  from  month  to  month,  hut  when  you  get  every 
superintendent  and  foreman  to  take  as  much  interest  in 
his  accident  record  as  he  does  in  the  baseball  score,  he'll 
come  a  lot  nearer  batting  300  in  the  safety  game. 

Safety  Engineer  Valuable.— Where  a  concern  is  large 
enough  to  justify  the  t-xpense.  we  recommend  that  it  have  its 
own  safety  engineer,  who  can  maintain  general  supervision 
over  all  safety  work,  compile  data  on  accident  analysis,  work 
up  competitive  charts  between  different  jobs,  personally  in- 
vestigate and  follow  up  serious  accidents,  and  in  general  see 
that  the  safety  idea  is  kept  constantly  before  the  minds  of 
the  men  in  the  field.  Two  men  who  have  been  doing  splendid 
work  along  these  lines  in  the  contracting  industry  are  Mr. 
h.  T).  Woedtke,  of  the  Fred  T.  Ley  &  (^o.,  Inc.,  Springfield, 
Mass.,  and  Mr.  V.  A.  Davidson,  Safety  Engineer,  Dwight  P. 
rtobinson  Co.,  of  New  York.  Interesting  articles  by  these 
u'enflemen  describing  their  .safety  work  have  appeared  from 
time   to   time   in   technical   publications. 

Safety  Talks  and  Committees. — Where  it  is  possible  to  get 
the  men  togetlu'r,  wo  give  them  safety  talks  illustrated  by 
lantern  slides  and  moving  pictures.  Such  meetings  have 
been  found  to  be  most  helpful  in  stimulating  their  interest 
and   keeping  them   constantly  on   the  alert. 

There  are  a  number  of  additional  safety  features  such  as 
the  safety  committee  idea  commonly  used  in  industrial  plants, 
which  can  also  be  applied  successfully  to  ('ontracting  work. 

Labor  Turnover  and  Morale.  -Every  time  a  7nan  is  injured, 
^1  new  mail  iinisi  lir  Ijrokfti  in  to  take  his  place,  so  accidents 
increase  labor  tuinovfr  and  the  cost  of  hiring  and  breaking 
in  new  men. 

Every  accident  causes  demoralization  and  disturbance 
among  the  working  force.  It  is  difficult  to  estimate  just  how 
much  this  amounts  to  when  a  serious  accident  occurs,  but 
you  have  all  seen  the  workmen  gather  around  a  man  who 
has  been  injured,  and  talk  about  it  for  hours  afterward;  their 
attention  is  distracted  from  their  work. 

There  is  a  strange  belief  that  seems  to  be  (luite  general 
among  workmen  that  when  one  serious  accident  happens, 
there  will  be  two  more,  and  it  is  peculiar  how  often  this  is 
the  case.  So  the  important  thing  is  to  prevent  the  first 
accident. 

Accident  prevention  improves  the  "morale"  of  the  men,  and 
when  they  feel  that  the  boss  is  taking  an  interest  in  their 
safely  and  welfare  they  give  better  service. 

The  public  is  coming  to  realize  more  the  necessity  for 
cutting  down  accidents,  and  the  old  record  that  was  once 
accepted  as  a  matter  of  course — a  death  for  every  floor  of 
a  sky  scraper — is  something  that  would  make  us  feel  ashamed 
today. 


Manual  of  Standard  Wood  Construction. — The  8tn  edition 
of  this  book  has  just  been  issued  by  the  Southern  Pine  Asso- 
ciation, New  Orleans,  La.  Much  additional  information  for 
use  in  designing  composite  and  all-wood  structures  has  been 
added  to  in  the  new  edition.  This  new  data  includes  the  fol- 
lowing: 

Weights  and  dimensions  of  bolts  and  nuts. 

Iropertics  of  structural  steel  shapes. 

Minimum  live  floor  loads  for  structures  of  various  pur- 
poses. 

Safe  column  loads. 

Trigonometric  formulas  and  solution  of  triangles. 

Mensur.ation — (Surfaces,  and  Volume  of  Solids). 

Functions  of  numbers  1  to  500  (squares,  cubes,  square 
roots,  cube  roots,  and  logarithms). 

Natural  sines  and  cosines,  tangents  and  cotangents. 

Logarithmic  functions  (sines,  cosines,  tangents  and  co- 
tangents). 

Sheet-pilin.?. 

Laltic*  Trusses. 

Design  for  Howe  roof  trusses. 


182  Municipalities  Have  City  Manager  Plan.— The  city 
manager  plan  of  government  has  been  adopted  by  180  mu- 
nicipalities with  a  total  population  of  3,100.000. 


The  Builders'  Guild— An  Experi- 
ment in  Altruism 

Reference  has  heretofore  been  made  in  Engineering  and 
Contracting  to  the  newly  developed  Guild  of  British  Builders: 
and  the  movement  is  now  manifesting  sufficient  strength  to 
warrant  the  publication  of  its  prospectus,  which  is  here  re- 
printed in  full  from  the  December  issue  of  The  Bulletin  of 
the  Associated  General  Contractors. 

To  the  conservative  the  prospectus  suggests  much  that  is 
highly  radical.  Further,  the  success  of  the  movement  is  so 
evidently  dependent  upon  the  exercise  of  high  motives  and 
the  better  instincts  by  many  men,  that  there  are  inevitable 
misgivings — even  on  the  part  of  those  who  would  wish  it 
well.  On  the  other  hand  there  are  some  men  to  whom  such 
motives  are  sufficient,  and  only  experiment  can  tell  whether 
or  not  their  numbers  may  become  powerful  under  favorable 
circumstances.  The  previous  failures  of  certain  experiments 
in  altruistic  projects  are  far  from  proving  that  all  such  must 
fail:  and  there  is  ever  at  hand  the  remembrance  of  "im 
possibilities"  which  have  fallen  before  courageous  attack. 

The  promoters  are  frank  in  saying  that  if  the  project  can 
not  win  upon  its  merits  it  deserves  to  lose.  They  are  also 
to  be  commended  for  their  modesty  in  leaving  their  plan  open 
to  development,  improvement  and  growth,  instead  of  at 
tempting  at  the  outset  to  perfect  its  every  detail.  In  their 
own  words:  "The  first  and  immediate  duty  of  the  Guild  is 
to  mobilize  the  necessary  labor  to  build  the  houses  so  urgently 
needed  by  the  nation,  and  to  build  them  in  the  best  possible 
manner  at  the  lowest  possible  cost." 

THK  PRELIMlNARr  PROSPECTUS  OF  THp;  Gt'ILr>  OF 
BUILDERS    (LONDON),    LUVIITKli. 

The   Meaning   of  the   Guild. 

"In  iiulv'htry  those  who  work  with  their  heads  and  ttiose  wli<> 
work  with  Iheir  hands  cooperate  to  produce  the  things  which  all  of 
lis  need.  If  conflict  and  disiuiion  take  the  place  of  cooperation,  wealth 
product iOTi  is  hindered  and  everyttiing  the  community  requires  is 
rendered  less  abundant  and  mure  costly.  To  secure  this  harmony 
of  interest  is  the  master  problein  of  the  modem  industrial  state." 

We  stand  today  at  the  beginning  of  a  new  period  of  economic 
liistory.  The-  great  Trade  Unions — no  'onger  mainly  defensive  and 
resistive — are  awakening  to  a  new  conception  of  their  functions:  a 
now  vision  of  creative  service. 

And  the  building  industr>-  of  England  will  be  the  first  great 
stalMe  industry  to  put  this  new  conception  into  practical  shape  in 
the  form  of  the  Guild  of  Builders. 

A  Guild  is  a  self-governing  democracy  of  organized  public  ser 
vie.?.  It  is  the  very  etnbodiment  of  the  "team  spirit."  In  its  full 
development  it  means  a  whole  industry  cleared  for  action  with  all 
sections  urited  for  a  common  purpose — with  a  new  incentive — the 
organized  service  of  the  conynunity.  instead  of  the  attainment  nf 
profits. 

It  boldly  challenges  the  industrial  traditions  of  a  century,  and 
makes  its  appeal  solely  to  the  best  instincts  and  creative  impulses 
of  men.  For  it  is  the  first  industrial  organization  in  history  thai 
is  set  up  to  give  service  ratlier  than  to  get  it.  Every  word  that 
RusKin  or  Mazzini  uttered  on  the  claims  of  Duty  and  the  joy  of 
self-expression  in  free  service,  finds  its  echo  here.  This  is  the 
.-oul  of  the  movement.  It  stands  on  a  different  plane  from  all 
other  industrial  systems,  whether  controlled  by  the  state,  by  mu- 
nicipalities, or  by  consumers.  They  are  the  organization  of  Rierhis 
(Uiilds  are  the  organization  of  Duties. 

The  Call  of  the  Guild. 

"Jt  is  always  possible  to  enroll  the  ijcst  men  on  the  side  of  the 
best  idea." — The  Venturer,  April,  1920. 

Rightly  planned,  a  Guild  will, be  the  flnest  piece  of  industrial 
organization  that  we  have  yet  seen.  It  will  summon  to  its  aid 
the  very  best  ability  and  talent  that  our  industry  can  offer.  Ad- 
ministrators— Technicians — Mech^inlcs — ^Workers  of  every  type  will 
volunteer  for  its  service,  without  thought  of  monetary'  gain:  con- 
scious that  they  are  entering  upcn  one  of  the  greatest  tasks  in 
history;  conscious  that  it  neecis  them  and  cannot  do  without  thein. 

The  Structure  of  the  Guild  of  Builders  (London),  Limited. — The 
Trade  Union  Ticket  is  the  certificate  of  Guild  membership.  Every 
member  of  eveiY  branch  of  the  National  Federation  of  Buildiim 
Trade  Operatives  and  of  every  other  approved  group  of  lUiildins 
Trade  Workers  in  the  District  is  a  Guildsman  and  has  a  vote  in 
the  election  of  the  Guild  Committee.  This,  in  turn,  will  ullimatel.\ 
form  a  part  of  the  National  Guild  of  Builders — a  great  industrial 
combine  for  the  public  ser\ice — with  full  democratic  control  by  all 
the  workers  by  hand  cr  brain  engaged  in  that  service. 

The  Guild  Committee. — The  Guild  Committee,  therefore,  will 
consiat  of  representatives  elected  b.v  the  following  Trade  I'nions 
or  approved  groups  within  the  district: 

(a)  The  Trade  Unions  afflliated  to  the  District  Section   of  the   Na- 
tioml  Federation  of  Building  Trade  Operatives. 
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(b)  Any  other  Trade  Unions  or  groups  of  Building  Trade  Workers 
within  the  district,  whether  Administrative.  Techniral,  Clerical 
or  Operative,  that  may  be  approved  by  the  committee. 
£^ch  Trade  Union  or  approved  group  will  elect  one  member. 

When  there  are  several  Local  Committees  operating  in  the 
district,  each  of  these  Local  Committees  will  be  represented  on 
the  Guild  Committee.  In  this  way  we  shall  secure  an  elected 
Kxecutive  Committee  chosen  by  districts  and  by  crafts. 

The  Legal  Entity. — Each  of  these  members  on  election  will  take 
up  a  one  shilling  share  in  a  society  registered  under  the  Industrial 
and  Provident  Societies  Acts,  1S93-1913.  and  entitled— 

The  Guild  of  Builders  (London),  Ltd. — He  will  also  deposit  with 
hid  electors  a  signed,  open  transfer,  thus  giving  them  power  to 
replace  him  at  any  time.  In  this  way  the  Guild  Committee  becomes 
a  legal  entity  with  power  to  enter  into  contracts,  and  yet  the  whole 
of  its  members  are  under  the  control  of  the  industrial  democracy 
they  represent.  If  any  Union  or  Group  fails  to  elect  its  member 
by  the  appointed  day,  such  member  may  be  co-opted  by  the  Society 
in  general  meeting. 

Objects  of  the  Guild. — The  first  and  immediate  duty  of  the  Guild 
is  to  mobilize  the  necessary  labor  to  build  the  houses  so  urgently 
needed  by  the  nation,  and  to  build  them  in  the  best  possible  manner 
at  the  lowest  possible  cost. 

The  objects  as  stated  in  the  draft  rules,  are: 
1.  To  carry  on  the  industry  of  Builders,   Decorators  and  Gen- 
eral Contractors. 
3.  To  undertake  all  branches  of  supply,  whether  as  Merchant, 

Manufacturer  or  Transporter. 
3.  To  carry  on  any  other  work  which   the  Society  may  think 
necessary  or  desirable  in  connection  with  the  above  objects. 

From  this  it  will  be  seen  that  the  Guild  is  designed  ultimately 
to  undertake  every  branch  of  the  building  industry,  and  to  provide 
its  customers  with  the  services  of  skilled  architects  and  engineers. 
to  purchase  and  nianufayture  the  materials,  to  transport  them  to 
the  site,  erect  the  buildings — and  even,  perhaps,  to  furnish  them. 

Democratic  Control  in  Practice. — The  Guild  Committee  will  be 
responsible  for  the  appointment  and  removal  of  managers  and  for 
the  fixing  of  their  salaries. 

It  Is  important  to  notice  here  the  difference  between  the  Guild 
practice  and  that  of  the  self-governing  workshops  which  have  so 
often  been  set  up  without  conspicuous  success.  The  manager 
of  a  self-governing  workshop  is  responsible  to  his  own  staff.  The 
Guild  Manager  however,  is  responsible — through  the  Guild  Com- 
mittee—not only  to  his  own  staff,  but  to  the  whole  oC  the  organized 
Building  Trade  Operatives  in  the  district.  This  gives  him  security 
without  weakening  the  full  democratic  control  by  the  workers. 

Remuneration  of  Guild  Committee. — It  is  suggested  that  mem- 
bers E-hould  be  entitled  to  subsistence  allowances,  and  compensation 
for  lost  time  and  all   expenses. 

Pov»ers  of  Appointed  Managers.-— Whilst  it  is  generally  agreed 
that  large  powers  should  be  given,  it  is  recognized  that  this  is  a 
ntatter  for  the  Guild  Committee  itself  to  decide,  and  does  not  there- 
fore come  v.'ithin  the  scope  of  this  prospectus. 

The  New  Status  of  the  Guild  Worker.— The  labor  of  the  Guilds- 
men  will  no  longer  be  regarded  as  a  commodity  like  bricks  or 
timber,  to  be  purchased,  or  not,  as  required.  As  soon  as  it  can 
t)e  arranged,  the  Guildsman  will  be  "on  the  strength"  for  life. 
He  will  draw  Guild  pay  in  sickness  or  accident,  in  bad  weather 
or  in  good,  at  work  or  in  reserve. 

The  minimum  Guild  pay  will  always  be  the  full  standard 
rate  as  fixed  for  the  industry  as  a  whole,  but  there  is  no  doubt 
that  the  Guild  will  be  able  to  increase  the  purchasing  power  of  its 
members'  pay  by  the  scientific  organization  of  production. 

Building  Contracts. — The  Guild  will  undertake  work  for  every 
type  of  building  owner,  whether  public  or  private.  It  will  build 
for  agreed  prices  or  for  prime  cost  plus  a  fee.  But  in  every  con- 
tract the  price  or  the  fee  must  include  the  percentage  necessary 
to  secure  during  its  run,  to  all  engaged  thereon,  the  continuous 
Guild  pay  described  in  the  last  paragraph. 

Beyond  this  there  will  be  a  small  percentage  for  tlie  purchase  01" 
plant,  for  overhead  charges,  and,  if  necessar.v,  for  the  hire  of 
capital,  at  fixed  rates,  without  powers  of  control. 

Organized  Public  Service. — This  is  the  watchword  of  the  Guild. 
It  means  tliat  its  surplus  earnings  will  under  no  circumstances  be 
distributed  as  dividends.  This  is  a  fundamental  rule.  Surplus 
earnings  will  always  be  used  for  the  improvement  of  the  service, 
by  providing  for  increased  equipment,  for  reserve,  for  technical 
training  and  research,  and  for  the  elimination  of  hired  capital. 

Ownership  of  Plant  and  Material.— It  is  intended  that  all  plant 
and  materia!  shall  bo  transferred  to  the  properly  constituted  au- 
tnority  to  be  set  up  in  connection  with  the  National  Guild  of 
Builders. 

Craft,>!manship. — "We  shall  do  work  worthy  of  the  middle  ages," 
said  one  of  the  Manchester  operatives  to  whom  the  Guild  Movement 
owes  so  much,  and  he  was  right.  The  Guild  stands  for  the  revival 
of  the  building  art.  It  will  offer  scope  to  the  craftsman  such  as 
he  has  never  dared  lo  hope  for.     It  opens  out  possibilities  of  service 


to  *he  skilled  administrators  and  technicians  that  the  old  system 
could  not  possibly  provide.  And  it  gives  them  all  a  new  status  as 
free  men.  working  in  a  democratic  comradeship  of  service. 

Financial  Guarantees. — The  Guild  will  give  no  financial  guaran- 
tee for  the  performance  of  its  contracts.  It  pledges  itself  to  carry 
out  the  work  that  it  undertakes  and  it  supports  this  with  a  roll 
of  volunteers  pledged  to  do  the  work.  This  is  the  most  effective 
^'uarantee  that  can  be  devised. 

The  Call  for  Volunteers. — A  form  of  enrollment  will  be  found  at 
the  end  of  this  prospectus,  and  all  building  trade  workers  of  every 
grade  are  invited  to  sign  it,  and  at  the  same  time  to  subscribe  to 
the  Journal  of  the  Guild,  and  to  the  loan  for  preliminary  expenses. 

The  Journal. — The  Guild  Journal  is  an  essential  feature  of  the 
scheme.  It  will  keep  all  the  Guildsmen  informed  as  to  the  progress 
of  the  movement.  It  will  follow  closely  the  proceedings  of  the 
Building  Trades'  Parliament  before  which  the  Guild  proposals  will 
be  frequently  debated.  It  will  illustrate  the  buildings  erected  by 
the  Guild,  describe  new  methods  and  new  processes,  circulate  sta- 
tistics, publish  correspondence,  and,  above  all,  it  will  be  recognized 
and  read  by  the  public  as  the  official  organ  of  the  New  Industrial 
Democracy. 

Will  the  Guild  Work? — "No  one  who  has  ever  risen  to  any  great 
height  in  this  world  has  refused  to  move  until  he  knows  where  he 
is  going.  Here  is  the  great  spiritual  weakness  of  our  time:  we 
have  lost  sight  of  the  venturesomeness  of  Faith.  But  somebody 
has  got  to  break  away — somebody  has  got  to  break  the  spell  of 
things  as  they  now  are,  if  we  are  not  to  go  on  in  a  cycle  of  in- 
creasing tragedies.  How  can  we  go  without  knowing  whither? 
How  can  we  loso  without  seeing  any  acquisition?  • 

"If  Colvmibus  had  reflected  thus,  he  would  never  have  weighed 
anchor.  It  is  madness  to  sail  the  sea  without  knowing  the  way: 
to  sail  the  sea  no  one  has  ever  traversed  before;  to  make  for  a 
country  the  existence  of  which  is  a  question. 

"But,  with  this  madness,  he  discovered  a  New  World." 


Identification  of  Oak  Woods 

Over  fifty  species  of  native  oaks  assume  the  proportions  ot 
trees,  and  about  twenty-flve  are  used  for  lumber.  After  the 
oaks  are  cut  into  lumber,  there  is  no  means  known  to  the 
U.  S.  Forest  Products  Laboratory  by  which  they 
can  be  identified  as  to  exact  species.  By  examination  ot  the 
wood  alone,  however,  it  is  easy  to  separate  the  oaks  into  two 
sronps — the  white  oaks  and  the  red  oaks;  and  tor  most  pur- 
poses, tortunately,  it  is  not  necessary  to  classify  them  any 
further.  The  oaks  all  average  about  the  same  in  strength, 
but  those  in  the  white  oak  group  are  more  durable  under 
conditions  favorable  to  decay  than  those  in  the  red  oak 
group. 

The  white  oak  group  includes  true  white  oak,  swamp  oak, 
burr  oak,  cow  oak.  post  oak,  overcup  oak,  and  chestnut  oak. 
The  red  oak  group  includes  true  red  oak,  yellow  or  black  oak, 
scarlet  oak,  Spanish  oak.  Texan  oak,  black  jack,  water  oak, 
willow  oak  and  laurel  oak. 

The  color  ot  the  wood  is  a  ready  but  not  absolutely  reli- 
able means  of  distinguishing  the  white  oaks  from  the  red 
oaks.  Red  oaks  usually  have  a  distinctly  reddish  tinge,  espe- 
cially near  the  knots.  The  wood  of  the  white  oaks  is  gen- 
erally a  grayish  brown,  but  occasionally  a  reddish  tinge  is 
found  in  white  oak  lumber. 

For  more  accurate  identification  it  is  necessary  to  ex- 
amine the  pores  of  the  wood.  These  will  be  found  as  tiny 
holes  on  a  smoothly-cut  end  surface,  the  largest  being  visible 
lo  the  unaided  eye.  They  are  not  of  uniform  size  through- 
out each  growth  ring,  but  are  considerably  larger  in  the  wood 
formed  in  the  spring,  decreasing  in  size  rather  abruptly  to- 
wards the  summer  wood.  The  large  pores  in  the  springwood 
nf  the  heartwood  and  inner  sapwood  of  the  white  oaks  are 
usually  plugged  up  with  a  froth-like  growth  called  tyloses, 
and  those  of  the  red  oaks  are  open.  This  feature,  however, 
is  not  so  reliable  for  classification  as  the  character  of  the 
much  smaller  pores  in  the  summerwood. 

To  tell  for  a  certainly  whether  a  piece  ot  oak  belongs  to 
the  white  or  red  oak  group,  cut  the  end  grain  smoothly  with 
a  sharp  knife  across  several  growth  rings  of  average  width. 
With  the  aid  of  a  hand  lens  examine  the  small  pores  in  the 
dense  summerwood.  It  the  pores  in  this  part  ot  the  growth 
ring  are  plainly  visible  as  minute  rounded  openings,  and 
are  not  so  crowded  but  that  they  can  readily  be  counted,  the 
wood  belongs  to  the  red  oak  group.  If  the  pores  in  the  sum- 
merwood are  very  small,  somewhat  angular,  and  so  numerous 
that  it  would  be  exceedingly  difficult  to  count  them,  the  wood 
belongs  to  the  white  oak  group. 
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Concrete  Road  Methods  Applied  to 
Construction  of  Factory  Floor 

Concrete  roiul  iiu'thods,  including  llnishins  by  the  use  of 
the  roller  and  curing  by  ponding,  were  employed  in  con- 
structing 225.000  sq.  ft.  o£  concrete  floor  in  the  additions  to 
the  plant  of  the  A.  O.  Smith  Corporation,  manufacturer  of 
pressed  steel  products,  at  27th  St.  and  Keefe  Ave.,  Milwaukee, 
AVis. 

The  addition  measures  360  ft.  by  84G  ft.,  and  extends  a 
distance  of  three  city  blocks.  The  equipment  used  for  con- 
structing the  floor  consisted  of  a  Koehring  No.  lOE  paver, 
specially  constructed  hopper  bins  equipped  with  side  dump 
car.  one  Hay  ward  clamshell  bucket  and  two  Clark  tructrac- 
tors.    A  gang  of  70  men  was  employed. 


The  tnictractors  were  used  in  delivering  the  mixed  aggre- 
gate. Tlie  boom  and  bucket  of  the  paver  was  removed  and 
the  concrete  discharged  directly  into  the  trucks  at  maximum 
speed.  The  trucks  carried  the  mixed  concrete  into  the  build- 
ing and  to  the  place  of  deposit,  where  they  were  quickly 
(lumped  by  the  driver,  the  boxes  being  front-tilting.  About 
114  trips  per  day  of  7%  hours  were  made  by  each  truck, 
making  approximately  one  round  trip  every  four  minutes. 

The  entire  operation  of  mixing,  discharging  and  carrying 
the  concrete  to  the  place  of  deposit  was  so  planned  that  no 
time  was  wasted,  one  operation  following  another  with  pre- 
cision. While  one  truck  was  carrying  a  batch  of  concrete, 
another  batch  was  being  mixed  in  readiness  for  the  second 
truck,  which  was  returning  to  the  mixer  after  having  dis- 
charged its  load.  No  time  was  wasted  either  at  the  place 
of  deposit  or  at  the  machine. 

.\fter  finishing  the  concrete  floor,  an  inch  or  two  of  water 
was  poured  on  it  in  order  to  allow  the  concrete  to  harden 


Hoppfir   bins.   Side   Dump   Car   and    Mixer. 


With   This   Arrangement    Only   Two    Men    Were    Required   to   Get   Aggregate    From 
Bins    Into    Mix. 


Sand  and  gravel  were  delivered  by  freight  car.s,  spur  tracks 
being  laid  alongside  the  new  building.  The  clamshell  oper- 
ated from  a  stiff-legged  derrick  then  transferred  the  mate- 
rials to  a  large  hopper  bin,  divided  into  two  sections  in  order 
to  keep  the  sand  and  gravel  separate.  A  platform,  on  which 
a  narrow  gage  track  was  laid,  was  built  beneath  the  bins. 
A  side-dimip  car  on  this  track  carried  the  materials  from  the 
bins  to  the  mixer.  Two  men  filled  the  car,  pushed  it  over 
the  platform  and  dumped  it  into  the  charging  skip  of  the 
paver,  which  was  conveniently  placed  directly  alongside  the 
platform. 

Cement  was  the  only  material  not  handled  with  the  aid  of 
machinery.  One  man  hauled  it  by  wheelbarrow  to  the  mixer 
and  another  emptied  it  into  the  skip:  the  second  man  also 
acted  as  fireman  of  the  mixer,  which  was  equipped  with  steam 
engine  and  boiler.  By  the  use  of  this  plan  full  advantage  of 
mechanical  devices  was  taken  in  substituting  them  for  labor. 
Instead  of  the  crew  of  men  ordinarily  required  for  handling 
the  aggregate,  a  total  of  only  five  men  in  conjunction  with 
these  devices  was  necessary  in  placing  materials  into  the 
charging  skip;  these  included  one  operator  of  the  derrick, 
the  two  men  at  the  hopper  bins,  and  the  two  cement  men, 
one  hauling  and  one  emptying  it  into  the  skip.  One  engineer 
operated  the  mixer. 


more  slowly  and  become  stronger.  The  water  remained  for 
three  or  four  weeks  before  being  drained. 

The  best  day's  record  was  9072  sq.  ft.  of  concrete  floor  in 
7%  hours,  and  the  average  for  several  weeks  was  over  7000 
sq.  ft.  per  day  of  7%  hours. 

The  contractor  for  this  work  was  the  Jacobus  &  Winding 
Concrete  Vonstructiou  Co.,  Wauwatosa,  Wis. 


Wholesale  Prices  in  December 

A  sharp  decline  in  the  general  level  of  wholesale  prices  in 
the  United  States  was  again  manifested  in  December,  accord- 
ing to  data  gathered  in  representative  markets  by  the  Bureau 
of  Labor  Statistics  of  the  U.  S.  Department  of  Labor.  The 
Bureau's  weighted  index  number,  which  assigns  to  each  com- 
modity an  influence  proportionate  to  its  importance  in  the 
country's  markets,  declined  to  1S9  in  December,  a  drop  of 
8%  per  cent  from  the  November  price  level  and  30%  per 
cent  from  the  high  peak  of  prices  In  May. 

Farm  products  and  foods  again  showed  large  price  reces- 
sions, the  figures  for  these  two  groups  being  12%  per  cent 
and  11%  per  cent,  respectively,  below  those  of  the  previous 
month.     Chemicals  and  drugs  followed  next  in  order,  with  a 
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decrease  of  OVi  per  cent.  Fuel  aiul  lighting  materials  were 
SVa  per  cent  and  metal  products  were  iv.  per  cent  cheaper 
ihan  in  November,  while  house-t'urnishing  goods  and  miscel- 
laneous commodities,  the  latter  group  including  such  impor- 
tant articles  as  cottonseed  meal  and  oil,  millfeed.  raanila 
hemp,  rubber,  soap,  paper,  lubricating  oil,  and  wood  pulp, 
rach  averaged  over  6  per  cent  of  decline  from  November 
prices. 

Cloths  and  clothing  were  about  G  per  cent  cheaper  in  De- 
cember, while  building  materials  showed  the  smallest  de- 
crease of  all — approximately  3  per  cent.  In  no  group  was  the 
level  of  prices  as  high  as  in  the  preceding  month. 

Of  326  commodities  or  price  quotations  included  in  the  com- 
parison for  November  and  December,  219  showed  a  decrease 
and  only  13  showed  an  increase.  In  94  cases,  no  change  in 
price  was  recorded.  Of  these,  a  majority  belong  in  the  two 
groups  of  building  materials  and  cloths  and  clothing. 

Below  are  shown  the  index  numbers  of  wholesale  prices  in 
the  United  States,  by  groups  of  commodities,  as  computed  by 


The  Engineer  and  Industrial  Waste* 

By   HERBERT   HOOVER, 

President.  American  Ens"ineering:  Council. 

The  Federation  of  Engineering  Societies  has  been  brought 
about  solely  that  we  might  secure  for  public  service  the  col- 
lective thought  and  influence  of  100,000  to  200,000  of  our  pro- 
fessional engineers.  This  great  body  of  men  in  administra- 
tive and  technical  service  penetrate  every  industrial  avenue 
and  thus  possesses  a  unique  understanding  of  many  of  our 
intricate  economic  problems  and  an  influence  in  their  solu- 
tion not  equaled  by  any  other  part  of  the  community.  Want- 
ing nothing  from  the  public  either  individually  or  as  a  group, 
they  are  indeed  in  a  position  of  disinterested  service.  This 
federation  has  initiated  services  to  the  public  in  many  direc- 
tions. 

I  propose  to  deal  with  only  one  measure  of  this  service 
today.      Your    council    has    organized    a    preliminary    survey 


Delivering    Mixed    Aggregate    With    Tructractor    in    Concrete    Floor     Construction  at  Plant  of  A.  O.   Smith   Corporation, 

the  Bureau  of  Labor  Statistics  for  the  months  named.     The  of  some  of  the  weaknesses  in  our  production  system.      This 

figures  tor  the  last  named  month  are  preliminary  and  subject  survey  will  attempt  to  visualize  the  nation  as  a  single  nidus- 

to  revision.     The  base  used  in  computing  these  index  num-  trial  organism  and  to  examine  its  efficiency  towards  its  only 

hers  is  the  average  for  the  calendar  year  1913.  real     object— the    maximum    production.     In   a   general    way 

this  inquiry  will  bear  upon  the  whole  question  of  deficiency 

INDEX  NUMBER.S  OF  WHOUF|AUB^  PRICES,  BY  tuioups  ov  .^  production-industrial  waste  in  a  broad  sense. 

(1913  equals^  WO.)                    ^^^^  Measures  of  the  Waste   in   Production.— The  waste  in  our 

December.    November, "  December.  production  is  measured  by  the  unemployment,  the  lost  time 

Farm  products  244                 165                 144  ^^.^^  ^^  labor  conflict,  the  losses  in  labor  turnover,  the  failure 

<^loth'?  a'nrt  cioti.iAg' ■.'.■.".■  ■:.■:;:.::.':  .sr.                 234                 220  to  secure  maximum   production  of  the  individual  due  either 

i'Si3l  and  lighting:  181                 25S                 23ii  ^^  misfit  or  lack  of  interest.     Beyond  this  again  is  a  wide 

BuiWinrnlarerfals''.™'*"'^'. ■.::■.:;•.  2!                 274                 2fiii  area  of  waste  in  the  poor  co-ordination  of  great  industries, 

Chemicals  and  drugs  179                 207                 iss  ujp  failures  in  transportation,  coal  and  power  supplies  which 

"""cMlar  ™'if"^  """^^  : : : : .  ■  220                 220                 20'  re-echo   daily  to  intf,rrupt  the   steady  operation  of  industry. 

.Ml  commodilies 23S                  207                  1S9  There  are  again  such  other  wastes  due  to  lack  of  standardi- 

Comparing  prices  in  December  with  those  of  a  year  ago.  as  /ntion,  to  speculation,  to  mismanagement,  to  inefficient 
measured  by  the  changes  in  the  index  numbers,  it  is  seen  that  national  equipment  and  a  hundred  other  causes.  There  is  a 
foods  have  declined  26i/,  per  cent,  cloths  and  clothing  34%  certain  proof  of  deflcient  production  by  comparisons  of  our 
per  cent  and  farm  products  41  per  cent.  In  the  intense  results  in  1918,  when,  with  20  per  cent  of  our  man- 
groups  of  metal  products  and  miscellaneous  commodi-  power  vvithdra\\n  into  the  army,  we  yet  produced  20  per 
ties,  smaller  declines  have  taken  place.  In  the  remain-  cent  more  commodities  than  we  are  doing  today.  We  are 
ing  groups  the  December  price  level  was  higher  than  probably  not  producing  more  than  GO  or  70  per  cent  of  our 
that  of  a  year  ago,  ranging  from  5  per  cent  in  the  case  of  capacity:  that  is,  if  we  could  synchronize  all  national  effort 
chemicals  and  drugs  to  over  30  per  cent  in  the  case  of  fuel  _—--^^^^^^^  ^^  ^^^^^^^  delivered  Feb.  14  betore  the  American  En- 
and  lighting.  All  commodities,  taken  in  the  aggregate,  were  gineering  Council's  Executlvt;  Board  and  Convention  of  Engineers 
over  20%  per  cent   cheaper  than   in   December,   1919.  at  Syracuse.  N.  Y. 
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lo  iiia.xiniutu  pioduclion,  we  coiiid  produce  30  or  10  per  cent 
more  commodities  and  service.  Our  national  machine  is 
today  doing  worse  than  usual,  as  witness  the  3,000,000  idle 
men  walking  our  streets.  One  part  of  the  human  measure 
of  this  shortage  in  production  is  the  lack  oC  necessities  or 
comforts  to  them  and  their  families,  and  their  anxieties  as 
to  the  future. 

No  one  will  ever  suppose  that  it  is  ever  possible  to  bring 
national  productivity  uj)  to  the  full  100,  but  the  whole  basis 
of  national  progress,  of  an  Increased  standard  of  living,  of 
better  human  relations,  indeed  of  the  advancement  of  civili- 
zation, depends  upon  the  continuous  improvement  in  pro- 
ductivity. While  we  currently  assume  that  great  advances 
in  living  standards  are  brought  about  by  new  and  basic 
invention,  yet  in  fact  even  a  greater  field  of  increasing  stand- 
ards lies  in  the  steady  elimination  of  these  wastes.  The 
primary  duty  of  organized  society  is  to  enlarge  the  lives  and 
increase  the  standards  of  living  of  all  the  people — not  of  any 
special  class  whatever.  We  are  therefore  proposing  to  make 
a  preliminary  examination  of  the  volume  of  waste  in  cer- 
tain industries  to  determine  the  proportions  that  lie  in  each 
field  of  fault.  And  no  engineering  report  is  worth  the  paper 
it  is  written  upon  without  constructive  suggestions  in 
remedy. 

No  Such  Thing  as  National  Over  Production. — There  is  oft- 
limes  a  superficial  dismissal  of  this  subject  of  maximum  pro- 
duction on  the  assumption  that  there  are  positive  limits  in 
production  due  to  over-supply.  Such  assumption  has  no 
proper  foundation  in  the  broad  view  of  industry  as  a  whole. 
Too  much  economic  thought  on  production  has  delimited 
its  boundaries  by  the  immediate  volume  of  demand  of  a 
given  commodity.  There  is  no  such  thing  as  the  nation 
over  producing,  if  it  produces  the  right  commodities.  The 
commodities  or  services  produced  by  the  whole  nation  are 
capable  of  absorption  by  the  whole  nation  if  they  are  of 
the  right  character.  In  other  words,  if  we  could  attune  the 
whole  industrial  machine  to  the  highest  pitch,  agriculture 
as  well  as  manufacture,  an  increasing  production  would 
mean  a  directly  increasing  standard  of  living.  When  10 
men  or  100.000.000  men  divide  their  united  output,  they  can 
ty  doubling  their  output  have  twice  the  amount  to  divide. 
The  problem  in  doubling  output  is  to  direct  it  to  commodi- 
ties or  services  that  they  can  use.  There  is  no  limit  to  the 
increase  of  living  standards  except  the  limitations  of  human 
strain,  scientific  discovery,  mechanical  invention  and  nat- 
ural resources. 

It  is  true  enough  that  any  particular  commodity  or  service 
tan  be  over-produced,  for  each  will  reach  a  saturation  point 
in  demand  when  all  the  members  of  the  community  have 
been  supplied.  The  absorption  of  increased  productivity  lies 
in  the  conversion  of  luxuries  of  today  into  necessities  of 
tomorrow,  and  to  spread  these  through  the  whole  population 
by  stimulation  of  habit  and  education.  Wheat  bread,  rail- 
ways, good  roads,  electricity,  telephones,  telegraphs,  auto- 
mobiles and  movies  were  once  luxuries.  They  are  still  lux- 
uries to  some  parts  of  the  population. 

It  is  but  a  corollary  that  certain  commodities  can  better  be 
produced  for  exchange  for  commodities  from  outside  our  boun- 
daries of  more  appropriate  character  to  our  needs.  Today  we 
have  capacity  for  production  of  some  commodities  not  only  in 
excess  of  our  home  need,  but  even  beyond  export  demand 
under  present  financial  conditions.  As  a  matter  of  practical 
remedy,  we  must  either  reorganize  these  financial  relations 
or  alternately  abandon  some  part  of  this  kind  of  produc- 
tion and  turn  our  idle  men  to  making  things  of  which  we 
.ire  not  yet  fully  supplied. 

To  put  the  matter  in  another  way,  there  is  no  limit  to 
consumption  except  the  total  capacity  to  produce,  provided 
the  surplus  of  productive  power  is  constantly  shifted  to  new 
articles  from  those  that  have  reached  the  saturation  point 
of  demand.  For  instance,  we  have  the  productive  capacity 
wasted  today  that  would  improve  the  housing  conditions  of 
'our  entire  people  to  the  level  that  perhaps  only  50  per  cent 
of  them  enjoy — and  at  the  same  time  not  entrench  upon 
our  established  necessities.  I  am  not  suggesting  that  the 
forces  of  production  can  be  shitted  by  imperial  direction. 
The  practical  thing  that  can  be  done  is  to  eliminate  some 
of  the  wastes  and  misfits  in  our  production,  and  depend  upon 
the  normal  processes  of  business  and  human  desires  to 
absorb  them. 

Periods  of  Slack  Production  Cause  of  Greatest  Waste. — 
The  largest  area  of  waste  lies  in  the  large  periods  of  slack 


pioducticn  and  uiu-ni|)loyiiient,  due  to  the  ebb  and  flow  of 
economic  tides  between  booms  and  slumps.  The  ideal  would 
be  steadily  increasing  production— an  ideal  of  no  likelihood 
of  exact  realization  because  of  inability  to  ever  gage  the 
advance  in  growth  consumption  or  the  approach  of  satura- 
tion. On  the  other  hand,  there  are  certain  possibilities  of 
stabilization  wortii  oonsideiration.  For  instance,  we  can 
classify  labor  into  that  engaged  in  production  and  service 
from  this  equipment.  Our  studies  of  industries  as  a  whole 
siiow  that  we  usually  expend  our  equipment  just  at  the 
periods  of  maximum  demand  for  their  products  instead  of 
doing  our  plant  oxpaiision  during  periods  of  slack  consump- 
tion. We  thus  make  double  demands  on  labor  and  we  doubly 
increase  unemployment  in  periods  of  reduced  consumption. 
That  is  indeed  one  of  the  factors  in  our  great  unemployment 
today.  Everyone  knows  that  for  our  normal  productivity, 
our  transportation  facilities  are  today  inadequate.  We  know 
that  we  are  insufficiently  housed,  insufficiently  equipped  in 
our  public  roads  and  our  public  utilities:  that  we  need  an 
entire  revision  of  our  jiower  supply,  that  we  need  expansion 
of  our  waterways  and  yet  armies  of  idle  men  are  walking 
the  streets.  The  reasons  why  this  occurs  are  not  far  to  seeVc, 
in  that  it  is  at  times  of  high  productivity  that  capital  is 
most  easily  obtained.  It  is  then  that  the  necessity  of  increased 
equipment  most  impresses  men's  minds  and  it  is  the  high 
hopes  of  these  periods  that  lead  then  into  the  adventure  of 
expansion.  Nor  is  it  possible  to  expect  that  all  industry 
could  be  so  stabilized  as  to  do  its  capital  construction  in 
periods  of  depression  in  commodity  demand.  Nevertheless 
there  are  some  industries  that  could,  by  co-operation  of  thf- 
.government  and  co-operation  amongst  themselves,  be  led  in 
this  direction.  More  particularly  does  this  apply  to  railways, 
telephones,  telegraphs,  power  supplies  and  other  pubUc  utili- 
ties, and  to  the  expenditure  upon  our  state,  municipal  and 
national  public  works. 

Another  variety  of  intermittent  employment,  and  thus  great 
waste,  lies  in  certain  industries  now  operating  upon  an 
unnecessarily  wide  seasonal  fluctuation,  as  for  instance  the 
tntuminous  coal  industry.  This  is  today  one  of  our  worst 
functioning  industries.  These  mines  operate  seasonally  and 
erratically.  They  proceed  from  gluts  to  famines,  from  profi- 
teering to  bankruptcy.  As  already  determined  by  our  engi- 
neering bodies,  the  men  who  mine  our  coal  find  work  only 
70  per  cent  of  tlieir  time.  In  other  words,  there  are  30  per 
cent  more  equipment.  30  per  cent  more  men,  attached  to 
this  industry  than  are  necessary  if  it  were  stabilized  to  con- 
tinous  operation.  The  mining  engineers  have  already  pointed 
out  the  directions  in  which  remedy  lies,  through  storage, 
through  railway  rata  differentials  and  other  remedies. 
Through  constructive  action,  an  army  of  men  could  be 
released  from  this  industry  of  necessity  to  convert  some  lux 
ui-y  into  a  necessity  of  tomorrow.  This  is  no  plan  to  con 
trol  prices  or  profits,  although  through)  it  both  the  producer 
and  consumer  in  coal  could  be  placed  upon  a  sounder  basis 
than  today.  The  interest  of  the  consumer  and  producer  is, 
however,  even  less  important  than  relief  from  the  intermit- 
tent employment  and  unemployment  within  this  industry 
that  today  brings  a  train  of  indefinite  human  misery  and 
some   of  our  lowest  standards  of  living. 

Labor  Trubles  and  Waste  in  Productivity. — The  second 
largest  area  of  waste  in  productivity  is  the  eternal  amount 
of  labor  friction,  strikes  and  lockouts.  The  varied  social  and 
economic  forces  involved  in  this  problem  needs  no  repetition 
here.  Fundamentally  this  is  not  alone  a  struggle  for  divi- 
sion of  the  results  of  production  between  capital  and  labor, 
but  there  is  also  a  loss  greater  from  strikes  and  lockouts  in 
the  element  of  purely  human  friction  and  loss  outside  the 
■nrea  of  dispute  on  wages  and  hours.  The  growth  of  industrj- 
into  large  units  has  destroyed  the  old  mutuality  of  interest 
between  employe  and  employer.  Our  repetitive  processes 
1  ave  tended  to  destroy  the  creative  instinct  and  interest  in 
employes;  at  times  their  efforts  sink  to  low  levels  indeed. 
We  will  yet  have  to  reorganize  the  whole  employment  rela- 
tionship to  find  its  solution.  There  is  great  promise  in  this 
field  during  the  past  two  years,  an  dthe  progress  in  this  mat- 
ter is  one  of  the  subjects  under  our  inquiry. 

Yet  another  variety  of  loss  lies  in  the  unnecessarily  faulty 
distribution  of  our  labor  supply  due  to  seasonal  and  to  shift- 
ing demands.  An  adequate  national  employment  service  is 
indeed  the  first  need  to  reduction  of  those  wastes. 

Standardization  of  Basic  Products  and  Tools. — Probably 
the  next   laisest   fraction   of   waste  in   productivity   lies   in   ;i 
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too  high  degree  of  individualism  in  certain  basic  products 
and  tools.  In  other  words,  a  standardization  of  certain 
national  luensils  makes  for  economy  in  distribution,  in  opera- 
tion and  in  repairs.  The  necessity  of  maximum  production 
during  the  war  opened  a  great  vista  of  possibilities  in  this 
direction.  Such  standardization  as  car  couplings,  or  wheels, 
and  cars  generally,  represent  real  progi-ess  in  this  direction. 
These  possibilities  lie  in  a  hundred  directions.  There  arc 
all  sorts  of  cases  from  sizes  of  chains  to  the  size  of  auto- 
mobile wheels.  Today  dozens  of  different  sizes  are  placed 
in  the  market  by  manufacturers  and  entail  not  only  special 
equipment  and  skill  to  produce  these  many  varieties,  but 
also  great  stocks  are  required  in  distribution  and  losses  are 
entailed  due  to  lack  of  interchangeability.  It  is  certain  that 
there  are  a  great  many  articles  of  every  day  use  in  which 
the  manufacturer  would  indeed  be  glad  to  undertake  some 
co-operation  in  standardization,  from  which  the  saving  in 
national  effort  would  be  interpreted  not  into  millions  but 
into  billions  of  dollars.  This  does  not  mean  that  we  stamp 
the  individuality  out  of  manufacture  or  invention  or  decora- 
tion;  it  means  basic  sizes  to  common  and  every  day  things. 

Another  type  of  waste  lies  in  our  failure  to  advance  our 
industrial  equipment.  The  Super-Power  Board  will  demon- 
strate the  saving  of  25,000,000  to  50,000,000  tons  of  coal 
annually  by  the  electrification  of  our  eastern  power  supply. 
The  St.  Lawrence  Waterway  Commission  will  demonstrate 
I  he  saving  of  5  to  10  ct.  a  bushel  to  the  farmers  of  15  states 
by  unlocking  the  lakes  to  ocean-going  vessels.  Nor  will  this 
added  efficiency  to  our  national  transport  injure  our  present 
systems  of  canals  and  waterways,  for  we  have  ever  found 
that  the  prosperity  of  an  industry  blesses  them  all. 

Nor  do  we  believe  it  is  necessary  to  effect  those  things 
by  the  government.  The  spirit  of  co-operation  that  has  been 
growing  in  our  country  during  the  last  30  years  has  already 
solved  many  things;  it  has  standardized  some  things  and  is 
ripe  for  initiative  toward  co-operation  of  a  widespread  char- 
acter. The  leadership  of  our  Federal  government  in  bring- 
ing together  the  forces  is  needed.  No  greater  field  of  service 
exists  than  the  stimulation  of  such  co-operation.  The  first 
rtep  is  sane  analysis  of  weakness  and  sober  proposal  of  rem- 
edy. If  the  facts  can  be  established  to  an  intelligent  people 
such  as  ours,  action  is  certain  even  if  it  be  slow.  Our  engi- 
neers are  in  unique  position  for  this  service,  and  it  is  your 
obligation  to  carry  it  forward 


Effect  of  Varying  the  Number  of  Plies  in 
Plywood 

In  making  up  plywood  for  a  particular  use  the  question  fre- 
quently arises:  Should  three  plies  or  more  than  three  be  used 
>o  obtain  the  required  thickness?  Some  data  from  tests  by 
the  U.  S.  Forest  Products  Laboratory  may  be  of  assistance  in 
answering  this  question. 

An  increase  in  the  number  of  plies  results  in  a  decrease  in 
the  tensile  and  bending  strength  parallel  to  the  grain  of  the 
faces  and  an  increase  in  the  corresponding  strength  at  right 
angles  to  the  grain  of  the  faces. 

If  the  same  bending  or  tensile  strength  is  desired  in  two 
directions,  parallel  and  perpendicular  to  the  grain  of  the 
faces,  the  greater  the  number  of  plies  the  more  nearly  the 
desired  result  is  obtained.  It  must  be  borne  in  mind,  how- 
ever, that  plywood  with  a  large  number  of  plies,  while 
stronger  at  right  angles  to  the  grain  of  the  faces,  can  not  be 
so  strong  parallel  to  the  grain  of  the  faces  as  three-ply  wood, 
and  hence  a  three-ply  panel  is  preferable  where  greater 
strength  is  desired  in  one  direction  than  in  the  other. 

Where  great  resistance  to  splitting  is  necessary,  as  in  ply- 
wood that  is  fastened  along  the  edges  with  screws  and  bolts 
f-nd  is  subjected  to  forces  through  the  fastenings,  a  large 
number  of  plies  affords  a  better  fastening. 

It  is  common  experience  that  a  glued  joint  is  more  likely  to 
fail  when  thick  laminations  are  glued  with  the  grain  crossed 
than  when  thin  laminations  are  glued.  The  same  weakness 
exists  in  plywood  when  thick  plies  are  glued  together.  When 
plywood  is  subject  to  moisture  changes,  stresses  in  the  glued 
joint  due  to  shrinkage  are  greater  for  the  thick  plies  than  for 
the  thin  plies.  Hence  in  plywood  constructed  with  many  thin 
plies  the  glued  joints  will  not  be  so  likely  to  fail  as  in  ply- 
wood constructed  with  a  smaller  number  of  thick  plies. 


Shrinkage  of  Portland  Cement  Mor 

tars  and  Its  Importance  in 

Stucco  Construction 

A  brief  summary  of  the  more  important  results  of  an  investga- 
tion  of  the  causes  of  shrinkage  in  Portland  cement  mortars  and 
its  relation  to  stucco  finishes  was  given  by  Mr.  J.  C.  Pearson 
of  the  tJ.  S.  Bureau  of  Standards  in  a  paper  presented  Feb.  16 
at  the  17th  annual  convention  of  the  American  Concrete  In- 
stitute. Precise  measurements  on  nearly  200  mortar  slabs 
were  obtained  during  the  investigation.  The  following  ab- 
stract of  Mr.  Pearson's  paper  is  taken  from  a  preprint  of  the 
(opyrighted  proceedings  of  the  Institute. 

Details  of  Comparator. — In  planning  the  laboratory  work 
we  were  influenced  by  the  impression  that  some  of  the  so- 
called  crazing  and  map  cracking  might  be  dependent  upon  the 
behavior  of  the  coatings  during  the  first  24  hours  after  their 
application.  It,  therefore,  seemed  desirable  to  devise  some 
means  of  measuring  the  volume  changes  that  might  occur 
before  and  during  the  set  of  the  various  mixtures,  as  well  as 
afterward.  The  ordinary  strain  gage  was  obviously  unsuited 
lor  these  earlier  measurements,  and  the  first  efforts  were  ac- 
cordingly devoted  to  the  design  and  construction  of  a  special 
comparator.  This  consists  essentially  of  two  microscopes 
mounted  vertically  20  in.  part  on  the  ends  of  a  horizontal 
steel  shaft  in  such  a  manner  that  the  carriage  of  the  instru- 
ment spans  the  specimen  under  observation  and  allows  the 
cross  hairs  to  be  focused  on  plugs  embedded  therein.  When 
the  setting  has  been  made,  the  horizontal  shaft  is  rotated 
through  an  angle  of  45°,  bringing  the  microscopes  to  bear 
upon  a  graduated  invar  steel  meter  bar,  whereupon  the  dis- 
tance between  the  marks  is  reatl  directly.  In  the  hands  of 
an  experienced  operator,  an  accuracy  of  0.005  mm.  in  setting 
and  reading  is  readily  attained  with  the  apparatus. 

In  the  beginning  of  our  studies  upon  mortars  we  were  un- 
der the  impression  that  the  shrinkage  curves  of  the  various 
mixtures  under  given  conditions  would  be  more  or  less  char- 
acteristic of  those  mixtures.  We  anticipated,  of  course,  that 
temperature  and  humidity  would  affect  the  results  to  some 
extent,  but  as  it  was  not  feasible  to  control  both  these  fac- 
tors without  special  installations  of  expensive  equipment, 
we  hoped  that  repetitions  of  the  observations  on  similar  speci- 
mens on  different  days  would  at  least  indicate  the  importance 
of  (hese  factors  and  show  whether  or  not  their  control  would 
b."^  nececsary. 

Test  Pieces  Used. — In  order  to  insure  that  the  mortar  speci- 
mens were  as  free  from  restraint  as  possible,  simple  box 
forms  were  selected.  These  were  of  such  shape  and  size  as 
to  allow  the  mortar  to  be  cast  in  1x4x24  in.  slabs.  These 
forms  were  first  well  coated  with  shellac,  and  just  previous 
to  use  were  lined  with  heavily  vaselined  sheets  of  paper.  In 
this  manner  they  were  made  practically  water-tight  and  ot- 
tered a  minimum  of  resistance  to  the  free  movements  of  the 
slabs. 

Two  pairs  of  glass  plugs  were  set  50  cm.  apart  in  the  slabs 
immediately  after  the  forms  were  filled,  and  the  latter  were 
then  transferred  to  a  position;  directly  under  the  track  upon 
which  the  comparator  was  mounted.  Observations  could 
thus  be  started  within  a  few  minutes  after  mixing  and  plac- 
ing the  mortar  in  the  forms,  and  readings  could  be  taken 
as  frequeuntly  as  desired  thereafter  without  disturbing  the 
freshly  molded  specimens.  Each  observation  consisted  of  in- 
dependent readings  on  the  two  pairs  of  plugs,  and  it  was 
found  that  the  volume  changes  which  occurred  between  suc- 
cessive observations,  as  determined  by  the  two  sets  of  read- 
ings, agreed  within  0.01  mm.,  that  is,  within  0.002  of  1  per 
cent  of  the  nominal  distance  between  the  plugs.  This  very 
close  agreement  was  not  always  attained  in  the  earlier  read- 
ings, for  there  was  evidence  of  slight  irregular  movements  of 
the  plugs  before  final  set  of  the  mortars  occurred.  These 
discrepancies  were  small,  however,  in  comparison  with  the 
magnitude  of  the  volume  changes  which  generally  occurred 
during  this  period. 

A  considerable  portion  of  the  work  was  confined  to  meas- 
urements on  slabs  of  1:3  Potomac  River  sand  mortar,  this 
being  selected  as  a  typical  stucco  mixture.  In  order  to  de- 
termine the  behavior  of  these  slabs  as  affected  by  uncon- 
trolled factors,  specimens  were  made  to  the  same  consistency 
with  the  same  amount  of  water  from  time  to  time  during  the 
spring  and  summer  of  191fl.     The  range  of  results  obtained 
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Irom  iho  Initial  nieasureinents  on  these  slabs  is  shown  in 
Fig.  1.  In  this  diagram  the  upper  and  lower  curves  define  a 
zone  of  variations  which  may  occur,  particularly  during  the 
first  2'i  hours,  under  tlie  conditions  of  the  tests.  The  curves 
for  tho  different  slabs  may  lie  anywhere  in  this  zone,  but  as 
a  rule  they  have  the  same  general  sweep  as  the  limiting 
curves.  The  average  typical  behavior  is  represented  by  the 
smooth  curve,  which  shows  the  characteristic  initial  expan- 
sion, followed  by  continuous  shrinkage. 

Difference    in    Manipulation. — These    initial   variations     be- 
iwiiti    exactly   siiiiihu    slabs   were   diflicult   to  explain.     They 
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Aqe  of  Specimens  in  Hours 

rig.    l~lnitial    Volume   Changes    of    1:3    Potomac    Sand    Mortars    in 
Water-light  Forms.    Normal  Plastering   Consistency,  15%  Water. 

could  not  be  satisfactorily  accounted  for  by  variations  In 
temperature  or  humidity,  although  it  was  demonstrated  that 
high  humidity  and  low-  temperatures  were  favorable  to  initial 
expansion  and  low  humidity  and  high  temperatures  were 
favorable  to  immediate  or  early  contraction.  After  consider- 
able experience  it  was  found  that  differences  in  manipulation 
were  the  chief  causes  of  initial  variations  in  similar  mortars. 
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Fig.  2 — Shrinkage  Curves  of  Mortars  Laid  on  Non. Absorptive  Bases. 

any  excess  of  puddling  or  troweling  in  placing  the  mortar  In 
the  forms  (which  would,  of  course,  tend  to  bring  water  to 
the  surface)  promoting  rapid  and  pronounced  expansion, 
whereas,  any  method  of  placing  that  avoided  bringing  an  ex- 
cess of  moisture  to  the  top  usually  resulted  in  early  con- 
traction. 

The  results  shown  in  Fig.  1  were  obtained  from  mortars  of 
thp  ;amo  proportions  and  mixed  with  the  same  percentage  ot 


water.  The  initial  variations  observed  on  a  wide  variety 
of  mixtures  were  far  more  impressive.  Such  results  were 
at  the  time  incomprehensjl)le — there  seemed  to  be  little  or  no 
relation  between  the  magnitude  ot  the  volume  changes  and 
the  i)roportions  of  the  various  mixtures.  The  amount  ot 
shrinkage  observed  in  the  case  of  certain  mixtures  was  such 
that,  if  those  mixtures  wen-  applied  to  walls  as  stucco  coat- 
ings, and  there  behaved  as  they  were  doing  in  these  tests. 
consi)icuous  and  extensive  cracking  would  have  to  occur 
within  a  few  hours.  The  fact  that  this  does  not  usually  hap- 
pen in  actual  practice  led  eventually  to  the  conclusion  that 
the  method  of  conducting  the  tests  imvolved  extraneous  fac- 
tors and  that  a  closer  approach  to  practical  conditions  woukl 
be  necessary. 

For  tlie  first  two  or  three  hours  while  the  mortars  are  still 
plastic,  either  moderate  expansion  or  moderate  contraction 
can  occur,  depending  on  conditions  not  controlled  in  these 
tests,  but  which  we  now  believe  can  be  controlled.  Then  at  a 
time  corresponding  roughly  to  what  we  call  Initial  set  there 
is  a  tendency  for  pronounced  contraction  to  occur,  which 
generally  shows  up  when  the  mortars  are  8  to  10  hours  old; 
that  is.  when  the  so-called  final  set  is  approaching.  Finally 
from  12  to  24  hours  there  follows  a  period  of  comparative 
i|uiet  in  which  slight  shrinkage  takes  place.  In  other  words, 
under  the  conditions  of  these  tests  large  and  apparently 
erratic  volume  changes  may  occur  while  the  mortars  are 
still   plastic,  and   then,   whatever  be  the  total  of  these   first 
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changes,  after  the  mortars  become  rigid  gradual  and  stead? 
shrinkage  is  observed.  As  will  be  shown  in  the  following 
diagrams,  these  later  changes  seem  largely  independent  of 
the  changes  that  occur  during  the  first  24  hours,  even  though 
the  latter  in  some  cases  differ  w'ldely. 

Shrinkage  Curves  for  Mortars. — Figures  2  and  3  show  va- 
lious  shrinkage  curves  for  a  number  of  stucco  mortars.  These 
curves  are  plotted  to  logarithmic  scale  in  order  to  bring  out 
the  early  erratic  movements  of  the  mortars,  and  at  the  same 
time  to  show  the  long  continued  shrinkage  which  persists  for 
many  months.  Each  diagram  contains  curves  obtained  from 
two  or  three  identical  specimens  made  on  different  dates. 
The  divergence  of  the  curves  in  each  diagram  depends  ver>- 
largely  on  the  accidental  volume  changes  which  occurred 
during  the  first  24  hours,  and  it  is  evident  that  if  the  starting 
points  of  the  curves  were  transferred  to  the  24-hour  period 
(indicated  by  the  dotted  vertical  lines)  the  curves  for  similar 
specimens  would  generally  be  in  very  fair  agreement. 

The  study  of  these  and  similar  curves  led  to  a  helpful  point 
of  view-  from  which  we  regard  the  volume  changes  as  occur- 
ring in  two  phases,  the  first  phase  covering  the  interval  in 
which  the  mortars  are  plastic,  the  second  when  the  mortars 
are  rigid.  The  first  phase  is  generally  complete  at  about  12 
hours,  but  since  in  practically  all  cases  the  changes  from  12 
to  24  hours  are  insignificant,  the  dividing  line  may  advan- 
tageously be  taken  at  24  hours.  It  has  been  shown  that  the 
volume  changes  occurring  in  the  second  phase  are  apparently 
independent  of  those  occurring  in  the  first  phase,  and  the 
problem  can  therefore  be  simplified  by  dividing  it  into  two 
parts,  each  of  which  can  be  studied  independently. 

It  was  stated  in  a  preceding  paragraph  that  the  volume 
changes  observed  in  the  first  phase  were  in  many  instances 
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too  large  to  be  considered  representative  of  what  actually 
happens  in  the  case  of  applied  stucco  coatings.  It  was  con- 
cluded that  the  chief  difference  between  the  conditions  of  the 
tests  and  the  conditions  encountered  in  practice  was  involved 
in  the  use  of  water-tight  forms,  which  permitted  loss  of  water 
only  by  evaporation,  whereas  in  the  application  of  stucco 
water  is  lost  not  only  by  evaporation,  but  also  by  the  absorp- 
tion of  the  base  or  the  undercoats.  This  idea  led  to  the  sub- 
.stitution  of  plaster  of  paris  slabs  for  the  wooden  bases  of  the 
forms.  When  these  plaster  bases  are  dry  their  absorption  is 
higli.  and  this  absorption  can  be  controlled  by  wetting  them 
with,  measured  quantities  of  water  prior  to  filling  the  forms 
with  mortar.  Without  going  into  too  much  detail,  it  was 
established  that  this  absorption  or  "suction"  as  the  plasterers 
call  it,  had  a  very  great  effect  upon  the  time  of  set  or  stiffen- 
ing of  the  mortars.  If  mortar  was  placed  in  a  form  with  a 
dry  base,  set  occurred  almost  before  the  plugs  could  be  placed 
in  position  and  the  initial  readings  taken.  Slight  wetting  of 
the  plaster  bases  deferred  this  set  until  the  early  readings 
were  taken,  say  from  15  to  20  minutes,  and  heavier  wetting 
deferred  the  set  still  longer. 

A  considerable  number  of  specimens  of  different  propor- 
tions were  made  in  forms  of  this  type,  some  on  dry  bases, 
some  on  saturated  bases,  and  some  on  damp  or  partly  sat- 
urated bases.  Finally  on  the  advice  of  J.  J.  Earley  a  certain 
optimum  condition  of  absorption  in  the  plaster  bases  was 
selected  as  yielding  a  time  of  set  for  the  mortars  comparable 
with  that  which  is  recognized  as  best  adapted  to  good  re- 
sults in  stucco  application.  This  arbitrary  condition  was 
such  as  to  produce  a  stiff  set  of  the  mortars  within  30  to  60 
minutes  after  placing  in  the  forms,  but  owing  to  the  fact  that 
its  adoption  as  a  criterion  of  a  properly  wetted  base  or  un- 
dercoat did  not  come  until  rather  late  in  the  investigation,  the 
observations  made  under  this  condition  are  comparatively 
few. 

Initial  Volume  Changes. — A  most  important  result  was  ob- 
tained in  the  experiments  with  these  absorptive  forms.  Up 
to  the  point  where  setting  of  the  mortars  occurred  within  one 
hour  the  initial  volume  changes,  which  had  been  so  marked 
in  the  earlier  experiments,  were  very  greatly  reduced  in  prac- 
tically all  cases.  Fig.  4  shows  the  extreme  initial  volume 
changes  observed  in  the  case  of  1:3  mortars  cast  in  forms 
with  dry  or  partially  wet  bases.  The  very  great  majority  of 
curves  run  close  to  the  zero  line,  the  maximum  observed  in 
the  first  24  hours  being  less  than  .02  of  1  per  cent.  The 
effect  of  the  absorption  in  reducing  these  initial  movements 
may  be  best  seen  by  comparing  Fig.  4  with  Fig.  1,  all  curves 
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-Initial  Volume  Changes  of  1:3  Mortars  in   Absorptive   Forms, 
Normal    Plastering    Consistency. 


of  which  were  obtained   from   1:3  mortars  mixed   to  normal 
plastering  consistency. 

Even  more  striking  are  the  effects  of  the  absorptive  bases 
on  a  variety  of  mixtures,  as  shown  by  the  curves  in  Fig.  5. 
In  general  it  may  be  stated  that  when  1:3  or  leaner  mortars, 
that  is,  typical  stucco  mixtures,  were  cast  in  these  absorptive 
forms,  volume  changes  of  more  than  0.02  per  cent  during  the 
first  phase  were  the  exception  rather  than  the  rule.  It  might 
be  anticipated  that  the  early  behavior  of  mortars  cast  in 
forms  having  saturated  plaster  bases  would  be  somewhat 
similar  to  that  of  the  same  mortars  when  cast  in  water-tight 
forms,  since  in  both  these  cases  appreciable  loss  of  water 
could  occur  only  from  the  exposed  surface.  It  was  noted, 
however,  that  early  shrinkage  did  not  develop  when  the  sat- 
urated plaster  bases  were  used.  This  is  probably  to  be  ex- 
plained by  a  sort  of  reservoir  action  of  the  saturated  bases, 
whereby  the  loss  of  moisture  by  evaporation  from  the  exposed 


surface   is   partly  replaced   by   the   upward   flow   of  moisture 
from  the  bases. 

Volume  Changes  in  Second  Stage. — To  pass  on  now  to  a 
consideration  of  the  volume  changes  occurring  in  the  second 
phase,  that  is,  during  the  period  beginning  when  the  mortars 
Ere  24  hours  old,  Fig.  6  shows  two  zones  defined  by  two  pairs 
of  curves,  A,  B,  and  C.  D.  The  shrinkage  curves  obtained 
from  1:3  mortars  laid  on  dry  or  partially  wet  absorptive 
bases,  wherein  the  absorption  was  such  as  to  produce  stiff 
set  of  the  mortars  within  about  one  hour  after  placing,  lie 
within  the  zone  AB.  The  shrinkage  curves  obtained  from  1 : 3 
mortars  laid  on  saturated  bases,  wherein  the  time  of  set  of 
the  mortars  was  normal  and  similar  to  that  obtained  when 
water-tight  forms  were  used,  lie  within  the  zone  CD.  These 
results  indicate  a  very  marked  effect  of  the  condition  of  wet- 
ness of  the  base  on  which  the  mortar  is  laid  upon  the  total 
shrinkage  that  may  occur  during  the  second  phase.  It  is  seen 
that  the  effect  of  saturation  is  to  prevent  immediate  shrink- 
age, but  to  permit  a  much  greater  total  shrinkage  than  that 
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Fig.    5 — Initial    Volume    Changes   of    Various    Stucco.   Mortars   in 
Absorptive  Forms,   Normal   Plastering  Consistency. 

which  occurs  when  the  absorption  of  the  base  is  not  wholly 
destroyed. 

Experiments  on  other  mixtures,  while  less  numerous  than 
Those  on  the  1:3  mortars,  confirm  the  foregoing  results  and 
indicate  that  control  of  the  absorption  or  "suction"  of  the 
base  is  one  of  the  most  important  factors  governing  the 
shrinkage  tliat  occurs  after  the  mortars  have  set  and  hard- 
ened. Space  is  not  available  for  showing  the  curves  obtained 
from  a  number  of  stucco  mixtures  cast  in  absorptive  forms 
under  varying  conditions  of  absorption,  but  in  general  they 
show  the  same  relative  variations  that  are  shown  by  the  two 
zones  in  Fig.  6.  In  general  they  show  also  that  as  the  de- 
gree of  wetting  of  the  base  is  greater,  the  total  second  phase 
shrinkage  of  any  mortar  increases,  and  finally  when  the  base 
is  saturated,  the  total  second  phase  shrinkage  tends  to  ex- 
ceed that  which  occurs  when  non-absorptive  forms  are  used. 

These  studies  indicate  that  the  second  phase  volume 
changes  of  mortars  under  given  conditions  are  more  or  less 
characteristic,  and  as  a  matter  of  interest  some  of  the  quan- 
titative values  obtained  are  given  in  Table  I.  The  values  are 
averages  obtained  from  observations  when  the  mOrtars  were 
04  days  old.  and  are  expressed  in  decimals  of  1  per  cent  of 
the  length  of  the  specimens.  The  second  column  contains 
values  for  mortars  cast  in  water-tight  forms,  the  numbers  in 
parentheses  indicating  the  number  of  slabs  from  which  the 
averages  are  derived.  The  third  column  gives  corresponding 
shrinkage  values  obtained  when  the  mortars  were  cast  on 
dry  or  partly  wet  bases  wherein  the  absorption  was  such  as 
to  produce  a  stiff  set  within  about  one  hour  after  placing. 

In  connection  with  the  values  given  in  Table  I,  it  should 


T\BLE    I— SHRINKAGE   VALUES    OF   VARIOUS  -  MORTARS    AT 

THE  AGE  OF  64  D.VYS. 

Moriiars  mixed  to  normal  plasterins  consistency  and  stored    in  the 

laboratory.     Shrinkage   expressed    in    decimals  of   1    per  C(nt. 

On  dry  or 

.  damp 

absorptive 

ba.ses. 


On    non- 

a')Sorptive 

l>ases. 

\eat  cemt-nt  0-2^  '2) 

1  cement:  1  sand 0.123  (3) 

1   cement:  2  sand ■■■  O-ll*  'IS) 

1  cement:  3  sand 0.109  (6)   - 

1  cement:  4  sand.... •  •  •  •  0-094   (3) 

1  cement:  5  sand. : 0.086  (2) 

1  cement:  6  sand 0  0S4   (2) 

1  cement:  3  sand  -f  10%  hydrated  lime 0.014   (2) 

1  cement:  3  sand  +  5%  kieselguhr 0.110   (2) 

0.7.1  cement:  0.2.5  hydrated   lime:   3  sand.,  ft.nss   ^^^- 

0  75  cement:  0.125  kicselKUiir:   4   .siind 0.119  (21 

0.75  cement:  0.25  hydrated  lime:   4  sand..  0.078   (2) 

1  cement:  4  limestone    screening: 0.099  (3) 

1  cement:  4  crushed  gravel 0.067  (3) 

1  cement:  6  limestone  screenings 0.072  (2) 

1   cement:  6  crushed   gravel    O'.OBO  (2) 

1  blended  cement  (50c-5Os1:  3  sand 0.108  (2)    . 

1  cement:  3  coarse  sand  (No    8-No.  12)...  0.071  (5) 


0.067-O.lOS 
0.004-0.067 

o.or.n-o.osi 
o.ofio-o.o.<ft " 

0.054-0.063 


0.07" 
■0.068 


0.050-0.078 
0J)B8  ■    • 
0.036 

0.024    ■ 

0.055 

0.052-H.055 
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be  stated  that  the  effects  of  temperature  and  humidity  varia- 
tions have  been  disregarded.  Relatively  these  effects  are  not 
large,  but  probably  sufficient  to  eliminate  any  special  sig- 
nificance in  the  third  declmnl.  The  most  Important  feature 
of  the  table  Is  the  reduction  in  shrinkage  shown  for  the  mor- 
tar laid  on  absorptive  bases.  The  normal  shrinkage  is  thus 
reduced  on  the  average  from  25  to  50  per  cent  for  the  ma- 
jority of  the  stucco  mixtures.  In  general  the  figures  obtained 
for  the  different  mixtures  show  a  smaller  range  than  those 
with  which  we  are  familiar.  Thus  the  shrinkage  of  the  mor- 
tars In  the  first  group  do  not  differ  greatly  In  themselves, 
but  If  all  or  even  a  part  of  the  Initial  shrinkage  (occurring  in 
the  first  24  hours)  were  added  to  the  values  given  in  the 
table,  the  differences  between  the  rich  and  lean  mortars 
would  be  much  more  pronounced.  Figs.  2  and  3  show  clearly, 
however,  that  the  movements  occurring  In  the  first  phase  are 
not  characteristic  of  the  mortars,  but  depend  wholly  upon  the 
conditions  of  the  tests,  and  unless  all  the  conditions  affecting 
the  volume  changes  are  known,  such  as  the  nature  of  the 
forms,  the  consistencies  of  the  mortars,  the  conditions  of  ex- 
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Fig.  6 — A,  B;  Extreme  Shrinkage  Curves  Obtained  From  1  ;3  Mortars 

Laid  in  Absorptive  Bases.     C,  D:     Extreme  Shrinkage  Curves. 

Obtained  From  1:3  Mortars  Laid  in  Saturate  Bases. 

posure,  etc.,  the  figures  obtained  are  of  little  value.  Com- 
parison of  the  shrinkage  coefficients  for  the  limestone, 
crushed  gravel  and  sand  mortars  show  also  that  the  nature 
of  the  aggregate  Is  an  Important  factor,  and  further  analysis 
of  the  data  will  undoubtedly  offer  an  explanation  for  most  of 
these  differences. 

It  is  believed  that  these  studies  on  the  shrinkage  of  cement 
mortars  help  to  explain  the  development  of  cracks,  and  the 
extent  to  which  cracking  occurs,  in  stucco  finishes.  Further, 
they  also  Indicate  the  practical  methods  whereby  shrinkage 
of  stucco  coats  may  be  controlled,  at  least  within  certain  lim- 
its, and  Its  effects  minimized.  The  earlier  studies  of  mortars 
cast  In  water-tight  forms,  while  having  a  limited  application 
to  stucco  construction,  have  been  of  value  in  indicating  the 
all  Important  effect  of  moisture,  and  In  differentiating  be- 
tween the  shrinkage  that  may  occur  when  the  mortars  are 
plastic  and  when  they  are  rigid.  These  earlier  studies  also 
seem  to  Indicate  clearly  the  causes  of  the  observed  volumetric 
changes,  although  this  matter  has  not  been  specifically  re- 
ferred to  In  this  report. 

The  later  studies  of  mortars  laid  on  absorptive  bases  are 
of  particular  value  In  their  relation  to  stucco.  They  have 
called  attention  to  the  importance  of  "suction"  in  a  quantita- 
tive way  which  enables  us  to  review  the  old  notes  on  the 
stucco  test  panels  and  to  understand  In  a  general  way  why 
some  cracked  and  crazed  badly  and  why  others  are  in  excel- 
lent condition.  It  has  been  shown  that  the  control  of  suction 
or  absorption  is  the  most  vital  factor  in  the  control  of  shrink- 
age, both  In  the  plastic  and  in  the  hardened  mortars. 


Builciing  Exhibit  in  Belgium. — An  international  architec- 
tural and  building  exhibition  will  be  held  at  QJient  trom  April 
80  to  June  28. 


Arbitration  Agreement  of  San  Fran- 
cisco Building  Contractors 
and  Workers 

Industrial  peace  and  industrial  progress  In  San  Francisco 
have  been  reasonably  assured  by  a  pemianent  arbitration 
agreement  which  has  just  been  signed  by  the  San  Francisco 
Building  Trades  Council,  representing  the  workmen,  and  the 
San  Francisco  Builders  Exchange,  repesenting  the  employers 
engaged  In  the  building  trades. 

Under  this  agreement,  which  was  brought  about  through 
the  good  ofl[ices  of  the  Industrial  relations  committee  of  the 
San  Francisco  Chamber  of  Commerce,  the  building  con- 
tractors and  the  workmen  have  voluntarily  set  up  a  perma- 
nent Board  of  Arbitration  and  have  bound  themselves  to  sub- 
mit to  this  Board  of  Arbitration  for  final  decision  all  ques- 
tions Involving  wages,  hours  and  working  conditions. 

The  members  of  the  board  of  arbitration  are  the  Most 
Reverend  Edward  J.  Hanna,  Archbishop  of  San  Francisco; 
Max  C.  Sloss,  former  Justice  of  the  Supreme  Court  of  Cali- 
fornia, and  George  L.  Bell,  consultant  in  industrial  relations 
and  management. 

All  present  and  all  future  disputes  in  the  building  trades 
in  San  Francisco  will  be  submitted  to  this  arbitration  board 
for  adjudication,  and  its  findings  and  judgment  will  be  ac- 
cepted as  final  by  the  parties  to  the  agreement. 

The  arbitration  board  Is  non-partisan  in  character;  each 
of  the  three  members  being  held  to  represent.  Impartially, 
the  interests  of  all  parties  involved — including  the  employer, 
the  employee  and  the  general  public. 

Under  the  agreement  the  arbitration  board  is  given  the 
widest  latitude  in  the  matter  of  initiating  investigations  into 
all  conditions  affecting  the  building  trades,  and  is  empowered 
to  call  for  copies  of  contracts  or  agreements  touching  any 
phase  of  the  building  situation. 

The  hearings  held  by  the  board  will  be  public,  except  as 
the  board  may  decide  otherwise,  and  the  expenses  incurred 
by  the  board  in  its  work  are  to  be  borne  equally  by  the  parties 
to  the  agreement. 

The  agreement  in  full  is  as  follows: 

1.  In  the  matter  of  arbitration  between  the  Builders'  Exchange 
and  the  Building  Trades  Council,  we  hereby  accept  the  following 
three  arbitrators,  to-wit:  Archbishop  E.  J.  Hanna,  Max  C.  Sloss, 
ex-associate  justice  of  the  Supreme  Court  of  California,  and  George 
L,.  Bell,  consultant  in  industrial  relations  and  management. 

2.  It  is  understood  that  all  three  arbitrators  to  be  deemed 
impartial  arbitrators  of  all  controversies,  and  under  no  circum- 
stances is  any  one  of  them  to  be  considered  a  representative  on 
the  Board  of  Arbitration  of  either  of  the  contending  parties. 

•3.  It  is  agreed  that  this  board  shall  sit  as  a  continuing  Board 
of  Arbitration,  to  which  shall  be  submitted  all  disputes  as  to  hours, 
wages  and  working  conditions  in  building  trades  where  there  are 
no  disputes  now,  as  well  as  in  those  where  there  are,  when  and 
as  such  disputes  arise  between  the  signatory  parties,  and  that  the 
decisions  of  the  board  shall  be  accepted  as  final  and  carried  out 
b>'  all  parties.  This  step  is  taken  in  order  to  provide  a  permanent 
method  of  settling  amicably,  and  in  a  reasonable  manner.  lalx)r 
disputes  in  this  city  affecting  the  building  trades,  and  with  the 
hope  that  building  operations  henceforth  may  be  put  on  a  certain 
and  .stable  basis — a  result  which  will  be  of  advantage  to  the  work- 
ers, to  the  employers,  and  to  the  public. 

4.  It  is  agreed  also  that  the  Board  of  Arbitration  may  go  into 
all  questions  concerning  the  general  building  situation,  and  call 
upon  the  signatory  parties  for  information  and  copies  of  contracts 
or  agreements  concerning  any  phases  which  the  board  desires  to 
investigate. 

5.  It  is  further  agreed  that  the  Board  of  Arbitration  may  incur 
such  expense  as  it  deems  necessary  for  the  emplo}-ment  of  inves- 
tigators and  clerical  assistance,  and  that  the  entire  incurred  ex- 
pense by  the  board  will  be  shared  equally  by  the  signatory  parties. 

fi.  It  is  understood  that  all  hearings  of  the  Board  of  Arbitration 
are  to  be  conducted  as  public  sessions,  save,  and  except,  such 
special  hearings  as  in  the  Judgment  of  the  board  should  be  held 
in  executive  session. 

7.  It  is  understood  that  the  trades  in  which  there  are  now 
disputes  concerning  hours,  wages  and  working  conditions,  which 
disputes  will  be  immediately  Eubmitted  to  the  board,  are  as  follows: 
Panters,  giassworkers.  vamishers  and  polishers,  cement  finishers, 
cement  laborers,  hodcarriers,  tending  plasterers,  marble  rubbers, 
and  sawj'ers.  marble  finishers  and  polishers,  marble  masons,  marble 
masons'  hell>ers,  hoisting  and  portable  engineers,  roofers,  elevator 
constructors,  elevator  constructor.s'  helpers,  reinforced  ironworkers, 
team  and  auto  truck  drivers,  plasterers. 
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Instructions  to  Bridge  andlBuilding 
Inspectors 

The  standard  instructions  which  follow  have  been  in  suc- 
cessful use  by  the  Public  Service  Railway  of  New  Jersey 
for  a  number  of  years,  and  are  reprinted  in  full  from  an 
article  by  Howard  H.  George,  Engineer  Maintenance  of  Way, 
in  the  January  15  issue  of  Electric  Railway  Journal.  As 
explained  by  Mr.  George,  copies  of  the  instructions  are  given 
to  each  inspector  their  chief  function  being:  1.  To  afford 
complete  and  unquestioned  instruction  to  men  of  inadequate 
previous  experience.  2.  To  provide  all  inspectors  with  an 
authoritative  source  of  reference  for  use  whenever  neces- 
sary. 3.  To  secure  greater  uniformity  of  practice  through  a 
reduction  in  the  effect  of  the  personal  equation.  4.  To  save 
time  and  effort  of  the  engineer  or  architect  in  charge  in  In- 
structing his  force  and  maintaining  its  efficiency  of  operation. 
The  instructions  follow: 

Information    for    Building    and    Bridge    Inspectors. 
Carefully  study  all  plans,  elevations  or  other  drawings,  and 
also  all  specifications,  and  see  that  the  drawings  are  in  con- 
formity with  each  other  and  with  the  specifications. 

Check  all  figures  and  dimensions  on  plans  and  details; 
check  shop  details  as  they  are  received  to  see  that  they  do 
not  conflict  with  scale  drawings;  also  check  all  erection 
drawings  in  order  to  recommend  some  other  procedure  in  an 
emergency  should  the  necessity  occur;  also  see  that  the 
specifications  or  special  instructions  agree. 

Keep  on  the  work  in  an  accessible  location  special  copies 
of  all  drawings,  details  and  specifications,  and  carefully  note 
on  same  any  changes  from  the  original  plans,  so  as  to  keep 
a  complete  record  of  the  work  constructed. 

Familiarize  yourself  with  all  local  conditions  or  ordinances 
affecting  the  work  and  see  that  the  same  are  rigidly  ad- 
hered to. 

Make  the  acquaintance  of  and  keep  in  touch  with  the  gen- 
eral contractor  and  all  sub-contractors  or  other  principals 
engaged  on  the  work. 

Establish  diplomatic  relations  with  adjoining  property  own- 
ers or  residents,  and  see  that  all  their  rights  are  respected 
by  the  contractors. 

Acquaint  yourself  with  all  traffic  arrangements,  whether 
regular  or  special,  that  may  interfere  in  any  way  with  the 
progress  of  the  work. 

Secure  full  information  concerning  the  conditions  of  steel 
work  being  fabricated  in  the  mills  or  shops;  also  of  any 
other  materials  that  may  be  under  the  course  of  construction, 
and  ascertain  the  names  of  all  contractors  for  same,  date  of 
orders  and  the  probable  date  of  shipment,  and  if  necessary 
closely  follow  up  same  in  order  to  secure  proper  delivery. 

Should  any  incomplete  work  be  fabricated  that  will  need 
attention  and  correction  at  the  site  carefully  look  out  for  and 
see  that  all  corrections  are  made  before  same  is  incorporated 
in  the  structure. 

Material  Shortage  Can  Be  Prevented  by  Careful  Checking. 
Keep  a  record  of  the  arrival  of  all  materials.  The  con- 
tractor's record  should  be  sufficient,  if  suitable,  but  should 
be  carefully  checked.  Strive  to  anticipate  any  shortage  of 
material  and  use  all  available  facilities  to  hasten  delivery; 
also  arrange  for  the  proper  storage  of  same  on  the  site. 

Try  to  anticipate  the  need  of  detail  drawings  and  notify 
the  engineer  or  architect  regarding  same. 

Study  the  progress  of  the  work  and  try  to  detennine  wheth- 
er it  will  be  completed  in  the  specified  time,  and,  if  in  your 
opinion  it  will  not  be  finished  as  specified,  endeavor  to  se- 
cure such  additions  to  the  force  and  equipment  as  will  secure 
completion  within  the  allotted  time. 

See  that  the  company's  photogi-apher  is  kept  informed  as 
to  the  progress  of  the  work  and  that  "progress  photographs" 
are  taken  at  least  every  ten  days. 

Keep  a  daily  record  of  the  force  employed  and  the  distri- 
bution of  labor  in  such  a  manner  as  will  clearly  show  the 
progress  of  the  work,  and  also  of  all  equipment  in  use  at 
all  times. 

When  "unit  prices"  are  called  for  make  a  careful  report 
of  the  cost  of  all  material  and  labor  which  are  included  In 
same,  separating  the  two  items. 

Never    Interrupt    Service    Without    Notifying    Transportation 
Department. 
Where  necessary  to  interrupt  regular  car  service  see  that 
sufficient  notice  is  given  the  transportation  department.  Have 


full  preparations  made  beforehand,  so  that  such  interrup- 
tion shall  be  as  short  as  possible  and  will  occur  at  such  a 
time  as  will  least  interfere  with  normal  operation.  Make  a 
record  of  all  delays  to  operation  caused  by  such  work;  also 
see  that  proper  signals  are  displayed  for  the  protection  of 
cars. 

Keep  in  close  touch  with  the  office  and  designing  engi- 
neer or  architect  and  consult  with  them  frequently  as  to  the 
interpretation  of  all  drawings  or  specifications. 

Exercise  a  constant  supervision  of  any  sheath  piling, 
underpinning,  forms  for  concrete,  or  any  other  false  work 
or  temporary  structure,  and  see  that  same  are  properly  main- 
tained and  not  removed  until  all  masonry  is  set. 

Keep  careful  account  of  any  extra  work  in  order  to  be  able 
satisfactorily  to  explain  and  check  all  extras.  Keep  a  daily 
record  of  the  progress  of  the  work  in  a  separate  field  book 
for  each  job.  Note  the  same,  and,  if  any  disputes  arise,  their 
settlement;  also  note  variations,  if  any,  from  the  plans  or 
specifications.  At  the  completion  of  the  work  see  that  all 
plans  and  specifications  are  corrected  to  agree  with  the  work 
as  constructed  and  make  a  final  report  showing  costs  where 
required. 

Make  careful  preparations  so  that  erection  may  proceed 
rapidly  and  that  the  period  of  any  disturbance  or  delay  may 
be  reduced  to  a  minimum. 

See  that  all  piping  or  sleeves  for  same  are  built  through 
walls  and  that  all  other  piping,  conduits,  drains  or  ducts 
called  for  in  the  plans  are  placed  in  the  proper  position  and 
before  any  floors  are  laid  or  masonry  constructed;  also  see 
that  all  chases  or  recesses  are  left  in  walls  to  receive  pip- 
ing, etc. 

See  that  the  substructures  are  placed  and  constructed  in 
a  manner  that  will  conform  to  the  steel  plans. 

Where  piles  are  used  in  the  foundation,  the  inspector  shall 
see  that  they  are  properly  driven  and  that  they  are  cut  off 
at  the  correct  elevation. 

Proper  Shoring  Will  Prevent  Trouble  from  Shifting  Earth. 
Carefully  observe  all  surface  and  subsurface  conditions 
and  see  that  all  excavations  are  shored  or  sheet-piled  where 
necessary,  if  surface  drains  are  necessary  see  that  same 
are  installed  in  advance  of  masonry.  Be  sure  that  all  water- 
proofing is  thoroughly  jointed  and  lapped.  Do  not  allow 
back  filling  against  green  walls  unless  same  are  braced; 
also  see  that  all  back-fill  is  well  puddled. 

See  that  the  grades  of  pipes  are  uniform  and  properly  sup- 
ported, and  that  all  plumbing  work  conforms  with  the  require- 
ments of  the  local  authorities.  See  that  all  joints  are  care- 
f\illy  made  and  watertight. 

Where  concrete  is  required,  see  that  the  proper  propor- 
tions are  used  and  that  the  materials  are  up  to  the  specifica- 
tions. See  that  all  reinforcement  is  placed  in  its  proper  loca- 
tion and  held  in  such  a  manner  that  the  placing  of  the  con- 
crete will  not  disturb  it. 

Where  blasting  is  necessary  see  that  the  proper  protection 
and  warning  is  given  to  the  public  and  to  the  cars  operating 
in  the  danger  zone,  and  that  it  is  done  at  such  a  time  as  to 
cause  the  least  interference  with  operation.  The  charges 
are  to  be  so  regulated  and  covered  that  no  damage  will  result. 
See  that  all  machinery  and  boiler  foundations  are  built 
true  to  detail.  See  that  all  stone  or  terra  cotta  work  is  per- 
fect before  same  is  placed  in  the  work,  and  also  see  that 
all  brick  or  other  mason  work  is  laid  and  anchored  as  speci- 
fied. Be  careful  to  see  that  all  concrete  work,  whether  rein- 
forced or  otherwise,  is  constructed  as  specified  in  all  par- 
ticulars. 

See  that  all  furring  is  in  place  and  firmly  secured  before 
plaster  work  is  started,  and  that  sufficient  time  is  given 
between  coats,  and  that  a  proper  backing  is  prepared  for  all 
tile  and  marble  work. 

See  that  all  work  is  carefully  aligned  and  accurately  fitted. 
Clo.sely  watch  the  painting  of  all  work. 

Carefully  examine  all  work  before  same  in  installed.  See 
that  all  framing  is  accurately  made  and  anchored  and  that 
all  roughing  and  furring  is  built  in.  All  finished  work 
should  be  carefully  inspected  as  to  design,  finish,  etc.  If 
necessary  have  a  "mill  inspection"  made.  Trim  must  not 
be  applied  until  plastering  is  dry.  See  that  all  hardware  is 
properly  attached,  including  that  to  metal-covered  work. 
See  that  all  flashings  are  carefully  built  in. 
Be  constantly  on  hand  when  work  is  in  progress  and  note 
any  damage  to  the  metal,  failure  to  conform  to  the  specifica- 
tions, or  any  special  difficulty  in  assembling. 
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Make  sure  that  each  member  of  the  structure  is  placed  in 
its  proper  position.  If  match  marJcH  are  used  examine  them 
With  care.  Endeavor  to  have  the  several  members  assembled 
in  such  order  that  no  unsatisfactory  makeshifts  need  be 
resorted  to  in  getting  some  minor  member  in  place. 

Watch  carefully  the  use  of  fillers,  washers  and  threaded 
members  to  see  that  they  are  neither  omitted  nor  misused. 

Make  certain  that  all  parts  of  the  structure  are  properly 
aligned  and  that  the  required  camber  exists  before  riveting. 
It  is  possible  for  a  structure  to  be  badly  distorted  although 
the  rivet  holes  are  well  filled  with  bolts. 

Watch  the  heating  of  rivets  to  insure  against  overheat- 
ing and  to  make  sure  that  scale  is  removed. 

Examine  and  test  carefully  all  field-driven  rivets  and  have 
any  that  are  loose  or  imperfect  replaced. 

Have  cut  out  and  replaced  all  rivets  whether  shop-driven 
or  field-driven  that  may  be  loosened  during  erection  and 
riveting. 

Prevent  injury  to  metal  while  removing  rivets. 

A  careful  and  complete  record  in  detail  must  be  kept  of 
the  cost  of  all  alteration  or  repair  work  wherever  work  of 
this  nature  occurs  in  any  part  of  the  construction:  also  a 
detail  of  the  estimated  cost  to  reproduce  any  and  all  struc- 
tures that  may  be  torn  down,  removed,  of  otherwise  destroyed 
shall  be  kept,  and  a  report  in  full  sent  to  the  engineer  or 
architect  immediately. 

A  careful  check  should  be  kept  at  all  times  of  the  amount 
of  money  being  expended,  and  if  there  is  any  indication  of 
a  likelihood  of  the  amount  authorized  being  exceeded,  notice 
thereof  shall  be  given  the  engineer  or  architect  immediately. 


Difference  Between  Molds  and  Wood 
Destroyers 

Not  all  fungi  which  live  upon  wood  impair  its  strength,  but 
conditions  which  promote  the  growth  of  molds,  blue-stain 
fungus,  and  other  non-injurious  fungi  are  usually  favorable  to 
the  growth  of  the  wood  destroyers,  and  these  may  be  active 
on  the  same  wood  bearing  the  molds.  Hence,  the  presence 
of  mold  on  timbers  intended  for  any  structural  purpose  should 
cause  them  to  be  looked  on  with  suspicion. 

In  the  early  stages  of  their  growth  the  molds  and  the  wood- 
destroying  fungi  sometimes  have  a  very  similar  appearance, 
and  there  is  no  simple  means  known  to  the  XJ.  S.  Forest 
Products  Laboratory  by  which  lumbermen  and  wood  users  can 
separate  them  at  sight.  The  surface  growth  of  molds  is  gen- 
erally cottony  or  felty  in  appearance;  the  mycelium  or  flne 
mold  threads  are  interwoven,  never  compacted  into  mem- 
branous sheets  or  strands.  The  mycelium  of  wood  destroyers 
may  be  flufly  and  glistening,  but  more  u.^ually  are  compacted 
into  strands  or  fan-shaped  patches. 

The  characteristic  feature  of  mold  growth  on  wood  is  the 
fact  that  the  minute  threads  which  enter  the  wood  do  not 
bore  into  the  wood  fibers  or  dissolve  them  away.  They  pass 
through  the  spaces  between  the  fibers  or  enter  them  through 
the  natural  openings,  called  pits,  which  are  found  in  the  walls 
of  certain  cells.  Starches,  sugars,  and  other  contents  of 
wood  cells  constitute  the  food  of  the  molds. 

The  wood  destroying  fungi  are  able  to  send  their  threads 
right  through  the  wood  fibers,  breaking  down  the  cell  walls 
and  utilizing  portions  of  this  decomposed  material  as  food. 
This  action  very  markedly  weakens  the  wood,  making  It 
crumbly,  stringy,  or  spongj- — in  other  words,  producing  rot  or 
decay.  The  presence  of  wood-destroying  fungi  in  an  advanced 
stage  of  growth  is  evidenced  by  fruiting  bodies,  commonly 
called  mushrooms,  toadstools,  conchs,  or  brackets. 

The  principal  tconomic  loss  caused  by  molds  is  through 
the  staining  or  discoloration  of  the  wood.  No  greater  Injury 
may  be  caused  by  the  wood  destroyers  in  their  early  stages: 
but  their  work  will  continue  and  finally  result  in  the  destruc- 
tion of  the  wood  if  favorable  moisture  and  temperature  con- 
ditions prevail. 


Saving  Time  for  the  Boss. — And  incidentally  for  several 
others  of  the  oflRce  force  is  effected  by  one  business  concern, 
noted  for  its  efficiency,  through  a  telephone  signalling  sys- 
tem. If  a  department  head  wants  an  office  boy  he  moves 
hJs  telephone  hook  slowly  twice:  if  he  wants  a  telegraph 
messenger  he  lifts  the  hook  three  times.  The  telephone 
operator  executes  the  signalled  Instruction  by  sending  the 
proper  messenger,  and  the  executive  avoids  any  material 
interruption  of  his  work  and  saves  some  valuable  seconds. 


Effect  of  Repeated  Reversals  of  Stresses  in 
Double  Reinforced  Concrete  Beams 

When  the  United  States  was  called  upon  to  greatly 
increase  the  size  of  its  merchant  marine,  because  of  the  war 
emergency,  it  became  necessary  to  construct  vessels  in  the 
shortest  possible  time  and  from  various  classes  of  materials. 
It  was  considered  desirable  to  attempt  to  build  some  of  these 
vessels  from  reinforced  concrete.  In  order  to  build  a  con- 
crete ocean-going  vessel,  it  was  necessary  to  subject  the 
concrete  to  much  higher  stresses  than  are  considered  allov,- 
able  In  building  operations;  otherwise,  the  walls  of  the  ves- 
sel would  have  been  so  thick  that  its  carrying  capacity  would 
have  been  greatly  reduced  and  its  dead  weight  increased  to 
a  prohibitive  figure. 

In  connection  with  the  production  of  concrete  ships,  the 
U.  S.  Bureau  of  Standards  was  called  upon  by  the  Emergency 
Fleet  Corporation  to  make  a  complete  investigation  of  the 
effect  of  a  large  number  of  reversals  of  stresses  in  double 
reinforced  concrete  beams.  The  investigation  covered  a 
considerable  period  and  the  complete  results  have  only 
recently  been  published  for  general  circulation,  as  Tech- 
nologic Paper  No.  182  of  the  Bureau  of  Standards.  Copies  of 
the  paper  can  be  obtained  of  the  Superintendent  of  Docu- 
ments,  Washington.  D.   C,   at  15  ct.   each. 

The  paper  first  describes  the  nature  of  the  tests,  which 
were  designed  to  simulate  to  some  extent  the  effect  pro- 
duced upon  a  ship  by  the  action  of  the  waves.  These  cause 
an  alternate  upward  and  downward  deflection  of  the  mate- 
rial of  which  the  vessel  is  built;  this  action  being  known 
among  nautical  men  as  "hogging''  or  "sagging."  The  sam- 
ples used  for  the  test  were  concrete  beams  with  reinforce- 
ment both  in  the  top  and  bottom.  The  beams  were  4x6  in. 
in  cross  section  over-all  and  were  tested  with  a  span  of  8 
ft.  The  load  was  applied  at  two  points,  each  6  in.  from 
the  center  of  the  span.  It  was  applied  at  the  rate  of  about 
17  cycles  per  minute,  each  cycle  including  one  upward  and 
one  downward  application  of  the  load.  By  means  of  a  sys- 
tem of  levers,  the  dead  weight  used  for  the  load  was  mul- 
tiplied 10  times  at  the  beam.  The  loading  mechanism  was 
driven  by  an  electric  motor  acting  through  a  walking  beam. 
Four  beams  were  tested  to  failure  and  a  fifth  was  loaded 
alternately  through  2,000,000  cycles,  after  which  the  test 
was  discontinued,  although  the  beam  did  not  appear  to  be 
approaching  failure. 

In  the  case  of  the  four  beams  on  which  the  tests  were 
completed,  failure  was  by  tension  in  tfte  steel  and,  generally, 
the  beams  showing  the  highest  stresses  withstood  the  small- 
est number  of  repetitions  However,  even  the  largest 
number  of  repetitions  was  so  small  that  failure  in  the 
steel  would  not  have  been  expected  as  the  obsen'ed  stresses 
were  very  low  Other  factors  than  the  intensity  of  the 
tensile  and  compressive  stresses  evidently  had  a  part  in 
bringing  about  the  early  tension  failure.  All  the  tension 
failures  in  the  reinforcing  bars  occurred  at  sections  where 
large  cracks  extended  entirely  across  the  section  of  the 
beams.  It  is  possible  that  In  some  cases  the  bending  at  these 
cracks  was  sufficient  to  make  the  bending  of  the  bar  an 
important  factor  in  causing  failure.  This  tendency  was  prob- 
ably accentuated  by  the  slipping  of  bars  at  the  ends  which 
occurred  with  one  of  the  beams  and  was  accompanied  by 
the  opening  up  of  wide  cracks.  The  presence  of  gage  holes 
in  the  bars  apparently  had  some  influence  in  hastening  ten- 
sion failure,  but  the  nature  of  this  influence  was  not  very 
distinct.  The  quality  of  steel  used  for  most  of  the  reinforce- 
ment was  poor  and  this  would  contribute  to  bringing  about 
an  early  failure,  although  it  does  not  alone  account  for  the 
small  number  of  repetitions  of  stress  which  were  withstood 
in  these  tests. 

After  7.000  cycles  of  load,  the  slip  at  the  end  of  the  bar 
in  one  of  the  beams  was  less  than  1/1,000  in.;  that  is.  less 
than  the  amount  which  has  been  taken  as  the  criterion  of 
safe  conditions  based  on  tests  of  the  bond  resistance  be- 
tween concrete  and  steel;  yet  after  400,000  cycles  of  load,  the 
amount  of  slip  had  increased  so  much  that  failure  by  slip- 
ping of  the  bars  seemed  imminent.  In  all  probability,  had 
not  tension  failure  intervened  after  an  unexpectedly  small 
number  of  repetitions  of  load,  bond  failure  of  this  specimen 
would  have  occurred. 
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Eliminating  the  Irresponsible 
Contractor* 

By  WILLIAM  B.  JOYCE, 

President,  ot  the  National  Surety  Co. 

Undoubtedly  one  ot  the  most  important  public  duties  of 
reputable  contractors  and  surety  companies  in  1921  will  be 
to  conduct  an  increasingly  energetic  campaign  against  irre- 
sponsible contractors. 

Ilnfinished  contracts  of  bankrupt  contractors  cost  the 
surety  companies  large  sums  annually.  Good  business 
diverted  from  reputable  contractors  by  irresponsible  ones 
amounts  every  year  to  very  many  millions. 

But  the  heaviest  loser  is  the  taxpayer.  When  will  the 
American  taxpayer  weary  of  continually  paying  large  sums 
for  inferior  and  long-delayed  work  by  irresponsible  contrac- 
tors— often,  indeed,  paying  heavily  for  work  which  is  never 
wholly  completed? 

In  our  1921  campaign  against  irresponsible  contractors, 
we  should  make  the  taxpayer  our  intelligent  and  active  ally. 
And  we  can  easily  make  an  ally  of  him  if  we  will  merely 
take  the  trouble  to  keep  him  constantly  informed  through 
his  local  newspaper  regarding  what  public  contracts  are  to 
be  awarded,  what  pratical  problems  and  difficulties  these 
contracts  involve;  and  how  much  these  problems  and  dlfB- 
culties  may  cost  him  if  inefflciently  and  ignorantly  handled. 

Indeed,  an  important  piece  of  advice  that  I  might  give  is 
to  urge  your  contractor  organizations  in  your  home  cities 
to  cultivate  the  editors  ot  the  local  newspapers  and  to  form 
the  business  habit  o£  giving  these  editors  complete  informa- 
tion in  advance  regarding  important  public  contracts  which 
are  about  to  be  let.  This  will  not  only  make  the  taxpayers 
intelligent  and  alert,  but  it  will  keep  the  public  authorities 
themselves  from  awarding  the  contracts  to  irresponsible  per- 
sons. Neither  the  contractors  nor  the  surety  companies  have 
ever  practiced  a  hundredth  part  of  the  public  education  which 
they  should  practice.  Yet  public  education  ot  this  kind  is 
obviously  the  most  effective  way  to  drive  irresponsible  con- 
tractors out  of  business. 

Submitting  Bids  and  Awarding  Contracts. — The  problem 
"Should  Unlimited  Competition  Be  Continued  on  Public 
Works"  should  be  divided  into  two  parts. 

In  the  more  submitting  of  bids,  wide  competition  is  only 
fair,  since  it  merely  permits  everyone  to  submit  a  state- 
ment of  his  qualifications  so  that  the  authorities  may  con- 
sider them. 

In  awarding  the  contract,  however,  the  public  authori- 
ties should  invariably  limit  consideration  to  such  contractors 
as  can  prove  beyond  doubt  their  ability  to  perform  the  work. 
Any  other  course  is  to  imperil  taxpayers'  money  and  to  tail 
in  efficient  conduct  of  public  office. 

What  Contractor  Must  Have. — Consideration  should  be 
given  only  to  contractors  who  possess  adequate  experience, 
adequate  financial  resources,  adequate  plant  and  equipment, 
and  have  not  too  much  other  work  on  hand. 

You  reputable  contractors,  if  you  have  not  already  done 
so,  should  look  up  the  ordinances  of  your  home  cities  and 
the  laws  ot  your  home  state  to  make  sure  that  all  public 
officials,  empowered  to  award  contracts,  are  legally  able  to 
make  these  awards  on  this  basis. 

Local  contractor  organizations  should  also  prepare  lists 
of  contractors  whose  experience,  resources  and  equipment 
make  them  eligible  to  perform  different  public  contracts  and 
should  furnish  these  lists  to  all  public  officials  empowered 
to  award  contracts.  If  this  is  done  in  good  faith  as  a  public 
duty  it  will  undoubtedly,  in  some  cases  at  least,  produce  an 
intelligent  reaction. 

Local  contractor  organizations,  in  my  judgment,  can  fully 
control  the  local  situations  it  they  are  intelligently  aggres- 
sive. They  are  entirely  able  to  drive  irresponsible  con- 
tractors out  ot  business  and  cause  public  contracts  to  be 
awarded  only  to  competent  ones. 

pid-Time  Methods  Taboo.— I  understand  that  the  pernicious 
old-time  methods  of  "closed  specifications,"  and  of  calling 
for  bids  at  a  certain  hour,  etc.,  have  been  discounted  in  most 
communities  because  they  promoted  graft  and  favoritism; 
but  iit  cities  and  states  where  ordinances  and  laws  require 
the  allotment  ot  contracts  to  "the  lowest  bidder"  irrespective 


of  abilitj',  local  contractor  organizations  should  have  such 
ordinances  and  laws  amended  at  once. 

The  irresponsible  contractor  throws  our  entire  American 
system  of  public  construction  into  disrepute  and  chaos.  Even 
when  irresponsible  contractors  put  up  certified  checks  to 
guarantee  their  bids  they  have  been  able  to  escape  forfeit- 
ure of  the  check  by  claiming  in  a  law  court  that  they  have 
made  an  error  in  assembling  their  estimates.  Banks  also 
have  been  known  to  furnish  certified  checks  to  irresponsible 
contractors  who  had  not  a  cent  on  deposit;  and  to  finance 
them  later  by  taking  assignments  ot  their  contracts. 

Surely  underwriters  are  occasionally  deceived  by  irre- 
sponsible contractors.  Indeed,  the  chief  reason  that  so  many 
irresponsible  contractors  escape  prison  is  that  neither  surety 
companies,  public  officials  nor  anyone  else  has  time  or  pa- 
tience to  prosecute  them  unless  a  substantial  loss  ot  money 
is  involved. 

Require  a  Bid  Bond. — One  ot  the  best  ways  to  eliminate 
the  irresponsible  bidder  on  public  work  may  be  to  require 
a  bid  bond  so  worded  as  to  remain  in  force  as  a  contract 
bond  in  the  case  the  bidder  is  successful.  In  this  manner, 
no  prudent  surety  company  would  write  any  bond  for  any 
bidder  unless  all  circumstances,  after  thorough  investiga- 
tion, tended  to  show  that  the  bidder  had  the  necessary  quick 
assets,  plant  and  experience  to  carry  on  the  work,  with  not 
too  much  work  on  hand  nor  too  many  other  liabilities;  that 
his  reputation  and  banking  and  material  references  were  all 
right;  and  that  his  record  generally  is  above  reproach  in 
every  place  he  has  done  work. 

In  closing,  I  wish  to  emphasize  the  need  of  greater  exact- 
ness— indeed,  in  some  cases,  I  regret  to  say,  ot  greater  hon- 
esty— in  the  financial  statements  which  contractors  make  to 
surety  companies  in  seeking  surety  bonds.  In  some  states, 
the  statutes  protect  the  surety  companies  in  this  respect. 
The  surety  companies  hope  ultimately  to  obtain  full  protec- 
tion against  misleading  financial  statements  in  all  states.  The 
co-operation  of  reputable  contractors,  individually  and 
through  their  organizations,  is  asked  in  this  important  matter. 


Electric    Outfit    for   Cleaning   Stone   and 
Removing  Form  Marks  From  Concrete 


The 
outfit 


175  lb 

27    S. 


accompanying    illustration    shows   a    portable    electric 
in    operation    on    the   Hanna     Bldg.    in   Cleveland,    O., 
cleaning   stone   by  means   of 
a    wire  scratch  brush.     Four 
^A$^  I  l#l'-J  ■  "'  "'^^^  machines  were  used 

-■^^H  i  jhKsSS^  on  this  building,  and  it  is 
stated  that  each  machine 
cleaned  an  average  ot  520 
sq.  ft  per  day.  The  contrac- 
tor estimates  that  his  ma- 
chines are  doing  the  work 
which  would  normally  re- 
quire 16  men.  The  stone  was 
thoroughly  cleaned,  giving  it 
a,  uniform  color  by  means  ot 
this  equipment.  The  same 
erjuipment  is  used  tor  clean- 
ing form  marks  on  concrete 
immediately  after  the  forms 
are  removed,  as  well  as  re- 
moving rust  from  fences  and 
grilles,  etc.,  before  painting. 
This  equipment  has  a  Yz  HP. 
motor  for  110  or  220  volt  D. 
C.  or  110  or  220  volt  single 
^^^^^^     ^  ))hase   A.    C;   and    a   G-ft.   by 

/  tBHP^w^.  %'n-    flexible    shaft.     It   has 

,/    ^     '^  ,-,"^~^,.        three   speeds— 900,    1,,S00   and 
S.fiOO.     It's  shipping  weight  is 
The  outfit  is  manufactured  by  the  K.  G.  Haskins  Co., 
Desplaines    St.,   Chicago,   111. 


.  '.,  'iYoni  an   address  .Ian.   ?C   before   the   2nd   National  Oonteronce 
of  the  Associated  General  Contractors  of  America,  New  Orleans,  La. 


Fa'bricating  Shops'  Contracts  in  January.  -The  records  ot 
the  Bridge  Builders'  &  Structural  Society,  from  reports  col- 
lected by  its  secretary,  show  that  during  the  month  of  Jan- 
uary, 1921,  .■?2,000  tons  of  fabricated  structural  steel  were 
contracted  for  throughout  the  United  States,  equivalent  to 
IS  per  cent  of  the  entire  capacity  of  the  bridge  and  structural 
shops  of  the  country. 
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Crayons  Better  Than  Water  Colors 
for  Tinting  Charts 

How  crayon  colors,  spread  with  gaKoline,  produce  better 
results  In  the  hands  of  a  novice  and  quicker  results  in  the 
hands  of  an  expert  than  do  the  more  usual  water  colors  is 
described  In  the  February  number  of  "Reclamation  Record'' 
In  an  article  by  Julian  Hinds,  Engineer,  U.  S.  Reclamation 
Service,  entitled  "Use  of  Crayons  for  Tinting  Charts  and 
Diagrams."     The  article  follows  in  full. 

The  application  of  color  to  progress  charts  and  maps  and 
diagraniti  for  reports  is  a  part  of  the  work  of  every  engineer- 
ing oflTice.  If  properly  handled,  water  color  is  perhaps  the 
best  material  to  be  used  for  this  purpose,  but  colored  crayons 
can  be  used  with  greater  ease  and  with  very  good  effect.  Few 
draftsmen  are  able,  without  considerable  practice,  to  do 
water-color  work  neatly,  whereas  crayon  color  may  be  ap- 
plied by  almost  anyone. 

To  secure  the  best  effect,  the  crayon  should  be  applied 
lightly  to  the  paper  and  spread  with  gasoline.  The  gasoline 
may  be  applied  with  strips  cut  from  an  ordinary  blotter  or 
with  a  fairly  stiff  color  brush.  The  blotting  paper  may  be 
rolled  or  folded,  if  desired,  to  give  greater  stiffness.  Ab- 
sorbent cotton  twisted  around  a  sharpened  stick  also  makes 
an  excellent  siJreader.  For  small  or  narrow  areas  a  soft 
splinter,  or  a  match  stick,  sharpened  to  a  blunt  point  may  be 
used.  For  large  areas  an  artist's  stub  will  be  found  conve- 
nient. The  amount  of  gasoline  used  will  depend  largely  upon 
the  kind  of  paper  upon  which  the  color  is  being  spread  and 
upon  the  skill  of  the  draftsman.  Some  men  prefer  to  flow  the 
gasoline  on  rather  freely,  rubbing  the  color  very  lightly; 
others  prefer  to  use  only  enough  gasoline  to  moisten  the 
spreader.  In  the  latter  case,  more  rubbing  will  be  required, 
but  a  more  uniform  and  even  distribution  of  the  pigment  will 
be  obtained. 

Crayon  colors  have  a  distinct  advantage  in  that  they  can 
be  applied  to  tracing  cloth.  For  this  purpose  a  blotting  paper 
or  cotton  spreader  should  be  used  with  a  minimum  amount 
of  gasoline.  If  the  gasoline  is  flowed  on  too  freely  the  color 
may  be  entirely  removed.  With  a  little  practice  excellent 
results   can  be  obtained. 

In  applying  the  color  to  the  paper,  it  is  important  that 
the  crayon  be  rubbed  in  lightly.  It  pressure  is  used  the  pig- 
ments are  rubbed  into  the  paper  and  will  not  spread  readily. 
Deep  tones  should  be  obtained  by  continued  light  rubbing. 
The  colors  are  much  stronger  after  spreading  and  care  should 
be   used    not   to   apply    too    much    pigment. 

After  the  application  of  the  gasoline,  the  color  should  be 
dead  flat,  uniform,  and  perfectly  transparent.  Color  applied 
in  this  way  does  not  readily  rub  off,  but  unless  the  paper  is 
very  porous  may  be  removed  with  a  soft  rubber  eraser. 

An  inexperienced  man  will  get  much  more  artistic  results 
with  gasoline  and  crayon  than  with  water  color,  and  an  ex- 
perienced man  will  get  good  results  with  a  much  smaller 
expenditure  of  time  and  patience.  For  small  intermittent 
jobs,  crayons  possess  the  advantage  of  being  always  ready 
and  requiring  no  paraphernalia.  Also,  shades  applied  at  dif- 
ferent times  are  easily  matched.  Wax  crayons  probably  give 
best  results,  but  any  kind  of  colored  pencil  or  "lead"  pencil 
may  be  used.      ' 


Civil  Engineers  to  Award  Annual  Transportation  Prize. — 
At  its  annual  meeting  held  in  the  Engineering  Societies 
Building,  New  York  City,  .Tan.  19,  the  American  Society  of 
Civil  Engineers,  through  its  Board  of  Direction,  accepted 
the  offer  of  Engineering  News-Record  to  establish  an  "Arthur 
IM.  Wellington  Prize,"  to  be  awarded  annually  for  the  best 
paper  presented  before  the  society  on  any  phase  of  the 
science  and  art  of  transportation,  whether  by  land,  water 
or  air.  The  prize  is  a  memorial  in  honor  of  the  formed  editor 
of  Engineering  News  and  author  of  the  well-known  book  en- 
titled "The  Economic  Theory  of  Railway  Location."  A  fund 
of  $2,000  has  been  provided,  the  annual  income  from  which 
will  constitute  the  material  element  of  the  prize.  The  donor 
has  made  the  following  two  reservations  regarding  the  award: 
Fhst,  that  it  may  be  made  only  for  papers  on  a  transporta- 
tion subject;  second,  that  it  be  not  restricted  to  members  of 
the  American  Society  of  Civil  Engineers.  The  latter  sugges- 
tion is  offered  because  the  great  advances  in  transportation 
iri  the  future  may  be  on  water  or  in  the  air,  specialties  in 
which  civil  engineers  do  not  normally  engage. 


Building  Construction  in  23  Representative 
Cities 

American  cities  are  being  built  out  of  balance,  providing 
workshops,  but  no  places  for  the  workers  to  live,  declared 
.lohn  Ihlder,  manager  of  the  Civic  Development  Department 
of  the  Chamber  of  Commerce  of  the  United  States  before  the 
conference  on  the  construction  industry,  held  last  week  by 
the  Philadelphia  Ciiamber  of  Commerce.  Mr.  Ihlder  based 
his  statement  on  figures  gathered  from  twenty-three  repre- 
sentative cities  of  the  country,  which  showed  a  decided  fail- 
ing off  in  the  number  of  homes  erected  during  the  last  sev- 
eral years  and  a  gain  in  the  number  of  factories  put  up. 

The  twenty-three  cities  in  which  Mr.  Ihlder  made  a  survey 
en  the  housing  situation  have  a  combined  population  of 
7,921, 69n,  and  each  of  them  has  a  population  of  100,000  or 
more.  In  these  cities  the  total  number  of  dwelling  permits 
reached  a  peak  of  31,33,"  in  1916.  Then  construction  fell 
rapidly  to  10,788  permits  in  1918,  rose  to  26,041  in  1919.  and 
fell  again  to  14,291  in  1920. 

An  interesting  feature  was  the  stability  of  small  houses 
as  compared  with  multi-family  dwellings;  apartment  and 
tenement  houses.  While  the  small  houses  in  1919  numbered 
2.5,029,  within  a  thousand  of  the  number  in  1911  and  less  than 
4,000  below  the  peak  in  191G,  multi-family  dwellings  dropped 
from  2,0-10  in  1916  to  2.000  in  1914  to  483  in  1918  and  rose 
again  only  to  1,012  in  1919.  In  1920  of  the  total  number  of 
dwelling  permits  13,847  were  tor  small  houses  and  only  444 
for  multi-family  dwellings. 

Permits  for  business  and  industrial  building  showed  greater 
steadiness.  These  increased  from  1,832  in  1914  to  2,206  in 
191G,  suffered  only  a  comparatively  slight  check  in  1917  and 
1918,  in  the  latter  year  reaching  bottom  at  1,306,  then  quickly 
rebounded  in  1919  to  2,286,  a  figure  above  the  1916  peak,  and 
in   1920  actually  made  a  new  record  of  2,414. 


I-Beam  and  Plank  Concrete  Form  System 

A  recently  patented  system  of  forms  for  concrete  struc- 
tures is  illustrated.  The  forms  consist  of  G-in  by  3-Jn.  steel 
I-beams,  weighing  6  lb.  per  foot,  and  2  in.  plank  lined  with 
sheet  metal.  Clamps  pass  through  openings  in  the  web  of 
the  beam  and  press  the  plates  in  place  by  means  of  wedges. 
Tie  rods  made  from  14-in.  U-bolts  pass  through  holes  in  the 
beams.     The  posts  are  spliced  by  the  use  of  plate  and  keys 
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with  wedges  fastened  in  the  slot  in  flanges  of  the  I-beams. 
In  some  cases,  if  the  posts  are  longer,  the  splicing  also  can 
be  done  with  bolts  pressing  through  the  bent  edge  of  the 
beams.  The  liners  for  rigidity  are  fastened  to  the  post  by 
means  of  keys  and  wedges.  Alexis  Zakharoff.  1316  E.  52nd 
St..  Chicago,  111.,  is  the  Patentee. 
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An  Architects    View  of  Building 
Contracts* 

By  LAWRENCE  MAURAN. 
Fast  President,  American  Institute  of  Architects. 
There  are  some  architects  today  who  advise  their  clients 
that  a  general  contractor  is  an  unnecessary  "middleman," 
and  they  undertake  for  the  owner  those  functions  which  they 
conceive  are  all  that  the  general  contractor  has  to  offer  in 
exchange  for  a  very  substantial  profit.  My  own  belief  is  that 
these  men  are  wrong — that  their  viewpoint  is  narrow  and 
warped,  possibly  by  unfortunate  experiences  with  individual 
contractors,  whose  aim  was  obviously  the  extraction  of  the 
maximum  profit  while  the  service  rendered  was  that  of  a 
broker.  I  believe  that  every  cobbler  should  stick  to  his  last, 
and  so  I  can  no  more  see  the  advantage  to  the  owner  of  such 
a  method  than  I  can  see  the  propriety,  in  these  days  of  highly 
specialized  effort  under  competent  guidance,  of  the  course  of 
an  architect  I  know  who  prides  himself  on  doing  personally 
every  branch  of  the  work,  foundations,  design,  structural  en- 
gineering, plumbing  and  all  the  engineering  of  every  descrip- 
tion. The  result  is  not  happy,  as  a  whole,  nor.  I  understand 
from  competent  critics,  in  many   of  its   parts. 

My  views  are  well  known  to  many  of  you  and  they  need 
but  little  elaboration.  It  was  over  20  years  ago  that  an  emer- 
gency— the  desirability  of  wrecking  a  burned  building,  pre- 
paring the  steel  requirements  for  fabrication,  etc.,  in  advance 
of  completing  the  drawings — led  me  to  take  up  the  lantern 
of  Diogenes  and  search  for  that  common  product  of  today, 
but  which  at  that  time  was  supposed  to  be  non-existent,  a 
contractor  who  would  act  for  us  in  a  purely  professional 
capacity.  I  may  say  that  the  somewhat  incredulous  client 
never  had  cause  for  anything  but  satisfaction,  and  that  jus- 
tification of  our  judgment  as  to  the  right  relationship  between 
you,  the  owner,  and  ourselves,  has  led  us  to  follow  the  same 
procedure  many  years  and  many  times  before  the  cost-plus 
contract  became  an  everyday  affair  and  one  which  I  regret 
to  say  is  today  not  altogether  in  good  order. 

Why  Many  Owners  Fear  Cost-Plus  Contracts. — The  reason 
why  many  owners  say  when  cost-plus  is  suggested,  "no  thank 
you,  not  for  mine,"  is  not  far  to  seek.  First  of  all,  war  ex- 
igencies were  in  many  instances  transformed  into  war  scan- 
dals by  a  press  which  knows  as  little  of  the  magnificent  ac- 
complishments which  such  a  method  alone  permitted,  as  does 
the  average  client  of  the  real  nature  of  his  building  problem. 
Again  the  method  suffered  at  the  hands  of  some  of  your  call- 
ing and  some  of  my  own  profession,  who  lost  all  sense  of 
proportion  in  the  new  freedom  the  method  permitted.  Now 
when  we  were  confronted  by  the  market  conditions  of  a  year 
ago,  coupled  with  sheer  inability  to  secure  figures  in  com- 
petition which  represented  anything  but  excessive  insurance 
against  loss  to  the  successful  bidder,  we  put  forward  the 
solution  which  carries  with  it  no  claim  to  novelty  except 
that  it  is  based  on  the  profound  belief  that  an  expert  director 
of  building  operations  renders  a  highly  professional  service, 
and  that  the  highest  type  of  such  a  co-worker  seeks  above  all 
to  justify  the  confidence  reposed  in  him.  And  so  it  only  re- 
mained to  eradicate  the  one  unpalatable  feature  to  the  owner 
—the  lurking  fear  that  in  such  a  skyrocket  market  the  con- 
tractor could  but  rejoice  as  his  percentage  formed  part  of  the 
pyrotechnics.  We  frankly  advocated  the  "cost-plus  a  fixed 
fee"  for  the  contractor,  and,  that  we,  too,  might  escape  the 
thought  even  of  profiting  by  the  owner's  misfortune,  we 
offered  to  perform  our  entire  service  for  a  fixed  fee. 

Fixed  Fee  as  a  Measure  of  Equity.— In  all  of  our  work  for 
over  a  year  we  have  pursued  the  method  thus  briefly  outlined 
and  there  are  several  correlative  features  of  interest  related 
in  an  article  T  contributed  to  the  November  number  of  the 
Journal  of  the  American  Institute  of  Architects  under  the 
title  "The  fixed  fee  as  a  measure  of  equity." 

Out  of  the  very  considerable  number  of  competent,  hon- 
est— and  if  I  may  venture  to  say  so— altruistic  general  con- 
tractors we  select  the  one  whose  experience  on  the  particular 
class  of  work  commends  him,  provided  his  office  conditions 
guarantee  the  essential  personal  service,  or,  all  things  being 
equal,   suggest   two  or   more   for  the   owner's   selection,   and 

"■From  an  address  presented  Jan.  25  at  the  Second  National  Con- 
ference of  the  Associated  General  Contractors  of  America. 


then  agree  in  conference  on  a  fixed  fee  in  lieu  of  overhead 
and  profit.  The  element  of  gain  from  other  sources  being 
eliminated,  the  contractor's  service  at  once  becomes  semi- 
professional  and  a  new  opportunity  is  presented  for  added 
prestige — added  opportunities  for  just  this  selection  through 
the  character  of  the  service  he  is  able  to  render  and  the 
proofs  he  can  offer  in  the  final  accounting  of  his  faithful 
stewardship. 

With  the  banishment  of  the  old  order  of  expensive,  un- 
remunerative  bidding  in  competition  it  appears  to  me  that  a 
new  era  is  approaching,  an  era  of  friendly  conference  for 
the  benefit  of  the  owner  and  the  public — altruism  again — be- 
tween the  best  minds  in  construction  on  an  equal  footing,  the 
expert  builder  and  the  expert  architect,  and  the  rendering  by 
both  for  a  fee  that  ensures  remuneration  and  satisfaction  to 
all  concerned  of  a  truly  professional  service. 


L.  W.  Wallace  Elected  Secretary  of  Amer- 
ican Engineering  Council 

At  the  meeting  of  the  executive  board  of  the  American 
Engineering  Council  of  the  Federated  American  Engineering 
Societies  at  Syracuse,  N.  Y.,  on  Feb.  14,  Lawrence  Wilkerson 
Wallace  was  elected  secretary  of  the  council,  succeeding  L. 
P.  Alford  of  New  York,  who  has  been  acting  secretary  since 
the  formation  of  the  council  in  Washington  on  Nov.  19,  1920. 
Mr.  Wallace  has  been  one  of  the  most  active  figures  in  the 
council  and  from  the  time  it  was  organized  has  been  its 
treasurer.  As  vice-chairman  of  the  council  Mr.  Wallace  has 
been  directing  the  work  of  the  committee  on  elimination  of 
waste  in  industry,  one  of  the  principal  committee  of  the 
council  whose  scope  following  the  Syracuse  meeting  will  be 
greatly   broadened. 

Mr.  Wallace  was  born  in  Austin,  Texas,  Aug.  5,  1881.  He 
was  graduated  from  the  Agricultural  and  Mechanical  College 
of  Texas  in  190'3  with  the  degree  of  B.  S.  in  mechanical  en- 
gineering. In  1912  he  received  the  degree  of  M.  B.  from 
Purdue  University.  From  1903  to  1906  he  served  a  special 
iipprenticeship  with  the  Sant  Fe  Ry.  Co.  and  was  a  member 
of  the  Purdue  faculty  during  1906-07  becaming  head  of  the 
department  of  railway  and  industrial  management.  During 
this  period  Mr.  Wallace  conducted  researches  and  did  con- 
sulting work  in  railway  mechanical  engineering  and  factory 
management.  For  several  years  he  investigated  fire  losses 
from  locomotive  sparks  and  gave  expert  testimony  in  many 
fire  cases. 

Mr.  Wallace  is  well-known  as  an  author  of  technical  works. 
His  volume  on  "Car  Design"  is  used  as  a  textbook  as  well 
as  generally  by  designers.  He  also  has  written  special  in- 
struction books  for  railway  educational  departments  and 
papers  on  engineering  and  management  topics  before  rail- 
way and  management  societies. 

Mr.  Wallace  brings  to  the  secretaryship  of  the  council  the 
experience  of  a  manufacturing  executive.  He  was  formerly 
assistant  general  manager  in  charge  of  Production  of  the 
Diamond  Chain  &  Manufacturing  Co.  of  Indianapolis.  More 
recently  he  has  been  director  of  the  Red  Cross  Institute  for 
the  Blind  in  Baltimore,  which  provided  vocational  training 
to  the  blinded  men  of  the  military  forces. 

Mr.  Wallace  is  al  member  of  the  American  Society  of  Me- 
chanical Engineers  and  the  vice-chairman  of  the  society's 
management  section.  He  is  now  serving  his  third  term  as 
president  of  the  Society  of  Industrial  Engineers  and  is  a 
past  president  of  the  Indiana  Engineering  Society.  Mr.  Wal- 
lace is  a  member  of  the  International  Railway  Fuel  Asso- 
ciation, Western  Railway  Club.  Master  Car  Builders  Asso- 
ciation, Academy  of  Political  and  Social  Science,  and  West- 
ern Efficiency  Societies.  He  is  prominent  in  Masonry,  and 
IS  a  past  grand  lecturer  of  the  Grand  Lodge  of  Indiana. 

Mr.  Wallace's  social  and  commercial  activities  embrace  a 
v.ide  range.  His  work  in  New  York  as  vice-chairman  of  the 
committee  on  elimination  of  waste  in  industry  has  been  in- 
strumental in  bringing  national  attention  to  the  purposes  of 
(he  council. 

Mr.  Wallace,  now  at  the  temporary  headquarters  of  the 
council  in  the  Engineering  Societies  Bldg.,  New  York  City, 
will  soon  transfer  his  activities  to  Washington,  where  the 
council  has  established  permanent  national  headquarters  in 
the  McLachlen  Building.  The  PImployment  Service  Bureau 
will  be  continued  In  New  York  where  Walter  V.  Brown  is 
in  charge. 
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New  Expansion  Door  Casing  Has  Expanded 
Metal  Wings 

An  expansion  floor  casing  liaving  expanded  metal  wings 
has  just  been  biought  out  by  the  Milwaukee  Corrugating 
Co.,  Milwaukee,  Wis.  The  wings  are  Integral  w-ith  the  casing. 
They  provide  a  tie  with  the  adjoining  w;ill  and  reinforce  the 
plastering  at  its  weakest  point  in  .such  construction,  thus 
avoiding  crack.s.  The  casings  serve  as  grounds  for  the 
plaster  and  are  used  around  doors  and  windows.  They  dis- 
place wood  trim  and  serve  to  make  the  work  fire-proof  and 
more   sanitary.     The   casings   are   flush    with    the    plastering 


nevertheless  it  will  be  found  in  all  cases  very  profitable,  If 
it  is  worked  with  the  following  system  of  bonus  for  the  drafts- 
men. For  in  order  to  insure  plenty  of  good  will  toward  the 
use  of  the  standard  parts  and  their  templets  (for  it's  just 
as  easy  in  a  design  to  employ  standard  parts  as  others)  It  is 
good  to  make  an  inducement  to  the  men  by  giving  them  a 
bonus  of  so  much  per  each  part  employed  in  a  new  design; 
which  bonu-s  would  vary  according  to  the  importance  of  the 
work. 

It  is  quite  easy  to  understand  that  a  man  who  has  designed 
a  punch  press  and  who  has  employed,  for  instance,  a  standard 
shaft  or  flywheel  has  deserved  better  than  the  one  who  shall 
have  employed  merely  G  or  7  standard  bolts  and  who  has 
made  an  entirely  new  shaft  and  flywheel. 


House  Shortage  in  America. — Estimates  submitted  last 
month  to  the  National  Council  of  the  U.  S.  Chamber  of  Com- 
merce place  the  shortage  of  houses  in  America  at  more  than 
1,250,000.     It  also  is  estimated  that  the  housing  shortage  has 


Application    of    Door   Casing. 


and  leave  no  projections  on  which  dust,  etc..  may  settle. 
They  may  be  carried  down  to  the  floor,  eliminating  plinth 
and  grounds.  The  casings  may  be  had  in  O.  G.  or  14  round 
forms,  or  in  any  simple  modification  of  same.  They  are 
made,  unless  otherwise  ordered,  for  %-in.  grounds  and  are 
furnished  in  6-7-8-9-10  and  12  ft.  lengths.  They  are  made 
from  prime  Tite-coated  galvanized  sheets  and  are  crated 
approximately  500  ft.   to  the  crate. 

Inducing  Designers  to  Use  Standard  Parts 

An  interesting  means  to  secure  a  practical  maximum  use 
of  standard  parts  in  machine  and  fixture  design  is  recounted 
by  Mr.  L.  F.  Libgotte  in  Industrial  Management  for  January 
1  in  an  article  entitled  "The  Reorganization  of  a  French 
Drafting  Department."  After  tolling  in  some  detail  how 
efficiency  was  increased  by  consolidating  separate  drafting 
offices  in  a  large  establishment,  reducing  supervision,  de- 
veloping improved  methods,  and  providing  improved  equip- 
ment, Mr.  Libgotte  takes  up  the  use  of  templets  of  standard 
parts,  and  tells  how  this  use  was  stimulated  as  follows: 

As  soon  as  anything  is  to  be  drawn,  whether  a  machine, 
a  fixture  or  a  tool,  the  men  are  instructed  to  employ  the 
templet  of  a  standard  part.  Those  templets  are  made  of 
zinc,  and  when  too  big.  are  made  to  a  scale  at  which  the 
complete  drawing  shall   be  done. 

The  templets  are  classified  in  square  envelopes  without  a 
lap,  on  w-hich  is  indicated  the  pattern  or  stock  number  of 
the  part,  its  name  and  the  number  of  the  envelope.  The 
principal  characteristics  are  also  indicated  and  if  the  part  has 
details  as  would  for  instance  be  the  case  in  a  standard  vise 
the  stock  numbers  of  the  details  are  also  given.  A  piece  of 
bluieprint  is  stuck  on  the  envelope  to  give  a  sketch  of  the 
part  referred  to  and  when  it  is  too  complicated  to  be  seen  on 
a  small  scale,  a  drawing  is  included  in  the  envelope. 

The  templets  bear  small  notches  which  correspond  to  the 
axes  of  the  piece  and  facilitate  the  location  on  the  paper. 
The  rhan  has  then  just  to  draw  round  that  templet  and  in 
the  event  of  an  intricate  piece  it  saves  an  enormous  amount 
of  time. 

The  templets  which  are  in  great  demand  such  as  bolts, 
screws,  gears  are  made  in  three  or  four  duplicates  so  that 
there  is  no  waiting  necessary. 

All  standard  parts,  as  soon  as  agreed  upon  must  have  their 
templet  and  envelope  made  and  entered  into  the  record  books. 

I  quite  realize  that  all  this  means  a  great  deal  of  work. 


Expansion   Door   Casing   with    Expanded    Metal    Wings. 

reached  such  a   point  that  4,000.000  people  are  inadequately 
provided  for. 


Personals 

Edward  Mahnl<e  has  been  re-elected  building  commissioner  of 
the  city  of  Waterloo,  la. 

C.  .1.  Rogers,  for  the  past  3  years  chief  assistant  to  the  count v 
engineer  of  Jefferson  County,  Alabama,  has  been  appointed  count v 
engineer. 

R.  Hiigoer,  E.  S.  Hugger  and  Jas.  A.  Jehle  have  taken  out  in- 
corporation papers  for  thf  HuRger  Brothers  Construction  Co..  Mont- 
gomery,  Ala, 

Sidney  E.  Deane  has  resigned  as  county  surveyor  of  Fayotteville. 
Ark  .  to  accept  a  position  with  the  \V.  P.  Coal  Co.  of  Wyoming  at 
Rock  Springs,  Wyo. 

Elmer  J,  Clark  has  been  nppointed  assistant  superintendent  of 
public  v/orks  in  charge  of  the  middle  division  of  the  Xew  York 
State  Barge  Canal  with  headquarters  at  Syracuse.  N".  Y. 

V.  J.  Cramer,  for  314  years  with  the  Wayne  Oil  Tank  &  Pump 
Co.,  Fort  Wayne,  Ind..  has  b?come  associated  with  the  Moellering 
Construction  Co..  ouilding  contractors.  Fort  Wayne,  as  general 
sales  manager.  He  succeeds  Hany  J.  Rowell.  who  has  been  with 
the  "Moellering  Co.  for  !."•  jears  and  who  is  now  going  into  business 
for  himself. 

R.  C.  Marshall,  Jr.,  cliief  of  the  construction  division  of  the  War 
Department  during  the  war.  has  Ijeen  nominated  tor  brigadier 
general  in  the  Officers  Reserve  Corps  by  President  Wilson.  Gen. 
Marshall  held  that  rank  in  tiie  national  army  during  the  war.  but 
resigiicd  from  the  military  establishment  after  the  armistice  to 
become  general  manager  of  the  Associated  General  Contractors  of 
America, 

Col.  Frsncis  A.  Pope,  engineer  in  charge  of  the  U.  S.  en- 
gineering; office  at  Duluth.  Minn.,  lias  been  transferred  to  the 
Philippine  Islands.  There  he  will  have  charge  of  defensive  works 
and  be  m  comm.and  of  the  Fourteenth  Engineers,  United  States 
Army.  Maj.  EMwin  H.  Marks  at  present  connected  with  the  ofnce 
of  the  chief  engineers  at  Washington,  will  succeed  Col.  Pope  at 
Duluth.     MaJ.  Marks  was  fomieTly  stationed   at  Detroit. 


Industrial  Notes 

George  J.  Blanton,  who  for  the  past  four  years  has  been  con- 
nected with  the  engineering  sales  department  of  the  Chain  Belt 
Co.  Milwaukee,  WHp.,  has  been  made  New  York  district  manager. 
He'will  leave  immediately  to  take  charge  of  the  company's  offices 
at  50  Church  St..  New  York. 

The  Conveyors  Corporation  of  America,  formerly  the  American 
Steam  Conveyor  Corporation.  Chicago  and  Xew  York,  announces 
that  S.  D.  Inman  has  been  placed  :n  charge  of  the  enginer^ring  and 
design  of  their  American  trolley  carrier,  monorail  conveying  equip- 
ment for  handling  coal,  ashes,  .sand,  gravel  and  like  bulky  ma- 
terials from  railway  car  to  pile,  bin  or  bunker. 

The  Lakewood  Engineering  Co.,  Cleveland.  O..  announces  tiiat 
the  complete  line  of  sieel  forms  for  road,  sidewalli.  curt>.  icutter. 
walls,  ciilveri  and  post  construction,  manufactured  by  the  Hotch- 
kiss  Metal  Products  Co..  Binghampton.  N.  Y..  will  now  be  offered 
as  a  part  of  the  Lakewood  line  of  complete  road  and  general  con- 
struction equipment.  Plans  are  under  way  for  enlarging  the 
Hotchkiss  plant  to  increase  the  already  large  facilities  for  form 
nroduclion.  The  I^akewood-Hotchkiss  complete  line  of  steel  forms 
W'll  be  curried  in  stock  in  the  L,akewood  warehouses  in  IS  cities. 
A  .similar  ariangenn^nt  has  been  made  with  the  Burton  I-higineering 
Ik  Jlachinery  Co.  of  Cincinnati,  manufacturers  of  gasoline  loco- 
motives. 
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(a)   Roads 
tb)   Streets 


(c>   Street   Cleaning 

(d)    Municipal   Miscellanies 


(e)   Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani 

tat  ion 

(e)   Management    and    Office 
System 


(c)    Irrigation    and    Drainage 
(dj    Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)    Quarries    and    Pits 

(b)  Management    and         <d)    Steam    Railways,    Con- 
Office    System  struction   and   Maintenance 

(e)    Electric    Railway   Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 

(  d  )    Miscellaneous    Structures 

( e)  Properties     of     Materials 

(f)  Management     and     Office 
System 


(a)   Buildings 
v(b)    Bridges 
(c)    Harbor    Structures 
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Criticism  of  California  Concrete 
Roads 

The  state  highways  ol:  Caliliornia  have  &o  long  been  re- 
garded as  models  of  excellence  that  it  will  surprise  many 
•engineers  to  read  the  severe  criticism  of  them  in  a  joint 
report  of  the  engineers  employed  by  two  California  automo- 
oile  cl'ibs.  A  six  months'  investigation  of  these  roads  has 
been  conducted  under  the  direction  of  J.  B.  Lippincott,  Wal- 
ter C.  Howe,  E.  J.  Brunnier  and  Prof.  Charles  Derleth,  Jr., 
assisted   by  10  other  civil   engineers. 

Most  of  the  California  state  roads  are  of  concrete  4  in, 
thick,  and  many  of  them  are  paved  only  15  ft.  wide.  The 
main  criticism  made  by  the  investigators  is  that  the  con- 
crete is  too  thin  and  too  narrow.  As  to  this  criticism  it  is 
only  fair  to  say  that  engineers  who  are  acquainted  with  Cali- 
fornia roads  and  their  history  will  differ.  The  editor  has 
visited  California  every  year  since  the  State  Highway  Com- 
mission has  been  in  existence,  and  each  time  has  taken  pains 
to  inspect  a  large  part  of  the  road  mileage  built  by  the 
state.  He  has  just  finished  such  an  inspection,  and  it  is 
his  opinion  that  the  building  of  narrow  4-in.  concrete  pave- 
ments was  a  judicious  expenditure  of  the  state's  highway 
:funds. 

It  should  be  remembered  that  most  of  the  mileage  of  Cali- 
fornia slate  roads  was  built  prior  to  the  existence  of  the 
heavy  wheel  loads  to  which  the  pavements  are  now  sub- 
jected. The  critics  of  these  roads  glide  over  this  fact  and 
riake  much  of  the  tardiness  with  which  the  state  highway 
engineers  have  adopted  a  5-in.  reinforced  concrete  as  a 
standard.  But  the  editor  is  yet  to  be  convinced  that  any 
economic  error  was  made  in  adhering  so  long  to  4-in.  con- 
■c-Pte  pavements.  The  yardage  of  concrete  that  has  failed  in 
consequence  of  this  policy  is  a  small  percentage  of  the  total, 
and  it  is  practicable  to  place  a  wearing  coat  upon  any  of 
the  existing  concrete  that  proves  to  be  too  thin.  The 
picture  that  the  Investigating  engineers  draw  of  the  con- 
■difion  of  the  pavements  is,  we  think,  not  such  a  picture  as 


the  average  highway  engineer  from  an  eastern  state  would 
draw.     The   investigators  say: 

In  Southern  California,  field  inspections  indicate  that  as  high 
as  30. .5  per  cent  of  tlie  concrete  pavements  are  in  poor  condition, 
requiring  reconstruction   either  now  or   at  an   early  date. 

This  sounds  very  bad  until  one  asks  for  a  definition  of 
■reconstruction."  The  engineers  who  wrote  this  criticism 
doubtless  had  in  mind  the  covering  of  the  concrete  with 
some  wearing  coat  when  they  spoke  of  "reconstruction."  They 
certainly  could  not  have  meant  the  tearing  up  of  30.5  per 
cent  of  the  existing  concrete,  for  there  is  no  such  necessity. 
Indeed  it  is  the  editor's  opinion  that  not  5  per  cent  of  the 
concrete  needs  renewal. 

The  report  goes  on  to  say: 

An  additional  19.3  per  cent  is  in  only  fair  condition,  serious 
failure  having  already  begun.  This  leaves  only  50.2  per  cent  of  the 
pavements  in  this  section  in  what  may  be  termed  good  condition. 
In  general,  inspections  in  the  southern  portion  of  the  state  have 
indicated  higher  percentages  of  failure  than  in  the  northern  por- 
tion, where  failure  area  is  only  17.7  per  cent,  and  pavements  in 
fair  condition  aggregate  20  per  cent,  leaving  62.3  per  cent  of  these 
pavements  in  good  condition. 

Here  again  there  is  need  of  definitions.  What  is  meant 
by  these  terms  "fair  condition,"  "good  condition"  and  "fail- 
ure area"?  Unless  defined  they  are  likely  to  be  mistmder- 
stood,  and  we  fear  that  the  public  that  reads  these  esti- 
mates of  "failure  areas"  will  be  badly  misled.  Fortunately 
the  public  that  is  most  interested  in  the  report  under  con- 
sideration is  the  California  public,  and  to  them  the  alleged 
"failure  areas"  are  open  to  inspection.  We  venture  to  say 
that  not  one  California  automobilist  in  a  thoftsand  would 
regard  even  1  per  cent  of  the  concrete  pavements  in  Cali- 
fornia as  being  in  poor  condition.  To  this  it  may  be  re- 
plied that  what  the  layman  fails  to  see,  the  critical  eye  of 
the  engineer  perceives  at  a  glance.  The  editor's  eye  may 
not  be  as  critical  as  that  of  some  other  engineers,  but  it  is 
tolerably  well  trained  in  observing  highway  conditions: 
and  to  his  eye  there  is  evident  no  such  widespread  failure 
of  California  concrete  roads  as  the  report  of  the  investi- 
gating engineers   would   indicate.     For  that   reason  he   feels 
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certain  that  were  those  engineers  called  upon  to  defend  their 
criticlBms,  It  wouid  be  found  that  when  they  spolte  of  re- 
constructing 30.5  per  cent  of  Southern  California  and  17.7 
per  cent  of  Northern  California  concrete  roads,  they  meant 
resurfacing. 

The  writers  of  this  report  spoali  of  their  criticism  as  be- 
ing intended  to  be  only  "constructive,"  but  the  report  is 
not  written  in  a  fripnrily  tone.  Probably  this  is  attributable 
only  to  pride  In  the  professional  opinions  of  the  writers, 
but,  v.hatevcr  the  cause,  it  is  not  the  sort  of  report  that 
an  engineer  would  expect  from  a  friendly  though  outspoken 
brother  engineering   critic  of   his   work. 

Fortunately  the  U.  S.  Bureau  of  Public  Roads  is  con- 
ducting an  investigation  of  the  California  state  highways, 
and  we  shall  soon  have  the  opinion  of  the  government  en- 
gineers on  the  interesting  but  controversial  subject  of 
concrete   pavement   design. 


Should  the  Life  of  Highway  Bonus 
Exceed  the  Life  of  the  Payment? 

In  another  editorial  we  have  discussed  a  critical  report  on 
the  California  state  highways.    The  same  report  says: 

Based  on  sound  llnancial  polic.v,  pavement.s  should  live  as  long 
as  the  average  life  of  bonds  with  which  they  are  built. 

We  have  had  occasion  before  to  take  issue  with  state- 
ments like  this.  At  first  sight  it  seems  logical  to  affirm 
that  the  life  of  a  road  bond  should  not  exceed  the  life  of 
the  pavement,  but  analysis  shows  this  to  be  a  fallacious 
economic  policy.  Let  us  consider,  for  example,  the  appli- 
cation of  such  a  policy  to  steam  railways.  The  life  of  rail- 
way bonds  has  usually  been  20  to  50  years.  The  life  of  rail- 
way ties  has  been  about  10  years,  and  of  rails  20  years; 
hence  the  composite  life  of  the  track  has  been  about  half 
the  life  of  the  bonds.  Was  it  a  sound  financial  policy  thus 
to  make  the  mortgage  on  a  railway  mature  long  after  its 
track  had  been  renewed?  Unquestionably  it  was,  so  long 
as  bonds  were  not  issued  to  pay  for  renewing  the  track. 
And  there  are  conceivable  conditions  under  which  it  might 
be  economic  even  to  issue  bonds  for  renewals,  although 
this  ha.s  rarely  been  done. 

The  real  economic  questions  are  tliese:  First,  will  the 
annual  saving  effected  by  the  highway  (road  or  railroad) 
exceed  the  interest  charges  upon  its  cost?  Second,  can  the 
average  man  who  uses  the  highway  make  a  greater  profit 
from  his  capital  than  if  he  invests  it  in  highway  bonds? 
The  first  needs  only  to  be  mentioned,  but  the  second  ques- 
tion seems  to  require  discussion. 

The  taxpayers  of  a  state  may  elect  to  build  roads  with- 
out isEuing  bonds,  by  meeting  construction  costs  from  cur- 
rent tax  assessments.  In  this  case  they  regard  their  money 
as  being  worth  less  to  them  m  their  own  business  than  the 
5  or  6  per  cent  bond  interest  rate.  Or  they  may  elect  tO' 
build  roads  with  money  raised  by  the  sale  of  bonds;  in 
which  case  they  regard  money  invested  in  their  own  busi- 
ness as  being  able  to  earn  more  than  5  or  6  per  cent  annually. 
Since  both  the  original  cost  of  the  highway  and  the  cost 
of  renewals  must  ultimately  be  paid  by  the  taxpayers,  there 
Is  no  fundamental  economic  reason  why  the  taxpayers  might 
not  find  it  profitable  to  issue  bonds  for  the  renewals  as  well 
as  for  the  original  construction,  This  they  could  do  so 
long  as  money  invested  in  their  own  private  businesses 
would  yield  a  higher  profit  than  the  current  bond  interest 
rate.  But,  due  to  the  natural  extravagance  of  politicians, 
it  is  ordinarily  wise  not  to  permit  bond  issues  for  renewals 
of  highways,  because  of  the  danger  of  improving  more  high- 
ways than  is  economically  justifiable.  This,  it  will  be  seen, 
is  quite  a  different  generalization  than  the  one  above  quoted. 

Every  economic  highway  increases  the  value  of  the  land 
that  Is  tributary  to  it.  The  earliest  paved  roads  in  some 
states  were  of  plank.  Then  came  gravel  roads,  then  mac- 
adam, then  some  more  durable  surfacing.  Now  If  every  one 
of  these  four  successive  types  had  been  paid  for  by  money 
secured  from  the  sale  of  bonds,  maturing  a  century  hence, 
there  would  not  necessarily  be  any  lack  of  economic  wis- 
dom in  having  thus  financed  their  construction.  If,  for  ex- 
ample, the  farmers  along  the  roads  thus  built  had  been  able 
to  develop  their  land  and  increase  their  profits  as  a  result 
of  these  successive  road  improvements,  to  such  an  extent 
as  to  justlf.v  the  improvements,  and  if  the  farmers  could 
borrow  money  at  a  less  rate  on  the  road  bonds  than  they 


would  have  to  pay  for  personal  loans  at  their  local  banks, 
then  those  farmers  would  have  been  wise  not  merely  to 
bond  the  original  plank  roud  but  every  successive  renewal 
of  the  road  surface. 

Engineers  who  criticise  highway  bonds  of  longer  term  than 
the  life  of  tlio  pavement  are  prone  to  forget  that  money 
in  the  hands  of  the  average  taxpayer  can  be  made  to 
earn  a  greater  profit  than  a  bond  interest  rate.  This  over- 
sight would  not  occur  were  they  accustomed  to  solving  eco- 
nomic problems  of  a  broader  nature,  such,  for  example,  as 
confronts  the  chief  executive  of  a  railway  company.  It  would 
be  difficult,  we  believe,  to  find  a  single  railway  president 
who  would  veto  a  railway  bond  issue  on  the  ground  that  the 
railway  track  would  have  to  be  renewed  before  the  maturity 
of  the  bonds.  Yet  many  a  good  engineer  sees  nothing  but 
wisdom  in  such  a  statement  as  the  one  we  have  quoted 
at  the  beginning  of  this  article. 

A  Return  of  Efficiency 

Watcliers  of  weal  her  vanes  and  straws  will  find  a  worth 
v.liile  observation  in  the  following  bit  of  information  fur- 
nished by  Charle.s  B.  Johnson  &  Son,  General  Contractors, 
Chicago,  from  their  construction  records  of  four  industrial 
buildings  of  comparable  .size,  character,  and  circumstances 
of  construction. 

Approximate 
brick  laid  per 
man  per  day . 

Job  No.  1,  about  1  year  ago 400 

.lob  No.  2,  about  10  months  ago 875 

Job  No.  3.  about  5  months  ago  950 

Job  .No.  4,  about  1  '/4  months  ago  1,300 

Efflciency  improvement  in  IOV2  months.  325  per  cent. 

In  commenting  on  these  figures,  Mr.  Johnson  states  that 
while  Nos.  1,  'i,  and  4  are  properly  comparable,  and  Job  No.  2 
was  similar  in  many  ways,  certain  features  of  the  latter  af- 
forded easier  work  than  the  others.  All  of  the  buildings  are 
located  in  or  near  Chicago,  and  the  bricklaying  on  each  was 
in  straight  S-hour  days  with  no  overtime  work. 

The  editor  of  Engineering  &  Contracting  believes  that  his 
readers  will  share  his  feelings  on  this  matter.  He  rejoices  at 
the  effect  which  such  improvement  will  have  on  the  building 
industry.  He  does  not  rejoice  In  the  thought  that  hard  ne- 
cessity has  wrung  this  better  output  from  the  men,  nor  does 
he  believe  that  in  most  instances  hardship  has  been  more 
than  a  stimulus  to  awaken  men  from  four  years  day  dreams 
in  which  the  necessity  for  conscientious  effort  was  forgotten. 
Four  hundred  brick  is  not  a  day's  work;  thirteen  hundred  is 
at  least  aprpoximately  such  and  indicates  the  definite  inten- 
tion of  giving  value  received — an  indication  at  which  we  may 
all  rejoice,  for  in  this  intention  lies  a  desideratum  of  healthy 
prosperity  all  too  slow  of  recognition  by  both  workers  iffld 
capitalists. 


Sidelights  on  the  Engineer's  Employment 
Problem 

Dr.  F.  H.  Newell,  Past  President  of  the  American  Associa- 
tion of  Engineers,  addressing  the  Boston  Chapter  on  Feb. 
11,  said  of  the  present  difficulty  experienced  by  engineers  in 
obtaining  employment: 

There  seems  to  be  little  salesmanship  practiced  by  the  average 
engineer  in  search  of  a  position.  One  of  the  greatest  ditBculties 
met  with  by  employers  in  finding  new  men  is  in  securing  from  the 
applicant  a  clear  statement  of  his  qualifications  for  the  position 
desired. 

The  remedy  must  come  through  education  all  along  the  line. 
Engineering  publications,  societies,  clubs,  and  most  important  of 
all.  the  schools  and  colleges,  should  instruct  in  the  necessary  busi- 
ness of  going  after  the  Job. 

If  a  man  would  make  it  his  business  to  get  acquainted  with  all 
the  men  he  could  in  his  own  line  of  work  and  then  hold  those 
acquaintances  he  need  never  fear  not  being  able  to  find  work. 
Someone  of  these  friends  will  usually  have  a  place  when  the  occa- 
sion arises,  or  will  know  where  a  situation  may  be  found. 

In  mentioning  the  recent  layoff  without  even  a  full  day's 

notice  of  over  40  members  of  the  engineering  department  of 

a  certain  railroad.  Dr.  Newell  said: 

It  this  practice  is  to  continue,  if  it  is  to  be  considered  ethical, 
then  the  engineers-to-be  in  the  schools  and  colleges  should  be  in- 
formed of  these  conditions,  so  that  they  may  know  what  they  will 
be  up  against  in  their  coming  work  as  railroad  engineers. 

Dr.  Newell,  who  has  employed  a  large  number  of  engineers, 

said  that  in  his  experience  a  man  was  advanced  not  for  what 

he  could  do  in  his  own  line  of  work,  but  because  of  ability 

in  other  lines,  such  as  hobbies  and  the  like,  for  capacity  in 

other  things  indicates  ability  to  carry  further  responsibilities 

in  the  daily  work. 
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The  Chicago  Good  Roads  Conven-  rnr"wa3hiSn^"t'intT '  Isf/o"'  ^^'^^^''  '^^''^^'•"'"t'^'  ^o-'^'"'' 

tion  "•   i''    interesting   to   note    that   27   states,   more   than   half 

rr    ..,    t:-^-.          ,     .,                        ^  ..      ,,u-           ^  "^•'  *°'^'  number,  had  10,000  or  more  trucks.     Of  this  num- 

To  the  Editor:     In  the  program  of  the  Chicago  Cxood  Roads  ber,    the    large    majority    were    states    where    considerable 

Congress   and   Machinery   Exposition   as   published   in    Engi-  manufacturing   is    done.      The    agricultural    states,    however, 

neeriug  and  Contracting  of  Feb.  2,  there  are  approximately  ^^^''^   ^^''  represented,   and   it   is   safe  to  predict  that  in  a 

SO  officials  and  contractors  listed  to  preside  or  to  give  talks  f'**^'  ''"^^^  '^^^^^  '"''"  ^®  '°  ^^^  majority.     The  largest  increase 
„-,.,.            u       *i                 1       ,  J          »     «  ^i.-                           'in    truck    registration    during    1920    was    shown    bv    Florida 

Of  this  number,  three  are  located  west  of  Chicago  (two  west  which  jumped  from  2,239  to  10,448,  a  gain  of  more  than  300 

of  the    Mississippi).     There   are   17    coming   from   and   east  per  cent.    Massachusetts  jumped  from  42,000  to  51,386,  Mich- 

of   Pocnsylvania    and,    with    two    exceptions,    north    of    the  ^^^^   'f™™   36,863    to    45,773,   and   Wisconsin   from'  10,887   to 

.Mason  and  Dixon  Line.  1^,205. 

Is   this    "corner"   on   the   discussion    of   "good    roads"   due  ' 

to  lack  of  interest  in  the  rest  of  the  United   States?     Cer-  Highway  Traffic  ReCOfds 
t.iinly  there  is  much  to  be  learned  at  these  meetings. 

In  the   same  issue   of  Engineering   and   Contracting   is  an  ^"  ^  report  submitted  at  the  last  annual  meeting  of  the  New 

estimate    of    the    1921    expenditures    for    good    roads.      The  ^^^^^^  State  Association  of  County  Engineers,  the  Committee 

rlpfinite  figures   given   total  approximately   $212,600,000.    The  °"  Present  and  Future  Traffic  Conditions,  of  which  Mr.  J.  L. 

corner  referred  to  will  furnish   approximately  $46,500,000  of  J^^"er  is  chairman,  gave  the  following  information  collected 

this  amount.     It  has  often  been   said  that  money  talks    hut  '"  '"^"'^  ^°  ^  questionnaire  covering  traffic  data  in  various 

apparently  not  in  this  case.                                                     '  P^^'^s  of  the  United  States: 

Boulder.  Colo.                                              J.  B.   MARCELLUS.  O"  the   Lincoln   Highway  in  Pennsylvania,   between  Phila- 

delphia  and  Trenton,  it  is  estimated  that  in  the  year  1918  a 

T7i„               ]           £     ^    T\     J.              '      '      ^     -xiT'   1 .,  «  total  traffic  of  teams,  automobiles  and  trucks  was  had  of  225,- 

Formulas  for  Determining  Width  010 

Pif  R  on  H  AATd  V  '"  *'^®  County  of  Los  .\ngeles,  California,  in  various  months 

^^  rvUdU  Wd  jr  ii,  the  year  of  1919  and  on  eight  different  roads  the  traffic  ran 

To  the  Editor:      On  Page  99   of  your  issue  for  Feb.  2  ap-  trom  2,000  in  24  hours  up  to  7,200  in  24  hours,  the  count  being 

pears  a  letter  from  me  in  which  the  main  feature  is  left  out  """^'^  °"  ^°"''  classes  of  traffic,  namely,  horse,  motorcycles, 

««,r,<>i„     ♦!,„    «,,,,^„t    f„  ,,   i„    »■        .11-         .-L.              ■  automobile  and   motor  trucks.     The   estimated   tonnage   was 

namely,    the    correct    formula    tor    deducing    the    maximum  e,.^^  o  ncA  *„„„   •     *i,     c     *                    *•       j  ^     n  o„n  ? 

t,               i<iA.ii.uiu  trom  3,064  tons  in  the  first  case  mentioned  to  8,832  tons  in 

number  of  vehicles  per  hour  per  line  of  traffic.     This  should  the  second  case  mentioned. 

'■^^''-  At  the  city  line  of  the  city  of  Seattle,  Washington,  at  South 
"Maximum  number  of  vehicles  per  hour  per  line  of  traffic  Park  in  July,  1919,  the  total  daily  traffic  ran  from  700  to  2.070, 
^5280  X  average  speed  (miles  per  hour)  5280  S„  counting  about  eight  hours  per  day.  The  counts  were  made 
= on  the  following  units: 

/Sm-\  Motorcycle. 

Headway                                           F I  —  )  +V  Bu-es"^  ^^'^^' 

\  10  /  Trucks  under  2  tons. 

Referring  to  mv  articles  in  your  issue  of  April   2,  1919,  it  S"^*^!^^'  ^  to  5  tons. 

will  be  seen  that   headway  =  D  X  F  +  V  was  found  to  equal  EfgM  riS'nd  wa|on"'  horsf  ir^-lT' 

S.„-                                                 /  S„i-  \  Heavy  rigs  and  wagons,  horse  drawn. 

— .    Thus  headway  ^Fj  j  -f  V.  In  Allegheny  county,  Pennsylvania,  in  various  months  dur- 

10                                         \10    /  1919  counts  were  made  on  23  roads  tor  period  of  7  days  each 

Mr.  Barnett's  eiTor  in  his  article  in  your  issue  of  Sept.  1,  and  for  12  hours  each  day.     The  total  counts  for  the  seven 

1920,  lay  in  overlooking  the  denominator  10:  thus  his  values  days  on  each  road  ran  from  1.579  vehicles  to  15,442  vehicles, 

vvould  be  quite  too  small.     For  example:     Average  speed  ^  10  oeing  based  on  the  following  units: 

i.iiles.     Maximum    allowable    speed  ^  20    miles.     Using    same  One  horse  empty  truck, 

constants.  f'ne  horse  loaded  truck. 

c-nof,  Q                     ;;osn  j^  in      ^9finn  I'wo  horses  empty  truck. 

S^SU  b                     D^SO  +  10      OZ8U0  Two  horses  loaded  truck. 

Earnett    "formula, gives ;=  65    ve-  Four  or  more  horses  empty  truck. 

9^-     _L  ^7-                 n  ^  inn    i    ir      01 -^  Four  or  more  horses,  loaded  truck. 

2o  „.  +  V                 2  X  400  +  15      81.7  Motorcycles. 

l.icles  per  hour.  Runabouts. 

52080  S„           5280  X  10     52800  SSses"^  '''"'''■ 

My  formula   gives  -^ :^  555  Auto  trucks,  emptv. 

/  Sn,=  \                               400  A"'"  ^"cks,  loaded. 

F(  . )+V              2/ 1+15          95  In  Union  county.  New   Jersey,   the  traffic  census  made   on 

\  10  /                        \    10  /  tour  successive  Saturdays  and  Sundays  in  the  early  summer 

vehicles  per  hour.  of  1918   at  four  of  the  densest   traffic   roads   in   the   county 

H.  J.  FIXMER,  showed  a  total  traffic  census  tor  24  hours,  taking  the  average 

Paving  Engineer,  Board  of  Local  Improvement.  of  days  of  observance  at  from  4,.'>00  to  12,000  vehicles.     Two 

Chicago,  111.                                                                                  ■  of  these  points  registered  very  close  to  the  figure  12,000  vehi- 

cles    in    24    hours    in    each    day's    test.     The    units    employed 

£61,635    Motor    Trucks     in     United     States. — According     to  were: 

figures  compiled  by  statisticians  of  the  B.  F.  Goodrich  Rub-  Motorcycles, 

ber  Co.   there   are   now   961,635   motor  trucks   in   the   United  '^ZfeaAZV.l'i^l'crAAZl'ld. 

Slates.      The    compilations    are    based    on    the    actual    truck  Pleasure  automobiles, 

registration    figures    for    30    states    and    estimates    of   motor  -"^"'^  trucks. 

vehicle  registrars  of  the  18  other  states  which  do  not  segre-  Daily  traffic  for  the  new  Hudson  River  tuunels  between 
gate  motor  truck  and  passenger  car  registrations.  Many  New  York  and  Jersey  City,  as  forecast  by  the  Tunnel  Com- 
itates which  have  not  so  segregated  motor  truck  and  passen-  mission,  will  be  as  follows: 

ger   car    licenses    in    the    past    have    arranged    to    do    so    this  1S24,  date  of  opening  of  tunnel,  lii.SOfl  vehicles  daily, 

year.     Consequently   future   estimates    can    be   made   with   a  JU|^-  llj^^w  ^phicles  daib';. 

treater    degree    of    exactness.      According    to    the    Goodrich  „,    "              ,         ,    .  ' 

figures.  New  York  led  all  other  states  by  a  substantial  mar-  ^^'^   amount  and   increase   of   trafi.c   over   foui'   New    York 

gin   with   132,524.     Ohio   came   second   with   83,300.     Pennsyl-  ^ity  bridges  over  the  East  River  in  a  period  of  seven  years  is 

vauia,  which  ranked  third  in  the  number  of  motor  vehicles  S'ven  be.ow: 

ot  all  kinds,  dropped  to  fourth  place  in  the  truck  list,  Illinois  Kn,.                  Wiii.         iVicrease' 

taking    third     place    with     64,995         Pennsvlvania's      trucke       Brooklyn    Bridge    4,000daily         fi.700  dallv         B7 

totalpri    r.o  enr;       TIio  nevt    =iv   =tQt<.o   in   tlip  "li«t   were-     Massa-       Manhattan  Bridge   4.800  daily         21. 40n  daily         .S4S 

inaien  .-.i.bUb.      1  he  next  six  states  ni  the  list  were,     ividssd       Williamsburg  Bridge   6.000  daily        Hi, 300  daily        17" 

chusetts,    fifth,    51,386;     Michigan,    sixth,    45,773;     California,      Queenshorough   Bridge    3.500  daily        18,700  daily        435 
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Our  National  Highway  Problems* 

By  THOS.  H.  MAC  DONALD, 
Chief.  U.  S.  Bureau  of  I'ublic  Uoails 
Prefatory  to  this  discussion  on  the  highway  problems 
which  are  national  in  character,  it  should  he  understood 
that  present  conditions  are  such  that  a  large  program  of 
highway  improvement  should  go  forward,  now  and  without 
delay,  t^inds  are  available;  the  state  and  federal  high- 
way departments  are  ready  to  award  highway  contracts  for 
large  mileges.  It  is  estimated  that  from  all  sources  ap- 
proximately $622,000,000  is  available  for  highway  work. 
Admittedly  thre  are  many  and  grave  problems  in  our  devel- 
oping highway  program  which  must  be  met:  still  with  more 
than  3,500,000  men  unemployed  and  with  the  railroads 
eagerly  offering  transportation  for  the  necessary  materials, 
there  is  every  justification  for  vigorous  action  to  inaugurate 
a  large  public  works  program  with  confidence  that  the  prob- 
lems will  be  adequately  solved  as,  and  when,  they  arise. 

New  Requirements  Confront  the  Highway  Builder.— 
Nationally  we  are  in  a  transition  and  reconstruction  period 
for  many  causes,  and  as  is  to  be  expected,  the  highway  ques- 
tion is  one  of  those  acutely  affected  by  these  changing  condi- 
tions. The  requirements  with  which  the  highway  builder  is 
contending  today  are  so  new  that  there  has  been  no  time 
to  permit  the  teachers  to  instruct  accurately  from  the  ex- 
perience of  the  past.  The  man  who  must  do,  and  who  will 
be  held  responsible  for  the  results,  is  confused  by  the  con- 
tradictory solutions  which  he  and  others  of  his  class  have 
thrust  upon  them.  As  usual,  we  are  in  a  great  hurry.  We 
cannot  wait  for  the  teacher  to  develop  his  theories,  and  we 
insist  that  the  doer  engage  upon  a  vast  program  of  con- 
struction entailing  expenditures  far  beyond  our  extreme 
conceptions  of  only  a  few  years  ago.  We  have  been  turning 
the  clock  alrt!ad  at  a  whirling  rate.  Fortunately,  there  has 
been  a  powerful  brake  upon  our  ability  to  expend  funds, 
through  the  very  physical  handicaps  imposed  by  the  task 
itself.  If  labor,  if  rail  transportation,  if  materials  are  not 
to  be  had.  it  is  impossible  actually  to  pay  money  out  of  the 
public   treasuries   for  these   purposes. 

The  highway  engineer  and  the  highway  administrator  are 
not  guaranteed  a  safe  passage  through  smooth  waters,  after 
avoidirg  the  Scylla  of  a  single  problem  on  the  one  side, 
or  the  Charybdis  of  some  other  problem  on  the  other.  In 
the  development  of  the  highway  program  in  this  nation 
there  is  involved  not  one,  'mt  a  large  number  of  major 
problems,  so  extensive  that  they  will  constantly  demand 
very  large  expenditures  and  the  allocation  of  a  great  amount 
of  labor  and  materials  to  this  purpose  by  the  public  as  a 
whole,  in  return  for  highway  service,  rendered  primarily 
to  the  individual,  but  collectively,  to  itself.  So  let  us  not 
hope  or  expect  ever  to  find  the  final  solution  for  all  high- 
way problems,  for  they  will  continue  on  to  the  end  of  the 
chapter,  yet  they  will  not  be  the  same,  or,  at  least,  if 
fundamentally  the  same,  will  appear  in  different  guises  and 
with  many  modifications. 

Highway   Problems  of  Engineering   Can   Be  Solved.— These 
highway   problem?    which   are   of  an   engineering   nature   are 
capable  of  solution  if  adequately  attacked;   those  which  are 
economic  are  also  capable  of  solution,  but  in  principle  rather 
than  in  detail.     The  application  will  need  always  to  be  local- 
ized.     Of    these     two     classes-  certainly     not     minimizing 
either— the   most   immediately    serious   are    economic    rather 
than  engineering,  and  of  the   economic  problems   the   deter- 
mination of  the  amount  and  character  of  service  which  is  to 
be  required  from  the  highways  is  the  most  important.    Only 
in   a    few    of   the   more    advanced    states    does    an    adequate 
conception  exist  as  to  the  traffic— present  and  prospective— 
which   must  be   carried   over  the   highways.     The   character 
and  amount  of  traffic  which  the  highways  must  carry  can, 
through     painstaking     studies,     be     reasonably     determined. 
Such    a    study    should    precede    the    settling    of    the    second 
problem  which  is  of  immediate  importance:  that  is,  the  mile- 
age rale  of  improvement.     For  example,  let  it  be  determined 
within  any  state  that  only  the  high-class,  heavy-duty  pave- 
ments   will    be    constructed,    and    automatically    the   rate   of 
progress  has  been  fixed.    There  are  now  two  distinct  theories 
of   improvement.     First,   the   one   which    seeks   to   extend   a 
comparatively  limited   mileage   of  high-class   roads   annually 
as  the  funds  and  available  materials  and  labor  will  permit. 


"Address  delivered  Feb.  9  before  the  Good  Roads  Convention  of 
the  American  Road  Builders'  Association. 


Second,  the  one  which  seeks  to  build  a  comparatively  large 
mileage  of  highways  to  a  usable  condition  in  the  shortest 
time  possible.  This  second  theory  automatically  determines 
that  a  large  percentage  of  such  mileage  will  be  of  the 
lower-cost  roads  with  their  well-known   traffic   limitations. 

Early      Establishment      of      Sound      Economic      Principles 
Needed.  -The   liberty   has   been   taken   with   the   title   of  this 
paper  to  interpret  it  as  meaning  a  diagnosis  raUier  than  a 
prescription,   hut   it   may   be   pointed   out  here  as    indicating 
the  need  for  the  early  establishment  of  sound  economic  prin- 
ciples in  the  administration  of  our  highway  work,  that  the 
first  theory  is  being  applied  to  some  states  where  assuredly 
a    large    mileage    of    development    roads    of    the    lower    cost 
types  would  serve  the   traffic  under  present   conditions   and 
for  a  long  time  in  the  future,  and  the  second  theory  is  be- 
ing applied  in   some   states   where   such  type  of  roads   have- 
already  become  a  liability  rather  than  an  asset.     The  Bureau 
of  Public  Roads  has,  within  a  few  days,  been  requested   to 
revise    downward    its    mnimum    designs    and    specification 
requirements    for   heavy    traffic    main    roads,    in    one   of    the 
most  populous  states,  where  the  truck  traffic  is  growing  by 
leaps    and    bounds.     At    the    same    time,    we    are    approving 
plans  for  roadways  in  some  of  the  thinly  populated  sections 
where,   although   in  our  judgment   the   investment   is   sound, 
nevertheless,  at  the  rate  of  improvement  possible  within  the 
funds  that  are  and   can   be   made  available,   the   mileage  of 
improved    highways   will   not   be   adequate   within   a   reason- 
able   period    to    take    care     of    the    development    of     traffic. 
Recently  there  has  appeared  a  most  severe  criticism  of  the- 
engineering  and   administration   of  a   state   highway   depart- 
ment which  has  provided  good  highway  service  on  a  selected 
system   of  roads   into   practically   all   parts   of  a  large   state- 
with   p   minimum   expenditure  of  time  and  funds.     The  bal- 
ance sheet  for  this  system  of  roads  is  neglected.     The  ratio 
of  returns   to   investment   is   forgotten  because  a   very   mod- 
erate percentage  of  the  surfacing  has  failed   and  is  now   in 
need  of  reconstruction.     Is  it  any  wonder  that  the  necessity 
for   an   understanding   of  the   economic   problem   is   given   a 
super  position? 

Economic  Problems  of  State  and  Federal  Highway  Admin- 
istration.- This  discussion  relates  more  particularly  to  the- 
economic  problems  of  state  and  Federal  highway  administra- 
tion, which,  in  a  major  sense,  has  been  confined  to  a  limited 
percentage  of  roads.  It  is  estimated  that  about  8  per  cent 
of  our  total  road  mileage  is  covered  by  the  state  systems  on 
which  the  state  and  Federal  funds  are  concentrated.  The 
other  92  per  cent  of  the  roads  carry  much  traffic,  and  the 
same  general  discussion  applies  to  each  class,  but  the  neces- 
sity for  a  decision  as  to  the  expenditures  of  funds  for  the 
extension  of  a  comparatively  large  mileage,  or  their  con- 
centration on  a  short  mileage  of  high  type  roads,  relates 
chiefly  to  this  small  percentage  of  highway  mileage.  The 
total  road  mileage  of  the  United  States  would  encircle  the- 
globe  nearly  100  times.  We  are  now  largely  concentrating 
the  Federal  and  state  engineering  and  administration  upon- 
only  one-twelfth  of  this  total  mileage,  and  there  is  a  de- 
mand for  an  even  smaller  concentration  of  these  funds, 
particularly  those  which  have  been  appropriated  by  the- 
Federal  Government. 

Just  now  we  have  literally  a  pocketful  of  money.  Funds 
have  been  made  available  in  large  amounts  by  the  Federal' 
Government,  the  states,  the  counties  and  even  smaller  dis- 
tricts, which  have  accumulated  because  of  non-expenditures, 
hut  we  should  not  hynotize  ourselves  into  the  belief  that 
this  condition  will  continue  to  exist,  unless  the  balance 
sheets  show  profits  on  these  expenditures  in  the  way  of 
highway  service  to  all  of  the  people  from  whom  these  funds 
are  contributed.  The  earning  capacity  of  our  roads  must 
be  demonstrated.  There  are  plenty  of  communities,  even 
as  large  as  a  whole  state,  which  have  already  bonded  them- 
selves to  their  legal  limit  to  provide  the  funds  that  are 
available  now.  Admittedly  these  limitations  are  arbitrary 
rather  than  fixed  by  economic  considerations.  With  the 
task  of  highway  improvement  only  begun,  it  is  apparent 
that  either  new  sources  of  revenue  must  be  found,  or  these 
lim.itations  must  be  changed.  I  have  faith  that  these  limi- 
tations can  and  will  he  raised  to  permit  of  the  continuation 
of  a  large  program  of  improvement,  but  such  a  continuation 
will  come  to  be  more  and  more  dependent  upon  the  bal- 
ance sheet  which  we  are  able  to  show  of  profits  derived. 

The  fact  that  there  is  not  complete  concurrence  in  the 
concentration  of  the  necessary  funds  for  the  building  of 
the  better  class  of  highways  is  well  demonstrated  by  some- 
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■oi  the  recent  measures  which  have  been  put  before  state  legis- 
latures, which  would  require  the  spreading  of  the  highway 
funds  over  large  mileages  of  the  lower  cost  roads,  and 
would  effectually  prevent  the  building  of  the  higher  cost 
surfaces  where  the  traffic  absolutely  demands  them.  Herein 
lies  one  of  the  chief  virtues  of  the  Federal  Aid  Road  Act, 
and  particularly  in  the  provision  of  the  act  which  requires 
that  the  Federal  funds  must  be  allocated  to  projects  of  a 
substantial  construction.  Serious  problems  are  confronting 
the  law  makers  of  both  the  Federal  Government  and  the 
states  to  provide  the  ways  and  means  for  securing  suffi- 
cient revenues  to  meet  the  expenditures  called  for  in  the 
public  budgets,  even  though  these  be  trimmed  and  cut  until 
they  place  insurmountable  limitations  upon  the  development 
of  many  of  the  highly  advisable  public  activities.  It  must 
be  clearly  apparent  to  the  fair-minded  that  the  unanimous 
support  which  has  been  given  the  Federal  Aid  Road  Act 
by  those  in  administrative  control  of  the  state  highway  de- 
partments, has  resulted  from  the  helpful  and  stabilizing 
influence  which  the  principles  of  this  act  have  brought  to 
tear  upon  the  development  of  highway  legislation  and  high- 
way policies.  We  are  passing  through  a  period  in  which 
the  development  of  these  policies  in  accelerated,  but  is  not 
the  whole  history  of  the  highway  movement  in  this  country 
a  succession   of  steps   from   one  phase  to  another? 

The  steps  which  we  take  now  are  of  greater  consequence 
because  it  is  well  demonstrated  that  the  use  of  the  high- 
ways has  increased  from  500  to  1,000  per  cent  in  a  period 
of  perhaps  .5  years.  There  are  rural  highways  contiguous 
to  centers  of  population  of  less  than  one-tenth  that  of  our 
largest  cities  which  today  carry  as  high  as  12,000  to  -IS. 000 
vehicles  during  the  days  of  maximum  traffic.  Assuming 
that  this  statement  of  facts  demonstrates  the  rapidly  chang- 
ing economic  conditions  which  must  be  encountered,  does 
this  not  present  the  problem  of  insuring  stability  in  the  per- 
sonnel of  the  highway  administrative  bodies  who  are  re- 
sponsible for  the  development  of  economically  sound  poli- 
cies? 

Administration  of  Highway  Affairs  Should  Be  Stabilized. 
— Next  to  the  determination  of  the  economic  problems,  per- 
haps none  is  of  greater  import  than  the  stabilizing  of  the 
administration  of  highway  affairs.  It  has  been  pointed  out 
by  competent  observers  that  one  of  the  reasons  that  the 
fiighways  in  England  are  carrying  extremely  heavy  con- 
centrations of  traffic  without  serious  deterioration,  is  the 
continuation  in  office  for  long  periods  of  competent  engi- 
neers who  have  thus  been  able,  through  intimate  and  con- 
tinuous observation,  to  apply  for  the  benefit  of  the  locality 
the  knowledge  gained  at  the  expense  of  the  community  it- 
self. Let  it  stand  out  as  a  bold,  unchangeable  fact  that  the 
public  pays  for  the  education  of  its  public  servants.  Some 
one  has  remarked  that  a  change  of  employes  is  likely  to 
prove  only  a  change  of  faults,  and  there  is  such  a  demand 
now  for  highw-ay  engineers  that  it  must  be  understood  that 
every  man  whose  education  and  experience  have  been  along 
this  lino  grows  more  valuable  to  the  community  with  the 
years  of  his  experience  in  dealing  with  the  particular  prob- 
lems  of  the   community. 

The  administration  of  the  Federal  Aid  Road  Act  has 
pointed  out  certain  other  problems  of  a  major  character. 
One  of  these  which  should  be  remedied  at  once  is  the  fail- 
ure of  a  large  group  of  states  to  provide  state  revenues,  as 
such,  to  meet  the  Federal  funds.  About  one-third  of  the 
states  are  in  this  category.  Some  of  these  have  been  lim- 
ited, through  constitutional  inhibitions  upon  their  power  to 
raise  revenues  for  internal  improvements.  It  is  apparent 
that  in  those  states  which  depend  upon  the  counties  or  dis- 
tricts to  supply  funds  to  meet  the  Federal  Aid  appropriations 
without  assistance  from  the  state,  the  local  interests  will 
demand  consideration.  This  influence  has  not  yet  seriously 
affected  the  logical  development  of  the  most  important  state 
highways,  only  because  the  roads  in  the  different  communi- 
ties which  are  of  the  largest  importance  from  the  state 
viewpoint  have  .nlso  been  of  major  importance  to  their  re- 
spective localities.  This  being  true,  great  progress  has 
heen  made  even  in  the  states  having  no  state  revenues,  upon 
the  development  of  state  and  interstate  systems.  But  to  be 
of  state-wide  and  nation-wide  service,  the  improvement  of 
the  system  must  go  forward  in  the  communities  which  can 
ill  afford  the  luxury  of  main  line  highways  no  matter  how 
badly  they  are  needed. 

The  immediately  local  use  of  the  highways  and  the  abil- 
ity of  communities  to  pay,  bear  a  reasonably  constant  ratio 
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to  each  other,  diminishing  or  increasing  together.  But  a 
study  of  the  states  shows  that  interposed  between  the 
wealthier  communities  are  those  which,  although  devoting 
a  greater  proportion  of  their  w-ealth  to  highway  improve- 
ment, cannot  in  fairness  be  required  to  continue  main  line 
highways  to  complete  the  state  and  interstate  systems.  Only 
from  state  and  Federal  funds  can  the  development  of  such 
systems  be  assured.  This  same  general  principle  holds  true 
for  the  United  States  as  a  whole,  and  it  appears  that  In  the 
near  future  favorable  consideration  will  be  given '  to  the 
recommendations  of  the  Secretary  of  Agriculture  and  the 
Bureau  of  Public  Roads,  that  the  present  equal  co-operative 
funds  required  from  those  states  having  large  areas  of  pub- 
lic lands  which  are  non-productive  of  revenues  but  are 
highly  exhaustive  of  the  funds  since  the  highways  must 
be  continued  across  these  great  expanses,  will  be  decreased 
in  proportion  to  the  percentage  of  the  public  lands  within 
their  borders. 

The  Maintenance  Question. — And  after  roads,  of  whatever 
type,  are  constructed,  comes  the  major  problem  of  main- 
tenance. Rather  let  it  be  said  that  if  the  task  today  is  to 
provide  highway  service,  we  cannot  afford  to  wait  for  the 
construction  of  new  and  modern  types  of  highways.  The 
maintenance  should  be  carried  forward  now  on  roads  im- 
troved  and  unimproved.  The  returns  will  more  than  com- 
pensate the  cost.  If  there  is  one  problem  which  the  road 
builders  of  the  United  States  as  a  whole  must  learn,  it  is 
that  of  highway  maintenance.  The  continuity  and  long 
radius  of  operation  of  the  motor  vehicle  require  a  develop- 
ment of  maintenance  organization  and  maintenance  expendi- 
tures not  heretofore  required;  but  in  the  same  fact  lies, 
because  of  the  service  rendered,  the  justification  for  the 
expense  involved.  We  cannot  neglect  the  simple  methods 
of  maiutcnance  which  have  demonstrated  their  utility.  The 
harrow,  the  road  drag,  the  blade  grader,  have  a  high  degree 
of  utility  in  combination  with  the  motor  truck  and  gas  trac- 
tor. One  state  engineer  remarked  that  the  widespread  use 
of  these  simpler  maintenance  tools  in  his  state  saved  his 
whole  program  of  higher  cost  construction,  because  of  the 
better  highway  service  provided  over  a  large  mileage. 

As  has  been  pointed  out,  we  have  concentrated  state  and 
Federal  highway  organization  and  funds  upon  a  small  mile- 
age of  roads,  but  because  service  is  demanded  from  all  of 
the  reads  we  cannot  neglect  the  upbuilding  of  the  county 
organizations.  Smaller  than  county  organizations  should 
be  done  away  with  as  soon  as  possible,  and  the  administra- 
tive conduct  of  the  work  in  the  counties  concentrated  under 
competent  highway  engineers.  There  should  be  a  correla- 
tion between  the  work  of  these  county  engineers  and  the 
state  highway  departments.  Much  of  the  more  involved 
technical  work  such  as  the  design  of  bridges,  the  planning 
of  standards,  designs,  development  of  specifications,  can  be 
made  applicable  not  only  to  state  but  to  county  highway 
work,  and  the  counties  should  have  the  benefit  of  the  guid- 
ance and  support  of  the  state  organization.  The  closer  the 
correlation  of  the  work  of  these  two  agencies,  the  greater 
service  will  be  rendered  to  the  public,  and  the  more  en- 
durine  and  more  generous  will  be  the  public  support. 

Engineering  Policies  and  Public  Demand. — The  fear  arises 
that  this  discussion  which  started  as  a  diagnosis,  is  becom- 
ing argumentative  and  confined  too  nearly  to  the  economic 
&va\  administrative  rather  than  the  engineering  questions 
V  hich  are  of  national  import.  There  is  too  widespread  a  feel- 
ing that  our  highways  are  not  proving  adequate  under  the 
traffic,  and  frequently  newspaper  scare-heads  appear  that 
funds  are  being  wasted.  Examine  any  large  program  of 
construction  honestly,  and  usually  the  only  conclusion  that 
can  be  reached  is  that  the  engineer  has  builded  as  well  as 
the  legislative  and  political  control  has  allowed,  and  not 
irfrequenlly  the  engineer  who  has  produced  the  highest  class 
results  has  been  displaced  because  of  his  inability  to  stretch 
the  dollars  into  a  larger  mileage  of  roads.  In  many  large 
programs  recommended  engineering  policies  have  been 
mutihited  beyond  recognition  through  an  attempt  to  meet 
the  apparent  public  demand  tor  more  miles  of  road.  Dur- 
in.g  the  past  year  great  progress  has  been  made  in  direct- 
ing public  attention  to  the  fact  that  liighways  must  be  de- 
signed with  painstaking  care  and  with  scientific  knowledge 
of  the  local  conditions  whicli  must  be  met,  and  this  perhaps 
the  greatest  of  our  national  highway  engineering  problems 
today — the  design  nf  highways  which  will  use  the  most  avail- 
able materials— which  will  take  into  consideration  not  gen- 
erally but  specifically,  the  soil  and  drainage  conditions,  the 
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topography  and  all  other  local  physical  facts  which  b^ar 
upon  the  durability  and  cost  of  the  construction. 

Let  It  be  clearly  unflerstood,  however,  that  the  engineer- 
ing and  the  economics  cannot  be  separated,  and  that  engi- 
neering is  best  which  does  not  design  aga,inst  every  possi- 
ble failure  at  an  impossible  cost,  but  which  limits  the  num- 
ber  of  failures  to  a   low   per   cent. 

A  major  engineering  problem  which  is  national  in  its  scope 
is  the  early  determination,  by  agreement  if  possible,  be- 
tween the  road  user  and  the  road  b\iilder,  upon  the  maxi- 
mum loads  which  are  to  be  carried.  Although  our  motor 
vehicle  registration  has  reached  over  9,000,000  vehicles,  the 
determining  factor  in  the  design  of  the  higher  cost  road- 
ways is  the  motor  truck  which  now  constitutes  not  more 
than  about  one-tenth  of  the  motor  vehicles  registered.  A 
recent  traffic  count  in  California  shows  the  use  of  the  high- 
ways by  motor  trucks  amounts  to  approximately  12;/,  per 
cent  of  the  total  traffic.  There  is  no  doubt  that  the  design 
of  motor  vehicles  has  been  treated  largely  from  the  mechan- 
ical consideration  of  the  construction  of  the  vehicle  itself. 
The  development  of  these  vehicles  has  taken  place  so  rapidly 
that  the  adaptation  of  the  vehicle  to  the  roadways  over 
which  it  is  to  he  operated  has  been  seriously  neglected.  On 
the  other  hand  the  highway  engineer  is  forced  to  give  con- 
sideration, in  his  design  of  modern  highways,  to  the  vehicles 
which  are  to  be  operated  over  them,  and  it  is  now  time  that 
the  interrelationship  of  the  design  of  highways  and  the 
design  of  motor  vehicles  be  recognized  as  a  fundamental 
engineering  problem  without  which  the  development  of 
neither  can  go  forward  in  a  manner  that  will  bring  to  the 
public   the   greatest   service   from   the   combination. 


The  Two-Hundred   Millionth  of  an  Inch 

and  the  Ten-Thousandth  Part 

of  a  Second 

Yes,  these  figures  represent  actual  measurements,  incred- 
ible as  they  may  seem  to  most  of  us.  And  if  their  value  in 
the  field  of  engineering  is  not  at  once  conclusively  apparent, 
we  must  remember  that  other  achievements  which  at  first 
appeared  as  of  interest  only  in  the  fields  of  pure  science 
have  later  developed  most  practical  uses. 

The  extreme  refinement  in  linear  measurement  is  the  in- 
vention of  Prof.  Whiddington  of  Leeds  University.  England, 
It  depends  upon  the  development  of  sound  in  a  special  tele- 
phone receiver  when  the  coincidence  of  frequencies  in  two 
electric  circuits  is  disturbed  by  a  variation  in  the  position 
of  condenser  plates.  It  is  about  200  times  finer  than  the 
best  previous  measurements,  which  were  dependent  upon 
phenomena  of  light. 

A  list  of  results  so  far  accomplished  through  the  Whid- 
dington method  is  not  at  hand,  hut  we  have  the  statement 
that  measurement  has  been  made  of  the  deflection  of  a  solid 
wooden  table  due  to  the  weight  of  a  coin  placed  upon  it. 

To  Prof.  Albert  A.  Michelson  of  the  University  of  Chicago 
goes  the  credit  for  the  most  accurate  method  of  angular 
measurement.  This  is  known  as  the  "interference  method," 
and  has  attracted  much  attention  on  account  of  the  astound- 
ing dimensions  of  some  of  the  fixed  stars  recently  measured 
by  it  at  the  Mt.  Wilson  Observatory.  An  angle  of  one  ten- 
thousandth  of  a  second  is,  to  say  the  least,  difficult  to  think 
of.  Perhaps  it  will  help  to  consider  that  this  is  the  angle 
which  would  be  subtended  by  the  width  of  an  ordinary  pencil 
lead  at  a  distance  of  about  1,000  miles  from  the  eye. 

In  taking  measurements  by  this  method,  the  mirror  of  a 
reflecting  telescope  is  covered  with  a  shield  in  which  are 
two  parallel  adjustable  slits.  As  a  result  a  series  of  inter- 
ference bands  become  visible;  and  when  measurement  is 
made  of  the  distance  apart  of  the  two  slits  after  they  have 
been  adjusted  to  a  spacing  at  which  the  fringes  of  the  bands 
disappear,  it  becomes  possible  to  calculate  the  angle  sub- 
tended by  a  star's  diameter. 


Convention  of  U.  S.  Good  Roads  Association. — The  9th 
annual  convention  of  the  United  States  Good  Roads  Associa- 
tion will  be  held  at  Greensboro,  N.  C,  April  lS-23.  The  Bank- 
head  National  Highway  Association  will  hold  its  conven- 
tion .It  Greensboro,  on  April  21  and  22.  There  also  will  be 
an  exhibition  of  road  machinery,  materials,  trucks,  tractors 
and  antcmobiles.  J.  A.  Rountree,  Greensboro,  N.  C,  is  direc- 
tor general. 


The  Traffic  Census 

There  Is  a  general  agreement  among  all  conversant  with 
highway  conditions  as  to  the  immediate  necessity  for  thor- 
ough and  systematic  work  in  highway  research,  and  there 
are  already  under  way  well-organized  efforts  toward  this  end. 
Even  a  brief  study  of  the  problems  of  highway  research 
shows  that  many  of  them  of  the  most  fundamental  charac- 
ter require  for  their  solution  a  comprehensive  knowledge  as 
to  the  traffic  which  moves  over  the  highways.  It  is  therefore 
of  the  utmost  importance  that  traffic  census  work  be  under- 
taken and  this  information  collected  as  rapidly  as  possible. 
Some  of  the  features  that  should  govern  a  traffic  census 
were  outlined  by  A.  N.  Johnson,  Dean.  Engineering  College 
of  the  University  of  Maryland,  in  a  paper  presented  Dec. 
14  at  the  fith  annual  convention  of  the  American  Association 
of  State  Highway  Officials.   An  abstract  of  the  paper  follows: 

Traffic  Records  in  the  United  States. — For  the  most  part, 
the  traffic  records  made  in  this  country  have  been  of  spas- 
modic character,  and  with  one  or  two  exceptions  have  not 
been  taken  with  any  very  definite  purpose  in  view  other 
than  to  record  some  information  which  might  prove  inter- 
esting to  examine. 

The  first  traffic  census  taken  in  this  country  for  any  ex- 
tended period  was  made  in  Illinois,  1906-7,  where  the  traffic 
was  counted  at  some  seventy-odd  stations  continuously  dur- 
ing a  two-year  period  on  an  average  of  four  times  a  month. 
The  data  collected,  however,  are  chiefly  valuable  from  an 
historical    standpoint. 

The  only  state  reporting  that  systematic  traffic  records 
have*  been  made  within  the  past  few  years  is  Maryland, 
where,  since  1912,  one-day  counts  each  month  have  been 
maintained  on  all  of  the  state  highways.  In  1912  there  were 
about  50  stations,  to  which  additional  stations  have  been 
added  as  new  sections  of  state  highways  were  built,  until 
at  present  there  are  191.  These  traffic  records  have  been 
used  to  a  certain  extent  to  study  maintenance  costs  and 
have  been  very  valuable  indeed  in  this  connection. 

The  Basis  of  a  Traffic  Census. — Let  us  now  examine  some 
of  the  considerations  upon  which  to  base  a  traffic  census 
and,  from  the  requirements  to  be  met,  deduce  as  much  of 
the  detail  as  possible  as  to  the  manner  of  making  such  a 
census. 

The  great  disparity  between  the  amounts  of  traffic  that 
use  a  road  prior  to  its  improvement  and  subsequently  is  to 
be  noted  everywhere.  This  fact  makes  a  general  traffic 
census  over  a  system  of  roads  which  have  not  been  improved 
of  little  value,  although  there  will  probably  be  certain  points 
on  all  such  systems  of  roads  prior  to  their  improvement 
where  a  traffic  count  would  be  of  assistance  to  determine 
something  both  as  to  character  and  amount  of  traffic  that 
such  particular  sections  of  road  might  be  expected  to  carry 
after  improvement. 

A  general  traffic  census,  such  as  has  been  taken  in  a 
number  of  foreign  countries,  particularly  in  England,  France, 
and  Belgium,  can  not  have  the  same  application  here,  except 
in  those  localities  or  state  where  the  roads  have  been  gen- 
erally improved  and  where,  as  a  consequence,  highway 
traHic  has  developed  and  the  principal  routes  of  travel  have 
been  defined.  Also  as  a  result  of  the  general  improvement 
of  the  highways  the  amount  of  traffic  to  be  noted  may  be 
expected  to  give  a  fairly  accurate  indication  of  the  total 
use  to  which  those  communities  find  it  at  present  profitable 
and   convenient  to   use  the  highways. 

There  are  few  states  in  which  the  highways  have  been 
thus  generally  improved  where  a  traffic  census  should  be 
of  value  in  this  sense.  In  such  a  list  are  to  be  included 
Massachusetts,  New  Hampshire,  Connecticut,  Rhode  Island, 
New  York,  New  Jersey,  Delaware,  and  Maryland.  To  this 
list  may,  perhaps,  be  added  Ohio.  Wisconsin,  Jlinnesota, 
portions  of  Pennsylvania,  and  Californiav  Outside  these 
states  there  are  a  number  of  localities  centering  around  large 
cities  where  the  roads  for  a  considerable  distance  have 
been  materially  improved,  in  particular  about  Chicago,  De- 
troit. Kansas  City,  St.  Louis,  Portland,  and  Seattle.  The 
improved  roads  about  these  cities,  extending  for  15  or  20 
miles,  are  generally  confined  to  the  neighboring  county. 

Purpose  of  a  Traffic  Census. — From  a  summary  of  traffic 
censuses  that  have  been  made  in  other  countries  and  vari- 
ous states,  it  will  be  noted  that  there  is  a  wide  variation  as 
to  the  details.  Before  these  can  be  discussed  it  is  necessary 
to  analyze  the  purpose  of  a  traffic  census  and  then  to  adopt 
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such  a  method  of  taking  tt\p  census  as  will  give  the  data 
necessary  to  serve  the  purpose  sought.  It  is  evident  that 
more  than  this  entails  unnecessary  expense,  while  less 
makes  the  expense  incurred  of  little  or  no  value. 

Some  of  the  purposes  of  a  tratiic  census  may  be  outlined 
as  follows: 

(a)  For  the  economic  evaluation  of  a  highway,  i.  e.,  to 
determine  its  worth  as  an  investment,  or  how  much  may  be 
safely  invested   in  highway  improvement. 

lb)  To  tind  the  seasonal  variation  in  the  use  of  a  highway. 

(c)  For  the  proper  design  of  a  highway. 

(d)  For  a  rational  allocation  of  reconstruction  and  main- 
tenance  funds. 

(e)  To  obtain  the  cost  of  operating  traffic  over  the  high- 
ways. 

(f)  To  furnish  data  for  the  formulation  of  regulations  gov- 
erning vehicles  and  the  manner  of  their  use  of  the  highways. 

Let  us  examine  what  will  be  required  to  furnish  the  data 
necessary  for  the  purposes  above  outlined.  First,  to  evaluate 
the  economic  worth  of  a  highway  it  is  necessary  that  both 
the  amount  and  character  of  traffic  using  the  highways  be 
known,  not  only  on  a  few  sections  of  road  but  for  a  large 
mileage  constituting  a  system  of  highways.  We  should 
also  have  some  knowledge  of  the  amount  of  traffic  on  the 
auxiliary  roads   to   such   a  system. 

To  determine  the  total  amount  of  traffic  it  is  necessary 
that  we  know  the  total  number  of  vehicles  of  all  kinds. 
We  should  also  know  what  proportion  of  these  vehicles  are 
for  freight  and  what  for  passengers.  We  should  want  to 
know  the  number  of  passengers  as  well  as  the  net  tonnage 
transported  during  the  whole  year  and  at  different  seasons 
of  the  year,  together  with  some  indication  of  the  nature 
of  the  products,  as  r,gricultural  products,  both  raw  and  man- 
ufactured, manufactured  goods,  products  of  mines  and  quar- 
ries,  etc. 

To  allocate  the  maintenance  funds  the  amount  of  traffic 
Bnd  its  character  should  be  known  over  all  sections  of  the 
liighways.  This  same  information  would  also  be  used  to 
•determine  the  maintenance  cost  per  unit  of  tralfic. 

To  determine  the  wear  due  to  traffic  on  different  high- 
^'.ays  of  similar  construction,  it  should  be  possible  to  com- 
pare the  relative  amount  of  different  kinds  of  traffic,  the 
proportion  of  light  and  heavy  vehicles  and  of  horse-drawn 
and  motor  vehicles. 

For  the  proper  design  of  a  pavement  we  should  know  the 
heaviest  loads  to  be  carried  and  their  frequency,  to  aid  in 
■designing  the  thickness,  for  which  there  will  be  required 
also  much  data  from  other  sources.  To  determine  the  width 
of  pavement,  the  maximum  amount  of  traffic  to  be  carried 
in  each  direction  for  a  given  period  during  the  day,  and 
whether  the  bulk  of  the  traffic  changes  direction  according 
to  the  time  of  day,  would  be  the  governing  factors  in  de- 
ciding whether  a  pavement  should  be  widened  to  a  three- 
track   or  four-track  way. 

The  cost  of  operating  traffic  over  the  highways  is  one  of 
the  most  significant  factors  concerned  with  the  economics 
•of  highway  building  and  maintenance.  Until  the  cost  of 
highway  transportation  and  the  elements  that  affect  it  are 
known  and  applied,  true  economy  in  the  construction  and 
maintenance  of  roads  can  not  be  attained.  The  fundamental 
requirement  for  data  for  such  a  purpose  is  a  reliable  traffic 
-census.  Not  that  the  census  in  itself  will  answer  our  prob- 
lems, for  there  are  many  experimental  data  necessary,  which 
are  to  be  secured  only  by  patient  and  exhaustive  study. 
But  these  data  will  be  of  no  practical  application  until  we 
know  the  traffic  over  our  highways.  For  this  purpose  we 
shall  require  to  know  the  total  numbers  of  each  class  of 
vehicle  using  the  road  and  the  total  tonnage. 

To  formulate  regulations  to  control  traffic,  general  divi- 
sions, as  horse-drawn  and  motor-driven  traffic,  are  evidently 
essential  as  well  as  the  number  of  passenger  and  freight 
motor  vehicles.  The  relative  frequency  of  heavy  and  light 
loads  will  be  useful  to  determine  the  necessity  of  tralfic 
segregation,  while  the  total  amount  of  traffic  using  a  high- 
way will  help  to  develop  rationally  other  limitatioiis  that 
may  be  necessary  to  impose  upon  those  using  the  highway 
for  transportation. 

Prom  what  has  been  said  as  to  the  purposes  that  are  to  be 
served  by  a  traffic  census,  we  may  now  turn  to  a  discussion 
of  the  elements  of  a  traffic  census  which  will  give  the  re- 
quired information. 

We  have  to  answer  three  principal  questions:  First,  as 
■to  where  traffic  enumerations  shall  b-  made;   second,  as  to 


how  often — that  is,  their  frequency  and  duration;   and  third, 
as  to  what  shall  be  enumerated. 

Where  Traffic  Counts  Should  Be  Taken. — Traffic-census 
stations  should  be  established  close  enough  so  that  the  traf- 
fic over  a  given  section  of  road  may  be  determined  with 
reasonable  accuracy.  They  should  be  so  close  to  cities  or 
villages  as  to  include  merely  local  traffic  that  extends  but 
a  mile  or  less  beyond  the  observation  point.  As  important 
byroads  join  the  main  road,  other  traffic  stations  should  be 
established.  Some  idea  of  the  total  number  that  may  be 
necessary  may  be  gained  from  the  work  in  Maryland,  where 
on  the  average  there  is  a  traffic  station  every  7  miles  on 
the  state  highway  system.  Additional  stations  would  be 
required  if  the  traffic  carried  by  the  more  important  side 
roads  is  to  be  known.  In  England  it  is  not  necessary  to 
have  counting  stations  in  the  open  country  closer  than  every 
10    miles,   but   they   are   nearer   together   in   the   vicinity   of 
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cities.  Where  traffic  is  not  heavy,  counts  could  be  made 
at   crossroads,   one   observer   taking   traffic   on   both   roads. 

Frequency  and  Duration  of  Traffic  Counts. — Reference  has 
been  made  to  the  conditions  under  which  a  general  census 
may  profitably  be  made;  that  is.  a  census  taken  over  a 
widely  spread  system  of  roads.  Unless  such  a  system  has 
been  improved  so  that  traffic  uses  the  roads  of  the  system 
in  preference  to  the  other  near-by  routes,  there  is  little  value 
to  be  gained  from  a  widely  extended  count  of  present  traffic 
throughout  the  year.  If  the  roads  of  the  system  are  not 
generally  improved,  it  is  recommended  that  counts  be  con- 
fined to  two  weeks  during  the  summer  and  fall,  a  week  at  a 
time,  counting  the  traflic  for  seven  consecutive  days. 

Traffic  records  throughout  the  year  may  be  made  on 
cerlain  roads  of  an  unimproved  system  near  larger  cities,  to 
which  may  be  applied  a  traffic  factor  obtained  from  observed 
traffic  in  other  localities  of  similar  environment,  but  where 
the  roads  have  been  generally  improved. 

With  the  data  thus  collected  it  would  be  possible  to  form 
an  estimate  of  the  expected  traffic  over  a  proposed  system  of 
state  roads  yet  to  be  improved,  that  should  closely  approxi- 
mate the  relative  amounts  of  traffic  the  different  highways 
would  carry,  while  giving  a  reasonable  estimate  as  to  actual 
amounts  of  traffic  that  may  shortly  be  expected  to  develop. 
Such  studies  would  furnish  a  sound  basis  for  the  determina- 
tion of  the  routes  and  sections  of  routes  most  needed  for 
immediate    improvement. 
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Where  a  traffic  census  is  lo  be  taken  over  an  entire  state  and   rational  application   possiljla  may  be   made  in  reducing 

system    ot    roads,    the    enumerations    should    be    taken    with  the  traffic  to   a  lonnaore  and   passenger  basis. 

.sulHcit-nt    frequency    to    establish    tlie    seasonal,   weekly    and  jhe  Tally   Sheet. — One  practical  consideration   to  be  kept 

hourly   variations.     For   these    puriioses    it   is   recommended  j,,   ,„;„(]   j„   (ij^   make-up  ot  the  tally  sheet"  is  the  fact  that 

that  the  counts  should  be  made  on  an  average  ot  four  times  the   enumerators   will   probably  be   patrolmen   or   persons  of 

a  month,  each  count  falling  on  a  different  day  of  the  week,  similar  limited  abilities,  so  that  it  is  desirable  that  the  tally 

the  intervals  between  the  counts  being  as  nearly   equal  as  sheets    upon    which    the    actual    counts    are    to    be    recorded 

it  Is  practicable  to  make  them.     The  observations  should  be  should  be  made  as  simple  as  possible. 

made  from  12  to  14  hours  continuously,  the  longer  time  dur-  yy^^  classification  recommended  to  be  shown  on  the  tally 

ing  the  summer  months.  sheets  is  as  follows: 

Night  traffic  for  the  majority  ot  the  roads  which  are  not  Horse-drawn  vehicles:                     Alotor  vehicles-Continued, 
near  the  large  centers  of  population,  can  be  sufficiently  well  Pas.senger.                                        Passenger- 
averaged    by    taking   a   few   typical   counts,   which   need   not  ^"gife'l'^^rse                                        Five^or^.seven-passenger. 
exceed  four  or  five  a  year,  taken  at  different  seasons  of  the  Two-horse.                                    I'-niKht— 
year.     But  in  the  vicinity  of  all  large  cities,  particularly  on  ^ot^ehlclYs:                                    tXo ''to  Tve Tons'"' 
those  roads  where  the  public  makes  considerable  use  ot  tnem  Passenger-                                         Over  five  tons, 
for  riding  during   summer   evenings,   the  counts   should   con-  Motorcycles.                                      (Trailers,    giving    approximate 

iwiwf,    ^ji       ,     .    ,      .,          .    ,»    f     ■               ii,    »    ti,„    i,„ii.    ^t  Two-passenger.                                        weight  m  tons), 

tinue  far  enough  into  the  night  to  msure  that  the  bulk  of  .   „       ,      .              ,       .       ,         .     „       ,       -^    , 

this  traffic  will  be  included  in  the  summary.  The  tally  sheets  are  also  to  show  traffic  classified  as: 

After  one  or  two  years'  data  have  been  accumulated,  the  Farm-to-town. 

frequency  of  the  counts  may  be  reduced;   from  one-third  to  Througli  or  tourist. 

cnc-halt  the  number  will  doubtless  be  found   sufficient.  r^^^   j.^„y   gj^^^^   ^^^^,^   j,^^^.   ^^^   number   of   vehicle.s   in 

What  Shall  Be  Enumerated.— It  is  desirable  that  the  classi-  each   direction.      For   this   purpose   two   tally   sheets   may   be 

fication   of  traffic   be   made  according  to  two   distinct   meth-  ygptj  simultaneously,  one  for  the  north  or  east  bound  traffic 

ods;    (1)    according   to   type    of   vehicle,    and    (2)    according  ,„fi  the  other  for  that  bound  south  or  west, 

to  the  destination  of  traffic,  i.  e.,  whether  its  direction  is  to-  jjaejj  g^eet  is  to  be  divided  into  hourly  spaces  14  hours  on 

ward   or   away  from   a  given   center,   whether  it  is   farm-to-  ^  sheet,  using  additional  sheets  tor  night  counts. 

town    or   town-to-town    traffic,    intertown,    or    traffic    through  i„  addition  each  tally  sheet  should  show  the  date  of  the 

the  state.     These  distinctions  as  to  destination  of  traffic  can  enumeration,  location  of  the  station,  weather  conditions,  the 

usually  be  discerned  by  the  observer  from  his  general  knowl-  name    of   the    observer,   and    whether   the   count   was    taken 

edge  of  the  locality  and  the  character  of  the  vehicle  and  its  (,^  j^  ^jay  of  unusual  traffic  conditions  because  of  some  special 

load,    the    bulk    of    through    traffic    being    indicated    closely  event  happening   in  the   vicinity. 

enough  by  noting  those  vehicles  bearing  license  numbers  of  jt  jg  evidently  desirable  that  the  traffic  census  taken  in  one 

other   states   or   that   manifestly   carry   tourists.  locality  should  be  readily  comparable  with  that  in  another,^ 

The  tally  sheets  should  therefore  be  divided  into  two  parts,  ^^^  this  will  be  brought  about  most  effectively  if  the  general 

one  according  to  types  of  vehicles  and  the  other  according  purposes   of   a   traffic   census   are   first  well   understood   and 

to   destination   of   traffic,    the    observer   making   two    marks,  developed  and  the  details  ot  making  the  enumerations  made 

one    under   each    of   the    general    divisions,   as    each   vehicle  ^s  nearly  uniform  as  practicable. 

passes,  which  will  be  in  itself,  to  some  extent,  a  check  upon  

his    work.  Federal-Aid    Road    Building    Reaches   High    Mark    in    1920. — 

The  classification  of  vehicles  should  be  such  that  the  ton-  Federal-aid  highways  constructed  last  year  cost  more  than 
nage,  both  gross  and  net,  as  well  as  the  number  of  passen-  double  the  average  amount  spent  annually  for  10  years  in 
gers  can  be  estimated  for  any  given  unit  of  time.  This  will  building  the  Panama  Canal.  The  cost  of  the  work  completed 
require  that  the  tally  sheets  shall  show  the  traffic  for  each  during  the  fiscal  year  of  1920,  including  the  amount  paid 
hour  or  two-hour  period  throughout  the  day.  the  hourly  ^y  the  states,  totaled  approximately  $80,000,000.  The  con- 
period  being  the  one  recommended.  In  addition  to  the  total  struction  of  the  canal  is  regarded  the  world  over  as  a 
tonnage,  the  frequency  and  number  of  the  heavier  units  record-breaking  achievement  in  respect  to  the  dispatch  with 
should  also  be  shown,  for  it  is  these  heavier  units  which  de-  -^vhich  it  was  carried  out.  The  cost,  however,  was  only 
termine  the  critical  loads  that  the  road  is  to  carry,  and  the  $373,000,000,  and  a  10-year  period  was  required  to  complete 
frequency  known  will  make  possible  some  determination  as  jj^  j^e  average  rate  of  expenditure  being  only  $37,000,000 
to  hov.  much  relative  value  this  portion  of  the  traffic  has,  ^  year.  Comparing  the  magnitude  ot  the  Federal-aid  pro- 
and  therefore  to  what  extent  the  engineer  is  justified  in  ^^^^  ^.-^^-^^  the  entire  highway  program  of  the  United  States, 
increaring  the  strength  ot  the  road  for  these  heavier  units  the  significance  of  Federal  aid  is  readily  seen.  Federal 
over  that  required  for  the  avera.sre  loads  which  use  the  road.  money    allotted    to    projects    actually   under    construction    at 

To  determine  the  number  of  passengers  and  the  tonnage  the   end   ot   the   fiscal   year   192n,   namely,    $103,925,094,    was 

it   is  not  necessary   tor  the  enumerator  to   make   very   nice  pj,,y  slightly  less  than  the  total   expenditure  ot  $106,861,0.53 

distinction;    probably    two    classes     ot     passenger     vehicles  ^^^^   gjate   funds   for  highway   construction   during   the   cal- 

would  be  sufficient,  or  not  more  than  three,  to  include  pas-  endar  year  1919.     In  spite  ot  untoward  economic  conditions, 

senger  busses.     A  few  days'  count,  showing  the  actual  num-  jhe  amount  of  Federal-aid  business  handled,  as  represented 

her  of  passenger!',  and  the  number  for  each  classification  of  j^,    jgjg    by   the   number   of   projects,   was   approximately   25 

vehicles,    would    give    a    factor    by    which    the    enumeration,  pg,.   ^^^^   greater   during   the   single   year   than   all   previous 

made  as  already  suggested,  could  be  reduced  so  as  to  give  ^^.^j.^   ^^^^   under   the   act  since   1916. 

with    reasonable    accuracy    the    total    number    of   passengers       ■ 

carried    over   the   road   for   a   given   period.      To   estimate   the  *Tlio   Maryland   classification   and   weight   in   tons  of  vehicles  as 

=                            .  sliown  on  thie  tally  sheets  is  as  follows: 

gross  tonnage  or  net  tonnage  the  enumerator  need  not  keep  Vehicles.                                                                            Tons. 

more  than   three   classifications,  one   for  motor  trucks  of  5-  ^'""Runkbouts   o  en  and  to  -buggies                                            n.362 

ton  capacity  and  over;   one  for  trucks  of  2  to  5  ton  capacity;  Open  spring^wagon"  anTcovered'^deiiveryVagonsV. '.'.'. '.'.'.'.'.   I'.OOa 

and  one  tor  trucks  under  2  tons.  2-horse; .,.,..                                                            =g2- 

A  few  days'  records  noting  carefully  the  type  and  weight  gX'ey^™o"n''s!  vans   farm  wagons  aAddiim^                       2:500 

ol  all  motor  vehicles  according  to  the  classification  now  used  Farm  wagons,  drav.?  and  vans 3.500 

in  Maryland,*   for  example,  will  give  reliable  factors  tor  re-  i-_hor.se,  farm  wagons  and  '^J^-;;:::::;;:;::::::::----  \lf^ 

duction   to   secure   the   gross  tonnage.     Likewise   records   in      i -horse  carts  •     -^"^ 

detail   of  the   net   loads   carried   should   be  made  for   a   few      '^^^^'^f^^l^^-^ •.•.■.■.■.■.■.■.■.■.■.■.'.'.■.■.■.'.■.■.'.■.■.■.■.■.■.■.■.::■.■.■.'.■.■.■.■.■.■.■.■.■.■.■.■.■.    .225 

clays    on    some    much-traveled    road,    until    several    thousand  ^-passenger  automobiies: 

vehicles   have  been   recorded,   from   which  the  net  tonnage  Vi.?diuri"n'Ji' Tefvv TeigiVt' maVh                                          iItso 

factors    may    readily    be    deduced.  S-passenger  automobiles.    ligVit-weiKht    machines ....1.125 

These   net  tonnage   factors   would   vary   somewhat  for  dif-  5   .vnd   7-pr,ssenger   automobiles,    medium   and   heavy   weight  ^^^^ 

terent  localities  and  possibly  for  the  same  locality  at  different  ^  J^d*"!]' pl^sseAgeVautomobileW. ■inclosed' (like  tniiVc^^^^                   2.000 

seasons  of  the  year,  but  need  not  cause  any  change  In  the  store  delivery  automobiles,  medium  and  heavy  weight,  with  ^  ^^^ 

clEssIflcation  to  be  used  on  the  tally  sheets  for  the  general  .■5.*"5'*'lH  .Vnd'2-ton'haillin'p  trucks'.'.'.'.'. '.■.■.■.■.■.'.'.'.'.'.'.'.'.'■.■.■.■.'.'.■.■.  s'.sofj 

enuraeratiors.     They   do,   however,   bring   out   the   necessity      3. '4  ind's-ton  hauling  truclts. . . . 7.50^ 

for  an  experienced  observer  to  study  the  conditions  ot  traf-  Hl^^^^^f^  ^^uto  b"usS. 'medinm?weighf  m^^^^^^^                          S.'ooo 

flc   in  different  localities   in   order  that  the   most   intelligent      passenger  auto  busses,  heavy-weight  machines 4. -.50 
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A  Criticism  of  the  California  State 

Highways  and  a  Reply  by  the 

State  Highway  Board 

An  investigation  of  tlie  stale  highways  of  California  has 
bpen  made  by  engineers  employed  by  the  Automobile  Club 
of  Southern  California  and  the  California  State  Automobile 
Association.  The  investigation  required  6  months  and  was 
conducted  by  J.  B.  Lippincott,  engineer  for  the  Southern 
Club;  Walter  C.  Howe,  engineer  for  the  State  Automobile 
Association;  E.  J.  Brunnier,  consulting  engineer,  San  Fran- 
cisco; Charles  Derleth,  Jr.,  of  the  University  of  California, 
and  10  other  civil  engineers.  The  report  of  these  engineers 
has  recently  been  made  pul)lic.  and  from  it  we  have  taken 
the  matter  that  follows.  Editorial  comment  on  the  report 
will  be  found  elsewhere  in  this  issue. 

Purpose  of  Investigation.  —  The  combined  membership  of  the 
two  Statf  nutoinobile  iissociations  exceed  71,000.  It  is  the  purpose 
of  these  clubs  to  promote  better  highways  and  to  advance  and 
protect  the  interests  of  the  automobile  pubUc.  These  two  corpora- 
tions have  given  substantial  aid  to  secure  the  adoption  of  an  ag- 
gregate of  $7.3,000.000  jf  State  and  $42,000,000  of  county  bonds  for 
highways,  a  total  of  $115,000,000.  About  half  of  this  great  sum 
remains  unexpended.  The  State  now  has  available  nearly  $39,000,000 
for  future   work   without   the   Federal   aid   contributions. 

The  clubs  have  taken  keen  interest  in  the  passage  of  the  Motor 
Vehicle  Act  and  all  general  road  legislation.  Under  the  Motor  Ve- 
hicle Act,  members  of  the  automobile  associations  are  contributing 
in  license  fees  a  total  of  $760,000  annually  to  the  State.  This  fund 
is  divided  eo.ually  between  the  State  Highway  Commission  and  the 
counties,  and  is  available  for  road  maintenance;  therefore,  the  two 
institutions  have  a  vital  interestt  in  the  policy  of  the  State  High- 
way Commisison.  This  policy  net  only  has  a  direct  bearing  on 
the  taxation  of  535,000  automobiles  and  35,000  trucks  in  the  com- 
monwealth, but  also  involves  the  future  life  and  efficiency  of  the 
highways.  The  clubs  are  gravely  concerned  with  the  safety  of 
the  motoring  public  and  tee!  a  responsibility  to  the  public  in  all 
projects  connected  with  motor  traffic. 

The  tv/o  associations  realize  the  difficulties  under  which  the 
State  Higliway  Commission  was  compelled  to  pursue  its  earlier 
work.  The  construction  programs  of  1913,  1914  and  1015  are  highly 
commendable.  The  mileage  of  roads  built  in  the  periods  enum- 
erated, in  the  face  of  an  unsalable  4  per  cent  State  bonds,  is  a 
most  creditable  achievement.  Cleanness  of  administration  and 
absence  of  scandal  have  been  noticeable.  Willful  waste  and  ex- 
trav.igance  cannot  be  charged  and  honesty  of  purpose  is  freely 
admitted. 

Failures  of  paved  highways  in  California  have  become  freciuent 
in  the  past  two  years.  In  consequence  criticism  of  State  highway 
standards  and  .State  construction  methods  has  been  so  general  that 
the  ijoard  of  directors  of  the  two  clubs  have  considered  it  timel.v 
to  institute  an  engineering  and  economic  study  of  all  the  paved 
State  highways  to  determine  their  present  conditions,  their  suf- 
ficiency in  width  .and  the  adequacy  to  carry  the  ever-increasing 
volume  and  weight  of  traffic. 

Incompleted  sections  of  main  trunk  and  lateral  highw.ays;  the 
addition  of  an  extensive  mileage  to  the  original  program;  the 
costs  of  work  and  the  possibility  of  completing  the  system  with  the 
funds  avE.ilable.   furnished  additional  motive  for  this   investigation. 

The  Governor  of  California  was  invited  to  appoint  a  State 
representative  to  act  with  the  engineers  of  the  automobile  clubs, 
but  declined  since  a  similar  investigation  has  been  authorized  by 
him  under  the  direction  of  the  Federal  Bureau  o£  Roads,  However, 
the  State  Highway  Commission  has  cheerfully  furnished  from  its 
records  all  data  that  has  been  requested. 

The  engineers  of  the  automobile  clubs  began  their  studies  in 
July,  1920.  The  work  has  been  continuous  and  uninterrupted  up 
to  the  present  time,  and  involves  expenditures  exceeding  $30,000. 
Valuable  data  have  been  collected  concerning  weight,  speed  and 
volume  of  traffic;  detailed  inspecticns  have  been  made  of  all  paved 
roads  on  the  State  system;  laboratory  tests  are  being  conducted 
at  the  State  university;  and  an  elaborate  highway  bibliography  has 
been  assembled.  In  addition,  the  engineers  of  the  two  clubs  have 
I  prepared  extensive  reports  which  have  been  filed  with  the  respec- 
tive organizations. 

Report  Intended  to  Be  Constructive. — While  these  reports  may 
I  seem  critical,  it  has  been  the  first  object  to  be  constructive  in 
i  criticism.  Where  road  failures  have  been  found,  these  reports 
iitempt  a  determination  of  the  cause  and  indicate  possible 
remc-'hes;  this  with  a  sincere  desire  to  profit  by  successes  and 
failures  made,  that  California's  future  roads  may  be  more  suo- 
stantialiy  constructed  to  meet  the  requirements  of  an  unparalleled 
increase  and  change  in  the  character  of  traffic. 

Records  in  the  offices  of  the  automobile  associations  show  that 
prior  to  the  .luly.  1919.  election  on  the  $40,000,000  bond  Issue,  the 
California  Highway  Commission  agreed  to  carry  out  the  following 
construction    program: 

(1.)     To   complete   all    gaps   and  grade   or   pave   all   main   trunk 


highw.ays.     These  were  definitely  specified  in  the  campaign  previous 
'■>  the  191S  election  and  involved  fifty-eight  different  sections. 

12.)  To  take  over  and  construct  entirely  at  State  expense  the 
county  lateral  system.  These  also  were  definitely  specified  for  eight 
different  sections. 

(3.)  Thirty-one  additional  roads  were  listed  and  added  to  the 
bond  issue  as  desirable  roads.  As  many  of  them  were  to  be  built 
as  the  balance  of  funds  would  permit. 

The  automobile  associations,  having  always  been  verv  active  in 
the  promotion  of  good  roads,  finding  that  the  two  original  bond 
issu^is— the  first  for  $18,000,000  and  the  second  for  $15,000,000— had 
not  'Tonipleted  any  of  the  main  trunk  lines  between  large  centers 
of  population,  either  along  the  coast  or  through  the  great  inland 
valleys,  were  very  insistent  with  the  Highway  Commission  that 
a  dennite  program  be  establi,shed  if  these  associations  were  to  go 
before  the  public  again  and  spend  time,  money  and  effort  in 
aiding  the  California  Highway  Commission  to  carry  the  $40,000,000' 
bond  issue  to  a  successful  conclusion. 

Upon  these  understandings  the  above  schedule  was  adopted  as 
a  program  for  the  1919  campaign.  Facts  show  that  the  program 
as  agreed  upon   is  now  being  fulfilled. 

Commission  Failed  to  Profit  by  Experience. — The  commission 
has  lacked  foresight  and  vision  by  failing  to  carry  out  adequate 
and  sufficient  experimentation,  research  and  investigation  on  a 
broad  and  comprehensive  scale.  It  has  not  taken  advantage  of  the 
few   oxneriments   it  did   make. 

Until  October.  1920,  the  Highway  Ccmmisison  followed  a  rigid 
policy.  It  used  practically  the  same  type  of  construction  through- 
out the  State,  irrespective  of  the  requirements  of  traffic,  subsoil 
and  drainage.  Such  a  policy  is  economically  and  structurally  un- 
sound and  open  to  grave  criticism.  Even  the  last  pronouncements 
of  October.  1920.  propose  a  specific  requirement  of  steel  bar  re- 
inforcement for  all  concrete  roads,  no  matter  how  the  subsoil  condi- 
tions may  vary. 

The  commission  apparently  has  no  stated  program  directed 
toward  aiding  county  highway  departments.  It  should  adopt  an 
adequate  and  liberal  policy  at  once  that  the  counties  may  profit  by 
the  successes  and  lailures  in  State  highway  experience.  The  se- 
lection of  type  of  road,  width  and  thickness,  reinforcement,  suitable 
materials  for  construction,  standard  structures,  surfacing  and  num- 
erous ether  details  are  of  grave  importance  to  the  taxpayers  of 
every  county.  Highway  routings,  bridges,  etc.,  are  so  closely  re- 
lated to  possible  future  State  highway  locations  that  they  demand 
uniform  and  concerted  action  between  State  and  county  if  wasted' 
effort  and  consequent  additional  expense  are   to  be  avoided. 

It  is  a  matter  of  common  knowledge  that  the  California  High- 
way Commission  has  failed  to  profit  by  a  very  varied  and  costly- 
experience  taught  by  innumerable  failures  of  4-in.  concrete  roads. 
Despite  these  failures  it  has  continued  to  build  the  light  4-in.  road 
sections  in  numerous  instances  under  practically  the  same  con- 
ditions upon  heavy  subsoils  of  questionable  and  uncertain  character. 
California  has  continued  a  4-in.  pavement  program  when  other 
States  increased  the  thickness  to  ('.  in.  and   S  in. 

Circumscribed  ResponsibMity  of  Division  Engineers. — Through  a 
headquarters'  policy  which  must  be  classed  as  both  narrow  and 
shortsighted,  the  responsibility  of  the  division  engineer  has  been 
so  circumscribed  that  at  times  his  work  hasi  resolved  itself  into 
mere  routine,  such  as  the  transmission  of  bill  schedule,  work  and 
purchase  orders  and  general  requests  for  headquarters  approval. 
The  position  of  division  engineer  is  an  important  one.  but  he  has 
lacked  the  authority  to  decide  pressing  and  local  questions.  He 
has  been  obliged  to  refer  the  most  minor  items  to  Sacramento 
for  decision.  This  robs  the  division  of  its  individuality,  takes  away 
that  responsibility  which  naturally  should  belong  to  the  division  en- 
gineer; kills  his  initiative  and  therefore  affects  the  entire  division 
organization. 

Just  criticism  of  the  State  commission  arises  from  the  con- 
stantly recurring  delays  in  payments  of  accounts  of  all  kinds. 

Attitude  Toward  Contractors. — The  commission's  attitude  to- 
ward highway  contractois  of  excellent  standing  has  been  the 
cause  of  severe  criticism  from  contractors  of  the  soundest  reputa- 
tion. Highway  contractors  in  the  past  have  found  little  profit  in 
highway  work.  The  list  of  contracting  firms  who  have  become 
bankrupt  is  astoni.shing.  Numerous  instances  of  rigid  and  drastic 
rulin.crs  involving  considerable  losses  to  the  contractor  have  been 
cited,  causing  some  contractors  to  claim  that  the  commission's 
policy  has  been  one  of  alienation  rather  than  one  of  co-operation. 
Such  policies  can  only  have  one  result:  an  increase  in  the  future 
price  bid. 

The  experience  of  the  State  Highway  Commission  is  that  day 
Ia!x)r  is  not  economical,  therefore  the  contractor  who  must  build 
our  highways  .should  be  dealt  with  fairly  and  be  encouraged  to 
undertake  the  work  under  conditions  which  may  realize  him  some 
proilt.  Any  other  course  is  not  in  the  interest  of  the  State  or  9f 
ultimate  economy. 

There  is  much  room  for  improvement  and  development  In, the 
commission's  future  attitude  toward:  (1)  accounting  and  cost 
ke^pin;,-;  (2)  equipment  accounts;  (3)  amendments  to  specifications 
and  contracts;  (4)  yearly  traffic  records,  and  a  number  of  other 
pertinent  subjects,  nil  of  which  are  dealt  with  in  detail  by  the 
club  reports. 

Condition    of    Highways. — Our   examinations   do   not   justify   the- 
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Btat^mont  made  by  the  chairman  of  the  hichway  commission  on 
Juno  19.  1920.  viz:  "that  In  his  opinion  90  per  cent  of  the  State 
hitthways  thus  far  built  In  Cnlifomla  are  as  good  as  the  day  they 
WTO  laid."  In  Southern  California,  field  Inspections  indicate  that 
as  'il;;n  a."".  .30.5  per  cent  of  the  concrete  pavements  are  in  poor  con- 
Ultlr)n.  reqiilrinp  reconstructton  ellher  now  or  at  an  early  date.  An 
additional  19.3  per  cent  Is  In  only  fair  condition,  serious  failure 
having  already  beg-un.  This  leaves  only  50.2  per  cent  of  the  pave- 
ments in  this  section  In  what  may  be  termed  good  condition.  In 
general,  InKpcctions  In  the  southern  part  of  the  State  have  in- 
dicated higher  percentages  of  failure  than  in  the  northern  portion, 
where  failure  area  is  only  17.7  per  cent  and  pavements  in  fair 
condition  aggregate  20  per  cent,  leaving  62.3  per  cent  of  these 
pav.-mcnts  In  good  condition. 

In.5pcctions  show  that  pavement  failures  are  closely  related  to 
soil  conditions  and  imperfect  drainage.  In  Southern  C.ilifornia.  of 
roads  built  on  clay  and  adobe  soils.  70  per  cent  have  failed,  and 
in  Northern  California  approximately  61  per  cent.  On  sand,  gravel, 
decomposed  granite  .ind  similar  soils  from  70  per  cent  to  75  per 
cent  of  the  concrete  roads  are  in  good  condition. 

Criticism  of  Standard  5- in.  Pavement. — Since  these  investiga- 
tions were  begun  by  the  automobile  clubs  the  State  Highway  Com- 
mission has  increased  the  thickness  of  its  standard  pavement  to 
.".  in.  anu  proposes  to  reinforce  it  all.  A  5-ln.  concrete  slab  is  not 
thick  enough  to  meet  heavy  traffic  requirements. 

We  cannot  indorse  a  policy  that  contemplates  the  use  of  ex- 
pensive steel  reinforcement  irrespective  of  conditions  of  subsoil. 
tratlic  anc.  drainage.  The  amount  of  steel  reinforcement  that  is 
practical  and  economical  is  variable.  The  amounts  specified  by 
the  highway  commission  are  too  much  where  sand,  gravel,  decom- 
posed granite  and  similar  soils  are  encountered  and  too  little  on 
boggy  subgrades  or  on  clay  and  adobe  subsoils,  especially  where 
the  thin  B-  in.  concrete  minimum  slab  now  specified  is  used. 

It  has  been  stated  by  the  chairman  of  the  highway  commission 
that:  "The  consensus  of  opinion  of  our  engineers  is  that  rein- 
forcing of  the  concrete  highway  is  the  eriuivalent  of  thiclsening  it 
at  least  2  in.-  Tests  show  that  a  6-in.  plain  concrete  .slab  has  a 
greater  tiafflc  capacity  than  i5-in.  fectinns  reinforced  as  proposed: 
therefore  this  statement  has  little  foundation  in  fact. 

The  high  maintenance  charges  and  reconstruction  costs  which 
1  in.  and  5-in.  pavements  have  required  during  the  past  7  years, 
particularly  where  the  subsoil  is  clay  or  adobe,  lead  to  the  in- 
evitable conclusion  that  it  is  more  economical  to  build  thicker  and 
more  subttartial  pavements. 

Thicker  Pavement  Recommended.— We  must  expect  enormously 
incrois^d  truck  traffic.  Wheel  loads  and  speeds  will  increase  un- 
less legisiation  and  larger  license  fees  prevent.  Congested  truck 
traflic  already  required  an  S-in.  minimum  concrete  thickness  with 
subst.mtial  reinforcement  wherever  the   subgrade  demands  it. 

For  truck  roads  we  recommend  pavements  of  an  average  thick- 
ness not  less  than  6  to  S  in.,  depending  upon  subgrade,  drainage 
and  Irartic  requirements.  Wherever  the  subsoil  is  treacherous  and 
yielding,  these  concrete  pavements  require  an  amount  of  reinforce- 
ment pioporlional  to  the  foundation  difiiculties  to  be  overcome. 

The  highway  commission  should  have  paid  greater  attention  to 
the  preparation  of  subgrades.  Experience  has  shown  that  modern 
traflic  will  inevitabl.v  crack  thin  concrete  pavements  on  subgrades 
of  heavy  clay  or  adobe  unless  every  precaution  is  taken  to  provide 
drainage  and  to  keep  the  moisture  content  as  nearly  constant  as 
possible  In  the  subgrade  materials.  It  is  recommended  that  clays 
and  adobe  be  adulterated  by  rolling  into  them  such  materials  as 
sand,  gravel,  or  broken  stone.  Everything  should  be  done  that  will 
tend  to  limit  the  tendency  fi>r  change  in  adobe  volume  with  change 
in  moistuti-  content.  The  adulteration  and  impregnation  of  clay 
and  al>odf  subsoils  .should  alwayis  be  extended  to  each  side  of  the 
concrete  slab  to  provide  an  equally  secure  foundation  for  side 
shoul'Jers.  These  side  foundations  and  shoulders  should  not  be  less 
than  3  ft.  in  width  wherever  the  clay  or  adobe  is  questionable. 
The  type  of  reinforcement  used  by  the  California  Highway  Com- 
mission car:  ot  prevent  longitudinal  cracks  on  adobe;  it  tends  only 
to  hold  the  brok-n  sl.ab  together. 

Recommends  Shoulders  and  Wider  Pavement.— While  rock  or 
gi-avel  shoulders,  oil  bound  and  sealed,  are  recog-nized  as  unsatis- 
factory and  uneconomical,  if  built  for  the  purpose  of  widening  a 
concrete  road,  it  is  our  belief  that  such  type  of  shoulder  should 
be  provided  on  all  .adobe  and  heavy  clay  subsoil  sections  irrespec- 
tive .)f  width  of  pavement,  primarily  for  the  purpose  ot  preventing 
storm  water  from  wo-king  down  and  under  the  pavement  to  its 
detriment  and  possible  destruction.  In  addition  to  keeping  the 
moisture  content  more  uniform,  shoulder  construction  gives  lateral 
support  to  the  sides  of  pavement,  thus  reducing  the  known  ten- 
dency to  break  down  along  the  edges.  With  wider  concrete  roads 
this  type  of  shoulder  would  only  be  subjected  to  turn  out  traffic: 
in  consequence,  a  longer  span  of  life  under  proper  maintenance 
may  be  expected. 

Greater  width  of  permanent  paved  roadway  is,  however,  of  ex- 
treme importance.  Fifteen-foot  pavements  without  shoulders  are 
unsotlsta'-tory  and  dangerous.  Modern  trucks  with  an  8-ft.  body 
width  cannot  pass  on  a  15-ft.  roadway  without  inviting  col- 
lision and  accident.     The  width  ot  all  double  track  highways  should 


never  be  less  than  18  ft.  on  tangints:  they  should  be  widened  on 
cun-os  and  grades.  Future  traffic  demands  a  minimum  width  of 
20  ft.  for  every  Important  road.  Near  cities,  or  where  traffic 
Is  heavily  congested,  pavement  widths  should  be  not  less  than 
24  ft. 

The  state  should  adopt  a>  high  standard  of  concrete  mixture, 
developing  higher,  ultimate  strength  than  has  heretofore  obtained. 
Ten  state.^  use  the  same  mixture  as  California,  and  thirty-seven 
use  a  richer  mix. 

Costs  and  Maintenance. — Irdependent  of  all  other  considerations, 
it  is  illumiiating  to  examine  th'?  probable  life  of  4-in.  pavements 
completed  in  1914-1915  and  the  ultimate  cost  at  the  end  of  the 
average  life  of  the  bonds  issued  to  cover  their  initial  cost.  The 
first  cost  of  these  pavements  15  ft.  wide  and  4  in.  thick  averages 
approximately  $7,073  per  mile,  pavement  and  engineering  costs 
only. 

Developing  maintenance  costs,  including  surfacing,  until  they 
reacli  a  point  where  it  is  no  longer  sound  financially  to  continue 
repairs,  we  find  that  economically  these  pavements  have  an 
average  life  of  approximately  eleven  years.  Adding  interest  to 
the  original  costs,  plus  maintenance,  together  with  reconstruction 
costs  and  additional  interest  and  maintenance  to  the  average  bond 
life  noted — in  this  case  25  years — the  ultimate  costs  are  obtained. 
Theso  ultimate  25-year  costs  average  approximately  $67,800  per 
mile. 

The  ultimate,  or  25-year  costs,  of  pavements  laid  in  1914-1915. 
if  -hese  had  been  constructed  to  a  thickness  of  7  in.,  with  proper 
treatment  of  the  adobe  subgrade,  and  using  reinforcement  where 
necessary  over  approximately  half  the  mileage,  would  have  been 
$53,050  per  mile.  This  seems  a  conclusive  demonstration  of  the 
type  of  pavement  that  would  have  provided  the  soundest  invest- 
ment of  the  people's  money  for  the  life  of  the  bond.  This  analysis, 
therefore,  confirms  the  recommendation  as  to  thickness  of  pave- 
ment made  above. 

Life  of  Bonds. — For  the  first  and  second  bond  issues  the  last 
bonds  will  bo  retired  in  1962.  Probably  long  before  this  time  many 
ot  our  present  pavements  will  have  become  either  worn  out  or 
obsolete  and  their  general  reconstruction  will  be  necessary.  Based 
on  sound  financial  policy,  pavements  should  live  as  long  as  the 
average  life  of  bonds  with  which  they  are  built.  Some  of  our 
4-in.  pavements  have  broken  down  in  4%  years;  practically  before 
the  retirement  of  any  of  the  bonds  had  begun.  It  is  estimated 
that  all  of  our  roads  will  need  replacement  at  the  end  of  their 
economical  life.  The  total  length  of  life  of  our  present  roads  is 
a  matter  of  judgment  and  is  speculative,  but  the  economical  life 
of  the  earlier  pavements  is  definitely  determined  to  average  about 
11  years. 

It  is  important  to  build  more  permanent  roads  with  shorter  life 
bonds.  In  this  connection  it  is  interesting  to  note  that  the  State  of 
New  Jersey  prohibits  the  use  ot  a  bond  of  a  life  over  20  years  for 
the  construction  ot  any  type  of  road.  In  that  state  the  limit  for 
sand  •ind  gravel  road  bonds  is  5  years;  for  macadam.  10  years: 
tor  bituminous  concrete.  15  years;  for  block  or  sheet  asphalt,  on 
concrete  and  plain  concrete  6  in.  thick.  20  years. 

With  our  state  bonds  running  many  years  beyond  the  20-year 
life,  it  behooves  us  to  consider  the  seriousness  of  a  short  lite  for 
our  4-in.  pavements  and  to  fundamentally  change  our  policies  in 
this  regard. 

Overloading  Paviment  Slabs. — While  the  State  of  California  has 
built  roads  that  have  been  demonstrated  to  be  too  frail  and  too 
narrow,  it  has  also  completely  neglected  to  enforce  the  laws  rela- 
tive to  ovei  loading  the  pavement  slab.  It  is  apparent  that  it 
truck  operators  are  permitted  to  use  the  highw'ays  without  notice 
supervision  a  few  unreasonable  truck  drivers  or  operators  will 
wreck  anv  road  system  that  may  be  built.  Thinking  people  recog- 
nize that  such  a  policy  is  improper,  shortsighted  and  suicidal. 
There  must  be  co-operation  between  the  truck  dealers,  truck  oper- 
ators pnd  the  state  authorities  in  the  enforcement  of  proper  traffic 
laws. 

California  should  adopt  a  uniform  motor  vehicle  Law.  Such  a 
law  is  necessary  for  interstate  traffic.  Manufacturers  cannot  be 
expeci.'^d  to  design  special   trucks  to  meet  ditlierent  state  laws. 

It  is  equally  important  that  .speed  regulations  should  be  en- 
forced for  trucks.  The  speeds  at  which  these  heavy  loads  travel 
on  public  highw'ays  produces  init>acl.  Tliis  road  shock  is  especially 
destructive  to  the  pavement. 

Research  and  Experiment  Neglected. — The  California  Highway 
Comniissior,  has  not  sufficienth'  and  adequately  conducted  research 
and  experimentation.  In  work  of  the  magnitude  of  our  highway 
progr.am,  the  commission  should  set  aside  a  budget  of  sufficient 
funds  for  the  continuous  study  of  special  problems.  Some  of  these 
are: 

Relative  capacity  to  distribute  pressure  on  subsoils  by  rigid 
pavements  of  concrete,  asphaltic  pavements,  macadam;  tests  of 
heavy  clay.s  and  adobes.  Invjsti^^ation  of  subsoil  drainage,  in  clays 
and  adobes.  In  compressible  snil.«  in  the  presence  of  freezing  and 
thawing;  level  records  on  pavements  from  selected  sites,  the  ef- 
fects of  alkali:  tests  on  full-sizi-d  pavements  to  determine  more 
fully  the  relative  advantages  of  reinforcement  vs.  greater  thick- 
ness of  slab  and  varying  richness   of  mix  of  concrete;    a  study  of 
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different  types  of  reinforcement;  studies  of  tlie  absorbtive  power 
of  adobe  and  clay  to  take  water  out  of  the  bottom  of  a  freshly 
poured  concrete  slab;  a  study  of  the  mechanical  adulteration  of 
clay  and  adobe  subgrades;  an  inquiry  into  possible  chemical  treat- 
ment; traffic  studies;  the  effect  of  impact,  of  roughness,  of  sur- 
face of  pKvement;  design  of  truck,  character  of  tires,  speed,  etc. 

These  and  other  tests  suggested  by  modern  practice  should 
be  programmed.  They  would  be  expensive;  would  take  time  and 
would  require  a  specially  trained  staff  of  assistants,  but  the  mag- 
nitude of  the  work  justifies  such  expenditures  and  would  teach  the 
commission  and  its  engineers  how  to  avoid  otherwise  costly  mis- 
takes. 

Public  Not  Sufficiently  Informed. — The  public  has  not  been  suf- 
ficiently informed  that  adequate  permanent  roads  would  cost  more 
than  the  estimates  and  bond  issues  have  indicated.  To  achieve 
mileage  of  highway,  roads  have  been  built  that  are  dangerously 
narrow  and  entirely  too  frail.  In  the  three  bond  issues  a  total  of 
5. 5(50  miles  of  state  roads  are  proposed;  only  1,402  miles  have  been 
paved,  or  25  per  cent.  Practically  no  roads  specified  in  the  third 
bond  issue  have  been  built.  Public  opinion  in  California  demands 
more  permanent  typ-is  of  construction  rather  than  mileage  of  high- 
ways. County  roads  where  the  taxation  is  more  directly  placed 
on  !he  beneficiaries  are  in  some  instances  better  roads  than  those 
built  by  tho  Highway  Commission.  We  predict  that  the  California 
public  will  not  continue  to  support  frail  construction  on  long-life 
bonds. 

This  report  has  called  attention  to  numerous  failures  of  concrete 
roads,  but  it  is  not  intended  to  convey  the  impression  the  under- 
signed are  opposed  to  the  construction  of  conci-ete  highways.  The 
contr.ary  is  true.  We  believe  that  the  most  satisfactory  type  of 
pavement  to  stand  heavy  traffic  conditions,  particularly  on  inse- 
cure foundations,  is  an  adequately  and  properly  built  concrete  slab. 

The  California  Highway  Commission,  while  perhaps  not  legally 
and  technically  responsible  for  some  of  the  conditions  described 
in  this  report,  is,  however,  the  state  authority  having  .general 
supervision  and  jurisdiction  over  our  expensive  highway  problem. 
At  least  it  is  the  advisory  authority  to  which  all  branches  of  the 
state  goverriment  turn.  The  commission  and  its  engineering  staff 
must  take  direct  responsibility  for  the  present  highway  situation. 
Judging  from  past  experience,  all  future  work  should  be  :5ub]ect  at 
intervals  to  careful  inspection  and  review  of  inspection  by  compe- 
tent representatives  of  the  people. 

Reply  of  the  State  Highway  Commission 

In  reply  to  the  report  of  the  Automobile  Club  of  Southern 
California  and  the  California  State  Automobile  Association, 
criticising  the  construction  and  management  of  state  high- 
ways, the  California  Highway  Commission  on  Feb.  6  issued 
a  statement  in  which  the  charges  are  discussed  and  an- 
swered.    Excerpts  from  the  statement  follow. 

Two  major  criticisms  are  made  of  the  policies  under  which 
California  has  developed  its  highway  system. 

One  of  these  has  to  do  with  the  type  of  roads  constructed  in 
California,  and  particularly  as  to  the  width  and  the  thickness  of 
these  roadf. 

The  second  has  to  do  with  the  plan  under  which  it  is  proposed 
to  expend  moneys  remaining  in  the  $40,000,000  bond  issue. 

The  first  criticism  involves  the  question  whether  state  highways 
should  be  built  upon  the  unit  plan,  and  widened,  thickened,  and 
surfaced  as  traffic  increases,  or  whether  the  ultimate  road,  if  such 
a  thing  exists,  should  be  built  as  the  first  and  original  construction. 

If  the  latter  plan  is  adopted,  it  marks  a  complete  departure 
from  the  pclicy  under  which  California  has  developed  a  highway 
system  that  touches  and  serves  almost  every  part  of  the  state. 

If  the  plan  that  the  two  auto  clubs  now  advocate  for  California 
had  been  adopted  when  the  state  highway  building  started,  high- 
way construction  in  California  would  today  he  practically  con- 
fined to  the  construction  of  a  boulevard  between  a  few  large  cities 
in  the  state. 

Taking  the  first  $18,000,000  bond  issue  as  an  example,  if  that 
entire  bond  issue  had  been  expended  in  the  manner  advocated 
by  the  auto  clubs,  and  construction  confined  to  the  minimum  width 
of  highway  they  advocate,  namely,  20  ft.,  the  whole  amount  of  that 
bond  issue  could  not  have  done  more  than  build  a  highway  from 
San  Pi-ancisco  to  San  Diego.  The  rest  of  the  state  would  have 
been  without  paved  highways  as  far  as  that  issue  is  concerned. 
Graded  and  gravel  roads  could  not  have  been  built. 

The  increased  costs  under  which  the  $15,000,000  bond  issue  was 
spent  would  have  confined  its  expenditure  to  a  few  more  boule- 
vards. Rural  counties  and  farming  communities  would  be  largely 
without  good  roads.  The  paved  mileage  in  California  would  be 
less  than  half  what  it  now  is,  with  the  added  sacrifice  of  practically 
the  entire  mileage  of  graded  and  graveled  roads. 

Policy  Under  Which  State  Highway  System  Has  Been  Built. — 
Against  this  policy  is  that  of  the  California  Highway  Com- 
mission, under  which  the  state  highway  system  of  California  has 
been  built.  This  plan  provides  for  the  construction  of  a  road  of 
sufficient  width  and  thickness  to  take  care  of  existing  traffic,  with 
reasonable    regard    for   traffic   growth;    it   provides   for   a    road    so 


designed  that  it  can  be  widened  and  thickened  as  traffic  demands 
a  neavier  duty  road  without  the  loss  of  the  original  investment. 
Under  this  plan  the  old  road  is  simply  incorporated  in  and  made 
a  part  of  the  wider  and  thicker  highway. 

On  this  point  the  biennial  report  of  the  Highway  Commission 
says: 

"This  policy  has  resulted  in  giving  to  California  a  mileage  in 
improved  highways  that  could  never  have  been  built  had  roads 
been  originally  constructed  to  meet  traffic  demands  of  the  far 
future,  were  it  humanly  possible  to  estimate  either  the  extent  or  the 
character  of  such  trafllc.  The  added  mileage  thus  secured  has 
given  to  communities  and  counties  all  over  California  a  good  roads 
service,  the  value  of  which  iti  is  safe  to  say,  runs  into  millons 
of  dollars. 

"Xot  only  has  this  added  mileage  justified  the  commission's 
construction  policy,  but  it  is  further  Justified  by  the  fact  that  the 
alternative  policy  of  b-iilding  completed  roads  would  have  cost  the 
state  minions  of  dollars  without  due  return.  Huge  hums  would 
have  been  tied  up  for  years  in  an  investment  which  in  large  part 
would  lie  idle.  The  interest  charge  upon  such  idle  investment 
would  in  itself  amount  to  a  huge  sum. 

"Added  to  all  this  is  the  undoubted  fact  that  the  good  roads 
mileage  built  by  the  state  has  been  the  largest  single  factor  in 
stimulating  counties  into  campaigns  for  the  improvement  of  local 
roads." 

Future  Traffic  Demands.— It  would  be  interesting  to  know  just 
how  the  fact  will  be  determined  as  to  just  what  future  traffic 
IS  to  be,  and  what  thickness  and  width  of  road  it  will  be  necessary 
to  build  to  take  care  of  such  traffic.  To  quote  from  the  report  of 
the  auto  clubs: 

"The  number  of  automobiles  in  California  has  increased  from 
98.339  in  1913  to  535,000  in  1920.  In  the  same  interval  trucks  have 
m.-rea.sed  from  5,299  to  35.000."  Continuing  the  report  says:  "We 
may  confidently  expect  a  greater  increase  in  the  number  of  trucks. 
Their  size,  weight  and  future  speed  is  an  uncertain  question." 

The  fact  that  the  state  highway  system  is  taking  care  of  this 
enormous  expansion  of  traffic  indicates  the  substantial  character 
of  its  construction  and  that  the  roads  were  planned  Ijoth  with 
foresight  and  judgment. 

The  Highway  Commission  is  willing  to  submit  the  issue  to  the 
business  judgment  of  California  as  to  whether  it  was  better  busi- 
ness to  build  a  road  for  present  traffic  with  reasonable  regard  for 
future  development  and  capable  of  being  widened  and  thickened 
as  traffic  demands,  and  thus  to  give  the  state  the  highway  service 
it  needed,  or  whether  a  few  boulevards  should  have  been  built 
between  large  centers  of  population  and  the  plan  of  building  a 
system  of  roads  that  would  serve  the  entire  state  thus  abandoned. 

Heavier  Duty  Trunk  Roads  Needed.— So  much  for  past  con- 
struction policies.  The  Highway  Commission  agrees  with  the  auto 
clubs  that  the  time  has  come  when  traffic  demands  a  heavier  duty 
trunk  highway  in  California.  Recognizing  this  the  Highway  Com- 
mission, before  any  question  of  the  sufficiency  of  the  highways 
was  raised,  by  reason  of  the  auto  clubs'  investigations,  had  al- 
ready substantially  increa.sed  its  specifications.  JIuch  of  the  bi- 
ennial report  of  the  commission,  submitted  to  Gov.  Stephens  early 
in  January,  is  devoted  to  recommendations  for  widening,  thickening 
and  surfacing  the  older  highways  and  for  obtaining  funds  for  this 
improvement  through  the  medium  of  a  gasoline  tax. 

The  commission  contends  that  this  heavier  duty  highway  can  be 
secured  withcut  the  loss  of  any  appreciable  part  of  that  portion 
of  the  $36,000,000  that  California  has  invested  in  its  paved  roads, 
if  a  continuous  program  of  widening  and  thickening  is  carried  on 
well  in  advance  of  permanent  injury  to  the  highway  through  in- 
tensive traffic.  It  is  also  the  opinion  that  if  such  a  program  is 
started  now,  that  this  work  can  be  carried  on  a  "pay-as-you-go" 
plan,  without  future  bond  issues. 

As  to  future  construction,  the  auto  clubs  suggest  a  road  from 
(1  to  S  in.  in  thickness,  reinforced,  of  a  minimum  width  of  20  ft. 
and  24  ft.  wide  near  the  large  cities. 

The  specifications  of  the  Highway  Commission  call  for  a  5-in. 
reinforced  road,  of  a  minimum  width  of  15  ft.,  hut  built  wider 
whore  present  traffic  or  the  outlook  for  early  traffic  development 
demands  a  wider  highway,  and  with  the  road  designed  so  that  it 
can  be  widened  and  thickened  to  meet   future   traffic  demands. 

Increased  Cut  of  Wider  and  Thicker  Pavements. — The  com 
mission  is  not  adverse  to  increasing  its  minimum  specifications. 
But  rhe  people  of  the  state  must  understand  that  the  construc- 
tion of  wider  and  thicker  highways  will  cut  enormously  into  mile- 
age, just  as  the  increase  in  specifications  made  by  the  commission 
from  a  4  to  a  5-in    reinforced  slab  has  cut  into  mileage. 

If  a  further  increase  in  minimum  specifications  is  made,  each 
community  must  understand  that  it  means  a  reduction  of  mileage 
on  its  roads,  and  must  be  as  willing  to  offer  up  its  own  mileage 
as  it  is  to  sacrifice  that  of  its  neighbor. 

The  only  alternative  is  increased  funds  to  give  both  mileage 
and  add^d  width  and  thickness. 

Relative  to  the  second  major  criticism,  which  concerns  the  plan 
under  which  the  funds  of  the  $40,000,000  bond  issue  are  to  be 
apportioned. 

The    report    of    the    Automobile    Association    declares    that    tho 
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Callfoiniii  IliKliwiiy  Coiiimls.slon  was  committed  to  completing  all 
gaps  and  to  >;rndinK  and  paving  all  main  trunk  highways  and  to 
construcllng  what  is  described  as  "the  county  lateral  system," 
out  of  the  funds  made  available  by  SID.WO.OOO  bonds;  and  lastly, 
thirty-one  additional  roads  were  listed  and  added  to  the  bond  issut' 
as  desirable  roads.  As  many  of  them  were  to  be  built  as  the 
balance  of  the  funds  would  permit. 

Attitude  of  Commission  Relative  to  Budget  Allotment.— The  $40.- 
000.000  bond  is.sue  wus  made  up  by  ImdMetint;  amounts  to  certain 
roads.  The  .'ium  of  ?20,noo,000  was  specifically  set  aside  tor.  com- 
pleting what  is  generally  known  as  the  old  roads  and  certain  county 
lateral.'?,  upon  which  the  state  had  previously  agreed  to  share  con- 
struction cosLs  with  the  counties.  The  remaining  $20,000,000  was 
budreied  tr,  certain  new  roads,  which  were  specifically  set  forth 
and  deiitinated  for  construction  in  the  bond  act.  This  budget  was 
ppjpared  prior  to  the  formal  drafting  of  the  bond  act  itself. 

The  commission  stands  by  the  budni  i.  11  proposes  to  spend  on 
every  road  as  much  as  is  in  the  budget  tor  it.  It  does  not  propose 
to  rob  one  road  to  build  another.  In  fact,  it  is  a  question  whether 
the  law  does  not  prohibit  any  other  course;  in  any  event  it  dis- 
tinctly sets  aside  $20,000,000  for  work  on  the  origmal  system  and 
county-aid  laterals,  and  by  plain  inference,  allots  the  remaining 
$20,000,000  for  new  roads.  Furthermore,  the  organizations  which 
are  now  suggesting  rapudiation  of  this  interpretation  were  the  first 
to  urge  I'pon  the  coiiimlssion  the  necessity  of  keeping  inviolate 
the  terms  of  the  budget. 

Since  the  attitude  of  the  commission  relative  to  budget  allot- 
ment has  been  publicly  announced,  it  has  received  approval  from 
every  section  of  the  state  for  its  fairness  and  sound  public  policy. 
and  the  commission  has  no  intention  of  deviating  from  it. 

The  auto  clubs  practically  propose  to  abandon  the  budget  and 
to  such  an  extent  as  may  be  necessary  to  throw  the  new  roads 
overboard. 

Do  the  people  of  California  want  this? 

Financial  Difficulties.— Criticism  of  a  more  minor  character 
voiced  in  the  report  charg.s  failure  on  the  part  of  the  commission 
to  have  a  stated  program  for  helping  county  highway  departments; 
of  slowness  in  paying  bills;  that  the  displeasure  of  the  contractors 
has  been  incurred;  ot  lack  of  experimentation,  etc.  The  commis- 
sion gladly  gives  advice  to  county  highway  departments  and  lends 
its  engineering  experience  and  force  when  such  advice  and  assist- 
ance is  requested.  It  does  not  believe  that  it  is  its  duty  to  intrude 
itself  into  county  highway  affairs  without  invitation.  It  is  not 
authorized!  in  law.  nor  does  it  desire  to  assume  any  attitude  of 
dictatorship  in  highway  affairs  in  California.  It  is  sincerely  de- 
sirous of  being  ot  help  to  the  counties  and  has  been  of  such  help  on 
many  occasions  and   in   various  ways. 

Anyone  knowing  the  financial  situation  that  the  Highway  Com- 
mission has  had  to  face  in  the  last  eighteen  months  who  would 
criticise  the  commission  for  slowness  in  paying  bills  has  little 
desire  to  be  fair.  It  is  a  matter  of  common  knowledge  that  the 
commission  has  been  beset  on  every  side.  It  had  a  number  of 
going  contracts  on  hand  when  the  collapse  of  the  bond  market 
came.  If  these  contracts  had  been  shut  down,  damage  suits  for 
hundreds  of  thousands  of  dollars  against  the  State  would  liave 
resulted.  Despite  the  financial  difficulties  in  which  the  commission 
has  found  itself  for  the  past  eighteen  months,  bills  have  been  paid 
in  full,  although  not  always  on  time  and  every  contract  has  been 
kept  going,  and  this  without  a  single  damage  suit  being  instituted 
against  the  State. 

As  for  contractors,  it  would  be  well  for  the  people  of  California 
to  take  noljce  when  contra.ctors  become  too  enamoured  of  the  High- 
way Commission.  There  will  always  be  some  points  of  difference 
between  contractors  and  the  commission.  The  commission  and 
the  contractors,  however,  are  working  liand  in  hand  to  reduce 
these  differences  to  a  minimum.  The  commission  desires  con- 
tractors to  make  a  reasonable  profit,  but  it  has  insisted  in  the  past 
and  will  insist  in  the  future  on  the  State's  work  being  well  done. 
This  also  1^  the  desire  ot  the  great  majority  ot  responsible  con- 
tra rotors. 

Type  of  Pavement. — While  complaining  of  lack  of  experimenta- 
tion on  the  part  of  the  commission,  despite  the  fact  that  there  are 
a  number  of  different  types  of  roads  in  the  State  highway  system, 
it  is  noteworthy  that  the  engineers  of  the  auto  clubs  declare  for 
cement  concrete  as  a  standard  construction  type.  To  quote  from 
their  report:  "We  believe  that  the  most  satisfactory  type  of  pave- 
ment to  stand  heavy  traffic  conditions,  particularly  on  Insecure 
foundations,  is  an  adequately  and  properly  built  concrete  slab." 
The  con:miESion  has  adopted  in  California  as  its  standard  of  con- 
struction a  cement  concrete  base  or  slab  built  to  meet  trafllc 
necessities.  As  funds  are  made  available  the  commission  believes 
this  slab  should  be  widened,  thickened  and  finished  with  a  wear- 
ing surface.  Such  a  road,  the  commission  believes,  is  the  mo.st 
practicable  highway,  both  as  regards  the  ability  of  the  State  to 
construct  and  as  regards  the  service  to  be  obtained  from  the  road. 
The  commistion  is  not  convinced,  as  the  auto  clubs  appear  to  be. 
that  the  concrete  road  without  a  wearing  surface  is  the  final  word 
in  pavement  design. 


Wholesale  Prices  in  January 

The  curve  ol  (■(iiiiiiioility  |)rici's  ul  uiiolesiile  showed  a 
further  decline  in  .lanuary,  according  to  information  col- 
lected by  the  Uureau  of  I^bor  Statistics  of  the  U.  S.  Depart- 
ment ot  Labor  in  leading  markets  ot  the  country.  The  Bu- 
reau's weighted  index  number,  which  includes  327  commodi- 
ties, or  series  ot  quotations,  and  in  computing  which  due 
allowance  is  made  lor  the  relative  importance  of  the  differ- 
ent commodities,  dropped  trom  189  in  December  to  177  in 
January,  a  fall  of  about  6  1  '3  per  cent.  The  tall  trom  the 
high  peak  of  prices  in  May  was  approximately  35  per  cent. 

lUiilding  materials  and  house-furnishing  goods  showed 
the  largest  price  recessions  from  the  previous  month,  arti- 
cles in  the  former  group  declining  10  per  cent  and  in  the 
latter  group  IS  per  cent  below  the  level  tor  December. 
Farm  products,  food,  and  clothing  each  registered  a  drop 
of  5i,<  per  cent  or  more,  while  fuel  and  lighting  materials, 
metals,  and  chemicals  each  decreased  more  than  3  per  cent 
compared  with  prices  in  the  preceding  month.  In  the  group 
of  miscellaneous  commodities,  including  among  others  such 
important  articles  as  cottonseed  meal  and  oil,  lubricating 
oil.  Jute,  rubber,  newsprint  and  wrapping  paper,  rope,  soap, 
laundi'v  starch,  tobacco,  Manila  hemp,  sisal,  phosphate  rock, 
and  wood  pulp,  the  decrease  was  7  1/3  per  cent. 

Of  the  327  commodities  or  price  quotations  included  in 
the  comparison  for  the  two  months,  1S8  showed  a  decrease, 
and  .51  showed  an  increase.  In  78  cases  no  change  in  price 
was  recorded.  Of  these  a  majority  belong  in  the  groups 
of   food   and    clothing. 

Below  are  shown  the  index  numbers  ot  wholesale  prices 
in  the  United  States  by  groups  of  commodities,  as  computed 
by  the  Bureau  of  Labor  Statistics  tor  the  months  named. 
The  figures  for  the  last  named  month  are  preliminary  and 
subject  to  revision.  The  base  used  in  computing  these  index 
numbers   is  the  average  for  the  calendar  year,  1913. 

INDEX    NUMnEUK    OF   WHOLKSALE   PRICES.    BY   GROUPS 

OF  COMMODITIES. 

(1913    equals    100.) 

1920.  1920.  1921. 

January.  December.  January. 

Farm   products    246  144  136 

Food,   etc 253  172  162 

Cloths  and   clothinB 350  220  208 

Fuel  and  lighting 1S4  236  228 

Metal  and  metal  products 177  157  152 

Building  materials    268  266  239 

Chemicals  and  drugs 189  188  182 

Hou.?e-furnif-hing  goods   324  346  283 

Miscellaneous    227  205  190 

All   commodities    248  189  177 

Comparing  prices  in  January  with  those  ot  a  year  ago, 
as  measured  by  changes  in  the  index  numbers,  it  is  seen 
that  food  has  declined  36  per  cent,  cloths  and  clothing  over 
40  per  cent,  and  farm  products  over  44  per  cent.  In  the 
remaining  groups,  except  fuel  and  lighting  materials,  smaller 
declines  have  taken  place,  ranging  from  3%  per  cent  in 
the  case  ot  chemicals  and  drugs  to  14  per  cent  in  the  case 
of  metals  and  metal  products,  and  IBVs  per  cent  in  the  case 
ot  miscellaneous  commodities.  Fuel  and  lighting  materials, 
on  the  contrary,  were  24  per  cent  higher  than  in  January, 
1S20.  All  commodities,  taken  in  the  aggregate,  were  2S'/i 
per  cent  cheaper  than  in  the  corresponding  month  of  last 
year. 

Unemployment  in  England. — The  percentage  unemployed 
among  trade  unions  making  returns  to  the  British  Ministry 
of  Labor  was  6.1  at  the  end  of  December  last,  or  greater  than 
.It  the  end  of  any  year  since  1909.  according  to  The  New  Re- 
public. The  number  of  workers  on  the  "live"  registers  ot  the 
employment  exchanges  rose  from  .520,000  at  the  end  ot  No- 
vember to  927.000  on  January  14th.  In  addition,  there  is 
wide-spread  short-time;  not  less  than  446,400  persons  (and 
probably  a  good  many  more)  were  working  tour  days  or  less 
per  week  at  the  same  date. 


Road  Grading  Gang  Housed  in  Culvert. — Following  the 
rains  in  October  a  road  grading  gang  on  the  Beaver  Oity- 
Arapahoe  Federal  Aid  Road  project  in  Nebraska  boarded  up 
the  ends  of  an  8  by  8  by  28-ft.  box  culvert,  furnsihed  it  for  liv- 
ing and  cooking  quarters,  and  then  proceeded  to  surround 
their  home  with  6,000  yd.  ot  fill.  Their  gamble  with  the  rain 
was  successful  and  six  men  lived  very  comfortably  in  this 
box  tor  a  month  and  a  half,  when  they  had  all  of  the  nearby 
excavation  completed. 
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Aggregates  for  Concrete  Road  Job 
Supplied  by  Hydraulic  Plant 

To  s^iiiiply  siuul  ;infl  pebbles  for  the  concrete  pavement 
on  Federal  Aid  Project  No.  82,  between  Denver  and  Morrison, 
Colo.,  an  aggregate  plant  has  been  built  in  which  the  mate- 
rials are  lilted  from  a  dry  creek  bed  with  a  centrifugal  pump 
and  forced  through  a  pipe  line  to  the  screens.  The  arrange- 
ment is  described  in  the  January-February  issue  of  the  Con- 
crete Highway  magazine. 

The  plant  is  located  on  the  banks  of  Bear  Creek,  approxi- 
mately 1  miles  south  of  Midway,  Colorado,  and  immediately 
adjoining  the  main  road  connection  the  Denver-Morrison 
and  the   Fort   Logan-Morrison   Highways. 

Gravel  from  a  dry  bed  in  Bear  Creek  is  "slipped"  with 
teams  to  a  2  by  3  ft.  grizzly  with  2%  in.  openings.  The 
grizzly  is  set  in  the  floor  of  a  wooden  platform  slightly 
raised  above  the  general  ground  level.  Materials  smaller 
than  21-2  in.  drop  through  the  grizzly  into  a  sump.  To 
facilitate   the  passing  of  the   aggregate   through   the   grizzly 


sand  pass  into  a  6  by  6  by  4-ft.  sand  settling  box  with  sloping 
bottom.  A  4-in.  overflow  pipe  at  the  top  of  this  box  carries 
away  the  dirty  water  and  all  impurities.  When  the  box  is 
full  a  gate  near  the  bottom  is  opened  and  the  sand  dis- 
charges into  a  14  by  14  by  10-ft.  bin  directly  underneath. 

The  coarse  aggregate  passes  over  the  14-in.  mesh  screen 
onto  a  2-in.  screen,  through  which  it  drops  into  a  14  by  7',i 
by  10-ft.  bin.  The  oversize  rejected  by  the  2-in.  screen  rolls 
over  the  end  of  the  bin  to  a  waste  pile  on  the  ground.  Trucks 
are  loaded  through  sliding  gates  and  chutes  located  in  the 
sides  near  the  bottom  of  the  bins. 

The  amount  of  material  pumped  into  the  bins  varies  with 
the  amount  that  can  be  moved  from  the  gravel  bed  into  the 
sump.  The  average  output  of  from  60  to  80  cu.  yd.  per  8- 
hour  day  does  not  represent  the  capacity  of  the  pump  but 
is  determined  by  the  amount  of  material  that  can  be  brought 
to  the  sump,  and  the  speed  with  which  the  aggregates  were 
hauled  from  the  bins  to  the  job.  The  output  secured  was 
sufficient  to  meet  the  needs  of  the  job  and  the  size  of  the 
contract  did  not  warrant  the  installation  of  more  elaborate 
equipment.     Operating  continuously,   it  is   estimated   that   a 


Pumping  End  of  Ayyrftjate  Plant  on  Denver-Morrison  Road  Project. 


a  stream  of  water  from  a  2  in.  hose  is  flushed  over  them. 
The  water  supply  for  this  purpose  is  obtained  from  the  over- 
flow from  the  sand  box  on  the  screening  plant.  Oversize 
materia"  rejected  by  the  grizzly  is  thrown  to  one  side  with 
a  shovel. 

The  material  is  lifted  from  the  dump  through  18  ft.  of  6 
in.  pipe  lying  at  an  angle  of  approximately  30  degrees  to 
an  elevation  of  8  ft.  by  means  of  a  No.  5  Byron  and  Jackson 
manganese  steel  lined  centrifugal  pump  especially  designed 
for  this  purpose.  The  pump  is  belted  to  a  65  H.  P.  tractor. 
The  sump  at  the  end  of  the  intake  pipe  is  a  wooden  box 
below  ground  water  level,  with  a  2V2  in.  grating  over  Its 
top.  From  the  pump  the  materials  pass  through  300  ft.  of 
6  in.  pipe  to  the  top  of  the  screens  over  the  aggregate  bins. 
The  discharge  is  about  33  ft.  higher  than  the  intake. 

There  are  only  two  elbows  in  the  pipe  line,  one  connect- 
ing the  intake  line  to  the  pump  and  the  other  connecting  the 
pump  to  the  discharge  line.  Short  pieces  of  steel  lined  hose 
were  first  used  for  elbows,  but  these  had  to  be  replaced 
every  2  or  3  days  because  of  wear.  The  steel  elbows  subse- 
quently installed  rendered  efficient  service  and  no  replace- 
ment was  necessary  during  a  period  of  approximately  3 
months. 

At  the  point  of  discharge  the  aggregate  drop  on  a  sloping 
screen    of    14 -in.    mesh,    through    which    the    water   and    the 


maximum   of   125   cu.    yd.    of  aggregate   could    be   turned   out 
in  an  8-hour  day   by  this   equipment. 

The  necessity  for  washing  the  available  material  piompted 
the  contractors,  the  Colorado  Bridge  &  Construction  Co.,  of 
Denver,  to  erect  the  plant  with  equipment  which  was  already 
at  hand.  An  excellent  quality  of  clean,  well  graded  aggre- 
gates was  secured,  contributing  materially  to  the  construc- 
tion of  a  first  class  concrete  pavement. 


Highway  Conference  at  Ames,  la. — The  8th  annual  confer- 
ence of  Iowa  road  officials  will  be  held  at  Ames,  la.,  March 
23-25.  County  engineers  and  assistants.,  supervisors  and  audi- 
tors and  township  officials,  including  clerks,  trustees  and  road 
superintendents,  have  been  invited  to  participate  In  the  con- 
ference. At  last  year's  conference  there  was  an  attendance 
of  450.  A  larger  number  is  expected  to  be  present  at  the  1921 
meeting. 


Pennsylvania  May  Pay  Higher  Interest  on  Road  Bonds. — 
Governor  Sproul  of  Pennsylvania  on  Feb.  22  approved  fi  bill 
passed  by  the  legislature  increasing  the  maximum  interest 
the  state  may  pay  for  state  road  bonds  from  4V4  per  cent  to  6 
per  cent.  The  bill  was  introduced  as  a  result  of  the  failure 
of  the  state  to  receive  any  bids  last  summer  for  $11,800,000 
worth  of  the  $50,000,000  road  bond  issue,  then  offered  for  sale. 
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Financing  Highway  Improvements 

Jn  an  address  delivered  Feb.  11  at  the  ISth  annual  conven- 
tion of  the  American  Iload  lUiilders'  Association,  Mr.  Horace 
C.  Sylvester,  Jr.,  vice  president  of  the  National  City  Co., 
New  York  City,  outlined  the  general  principles  of  highway 
finance  as  viewed  by  a  banker.  We  quote  as  follows  from 
his   address: 

Until  permanence  in  highway  construction  has  been  at- 
tained, the  llnancing  of  the  work  should  be  effected  with 
due  recognition  of  the  possibility  that  re-construction  may 
soon    be    necessary. 

The  first  principle  which  I  would  emphasize  is  that  in 
financing  highway  construction,  money  borrowed  should  be 
repaid  as  soon  as  the  principal  and  interest  can  be  raised 
by  taxation,  without  unreasonably  burdening  or  oppressing 
the  taxpayer.  Under  present  conditions,  it  is  impossible  to 
forecast  the  time  when  reconstruction  and  re-building  will 
be  required.  Before  that  time  arrives,  the  bonds  or  obliga- 
tions issued  to  finance  the  original  construction  should  have 
been  retired. 

It  is  frequently  urged  that  bonds  for  public  improvements 
should  not  run  beyond  the  probable  lite  of  the  improvement. 
In  my  opinion,  this  idea  has  only  a  limited  application  to 
the  financing  of  highway  improvements.  Highway  bonds 
should  not  run  during  the  probable  life  of  the  improvement, 
if  the  municipality,  county  or  district  can  sooner  retire  them. 
If  it  retires  them  at  the  earliest  possible  date,  it  clears  the 
field  for  the  reconstruction  which  under  present  conditions  ap- 
pears to  bo  inevitable. 

On  the  other  hand,  if  the  improvement  is  of  such  press- 
ing necessity  that  the  locality  cannot  prosper  without  it, 
the  fact  that  the  term  of  the  bonds  will  exceed  the  prob- 
able life  of  the  improvement,  should  not  prevent  construc- 
tion if  the  securities  can  be  retired  within  a  reasonable 
term.  It  is  my  opinion  that  no  highway  bond  should  run 
longer  than  30  years.  If  the  locality  cannot  pay  sufficient 
taxes  to  retire  a  highway  debt  within  .30  years,  there  is 
grave  question  whether  the  highway  should  be  undertaken. 
Any  improvement  may  cost  more  than  the  municipality 
ought  to  pay,  and  that  point  in  my  judgment  is  usually 
reached  in  the  case  of  highway  construction  when  a  county, 
township  or  distrfct  cannot  pay  the  debt  within  the  term 
of  30  years.  Minds  may  differ  as  to  the  maximum  term. 
Some  might  say  that  40  years  is  not  too  long.  Whatever 
the  maximum  term  be,  every  one  will  agree  that  some 
limit  should   be  placed  upon   the  life  of  the  debt. 

The  State  in  Highway  Financing.-  The  other  features  in 
the  proper  and  successful  financing  or  highway  construction 
are  those  which  create  an  attractive  and  marketable  secur- 
ity and  permit  the  borrowing  of  money  on  the  cheapest  and 
lowest  terms.  The  price  paid  for  money  is  the  interest  or  inter- 
est and  discount,  if  bonds  are  sold  below  par.  The  successful 
security  is  that  which  can  be  issued  at  or  close  to  par  at 
a  low  rate  of  interest.  The  method  of  financing  should  be 
directed  to  the  issuing  of  such  a  security. 

The  first  consideration  is  that  the  larger  and  wealthier 
the  obligant  in  the  bond,  the  better  the  price  which  will 
be  received.  If  highway  construction  can  be  financed  by 
state  bonds,  the  money  will  be  borrowed  at  a  lower  rate 
than  if  it  is  financed  by  county,  township  or  district  bonds. 
Road  builders  now  recognize  that  it  is  the  function  of  the 
state  to  provide  a  state-wide  system  of  highways.  For 
the  construction  of  these,  state  bonds  arol  usually 
issued,  and  bear  a  lower  rate  of  interest  than  any  other 
form   of  highway  obligation. 

County  Bonds  Attractive  to  Investors. — The  next  unit  in 
road  construction  in  order  of  importance,  is  the  county. 
County  bonds  approach  the  state  bonds  in  security  and 
desirability,  and  are  a  much  better  security  and  much  more 
attractive  to  investors  than  the  bonds  of  a  township  or 
district. 

Finally  come  the  bonds  of  the  township  or  district.  These 
are  good  securities,  but  the  rate  of  interest  is  higher  than 
the  rate  on  bonds  which  may  be  Issued  by  either  the  county 
or  the  state. 

To  successfully  finance  highway  construction,  it  Is  my 
opinion  that  highway  bonds  should  be  issued  by  a  state, 
by  a  county,  or  by  a  district  or  township,  and  should  be 
paid,  from  an  ad  valorem  tax  which  is  authorized  to  be 
levied  in  an  amount  sufficient  to  pay  the  bonds.  No  limit 
should  be  placed  upon  the  rate  of  tax  which  may  be  levied. 
If  such  a  limit  be  imposed,  the  desirability  of  the  security 


v.-ill   be  affected,  the  rale  of  interest  will  be  increased,  and 
the  taxpayers  will  be  needlessly  burdened. 

Community  Credit  a  Valuable  Asset.— The  day  has  gone 
when  the  citizens  of  any  community  will  borrow  money  for 
a  public  improvement  and  stand  by  and  condone  a  default 
in  repayment.  The  public  is  slowly  but  steadily  recogniz- 
ing that  the  credit  of  the  community  is  a  valuable  asset; 
that  it  means  modern  improvements,  and  the  many  facili- 
ties and  advantages  which  are  now  furnished  through  the 
agency  of  municipalities  and  political  subdivisions  and 
which  are  so  essential  to  modern  life.  If  the  municipality 
or  political  subdivision  defaults  in  its  obligations,  its  credit 
is  destroyed;  it  can  no  longer  raise  the  money  with  which 
to  furnish  the  citizens  with  modern  advantages,  and  its 
residents  soon  find  that  they  dwell  in  a  locality  up(m  which 
a  blight  has  fallen. 

In  addition,  there  is  the  inherent  principle  of  honesty  in 
the  repayment  of  a  debt,  and  to  the  credit  of  American 
communities,  it  may  be  said,  that  few  or  none,  take  money 
from  a  lender  and  refuse  repayment.  Hence,  no  matter 
what  tax-  may  be  provided  for  the  payment  of  the  bonds, 
whether  it  be  limited  or  unlimited,  the  community  intends 
and  expects  to  repay,  and  the  imposition  of  a  tax  limit  for 
the  purpose  of  repaying  the  debt  merely  causes  the  munici- 
pality or  political  subdivision  to  pay  a  higher  price  for 
the  money  it  borrows  Self-interest  thus  demands  that  the 
state  and  its  subdivisions  should  place  behind  the  bonds, 
an  unlimited  power  to  raise  sufficient  taxes  to  pay  principal 
and  interest. 

How  Investors  View  "Special  Assessments." — The  same 
principles  apply  to  all  special  forms  of  highway  securities, 
such  as  those  authorized  by  the  Donahue  Act  of  Washing- 
ton or  the  Covert  Act  of  Michigan.  Each  of  these  statutes 
embodies  the  idea  of  a  special  assessment.  While  a  security 
based  upon  a  special  assessment  may  be  marketable,  the 
price  paid  in  the  shape  of  interest  and  discount,  will  be 
much  greater  than  in  the  case  of  an  obligation  secured  by 
an  ad  valorem  tax.  This  will  be  the  case  where  the  bond 
is  issued  by  a  county  but  is  payable  from  a  special  assess- 
ment, and  it  is  only  when  a  default  has  taken  place  in  the 
collection  of  a  special  assessment,  that  the  county  can  be 
compelled  to  pay  principal  or  interest.  Such  an  obligation 
is  not  regarded  with  favor.  A  hond  of  this  kind  is  usually 
issued  because  of  some  constitutional  requirement,  or  be- 
cause of  the  financial  condition  of  the  county,  in  relation 
to  the  limitations  upon  its  power  to  contract  debt.  Investors 
do  not  regard  it  with  the  same  favor  as  a  direct  promise 
by  the  county  to  pay  from  a  tax  to  be  collected  by  it. 

Usually,  too,  no  substantial  reason  exists  for  the  issuance 
of  a  bond  payable  from  an  assessment,  and  upon  which  the 
county  is  only  liable  in  the  event  of  a  default  in  the  assess- 
ment. The  county  seeks  to  sell  such  a  bond  as  its  general 
obligation  and  looks  for  the  same  price  as  it  will  receive 
for  a  courthouse  bond  running  for  the  same  term  and  bear- 
ing the  same  rate  of  interest  for  which  no  other  means  of 
payment  exists  than  a  straight  levj^  of  taxes.  If  the  county 
wishes  to  obtain  the  best  terms  possible,  it  should  when 
so  authorized,  issue  its  own  obligations  and  promise  to  levy 
a  sufficient  tax  to  pay  them.  If  the  improvement  is  a  proper 
case  for  a  special  assessment  against  abutting  property, 
or  even  against  the  township  or  district,  such  special  assess- 
ment should  be  treated  simply  as  a  means  of  reimbursing 
the  county,  with  which  the  borrower  will  have  no  direct 
concern.  The  special  assessment  should  be  regarded  simply 
as  in  the  nature  of  an  additional  means  of  raising  money 
or  more  equitably  distributing  the  public  burden  and  should 
not  have  any  relation  to  the  bond  or  debt,  except  such  as 
aiises  from  the  fact  that  the  county  has  an  additional  re- 
source. 

The  county  differs  only  from  the  city  in  that  it  is  rural 
v.hilst  the  city  is  urban.  It  may,  if  authorized  by  statute, 
collect  special  assessments  for  road  improvements,  just  as  a 
city  mriy  levy  and  collect  special  assessments  for  street 
improvements.  The  best  street  improvement  bond  is  one 
which  the  city  promises  absolutely  to  pay  from  a  levy  of 
taxes,  although  it  may  also  have  power  of  making  a  special 
f  ssessment  to  reimburse  it  for  the  cost  of  the  improvement. 
Many  city  paving  bonds  are  so  issued,  and  there  is  no  reason 
why  the  county  should  not  adopt  the  same  method  of  issuing 
Itp  road  securities  as  the  city  does  in  issuing  its  paving 
bonds. 

Refunding  Issues  Expensive. — Simultaneously  with  the 
issuing   of   bonds,   the   authorities    should    decide     in     what 
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ji'ethod  the  debt  will  be  paid.  In  former  years,  the  general 
method  vas  by  issuing  a  bond  having  a  flat  term  of  say  20, 
:;0  or  40  years,  and  providing  for  the  raising  of  a  sinking 
fund  for  the  payment  of  the  principal.  The  obligation  to 
create  a  sinking  fund  was  not  usually  observed,  and  when 
the  bonds  matured,  it  was  frequently,  if  not  generally,  found 
necessary  to  issue  a  refunding  obligation.  The  same  sit- 
uation might  exist  when  the  refunding  bonds  matured  and 
a  second  refunding  found  necessary.  Three  refundings  each 
for  20  years,  of  an  original  issue  of  bonds  which  ran  for 
a  term  of  20  years,  have  been  known  to  happen.  The  bonds 
so  issued  in  effect  ran  80  years,  and  although  it  was  the 
duty  of  the  municipality  to  annually  raise  money  by  taxa- 
tion to  create  a  sinking  fund  at  three  maturities  no  sink- 
ing fund  existed.  The  interest  rate  has  fallen  during  the 
past  60  or  more  years  covering  the  life  of  the  original  bonds, 
and  the  first  two  refundings  of  this  particular  issue.  It  is 
probable  that  an  average  rate  exceeding  5  per  cent  per 
annum  has  been  paid  on  these  bonds.  More  than  300  per 
cent  of  the  original  loan  has  already  been  paid  by  way  of 
interest,  and  '•^y  the  time  the  present  refunding  reaches 
maturity,  the  amount  of  this  Interest  will  be  400  per  cent 
of  the  original  loan.     This   is  not  sound   financing. 

Serial  Bonds  Replacing  the  Flat  Term. — To  provide 
against  such  a  situation,  what  are  known  as  "serial"  bonds 
are  now  more  generally  issued  than  flat  term  bonds.  In  a 
straight  serial  issue,  a  fractional  part  of  the  bonds  matures 
in  each  year,  commencing  one  year  after  the  date  of  the 
bond.s.  The  amount  of  principal  payable  in  each  year  is  the 
same.  The  result  is  that  it  the  loan  be  for  $100,000  at  5 
per  cent,  runnins  over  a  term  of  20  years,  the  first  year's 
payment  for  the  instalment  of  principal  and  the  interest 
on  the  whole  loan  will  bo  $10,000;  the  last  year's 
payment,  being  the  instalment  maturing  that  year,  with  in- 
terest on  that  instalment,  being  the  balance  of  the  loan 
which  is  outstanding,  will  amount  to  $5,2.50.  During  the 
life  of  this  loan  it  is  probable  that  the  wealth  and  resources 
of  the  territory  will  increase  and  the  tax  burden  for  the 
payment  of  the  principal  and  interest  would  be  much  easier 
borne  during  the  last  years  of  the  loan  than  during  the 
first.  Such  considerations  suggest  that  some  other  scheme 
of  maturities  is  desirable. 

The  ideal  method  is  probably  to  so  arrange  the  maturi- 
ties that  a  similar  amount  will  be  payable  in  each  year 
during  the  life  of  the  loan  for  principal  and  interest,  but 
it  is  not  always  expedient  to  break  up  the  number  of  bonds 
maturing  each  year  into  uneven  amounts,  as  the  market 
is  to  some  extent  affected  thereby.  Consequently,  the  best 
course  ?.ould  seem  to  be  to  require  a  serial  bond  to  be 
issued,  but  to  permit  the  governing  authorities  some  dis- 
cretion as  to  the  amount  which  shall  mature  In  each  year, 
as  by  providing  that  the  loan  shall  be  payable  in  annual 
instalments,  commencing  one  year  after  date,  but  that  no 
instalment  shall  be  more  than  three  or  four  times  the 
amount  of  any  other  instalment. 

Arranging  of  Maturity  Dates. — Sometimes  the  first  ma- 
turity i.^  postponed.  A  postponement  of  the  first  maturity 
tor  a  period  not  exceeding  two  years  is  reasonable,  because 
ii  sometim.es  happens  that  no  tax  can  be  levied  in  time 
for  the  payment  of  the  principal  of  a  bond  maturing  one 
year  after  date.  For  instance,  the  taxes  for  the  year  1920 
might  just  have  been  levied  at  the  time  when  the  bonds 
were  issued,  but  might  not  be  payable  until  60  or  90  days 
thereafter.  If  the  bonds  were  payable  one  year  after  date 
of  issue,  the  first  instalment  would  be  payable  before  the 
1921  levy,  with  the  result  that  no  provision  would  have  been 
made  to  raise  by  taxation  the  amount  payable  one  year 
after  the  date  of  the  bonds.  For  this  reason,  it  is  probably 
better  that  the  instalments  should  begin  to  mature  not  later 
than  two  years  after  the  date  of  the  bonds,  and  the  date 
of  maturity  should  be  so  fixed  in  relation  to  the  collection 
of  taxes  as  to  permit  the  payment  of  the  principal  at  the 
earliest  date  thereafter  for  the  purpose  of  saving  interest 
to  the  county,  district  or  township  during  the  time  which 
will  elapse  in  each  year  between  the  collection  of  taxes 
and  the  date  when  an  instalment  of  principal  becomes  pay- 
able. 

Sometimes  the  first  maturities  are  postponed  beyond 
two  years,  but  I  have  pointed  out  that  permanence  in  high- 
way construction  has  not  yet  been  reached,  and  it  is  my 
opinion  that  highway  bonds  should  begin  to  mature  and 
should  be  paid  off  as  quickly  as  possible,  and  that  the  first 


instalment   should    not    be   postponed   longer   than   is   neces- 
sary  to   permit   the   proper   financing  of  the   project. 

Advantages  of  Serial  Maturities.— The  advantages  of  a 
serial  issue  as  compared  with  a  flat  term  issue  are  numer- 
ous. The  serial  issue  immediately  absorbs  the  monies 
raised  by  taxation  to  pay,  the  principal.  The  creation  of  a 
sinking  fund  is  rendered  unnecessary.  The  accumulation  of 
large  sums  In  the  city  treasury  in  the  name  of  a  sinking 
fiind,  possibly  bearing  a  small  rate  of  interest,  whilst  full 
interest  is  payable  on  the  city's  debt,  is  avoided.  The  serial 
issue  automatically  conforms  to  the  principles  of  economic 
financing,  and  even  if  compared  to  cases  when  the  sinking 
fund  Is  efficiently  administered,  results  in  a  saving  to  the 
municipality. 

The  serial  method  by  dispensing  with  a  sinking  fund 
avoids  the  danger  of  loss  from  improvident  or  negligent 
m.anagement  of  sinking  fund  monies,  or  from  dishonesty  or 
incompetency.  It  removes  the  temptation  to  so  employ 
large  sums  of  money  as  to  further  personal  rather  than 
public  aims,  and  if  consistently  carried  out,  it  avoids  incur- 
ring the  expenses  for  the  management  of  a  sinking  fund. 

But  a  further  and  much  greater  advantage  rests  in  the 
fact  that  if  a  serial  issue  be  made,  the  danger  of  a  refund- 
ing at  maturity  will  be  avoided.  In  the  state  of  California, 
the  serial  method  has  been  in  use  for  upwards  of  30  years, 
and  in  my  experience  I  have  never  handled  an  issue  of  re- 
funding bonds  of  any  city,  county  or  school  district  in  Cali- 
fornia. A  well-known  bond  attorney,  who  examines  many 
California  issues,  has  told  me  that  he  has  never  had  an 
issue  of  refunding  bonds  of  any  city,  county  or  school  dis- 
trict iri  California  submitted  to  him  for  examination.  These 
facts  demonstrate  the  efllectiveness  of  the  serial  plan  when 
consistently   adhered   to. 

Proper  State  Laws  Imperative. — I  have  discussed  the  best 
method  of  financing  highway  improvements  from  the  ideal 
standpoint,  and  have  assumed  that  the  legislature  has  dealt 
generously  and  liberally  with  counties,  districts  and  town- 
ships. If  the  necessary  powers  to  issue  bonds,  such  as  I 
have  described,  do  not  exist,  they  should  be  asked  for,  and 
I  believe  that  the  legislature  will  not  hesitate  to  grant  them, 
if  it  can  be  done  within  the  limits  of  constitutional  restric- 
tions. 

Constitutional  restrictions  sometimes  compel  resort  to 
other  methods.  For  instance,  if  there  be  a  constitutional 
limit  of  indebtedness,  and  the  counties,  townships  or  dis- 
tricts in  a  state  have  become  generally  Indebted  to  an 
amount  approximating  the  constitutional  limit,  resort  must 
nf  necessity  be  had  to  an  unusual  and  less  desirable  type 
of  security  to  finance  highway  improvement.  Resort  must 
be  had  to  special  assessments  for  benefits  payable  in  annual 
instalments,  extending  over  a  term  of  years,  and  to  the 
issuance  of  bonds  which  are  payable  only  from  such  special 
assessments.  The  courts  have  held  that  when  a  special  fund 
for  the  payment  of  a  bond  is  so  created,  and  the  obligation 
of  the  county,  township  or  district  is  limited  to  the  collec- 
tion of  the  assessment  and  its  application  in  payment  of 
the  obligation,  and  there  is  no  recourse  over  and  against 
the  general  property  or  funds  of  the  obligant,  no  debt  is 
created  within  the  meaning  of  the  constitutional  prohibi- 
tion. 

But  these  obligations  are  not  acceptable  in  the  market. 
They  can  only  be  placed  if  they  bear  a  high  rate  of  inter- 
est, and,  many  times,  they  must  be  sold  at  a  discount.  Fre- 
quently they  are  issued  directly  to  contractors,  who  have 
bid  for  the  work,  knowing  that  they  must  take  payment 
in  this  form.  The  cost  of  the  improvement  is  increased, 
because  the  contractor  so  bidding  will  add  enough  to  absorb 
any  discount  at  which  he  will  be  obliged  to  sell  the  bonds 
The  price  of  money  necessary  to  finance  an  improvement 
when  raised  in  this  way  will  bo  great.  WTien  money  may 
be  borrowed  upon  a  general  obligation  of  a  county  at,  say, 
T)  per  cent  per  annum,  it  will  be  found  necessary  to  pay  6 
per  cent  upon  a  special  assessment  obligation  at  the  least. 
Sometimes  the  special  assessment  obligations  will  be  dis- 
posed of  to  the  ultimate  investor  so  as  to  net  him  7,  8  or  9 
per  cent  per  annum.  The  public  must  pay  this  return  to 
the  investor  in  some  form  or  another. 

Keep  the  Buyer  of  Securities  In  Mind. — In  financing  your 
road  improvements,  I  urge  upon  you  always  to  try  to  issue 
a  security  which  will  be  attractive  to  the  investor.  It  is 
good  business  for  the  county,  township  or  district.  It  is 
also  good  business  for  the  banker.  The  certainty  of  pay- 
ment on  the  due  date  of  an  obligation  is  of  the  essence  of 
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all  successful  business  and  everything  that  can  be  done 
to  assure  the  investor  that  on  the  day  stated,  the  amount 
of  his  loan  will  be  repaid  to  him,  will  lend  to  reduce  the 
cost  of  the  loan  to  the  borrower. 

When  the  type  of  security  and  all  the  particulars  as  to 
rate  of  interest,  date  of  maturity,  etc.,  have  been  fixed,  the 
bonds  should  be  offered  to  the  public  under  conditions 
which  will  assure  the  quickest  possible  delivery.  It  is  usual 
to  require  the  examination  of  a  municipal  or  county  obli- 
gation by  a  recognized  bond  ^attorney  before  it  is  accepted 
by  the  purchaser.  The  best  practice  is  to  have  this  step 
taken  and  the  opinion  secured  before  the  bonds  are  offered 
lor  sale.  If  that  be  done,  then  substantially  immediate 
delivery  is  assured,  and  the  risk  or  probability  of  fluctua- 
tions  in   the   market  is   reduced   to  a   minimum. 

Neaotiatinq  the  Sale.— The  sale  should  be  conducted  under 
such  terms  as  will  assure  a  fair  deal.  If  a  public  sale  be 
had  the  bids  should  be  received,  opened,  and  the  bonds 
promptly  awarded  under  conditions  which  will  exclude  the 
possibility  of  favoritism.  If  the  bonds  be  sold  privately,  the 
negotiations  should  be  so  conducted  that  when  the  pur- 
chaser takes  delivery  of  the  bonds,  he  will  not  find  that 
the  county,  township  or  district  has  already  offered  them 
indiscriminately  to  all  the  banking  houses  and  generally 
shopped  around  trying  to  obtain  a  purchaser.  No  person 
likes  Fhopworn  goods,  and  bonds  which  have  been  privately 
offered  to  every  banker  or  investment  dealer  by  some  per- 
son professing  to  act  on  behalf  of  the  county,  township  or 
district,  are  not  looked  upon  with  favor  by  reputable  dealers. 

In  everything  that  is  done,  the  best  policy  is  to  place 
the  interests  of  the  county,  township  or  district  first.  Reputa- 
ble bankers  and  dealers  wish  a  security  which  is  beyond 
suspicion  and  prefer  dealing  that  is  open  and  above-board, 
and  so  long  as  they  are  squarely  treated  in  the  sale  of  bonds, 
no  reputable  banker  or  dealer  will  complain  merely  because 
the  interests   of  the  public  are  carefully   protected. 


The  observed  speed  of  each  tructractor  was  1  minute  for 
a  round  trip  with  %  cu.  yd.  of  material.  Therefore  the 
three  tructractors  deliver  IV2  cu.  yd.  in  1  minute  to  the  two 
concrete  mixers,  an  average  of  %  cu.  yd.  in  1  minute  to  each 
mixer.  The  number  of  laborers  actually  required  was  three 
for  the  two  loaders,  three  for  the  three  -tructractors.  two 
cement  men,  and  ten  men  for  the  two  mixer  gangs;  thus 
making  a   total   of  IS   laborers. 


HandlinglAggregate  With  Wagon 
Loaders  and  Tructractors 

Several  new  methods  of  material  handling  in  road  con- 
struction were  put  in  service  during  the  past  season.  A 
good  example  of  one  of  these  methods  is  shown  in  the 
accompanying  illustration  of  a  section  on  the  new  Bronx 
Parkway,  now  under  construction  from  the 
northern  end  of  Bronx  Park  in  New  York 
City,  to  the  Kensico  Reservoir  at  Valhalla, 
in  Westchester  County,  New  York,  a  total 
length  of  16  miles. 

The  road  contractor  is  the  Hastings 
Pavement  Co.  About  one  mile  from  the 
construction  work  the  contractor  obtains 
the  necessary  sand.  This  material  is  auto- 
matically loaded  into  a  number  of  auto 
trucks  by  means  of  a  Halss  "Path  Digging" 
wagon  loader.  Two  similar  type  loaders 
may  be  seen  in  the  illustration  operating 
on  the  new  road;  one  digs  sand  nd  fills  a 
measuring  box,  and,  on  the  opposite  side. 
the  other  digs  crushed  stone,  also  filling 
a  measuring  hopper.  Beyond  the  loaders 
are  two  Foote  concrete  mixers,  and  run- 
ning between  these  two  sets  of  labor  sav- 
ing machinery  are  three  Clark  tructractors. 

The  sand  and  stone  piles,  dumped  along 
either  side  of  the  road,  are  of  such  amounts 
that  when  they  are  dug  away,  a  clear 
space,  averaging  50  ft.,  is  always  maintained  between 
the  sand  loader  and  the  line  of  mixers,  while  on  the 
other  side  a  space  of  7.5  ft.  is  left  open.  By  this  arrange- 
laent  the  tructractors.  after  receiving  their  measure  of  sand, 
avoid  getting  into  each  other's  way  when  they  steer  over  to 
the  stone  loader.  Filled  with  material,  the  tructractor  then 
shoots  up  to  the  first  concrete  mixer  waiting  with  its  power 
loader  down  for  a  fresh  charge.  At  the  same  moment  that 
the  tructractor  dump-body  discharges,  a  laborer  empties  a 
bag  of  cement  in  with  the  dry  aggregate,  and  almost  the 
next  instant  this  material  is  sliding  from  the  uplifted  charg- 
ing scoop  ii;to  the  revolving  mixing  barrel,  and  finally,  the 
wet  mix  drops  from  the  end  of  a  long  swivel  spout  to  the 
Toad. 


Drainage  Systems  for  Different 
Subgrade  Conditions 

Conclusions  on  the  design  of  highway  drainage  systems 
based  on  experience  and  actual  conditions  as  found  in  the 
etate  of  Maryland,  were  summarized  by  H.  D.  Williar,  Jr., 
assistant  chief  engineer,  Maryland  State  Roads  Commis- 
sion, in  a  paper  presented  Feb.  7,  at  the  Conference  on 
Highway  Engineering  at  the  University  of  Pennsylvania. 
An   abstract   of  the   paper  follows: 

The  greatest  detriment  to  a  perfect  sub-base  is  w-ater. 
Its  presence  will  ruin  any  road — the  wearing  surface  regard- 
less of  what  it  is — cannot  save  it.  Where  there  is  water  in 
the  foundation  a  failure  in  the  surface  is  inevitable.  There- 
fore, the  first  point  to  be  considered  in  the  design  of  a  road 
is  in  what  manner  does  water  affect  it?  These  ways  will 
be  discussed  under  two  heads;  (1)  Surface  Water;  (2) 
Ground    Water. 

Surface  Water. — The  time  when  water  does  the  greatest 
damage  to  a  road  is  during  the  early  spring  thaws  and 
during  and  immediately  after  a  heavy,  washing  downpour 
of  rain.  If  a  road  "stands  up"  satisfactorily  through  these 
two  periods,  its  life  is  reasonably  assured.  Maryland  has 
adopted  a  plan  that  has  reduced  bad  washes  to  a  minimum. 
It  is  conceded  tht  the  greatest  "wash  outs"  after  a  hard  rain 
occur  on  fills  just  at  the  end  of  the  cut.  A  great  volume  of 
water  accumulates  and  increases  in  velocity  in  the  confines 
of  the  cut;  it  suddenly  reaches  the  end  of  the  banks  and 
gushes  down  over  the  fill,  cutting  out  ravines  from  the  edge 
of  the  road  metal  to  the  toe  of  the  slope.  Frequently,  the 
roadway  itself  is  completely  uffdermined.  These  washes 
occur  more  frequently  on  new  fills,  but  all  fills  are  "green" 
once  and  it  is  then  that  they  should  be  protected.  In  the 
opinion   of  the  writer  it   is  an  excellent  policy  to  construct 
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a  wooden  funnel  shaped  trough  at  the  juncture  of  the  cut 
and  fill.  This  should  be  connected  up  with  a  wooden  chute 
at  right  angles  to  the  road  running  down  over  the  entire 
iepth  of  the  fill  and  terminating  in  the  bottom  at  a  point  to 
clear  the  toe  of  the  slope.  Such  construction  may  economi- 
cally be  made  of  ordinary  2  by  12  in.  lumber  and  should  be 
placed  as  frequently  along  the  fill  as  the  composition  of  the 
material  in  the  fill  and  grade  of  the  road  demands.  It  is 
recommended,  howeveh,  that  one  at  least  be  located  at  the 
Vieginning  of  the  fill  and  one  at  the  low  point  if  there  be 
one.  These  several  funneled  inlets  should  be  connected  by 
a  strip  of  12-in.  lumber  pegged  along  the  top  edge  of  the 
fill  to  form  a  curb  and  gutter. 

In    some    sections    of   Maryland,   the    western    and    central 
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parts  particularly,  natural  drainage  conditions  are  excellent 
and  the  use  of  any  form  of  artificial  drainages  is  unneces- 
sary. In  the  lower  counties  of  the  Eastern  Shore,  however, 
drainage  conditions  are  diametrically  the  opposite.  This 
is  the  tide-water  section  of  the  state,  where  grades  are  lit- 
erally fiat  and  the  soil  notoriously  impervious,  being  mostly 
"white  cali"  clay.  In  this  part  of  the  state,  road  building 
presents  quite  a  series  of  drainage  problems — the  one  and 
only  .oolution  to  most  of  them  is  the  side  ditch.  It  is  most 
essential  that  the  water  table  be  kept  at  least  l%i  or  2  ft. 
below  the  metal  surface  of  the  road  at  all  times  and  while 
open  ditches  are  admittedly  dangerous  to  traffic  and  their 
upkeep  expensive,  their  use  especially  in  flat  country  has 
proven  them  to  be  the  only  effective  means  of  drainage  and 
am  therefore  highly  recommended. 

Most  of  those  ditches  are  built  from  1%  to  2  ft.  below  the 
old  ground,  IS  in.  across  the  bottom  and  parallel  to  the  road. 
The  inner  slope  (next  to  the  road)  is  on  a  1:4  grade  and 
the  outer  slope  on  a  1:1  and  the  material  from  these  ditches 
is  invariably  used  to  elevate  the  road  itself  and  help  to  lift  it 
out  of  the  water.  Most  of  these  roads  have  been  built  on 
nearly  dead  level  grades.  The  best  that  could  be  hoped  for 
to  drain  them  was  the  ordinary  farm  ditch,  miles  of  which 
exist  and  function  on  1  10  of  1  per  cent  grades  and  into 
which  tide-water  backs  periodically.  Under  such  conditions 
as  these,  there  has  been  constructed  and  perfectly  main- 
tained  500   miles   of   modern   highways. 

Ground  Water. — Under  this  heading  will  be  considered 
the  water  affecting  the  road  opposite  from  direct  rain  fall. 
For  instance,  springs,  side  seepage  or  vertical  and  horizontal 
capillary.  It  is  the  opinion  of  the  writer  that  a  number  of 
the  states  are  spending  too  much  money  preparing  for  ex- 
treme conditions.  He  believes  it  bad  practice  from  an  eco- 
nomical viewpoint  to  almost  promiscuously  build  miles  of 
drainage  for  ground  water  just  to  be  on  the  "safe  side". 
It  is  a  fact  that  there  are  many  dollars  of  public  money 
spent  annually  on  just  such  construction  when  this  money 
plus  the  interest  would  far  more  than  pay  for  an  occasional 
failure.  By  this,  the  writer  means,  when  a  condition  pre- 
sents itself  where  without  question  some  form  of  sub-drain- 
age is  necessary,  construct  it,  but  he  means  further  that  if 
there  is  doubt  as  to  the  advisability  of  underdraining  a  par- 
ticular stretch  of  road,  do  not  waste  time  and  money  to  do  it. 
Sub-drainage  is  either  needed  or  it  is  not,  and  it  is  believed 
that  far  more  of  it  is  used  than  is  necessary. 

Maryland  is  fortunate  in  its  geological  composition  in  that 
it  requires  comparatively  little  sub-drainage  in  the  construc- 
tion of  highways.  There  are,  however,  isolated  places  in 
the  state  where  the  sub-grade  condition  makes  it  necessary 
to  provide  a  system  of  sub-drainage,  in  addition  to  the  drain- 
age for  storm  water:  places  where  drains  must  be  provided 
to  lower  the  level  of  the  ground  water  under  the  road.  The 
elevation  to  which  gi'ound  water  rises  depends  on  the  capil- 
lary power  of  the  soil  and  on  the  hydrostatic  pressure  to 
which  this  water  is  subjected.  If  ground  water  is  present 
to  any  extent  and  the  soil  such  as  to  permit  it  to  rise  to 
within  several  feet  of  the  sub-base,  the  stability  of  the  road- 
bed is  in  danger  and  unless  some  adequate  sub-drainage  is 
provided,  failure  in  the  final  construction  is  inevitable.  The 
common  methods  of  drainage  to  prevent  such  failures  are 
(1)  tile  drains,  (2)  French  drains,  (3)  V-drains.  The  open 
ditch  as  previously  described  should  also  come  under  the 
head  of  "ground  watet-".  It  functions  well  for  either  or  both 
classes  of  water. 

Tile  drains  are  usually  located  immediately  under  one 
edge  of  the  road  surface  although  conditions  may  be  such  as 
to  require  two  lines  of  tile,  in  which  case  they  should  be 
constructed  one  along  each  edge  of  the  metal.  A  road  going 
through  a  deep  cut  where  there  are  numerous  spring  heads 
in  the  banks  frequently  calls  for  such  a  system  of  drainage; 
and  for  such  cases,  the  following  design  is  advocated:  The 
underdrain  should  consist  of  4  in.  vitrified  clay  pipe  laid 
on  a  2  in.  layer  of  1  in.  stone  in  a  trench  12  in.  at  the  bottom 
with  flaring  sides  The  joints  of  the  new  pipe  should  be  open 
hut  covered  with  tar  paper  and  the  trench  filled  with  3  in. 
stcne  for  an  additional  depth  of  22  in. 

The  French  drain  varies  from  the  tile  drain  in  one  respect 
— it  is  a  trench  filled  with  large  stone,  but  without  the  vit- 
rified  clay   pipe. 

The  V-drain  form  of  drainage  Is  adaptable  to  localities 
where  field  stone  can  be  obtained  in  abundance.  It  consists 
in  digging  out  the  sub-base  of  the  road  to  an  additional  depth 
of  12  in.  in  the  center  and  4  in.  on  the  sides  and  back-filling 


this  V-frough  with  stone  or  gravel.  This  type  of  drain  if 
properly  constructed  and  provided  with  side  outlets  every 
50  ft.  may  prove  advantageous.  Its  efficiency  will  be  in- 
creased by  placing  a  line  of  small  vitrified  clay  pipe  down 
the  center. 

Under  Maryland's  1,700  miles  of  improved  and  well  main- 
tained highways  there  is  less  than  3,000  in.  of  "V"  drain, 
less  than  5,000  ft.  of  French  drain  and  less  than  30  miles  of 
tile  drain. 


Preparation  of  Estimates  of  Cost  of 
Construction 

Useful  suggestions  on  the  preparation  of  estimates  was 
given  by  Warren  W.  Mack,  Assistant  Engineer,  Delaware 
State  Highway  Department,  in  a  paper  presented  Feb.  8  at 
tlie  Highway  Engineering  Conference  at  the  University  of 
Pennsylvania.    His  paper  practically  in  full  follows: 

An  estimate  prepared  industriously,  honestly  and  syste- 
matically will  seldom  he  so  far  afield  as  to  invite  severe 
criticism.  Industry  is  emphasized  because  much  patient 
effort  is  required  to  secure  the  information  necessary  for 
the  preparation  of  an  intelligent  estimate.  Honesty  is  essen- 
tial, for  an  estimate  must  be  prepared  without  bias  or 
prejudice;  the  temptation  to  "cut  the  garment  to  fit  the 
cloth,"  to  allow  one's  optimism  to  run  away  with  one's 
judgm.ent,  or  to  yield  to  the  occasional  importunities  of  su- 
periors, must  be  constantly  resisted.  An  engineer's  esti- 
mate should  represent  his  honest  beliefs.  If  there  must  be 
a  day  of  reckoning  let  it  come  before  the  contract  is  let, 
rather  than  after  the  final  settlement.  Estimates  should 
be  made  systematically,  for  without  a  well  thought  out  sys- 
tem, many  small  items  bulking  large  in  the  total  may  be 
omitted. 

The  engineer's  preliminary  estimate  is  frequently  a  curious 
striving  after  the  impossible,  viz.:  an  estimate  that  will  not 
be  so  low  that  the  opening  of  the  bids  will  bring  discredit 
upon  the  engineer,  yet  one  that  will  not  be  so  high  as  to 
discourage  or  prohibit  entirely  the  carrying  out  of  the 
project.  An  estimate  of  this  character  is  peculiarly  like 
the  aim  of  the  old  settler  "to  kill  if  it  is  a  bear  and  to 
miss  if  it  is  the  heifer." 

In  the  past  engineer's  estimates  have  had  a  reputation 
for  inaccuracy,  frequently  falling  tar  short  of  the  final  cost 
of  construction,  a  condition  embarrassing  alike  to  the  engi- 
neer, his  clients  and  the  contractor.  It  is  generally  con- 
ceded that  there  has  been  an  improvement  in  recent  years 
and  that  an  increasing  knowledge  of  costs  and  a  fuller  re- 
alization of  the  importance  of  careful  estimating  has  been 
evident  in  more  uniform  and  more  consistent  estimates. 

Factors  in  Preparation  of  Estimate. — On  what  shall  the 
engineer  base  his  estimate?  On  his  personal  knowledge  of 
costs,  on  prices  bid  on  similar  work,  or  shall  he  call  in  an 
experienced  contractor  and  secure  from  him  a  preliminary 
estimate?  In  these  latter  days  it  is  too  much  to  expect  an 
engineer  to  predict  with  certainty  the  cost  of  construction. 
The  changing  prices  of  labor  and  materials,  the  shortages 
of  both  materials  and  transportation,  have  made  estimating 
more  of  a  gamble  than  ever. 

However,  every  highway  engineer  should  have  available 
cost  data  that  he  has  personally  compiled  as  well  as  pub- 
lished data.  Placing  greatest  confidence  in  his  own  col- 
lected costs,  next  in  that  of  work  with  which  he  is  familiar, 
and  using  as  a  check  published  data,  the  recorded  experi- 
ence of  others.  He  should  secure  current  market  prices  of 
all  materials  used  in  highway  and  bridge  construction,  as 
well  as  freight  rates  from  all  probable  points  of  shipment 
to  the  possible  points  of  delivery  on  the  proposed  work. 

A  careful  survey  should  be  made  of  the  local  material 
supply:  in  order  to  be  of  value  this  information  must  be 
quite  definite,  both  as  to  quality  and  quantity  of  materials 
available.  If  there  are  local  pits  and  quarries  already  devel- 
oped, this  information  may  be  easily  and  accurately  obtained, 
but  if  the  contractor  must  open  and  develop  the  local  sup- 
plies, it  is  easy  to  under-estimafe  the  cost  of  development. 
This  is  one  of  the  common  errors  in  estimating,  made  by 
both  engineers  and  contractors.  Contractors  often  spend 
considerable  money  in  development  only  to  find  the  ma- 
terial is  not  up  to  specifications  or  is  insufficient  in  quan- 
tity, and  the  development  work  almost  a  total  loss. 

Local  transportation  conditions  should  also  be  studied,  es- 
pecially   the   length   of  haul   from    railroad   sidings   and   the 
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grades  and  the  condition  of  the  roads  over  which  materials 
must  be  hauled.  In  short,  a  detailed  study  should  be  made 
of  tho  entire  job,  especially  as  to  its  accessibility,  the  best 
methods  of  executing  the  work  and  its  peculiar  opportuni- 
ties for  profit  or  loss.  A  careful  study  of  the  plans  and 
profile  will  yield  much  valuable  information  If  it  is  sup- 
plemented with  an  equally  careful  inspection  in  the  field 
covering  the  nature  of  the  soil,  availability  of  the  water  sup- 
ply, opportunities  for  using"  grading  machinery,  possible  bor- 
row pits,  etc. 

"Jesides  the  large  and  constantly  increasing  cost  of  plant 
required  by  the  road  contractor,  a  large  outlay  is  necessary 
getting  the  equipment  on  tlie  ground,  erected  and  ready 
for  operation.  This  with  attendant  delays  before  any  work 
is  done  which  appears  on  the  progress  estimate,  places  a 
heavy  strain  on  the  contractor's  resources.  Due  allowance 
should  be  made  for  plant  rental  and  depreciation,  cost  of 
contractor's  bond,  and  employer's  liability  insurance,  as 
well  as  for  labor  and  the  manipulation  of  materials. 

Superintendence  and  general  overhead  expenses  are  fre- 
quently minimized  by  engineers,  who  also  often  leave  out 
the  important  item  of  profit,  which  certainly  should  not  be 
forgotten,  even  though  an  agreement  as  to  the  amount  may 
be  difficult. 

Few  engineers  can  be  expected  to  have  a  comprehensive 
knowledge  of  all  these  factors,  which,  however,  should  ever 
be  borne  in  mind  and  at  least  approximated,  for  here  as  in 
many  other  casei,  an  approximate  answer  Is  better  than  no 
answer  at  all.  Even  with  every  item  considered  there 
is  much  left  to  judgment,  and  in  the  past  few  years  much 
has  of  necessity  been  left  to  chance. 

Securing  preliminary  bids  from  reliable  contractors  is  a 
practice  very  generally  followed  by  architects.  This  method 
has  the  advantage  of  securing  the  judgment  of  men  who 
specialize  in  particular  lines  and  whose  advice  in  suggest- 
ing moans  of  reducing  the  cost  of  expensive  construction  is 
especially  valuable.  It  is  probably  not  so  generally  applica- 
ble to  highway  as  to  building  construction,  yet  we  believe  it 
can  be  frequently  used  to  advantage.  Every  engineer  knows 
certain  contracts  in  whose  judgment  and  fairness  he  has 
confidence.  He  can  gain  much  valuable  information  and 
advice  from  such  a  counselor. 

Possib'y  under  preesnt  conditions,  an  intelligent  use  of 
recent  bidding  prices  with  due  consideration  of  local  condi- 
tions will  give  us  as  reliable  results  as  can  be  hoped  for 
until  conditions  are  more  settled.  In  using  previous  bid- 
ding prices  it  must  be  borne  in  mind,  however,  that  prices 
may  be  unbalanced;  that  the  low  bid  is  often  too  low;  and 
that  there  may  be  radical  differences  in  the  specifications 
or  the   interpretation  of  them. 

Accurate  Estimate  of  Quantities  Should  Be  Given. — One 
thing  the  contractor  may  reasonably  expect  from  the  engi- 
neer is  an  accurate  and  complete  estimate  of  the  quantities 
contained  in  the  proposal.  Failure  to  furnish  an  accurate 
estimate  will  mislead  the  contractor  and  may  cause  him 
material  loss,  as  the  increasing  or  decreasing  of  any  item 
'jy  a  considerable  amount  may  greatly  change  the  unit  cost, 
a  fact  the  average  engineer  is  usually  quite  loath  to  admit. 
Reasonable  allowance  should  be  made  for  all  bridge,  culvert 
and  pipe  excavations,  as  well  as  for  ditching,  items  not  usu- 
ally large  but  totaling  a  considerable  amount  and  frequently 
omitted  entirely. 

Karthworl<  is  usually  an  important  item  in  highway  work. 
While  the  engineer's  estimate  usually  shows  the  number  of 
cubic  yards  of  material  to  be  moved,  the  length  of  haul  is 
seldom  given,  nor  does  it  show  the  number  of  square  yards 
of  trimming  or  "sand  papering,"  as  our  contractor  friends 
love  to  call  it,  which  will  be  necessary  to  finish  the  work. 
This  is  frequently  an  important  item,  especially  if  the  work 
is  light. 

Systematic  borings  of  all  materials  to  be  excavated, 
whether  in  excavating  for  the  roadway  or  in  foundations  for 
structures,  would  give  information  absolutely  essential  to 
an  intelligent  estimate.  This  practice  has  long  been  rec- 
ommended by  practical  engineers,  but  seems  to  be  gaining 
but  little  in  popularity.  It  is  conceded  to  be  a  good  idea 
to  carry  out  at  some  future  time — not  now.  Many  instaiftes 
could  be  given  whei-e  the  neglect  to  make  borings  has  re- 
sulted in  a  serious  loss  either  to  the  contractor  or  the  state. 
There  is  sufficient  opportunity  for  the  exercise  of  judg- 
ment vhen  full  information  is  at  hand,  without  gambling  on 
the  classification  of  materials  a  few  feet  under  ground.  It 
appears  to  the  writer  that  the  arguments  put  forward  for 


the  non-classification  of  excavated  materials  are  hardly  con- 
vincing. 

Why  Engineers  Under-Estimate. — The  cause  of  frequent 
under-estimating  by  engineers  has  been  analyzed  by  Mr. 
Halbert  P.  Gillett  in  his  book  "Earthwork  and  Its  Cost,"  as 
follows: 

1.  Failure  to  train  engineering  students  in  the  art  of  cost 
estimation. 

2.  Dearth  of  published  cost  data. 

3.  Failure  to  ascertain  by  test  pits  or  borings  what  kind 
of  matciial  will  be  encountered. 

4.  Failure  to  ascertain  just  where  structural  materials  will 
be  obtained  and  their  exact  cost  laid  down  at  the  works. 

5.  Failure  to  consider  the  fact  that  changes  in  alignment 
or  design  made  after  beginning  work  may  increase  first  cost, 
though   desirable. 

6.  Failure  to  allow  for  the  rise  in  wages  and  price  of 
materials  consequent  on  the  increased  demand,  generated 
by  the  con.struction  work  itself,  if  large. 

7.  Failure  to  recognize  the  fact  that  high  wages  breed  an 
"independence"  among  workmen  that  results  in  decreased 
efficiency. 

8.  Failure  to  recognize  the  fact  that  a  large  number  of 
competent  foremen  is  difficult  to  obtain  for  large  and  ex- 
tended works,  resulting  in  a  loss  of  efficiency. 

9.  Use  of  unit  prices  taken  from  other  contracts  of  simi- 
lar ni\ture,  without  considering  that  bids  may  have  been 
unbalanced,  or  if  not  unbalanced  that  the  lowest  bidder  lost 
money  on  the  work,  or  that  the  conditions  of  work  are  not 
exactly  similar. 

10.  ,  Failure  to  add  anything  for  plant  rental  and  depre- 
ciation, also  cost  of  moving  plant  and  lost  time. 

11.  Failure  to  make  allowance  for  general  expenses,  such 
as  road  building,  office  expense  and  foreman  expense  borne 
by  the  contractor. 

12.  Failure  to  allow  for  cost  of  handling  water,  snow  and 
ice,  and  to  consider  the  cost  of  accidents  and  delays  result- 
ing from  bad  weather,  etc. 

13.  Failure  to  add  a  reasonable  margin  of  profits,  or  to 
consider  that  where  15  per  cent  for  profit  on  materials  may 
be  paid,  25  per  cent  profit  on  labor  is  often  too  low  because 
of  the  uncertain  efficiency  of  labor. 

14.  Failure  to  recognize  the  fact  that  contractors  may 
abandon  a  contract,  causing  delays  in  completion  with  con- 
sequent added   cost  besides  the  legal  expense. 

15.  Finally  the  fixing  of  unit  prices  in  the  cost  estimate  be- 
fore the  specifications  have  been  drawn. 

Mr.  Gillette  has  analyzed  this  problem  very  completely, 
and  has  shown  that  the  error  lies  in  failing  to  systematically 
analyze  and  estimate  each  item  of  cost. 

An  example  of  the  failure  to  systematically  prepare  an  esti- 
mate wns  recently  brought  to  our  attention.  This  estimate 
v,-.<is  prepared  jointly  by  an  engineer  and  contractor  and  was 
prepared  for  the  purpose  of  comparing  the  cost  of  a  local 
sand,  which  required  the  opening  of  a  pit,  the  washing  of  the 
sand  and  its  final  delivery  to  tho  mixer,  with  a  commercial 
sand  delivered  at  the  same  point.  A  more  or  less  informal 
estimate  placed  the  cost  at  $1.00  per  ton.  A  later  estimate 
in  which  each  step  in  the  excavation,  handling,  washing  and 
trucking,  was  systematically  estimated,  increased  the  esti- 
mate to  over  $2.00  per  ton,  a  figure  which  the  actual  cost  of 
the  work  proved  conservative. 

In  these  states  where  the  law  requires  that  the  con- 
tractors' estimate  or  bid  shall  fall  below  or  within  a  certain 
per  cent  of  the  engineer's  estimate,  it  is  doubly  important 
that  the  engineer's  estimate  be  accurate  and  fair,  otherwise 
lettings  will  be  delayed  or  the  contractor  influenced  to  bid 
lower  than  his  best  judgment  dictates. 

Should  the  day  ever  come,  when  the  cost  plus  contract  is 
inflicted  upon  highway  engineers,  the  trials  of  the  estimator 
v.-ill  be  still  further  increased. 

How  to  Prepare  an  Estimate  on  Highway  Work. — Summing 
up  these  observations,  to  prepare  an  estimate  of  highway 
w  ork : 

1.  Make  an  accurate  quantity  survey  of  the  items  of  work 
entering  into  the  contract. 

2.  Carefully  estimate  the  unit  prices  of  each  Item,  using 
(a)  your  own  personal  cost  data,  fb)  published  prices  of  re- 
cent bids  on  similar  work,  (c)  a  preliminan.'  estimate  from  a 
reliable  contractor,  fd)  or.  perhaps  better,  a  combination  of 
the  three,  checking  one  against  the  other.  Tabulate  these 
quantities  and  prices  preferable  on  the  regular  progress  esti- 
mate sheet  and  so  lesson  the  chance  of  omitting  any  of  the 
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items,  aud  above  all  do  not  hazard  a  mere  guess  on  any  item 
but  be  ready  to  back  each  one  with  intelligent  figures,  based 
on  local  conditions. 

Besides  the  engineers'  preliminary  estimate,  in  cronologicai 
order,  comes  the  contractor's  estimate  or  bid,  the  progress 
estimate,  and  last  but  not  least  the  flnal  estimate. 

Contractors  have  long  made  sport  of  engineer's  estimates, 
but  since  the  bids  submitted  by  contractors  sometimes  vary 
up  to  100  per  cent  or  more,  while  others  frankly  admit  they 
are  losing  money,  there  is  little  cause  for  caustic  comment 
by  either  the  party  of  the  first  or  of  the  second  part.  We 
have  but  little  advice  to  offer  the  contractor;  as  a  rule  he 
understands  his  business,  and  understands  how  to  figure  his 
work.  It  is  the  exceptional  one,  who,  by  under-estimating, 
drives  the  prices  below  a  living  figure,  and  who  is  the  despair 
of  all  conservative  contractors  and  frequently  of  the  engi- 
neers as  well  before  the  contract  is  finished.  It  is  the  reck- 
less bidder  who  makes  of  contracting  the  gamble  that  it  too 
frequently  is.  We  more  than  surmize  that  the  average  con- 
tractor does  not  always  systematically  prepare  his  estimate, 
nor  does  he  keep  sufHciently  detailed  cost  data  to  enable 
him  to  do  so.  For  too  often  contractors  bid  against  each 
other,  instead  of  against  the  job  and  bids  are  submitted  with 
the  sole  idea  of  landing  the  job,  even  though  it  be  at  consid- 
erable risk. 

Contractors  Should  Prepare  Bids  in  Accordance  with  Speci- 
fications.— Our  first  advice  to  the  contractor  is  to  read  the 
specifications,  and,  secondly,  to  prepare  his  bid  in  accordance 
with  those  specifications.  It  will  be  immediately  suggested 
that  if  this  advice  is  followed,  the  other  fellow  would  always 
get  the  contract.  To  whicli  it  may  be  replied  that  "one  never 
loses  money  on  the  contract  which  the  other  fellow  gets." 

This  advice  may  seem  superfluous,  yet  some  contractors 
boast  that  they  never  read  the  specifications  and  others  beg 
with  tears  in  their  voices  if  not  in  their  eyes  to  be  released 
from  some  "unreasonable"  clause  which  they  didn't  see  and 
didn't  bid  en.  Before  signing  a  contract,  a  business  man  is 
usually  very  careful  to  scrutinize  the  various  conditions 
therein  contained.  The  specifications  are  a  very  important 
part  of  the  contract  and  should  be  so  considered.  Several 
systematic  readings  of  the  entire  specifications  are  good  in- 
surance again.'^t  losses. 

The  contractor  who  prepares  his  bid  witli  the  idea  of  not 
carrying  on  the  work  in  accordance  with  the  specifications 
and  later  finds  his  mistake  has  little  claim  upon  our  sym- 
pathies. The  engineer,  however,  has  a  duty  here  as  well,  to 
so  revise  his  specifications  that  time-worn  and  long  neglected 
clauses  shall  be  eliminated  and  only  such  provisions  as  he 
actually  intends  to  enforce  are  retained. 

Progress  Estimates. — Soon  after  work  has  begun,  the  prog- 
ress estimate  makes  it  appearance.  This  is  an  estimate  of 
work  done  and  materials  delivered.  It,  too,  should  be  care- 
fully and  systematically  prepared.  Usually  the  time  allotted 
for  its  preparation  is  limited,  some  items  cannot  be  accu- 
rately measured  but  by  estimating  these  In  several  ways  and 
checking  them  against  each  other,  the  chance  of  a  consider- 
able error  is  slight.  The  progress  estimate  should  be  made 
promptly  on  the  date  set,  as  the  delay  of  even  a  few  days 
may  sometimes  be  eraban-assing  to  a  contractor,  making  it 
impossible  for  him  to  meet  payments  as  he  has  promised, 
especially  in  the  early  stages  of  a  contract.  The  contractor 
being  a  business  man  expects  and  appreciates  business  meth- 
ods. 

Formerly  a  monthly  estimate  was  the  almost  universal 
practice,  but  with  the  advent  of  high  prices  and  expensive 
pavements,  it  is  not  unusual  to  make  estimates  at  more  fre 
quent  intervals,  thus  relieving  the  contractor  of  carrying 
large  material  accounts  over  to  another  month.  This  is  a 
practice  which  has  much  to  recommend  it  and  will  undoubt- 
edly be  extended,  and  payments  will  be  made  more  often  than 
formerly. 

In  preparing  progress  estimates,  a  little  extra  time  and  ef- 
fort to  measure  and  calculate  accurately  those  items  of  work 
which  are  completed  from  time  to  time,  will  greatly  lessen 
the  work  required  on  the  final  estimate  and  expedite  a  speedy 
settlement  with  the  contractor.  If  the  progress  estimates 
have  been  carefully  prepared  and  flnal  measurements  and 
notes  taken  as  the  different  items  of  the  work  are  completed, 
the  preparation  of  the  final  estimate  will  be  comparatively 
easy  and  there  should  be  no  delay  in  rendering  the  flnal  esti- 
mate for  payment. 

Engineers  should  realize  that  the  final  payment  is  of  great 
Importance  to  the  contractor,  for  not  only  is  his  10  or  15  per 


cent  of  retained  money  held  back  but  usually  his  last  monthly 
estimate  as  well,  and  it  should  not  be  necessary  for  the  con- 
tractor to  wear  a  path  to  the  Highway  Department  to  get  his 
final  settlement  as  is  sometimes  done.  As  soon  as  the  work 
is  completed  it  should  be  accepted,  if  possible,  and  the  final 
estimate  rendered  at  the  earliest  practicable  time. 

A  little  stricter  adherence  to  business  methods  and  busi- 
ness promptness  on  the  part  of  the  engineers,  in  these  mat- 
ters, would  result  in  lessened  friction  and  misunderstanding 
between  engineers  and  contractors  and  an  increased  co-opera- 
tion with  and  respect  for  the  engineer  by  the  contractor.  The 
state  Would  share  with  the  contractor  the  benefits  of  this  in- 
creased co-operation  and  with  the  resulting  efiiciency. 


New  Snow  Loading  Machine 

Many  improvements  in  snow  removal  methods  and 
equipment  have  been  made  during  the  past  year.  One  of 
the  latest  developments  is  a  snow  loading  machine,  which 
received  its  initial  test  at  Chicago  last  December  following 
the  first  heavy  snowfall  of  winter.  The  machine  is  of  the 
belt  conveyor  type.  It  is  mounted  on  crawlers  to  gain  the 
best  traction.  It  is  powered  by  a  Buda  four-cylinder  truck- 
type   gasoline    engine.     A   two-armed   apron    scoops    up    and 


Loading   Machine   on    Snow   Removal   Work   at    Chicago. 

turns  the  snow  onto  a  wide  cleated  belt  which  carries  it  up 
to  discharge  into  waiting  motor  trucks.  This  apron  plow 
is  adjustable.  It  is  possible  to  scrape  the  surface  clean 
or  leave  enough  space  to  pass  over  any  obstruction.  Ad- 
justment is  made  by  the  operator  from  his  platform  on  the 
loader.  Skirt  boards  12  in.  deep  keep  the  largest  lumps 
on  the  belt  and  give  it  an  effective  carrying  width  of  36  in. 
The  belt  is  positive  drive,  being  fitted  with  roller  chain  on 
each  edge. 

In  it.^  first  trial  Air.  W.  .1.  (Jalligan,  .Assistant  Superintend- 
ent oi  Streets  of  Chicago,  placed  the  loader  in  operation 
at  7  a.  m.,  Dec.  26,  and  with  the  exception  of  stopping  for 
mealtime  and  one  minor  repair,  it  operated  continuously 
'intil  3  p.  m.,  Dec.  27,  a  continuous  run  of  32  hours.  The 
loader  continued  in  intermittent  operation  until  Wednes- 
day, Dec.  29.  when  the  removal  of  the  snow  in  the  loop  dis- 
trict had  been  completed.  In  this  work  the  loader  loaded 
snow  at  the  rate  of  better  than  3  cu..  yd.  per  minute,  al- 
though no  provision  had  been  made  in  the  plowing  and  pil- 
ing of  snow  for  this  machine.  Trucks  carrying  8  cu.  yd. 
were  "spotted"  and  loaded  out  in  less  than  5  minutes.  Dur- 
ing the  period  of  operation,  temperatures  ranged  from  32° 
above  zero  to  .S"  below  zero,  but  no  change  was  noted  in  the 
efl^iciency  of  the  loader.  During  this  same  period,  the  snow 
ranged   from   slush   to  almost   frozen,  the   loader  apparently 
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handlinK  the  different  types  of  snow  with  equal  success.  It 
also  AMIS  oporalcd  with  equal  success  on  bitulithlc,  wood 
block,  granite  blocli  and  cobblestone  pavements. 

The  loader  required  the  services  of  four  men — one  engi- 
neer to  manipulate  the  loader,  one  helper  for  the  engineer, 
who  manipulated  the  plow,  and  two  laborers  whose  time 
was   used  mostly  at  the  plow   end. 

It  is  e.<;timaled  that  this  loader  effected  a  saving  in  labor 
of  over  ?4.50  per  .S-hour  shift  as  compared  with  hand  shovel- 
ing from  piles  into  trucks.  It  also  is  expected  that  an  equal 
saving  can  be  effected  in  the  hand  work  necessary  to  pile 
the  snow  along  the  gutter  lines  after  plowing.  Mr.  Galligan 
estimates  the  cost  of  operating  the  loader  at  less  than  $30 
per  8-hour  shift,  exclusive  of  interest  and  depreciation.  The 
25-H.P.  Buda  gas  engine  required  less  than  1  gal.  of  gaso- 
line per  hour  and  about  1  qt.  of  oil  per  S-hour  shift. 

The  snow  loader  is  manufactured  by  the  Barber-Greene 
Co.,  .'Vurora,  111.  It  had  its  first  tryouts  in  coal  and  ashes. 
Chicago  expects  to  use  its  machine  for  handling  ashes  and 
gravel  during  the  summer. 


Problems  of  General  Maintenance 

on  All  Types  of  Road 

Pavements* 

By  GEORGE  H.  BILES. 
Assistant  Commissioner,  Pennsylvania  State  Highway  Department. 
Maintenance  is  a  science  in  itself  and  affords  the  engineer 
a  fertile  field  for  research.  The  problems  of  maintenance 
are  many  and  varied  and  the  subject  such  an  exhaustive 
one  that  we  will  be  compelled,  for  the  most  part,  to  gen- 
eralize, in  order  to  touch  certain  important  points  in  such 
a  manner  that  a  fair  conception  of  it  can  be  grasped. 

IVIanagement. — The  most  important  problem  in  connection 
with  this  whole  subject  in  my  judgment  is  management, 
but  this  is  a  study  in  itself.  Suffice  it  to  say  that  the  func- 
tions of  management,  in  addition  to  the  responsibility  for  a 
business  system,  will  include  the  thorough  instruction  of 
those  in  charge  of  the  work  in  standard  methods  and  proces- 
ses to  insure  uniformity  in  results,  which  processes  con- 
template the  locating  and  selection  of  satisfactory  mate- 
rials and  supplies,  the  shipping  and  delivery  thereof,  the 
securing  and  distribution  of  equipment  with  its  operation 
and  maintenance,  and  the  employment  and  payment  of  labor. 
Methods  of  Operation. — When  it  comes  down  to  the  phys- 
ical operation,  there  are  two  general  systems  of  conducting 
this  work,  one  by  the  caretaker  or  patrol  plan,  which  in 
part  is  patterned  after  the  French  method,  and  the  other 
by  the  patrol  crew  or  gang.  The  former  comes  closer  to 
the  ideal,  and,  if  properly  controlled,  gives  very  satisfac- 
tory results.  This  plan  segregates  the  road  mileage  in  sec- 
tions ranging  in  length  from  3  to  5  miles,  depending  on 
the  type  of  the  road,  character  and  extent  of  traffic,  with  a 
patrolman  amply  supplied  with  tools,  materials,  etc.,  to  keep 
up  the  smSll  repairs  and  look  after  emergency  work.  He 
also  can  be  used  as  a  nucleus  to  form  a  larger  force  in  the 
event  that  emergency  demands.  Operations  of  more  mag- 
nitude, such  as  reconstruction,  resurfacing  and  bituminous 
surface   treatment,   require   special   organization. 

The  arrangement  just  described  must  not  be  confused 
with  the  methods  used  in  municipalities  where  pavements 
are  constructed  the  full  width  of  the  street,  with  high 
curbs,  and  forces  are  provided  to  sweep  and  keep  the  sur- 
face clean  from  time  to  time  and  repairs  are  made  either 
from  a  central  plant  of  the  municipality  or  by  contractors. 
For  the  purpose  of  this  paper  we  are  using  the  ordinary  in- 
terurban  highway  which  is  mostly  constructed  without  the 
high  curbs  except  through  villages. 

With  the  solid  surfaces  on  such  roadways  and  the  undu- 
lating topography  of  the  open  country,  the  road  is  prac- 
tically self-cleansing.  The  patrol  gang  is  an  organized  force, 
penerally  of  picked  men,  supplied  with  the  necessary  equip- 
ment and  materials  to  take  care  of  certain  districts.  From 
an  economic  standpoint,  this  is  perhaps  the  cheaper  way 
to  do  the  work  and  can  be  justified  under  favorable  condi- 
tions, but  the  best  results  are  obtained  from  maintenance 
work  when  it  can  be  carried  on  simultaneously.  However, 
there  are  occasions  when,  due  to  the  shortage  of  labor  and 
the  isolation  of  the  work,  this  plan  must  be  adopted. 


•From  a  paper  presented   at  the  recent  conference  on   highway 
engineering  at  the  University  of  Pennsylvania. 


Bridge  Inspection  and  IVIaintenance. — There  is  no  more 
vital  problem  in  the  maintenance  of  any  highway  than  the 
safety  of  its  bridges  and  culverts.  Regular  inspections 
should  be  made  of  all  structures  at  least  once  each  year, 
and  oftener  when  any  doubt  exists  as  -to  their  stability. 
Tests  should  be  made  after  every  period  of  heavy  rain  or 
high  water  to  discover  scour  or  undermining  of  the  abut- 
ments or  wing  walls.  It  should  be  remembered  that  the 
deeper  the  water  in  the  stream  the  more  rapid  and  the 
greater  the  liability  to  scour.  Steel  structures  should  be 
examined  as  to  the  need  of  paint,  also  to  ascertain  if  they 
are  marked  by  corrosion.  Stone  and  concSrete  bridges  should 
be  examined  for  cracks  and  signs  of  undermining.  It  is 
essential  in  all  work  in  connection  with  the  inspection, 
maintenance  and  repair  of  bridges  and  culverts  that  skilled 
labor  be  employed. 

Snovi(  Removal. — In  addition  to  the  surface  maintenance, 
the  universal  demands  of  traffic  call  for  the  utilization  of 
the  highway  the  year  round,  and  the  removal  of  snow  from 
the  surfaces  of  the  important  highways  has  become  an  es- 
tablished practice.  With  mechanical  devices  and  motor 
equipment  with  snow  plow  attachments  this  work  can  be 
carried  on  efficiently  and  expeditiously.  Through  the  moun- 
tainous regions  the  great  drifts  are  the  source  of  most  trou- 
ble. However,  many  of  these  are  gradually  being  overcome 
to  a  considerable  extent  by  the  construction  of  snow  fence. 
Drainage.-  -Maintenance  means  to  keep  in  a  particular 
state  or  condition  and  this  is  our  problem  with  the  surface 
of  the  highways  which  must  be  kept  true  to  grade  and  cross 
section  in  order  that  they  may  be  preserved  rigid  and  im- 
pervious. An  irregular,  uneven  or  wavy  surface  in  any 
type  of  pavement  is  quick  to  show  the  effects  of  wear  or 
disintegration.  Our  greatest  difficulty  is  not  a  result  of  the 
abrasive  action  of  traffic  on  the  modern  types  of  highways 
but  is  more  often  due  to  faulty  foundation  or  drainage.  I 
would  say  this  is  one  of  the  most  common  forms  of  failures 
in  all  types  of  pavements.  Water  is  one  of  the  most  de- 
structive elements  on  our  highways  and  detects  will  de- 
velop from  time  to  time  which  are  next  to  impossible  to  an- 
ticipate, and  deterioration  is  hastened  or  controlled  in  pro- 
portion to  the  efforts  employed  to  stay  the  destruction. 

The  maint'enance  engineer  is  often  called  upon  to  re- 
design drainage  systems  and  supply  new  ones  when  they 
have  been  overlooked  in  the  original  construction.  In  addi- 
tion to  the  elementary  principles  of  this  important  study, 
such  as  drainage  areas,  soil  conditions,  waterway  openings, 
velocity,  coefficients,  falls,  etc.,  there  are  a  few  practical 
suggestions  that  may  help.  It  is  a  good  plan  to  check  the 
results  of  formula  with  the  physical  when  possible. 

As  an  example,  if  a  small  culvert  or  drain  is  necessary, 
gather  information  as  to  conditions  in  wet  seasons  by  locat- 
ing high  water  marks,  or,  better  still,  if  the  course  is  crossed 
by  other  structures  nearby,  experience  with  them  is  a  much 
bette  guide  than  any  formula.  Side  ditches  and  cross  drains 
should  be  kept  open  and  free  of  obstruction  at  all  times. 
These  ditches  should  be  maintained  of  sufficient  width  and 
depth  to  properly  dispose  of  the  drainage  and  should  be 
uniform  as  to  grade  and  alignment. 

In  ordinary  soil,  side  ditches  should  have  a  grade  of  not 
less  than  1  ft.  in  125  ft.  The  elevation  of  the  bottom  of  the 
ditch  should  be  lower  than  the  top  of  the  subgrade  of  the 
roadway  at  the  shoulder.  A  wide  ditch  is  recommended  in 
preference  to  the  naiTOW  deep  one  which  increases  the  ve- 
locity of  the  water  and  in  some  soils  will  scour  and  under- 
mine  the   paving. 

AVater  should  be  taken  off  the  road  at  intervals  by  cutting 
ditches  into  the  fields  where  possible,  especially  on  steep 
grades,  and  where  it  is  not  possible  to  do  this,  the  ditches 
should  be  paved  with  cobble  or  rubble.  The  shoulders  of 
the  roadway  must  be  kept  cut  down  to  an  even  cross  grade 
ii;  order  that  the  water  from  the  road  surface  may  be  dis- 
charged in  the  side  ditches.  The  trimming  of  shoulders  can 
be  done  with  a  road  machine  or  grader  more  economically 
and  satisfactorily  than  by  hand.  It  is  necessary  to  do  this 
at  least  once,  and  on  some  highways  twice  each  season,  de- 
pending upon  the  soil  and  traffic  conditions. 

Guard  Railing. — With  the  increase  in  traffic  on  the  high- 
ways, every  precaution  must  be  taken  to  insure  its  safety, 
and  along  the  steep  embankments,  approaches  to  bridges, 
railroad  crossings  and  sharp  turns,  substantial  guard  rails 
should  be  maintained.  A  safe  and  economical  design  has 
been  found  in  the  double  line  of  %-in.  cable  wire  run  through 
posts  6  in.  in  diameter,  set  8  ft.  apart,  the  top  line  of  wire 


(72) 


Engineering  and  Contracting  for  March  2,  1921. 


217 


C  in.  from  the  top  of  the  post,  and  the  second  line  IS  in. 
below.  The  po.sts  are  7  ft  long,  3  ft.  6  in.  of  which  is  above 
the  surface  of  the  ground.  The  wires  are  anchored  at  ends 
of  sections  and  the  fence  reinforced  at  designated  places, 
sucli  as  P.  C.'s  and  P.  T.'s  of  curves  and  certain  points  of 
grade   changes. 

Direction  and  Warning  Signs. — The  user  of  the  road  today 

no  longer  travels   only  from  his  home  to  his  warehouse  or 

to  the  railroad  station  or  to  his  neighbor's  home  or  to  the 

county  seat,  but  from  county  to  county  and  from  state  line 

to  state  line,  and  signs  of  suitable  design  and  construction 

must  be  erected  to  give  full  information  as  to  direction  and 

distances  to  important  towns  and  infermediate  points.     The 

I  cast   iron   sign   plate   with  heavy  standard   seems   to   be   the 

I  most  practical  and   as   near  fool-proof  as   possible.     Studies 

!  have  been  carried  on  for  a  considerable  length  of  time  as  to 

colors,  with  a  view  of  obtaining  the  longest  life  and  the  best 

!  contrast  by  day  and  night.     A  yellow  background  with  black 

,   letters   for   this   purpose   has   proven    most  satisfactory. 

The  approaches  to  dangerous  curves  and  railroad  cross- 
ings should  be  marked  with  signs  of  similar  construction 
with  white  background  and  black  letters.  The  bottom  of 
the  plates  should  not  be  higher  than  6  ft.  above  the  eleva- 
tion of  the  ground  at  the  base  of  post. 

Marking  Detours. — The  maintenance  or  detour  signs  mark- 
ing an  alternate  route  when  repairs  necessitate  the  closing 
of  the  main  highway  are  a  troublesome  problem.  Aside 
from  the  proper  placing  and  marking  of  such  signs,  any 
sign  of  this  sort  seems  to  be  the  target  for  the  small  boy 
■with  his  air  rifle,  the  rowdy  with  any  missile  he  can  throw, 
the  unthinking  and  irresponsible  person  vi'ho  wants  to  pat- 
tern his  gun  or  show  his  skill  with  a  high  power  rifle.  All 
forms  of  mischievousness  are  practiced  on  these  signs,  mueli 
to  the  annoyance  and  inconvenience  of  the  persons  using 
the  highways,  not  to  mention  the  chagrin  of  the  road  of- 
ficials. It  is  suggested  that  light  metal  signs  with  white 
background  and  black  letters  be  selected  and  stamped  in 
such  a  way  that,  in  addition  to  the  standard  marking,  in- 
formation can  be  stencilled  upon  them  both  for  local  and 
through    traffic. 

How  to  Repair  a  Bituminous  Macadann  Road. — We  have 
dealt  with  the  general  problems  of  maintenance  work  up  to 
this  time,  so  let  us  take  a  concrete  case  and  work  it  out. 
With  the  knowledge  the  engineer  has  of  the  particular  de- 
sign in  each  case,  a  study  of  the  causes  for  deterioration  or 
failures  can  be  carried  on  with  a  view  of  taking  remedial 
measures  to  correct  them.  Here  is  where  we  are  called  upon 
to  diagnose  the  case  and  prescribe  the  treatment,  but  the 
analogy  to  medical  procedure  ends  at  this  point,  for  instead 
of  "burying  our  mistaks"  according  to  the  popular  concep- 
tion,  they   live   to  taunt  us. 

In  private  work  no  corporation  would  tolerate  waste  or 
incompetence  and  in  public  work  the  voice  of  the  people  is 
a  formidable  weapon  and  hence  the  greatest  care  must  be 
exercised  in  making  our  determinations  and  selecting  the 
proper  methods  and  materials,  for  one  of  the  greatest  forms 
of  economic  waste  today  lies  in  the  maintenance  of  the 
public  roads  of  this  country,  and  this  is  due  principally  to 
the   lack  of  knowledge. 

The  bituminous  macadam  penetration  road,  in  its  various 
stages  of  disrepair  or  disintegi-ation  furnishes  us  a  good 
subject  for  illustration.  The  most  common  deficiency  found 
in  this  type  of  pavement  is  in  the  non-uniformity  of  the  sur- 
face.    Let   us   now   proceed. 

Wo  have  first,  a  section  of  road  where  the  surface  is 
composed  of  spots  of  excess  bituminous  material  and  bare 
or  lean  areas  where  the  binder  is  lacking  in  quantity,  which 
condition  results  in  a  short  time  in  a  ravelling  or  breaking 
up  of  tho  road  surface.  This  condition  is  usually  caused  by 
improper  distribution  or  by  incorporating  the  bituminous 
material   when   the  stone  is   not  thoroughly  dry. 

Second. — A  rough  surface  is  presented  where  tlie  stone 
is  loosened  or  ravelled,  the  binder  showing  rapid  deteriora- 
tion, generally  causing  a  series  of  pot  holes.  This  may  be 
occasioned  by  improper  or  overheated  bituminous  material 
unsatisfactory  aggregate  or  faulty  sub-drainage. 

Third  — At  times  we  have  apparently  a  lifeless  surface 
insofar  as  the  bitumen  is  concerned,  but  upon  further  ex- 
amination it  is  found  to  contain  bituminous  binder  with  con- 
siderable life  a  slight  depth  below  the  surface.  This  con- 
dition is  due  in  many  cases  to  an  insufficiency  of  bitumi- 
nous  material 

Fourth. — A    pavement    may    present    a    wavy    and    uneven 


appearance  and  this  is  usually  due  to  an  excess  of  bitumi- 
nous material  or  is  caused  by  the  bituminous  material  being 
too   soft   to   withstand   the   action  of  traffic. 

Fifth.— There  are  surfaces  which  consist  of  ridges  of 
material  which  are  the  result  of  irregular  or  improper  pour- 
ing—in  most  cases,  careless  hand  pouring.  A  surface  of 
this  kind  suffers  quickly  from  the  impact  of  traffic  and  the 
attack  of  the  elements,  and  early  disintegration  is  the  result. 
Sixth.— We  have  a  fairly  well  shaped,  uniform  surface  be- 
coming porous.  This  condition  is  true  of  all  bituminous 
highways  in  time,  as  it  represents  the  beginning  of  the 
deterioration  of   the   bituminous   material. 

It  will  be  seen  that  before  repairs  are  taken  up  oA  bitumi- 
nous macadam  roads,  careful  study  and  examination  are 
necessary  in  order  to  select  the  most  effective  method.  Tak- 
ing the  several  conditions  in  order  as  hereinbefore  men- 
tioned, the  first  case,  if  taken  in  time,  can  be  repaired  by 
sealing  the  dry  or  lean  spots  in  the  surface  with  a  light, 
heated  application  of  bituminous  cement  of  the  binder 
grade,  or  the  cold  bituminous  surface  treatment  materials 
in  quantities  ranging  from  0.1  gal.  to  0.3  gal.  to  the  square 
yard  of  surface,  covered  with  chips  or  pea  gravel,  using 
between  15  and  20  lb.  to  the  square  yard.  Unless  the  sur- 
face is  worn  badly,  repairs  of  this  character  will  even  up 
the  surface  to  a  true  cross-section,  giving  added  life  to  the 
pavement. 

The  second  condition,  if  of  any  great  extent,  calls  for 
heroic  treatment  and  a  complete  scarifying  and  harrowing 
of  the  surface  becomes  necessary.  All  disintegrated  material 
must  be  removed  and  sufficient  new  stone  added  to  give  the 
required  depth  before  the  surface  can  be  repenetrated  and 
sealed  as  in  the  original  construction.  If,  however,  the  af- 
fected portions  are  only  occasional  and  do  not  represent  the 
greater  area,  they  may  be  cut  out,  cleaned  thoroughly  and 
filled  with  new  stone,  making  due  allowance  for  compres- 
sion, then  penetrated,  etc.,  in  the  manner  hereinbefore  men- 
tioned. If  drainage  conditions  are  responsible  for  the  failure, 
they  must  be  corrected  before  any  surface  repairs  are  tak- 
en  up. 

The  condition  described  in  the  third  example  may  be 
treated  in  two  ways.  The  most  economical  so  far  as  first 
cost  is  concerned  would  be  to  give  the  pavement  a  treatment, 
in  sufficient  quantity  to  fill  the  surface  voids,  with  a  mate- 
rial that  will  penetrate  and  enliven  the  old  material,  fol- 
lowed by  a  covering  of  good,  hard  stone  chips,  using  about 
20  lb.  to  the  square  yard.  The  alternative  would  be  ta 
scarify  and  harrow  the  whole  surface,  supplying  additional 
new  stone  in  quantities  as  the  rolling  would  indicate  to  be 
required  to  give  the  proper  cross-section,  and  penetrating 
the  surface  with  a  bituminous  binder,  sealing  again  as  in 
the  original  construction.  In  the  latter  method,  the  surface 
must  first  be  thoroughly  cleaned,  and  in  scarifying  and  har- 
rowing, the  remaining  bituminous  material  in  the  road  must 
be  distributed  as  evenly  as  possible.  If  the  material  found  in 
the  pavement,  however,  does  not  possess  life,  this  method  is 
a   hazard. 

Fourth. — In  the  wavy,  corrugated  surface,  where  there  is 
found  to  be  an  excess  of  bituminous  material,  it  is  generally 
more  economical  and  satisfactory  to  scarify  and  reshape  the 
surface,  adding  new  stone  in  order  to  take  up  the  excess 
bitumen,  and  again  sealing  the  surface.  This  same  method 
should  be  followed  where  waves  have  been  caused  by  the 
bituminous  material  being  too  soft,  only,  perhaps,  more  stone 
would  bo  required  in  the  reconstruction  and  it  would  be 
essential  to  incorporate  a  harder  bituminous  binder  than 
was   used   in   the  original   construction. 

Occasional  waves  in  the  surface  may  be  taken  out  in  the 
due  course  of  ordinary  repairs,  if  the  conditions  are  very 
pronounced,  by  cutting  off  or  planing  the  high  places  and 
resealing,  or  by  cutting  out  the  depressions  and  replacing 
with   new    material. 

Fifth. —  A  surface  full  of  ridges,  due  to  improper  jjouring. 
if  not  too  pronounced  may  be  evened  up  by  painting  between 
the  ridges  with  bituminous  cement  and  covering  with  stone 
chips  or  gravel.  This  method  may  be  continued  from  time  to 
time  until  the  surface  is  entirely  evened  up.  This  condition 
may  also  be  corrected  by  scarifying  the  surface  with  the 
obiect  of  ol)taining  a  more  uniform  distribution  of  the  old 
bituminous  material,  and,  after  rolling  to  tho  proper  shape, 
by  applying  a  surface  treatment  of  a  cold  bituminous  mate- 
rial that  will  enliven  the  existing  material  and  seal  the 
surface.     This  treatment  is  covered  with  stone  chips  in  the 
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manner  prescribed  for  regular  bituminous  surface  treatment 
worl\. 

In  the  last  case,  we  have  a  properly  constructed  bitumi- 
nous penetration  pavement  but  the  bituminous  material  is 
starting  to  deteriorate.  This  can  be  enlivened  or  revived 
by  cleaning  the  surface  and  applying  a  seal  coat  of  mate- 
rial in  quantities  depending  upon  the  degree  of  disintegra- 
tion. Caution  should  be  exercised  to  avoid  applying  an 
excess  amount,  which  results  in  a  slippery  condition  and  is 
very  objectionable  to  horse-drawn  traffic.  Generally  0.1  to 
1/6  gal.  is  used  and  brushed  into  the  surface  with  hand 
brooms.  The  surface  is  then  covered  with  chips  or  gravel 
approximating  20  lb.  to  the  square  yard.  In  the  use  of  cer- 
tain slow  drying  cold  bituminous  materials  it  will  be  ob- 
served that  the  new  material  softens  up  the  old  bitumen 
somewhat,  giving  the  appearance  at  first  of  an  excess  ap- 
plication, and,  having  a  hard  surface  underneath,  the  road 
becomes  quite  slippery,  but  this  condition  obtains  for  only 
a  short  period  of  time. 

To  insure  the  best  results  one-half  of  the  road  should  be 
treated  at  a  time  in  order  that  the  traffic  may  use  the  other 
portion  while  the  bituminous  material  is  setting  up.  This 
method  has  become  quite  effective  and  results  in  increased 
life   to   the   pavement. 

I.i  the  repairs  of  breaks,  depressions  and  local  defects, 
which  maj  occur  under  any  one  of  the  general  conditions 
pi  eviously  outlined,  it  is  more  satisfactory  to  use  hot  bi- 
tuminous binders,  and  if  replacements  are  necessary,  they 
can  be  made  after  the  fashion  of  the  original  construction. 
This  work  can  be  done  very  efficiently  in  this  manner  with 
little  equipment  and  the  average  class  of  labor.  There  are 
a  number  of  instances  where  cold  bituminous  compounds  can 
and  are  being  used  successfully  in  certain  seasons  of  the 
year  on  pavements  of  this  kind,  but  in  cold  weather  there 
is  usually  difficulty  with  some  of  this  material,  owing  to  its 
composition.  As  an  example,  the  emulsified  products  break 
down  or  separate  and  their  adhesiveness  is  destroyed  at  low 
tpm))eratures.  Materials  that  are  cut  back  with  natural 
solvents  can  be  used  later  and  give  very  good  results.  The 
mixtuies  can  be  prepared  at  some  point  not  exposed  to  the 
weather  but  convenient  to  the  work,  hauled  to  the  site  of 
the  rfBpairs,  and  deposited.  This  is  an  effective  method  in 
case   of   emergency. 


Why  Highway  Contractors   Lose 
Money* 

By  MAX  CUNNINGHAM, 
Formerly   Chief  Engineer.   Oklahoma   State   Highway   Commission. 

My  experience  has  taught  me  to  believe  that  one  of  the 
first  things  any  highway  contractor  must  do  is  to  forget 
that  he  ever  did  any  work  other  than  highway  jobs.  This 
comes  from  the  fact  that  many  highway  contractors'  organi- 
zations are  made  up  of  men  with  considerable  experience 
in  railway  work  who  will  be  big  losers  until  they  can  forget 
this  fact. 

The  engineer  locating  a  railway  is  bound  by  definite  limits 
of  grade  and  curvature,  controlled  in  turn  by  actual  or  esti- 
mated tonnage  requirement,  and  affected  only  generally  by 
local   topography. 

Highway  and  Railroad  Construction  Differ. — Your  highway 
engineer  does  not  have  to  figure  on  draw-bar  pull,  train  ton- 
nage, wear  of  track,  or  any  of  these  things,  and  while  he 
has  certain  arbitrary  ruling  grades  and  curves  to  govern 
him,  these  are  usually  so  liberal  that  a  general  statement 
may  be  made  that  "a  highway  profile  means  nothing  to  a 
contractor."  This  is  rather  a  broad  statement,  but  a  little 
consideration  will  show  you  how  true  it  may  be.  No  rail- 
way will  break  a  tangent  or  exceed  its  "virtual"  profile  to 
dodge  a  rock  cut,  but  it  is  done  every  day  in  the  field  of 
highway  work.  Compensation  for  distance  is  common  rail- 
way practice,  rise  and  fall  of  grade  has  a  definite  tonnage 
value,  but  the  scenic  appeal  of  a  highway  frequently  causes 
things  to  be  done  that  are  absolutely  foreign  to  the  railway 
engineer  and   his   contractors. 

Consideration  of  this  statement  will  cause  you  to  realize 
that  "quantities"  in  highway  grading  come  almost  entirely 
from  the  width  of  the  crowns,  and  on  most  jobs  the  only 
real   grading  is   across    stream   bottoms   where   material   is 


mostly  undesirable.  For  these  reasons  it  is  necessary  to 
build  up  an  entirely  different  line  of  "subs"  and  you  should 
bra  particularly  careful  to  figure  in  your  bids,  and,  in  your 
dealings  with  sub-contractors,  enough  for  finishing — and 
then  double  it. 

The  job  that  would  be  entirely  acceptable  to  a  competent 
resident  engineer  will  probably  be  unsatisfactory  to  the 
local  critic,  and  you  must  figure  on  him. 

I  have  also  found  that  many  bidders  on  general  contracts 
fail  to  sufficiently  estimate  the  cost  of  "extensions"  to  exist- 
ing structures.  Bids  made  on  unit  basis  for  considerable 
quantities  of  masonry  are  frequently  figured  on  an  "appear- 
ance" basis,  and  the  builder  finds  he  has  "end  walls"  and 
"extensions"  where  the  total  price  received  for  the  units 
built  will  not  pay  for  the  expense  of  getting  the  men  to  the 
job.  This  may  be  balanced  by  the  price  received  for  the 
volume  of  work,  but  too  frequently  must  be  carried  as  a 
loss  against  a  part  of  the  work  that  cannot  carry  a  loss. 

The  Equipment  Question. — The  question  of  adequate  plant 
is  one  that  is  important  enough  to  call  for  a  paper  in  itself, 
but  my  advice  would  be  for  the  highway  contractor  to  spe- 
cialize. You  do  best  that  you  like  best,  and  your  whole 
plant  should  be  built  around  this  idea. 

Too  many  men  have  lost  by  using  mules  they  had  rather 
than  invest  in  trucks  that  would  have  saved  and  earned 
money.  The  reverse  has  frequently  occurred.  In  these 
days  of  scarce  and  inefficient  labor,  and  eager  and  inefficient 
bidders,  no  one  should  undertake  work  unless  he  is  satis- 
fied that  he  is  equipped  or  able  to  equip  to  handle  it  eco- 
nomically. Plant  study,  with  the  aid  of  a  real  expert,  would 
psy  anyone,  and  where  he  has  secured  proper  plant,  and 
efficient  and  satisfactory  organization,  he  should  bid  on 
only  such  work  as  he  is  ready  to  build  right. 

Don't  Forget  You  Work  for  the  Public. — The  things  men- 
tioned are  all  of  great  importance,  but  the  highway  contrac- 
tor should  never  lose  sight  of  the  fact  that  he  is  dealing 
with  the  public,  and  not  with  a  private  or  public  service  cor- 
poration. Particularly  he  should  study  the  specifications, 
for  the  balance  of  his  contract  can  only  be  interpreted  with 
them  as  a  key. 

He  should  study  the  men  in  charge  of  the  work,  and  then 
discount  that  study.  No  matter  how  good  the  man  may  be, 
he  is  liable  to  lose  out  at  any  time,  and  it  is  almost  a  cer- 
tainty that  he  cannot  dictate  his  employes,  and  in  many 
cases  his  appropriations  are  so  small  that  he  cannot  keep 
good  men  if  he  has  them. 

These  factors  have  a  great  bearing  on  the  financial  suc- 
cess of  the  contractor,  and  must  be  considered  carefully  in 
making  bids. 

Most  contractors  realize  now  that  they  should  get  all  of 
a  contract,  so  as  to  be  in  a  position  to  co-ordinate  the  va- 
rious steps,  but  do  not  forget  that  the  policy  of  most  high- 
way departments  is  to  increase  the  size  of  jobs,  so  as  to 
have  fewer  men  to  deal  with,  and  most  contractors  encourage 
them,  hoping  to  be  fortunate  enough  to  land  one  of  these 
real  jobs.     This  is  the  most  dangerous  of  policies. 

Pick  One-Season  Jobs  to  Build  Right. — My  earnest  advice 
to  every  highway  contractor  would  be  to  pick  the  job  you 
want,  organize  to  build  it  right,  and  quickly,  and  never  to 
take  on  a  job  that  will  take  more  than  one  season  to  build. 
Your  chief  engineer  and  all  his  help  are  employed  by  a 
great  public,  and  are  subject  to  all  kinds  of  criticism  (mostly 
unfriendly),  and  you  are  paid  by  the  same  public.  A  pri- 
vate corporation  is  willing  for  you  to  make  money  at  their 
price  because  you  will  be  a  better  man  for  the  next  job, 
but  it  is  most  unfortunate  that  the  unreasoning  public  is 
inclined  to  think  and  claim  "graft"  if  you  work  for  a  profit, 
and  the  man  who  has  his  money  in  plant  and  job  has  too 
many  chances  to  suffer  it  his  work  goes  over  two  or  more 
seasons. 


Traffic  Guide  Lines  on  Concrete  Roads. — In  the  interest  of 
safety  the  Road  Commissioners  of  Wayne  county,  Michigan, 
are  painting  white  dividing  lines  on  the  county  concrete  roads. 
The  commissioners  find  that  this  procedure  has  a  decided 
tendency  to  keep  traffic  on  its  own  side  of  the  road. 


•From  an  address  Jan.  25  at  the  Second  National  Conference  of 
Associated  General  Contractors. 


North  Carolina  Engineers'  License  Bill  Bassed.— The  North 
Carolina  legislature  has  passed  the  engineers'  license  law 
prepared  by  and  introduced  at  the  instance  of  the  North  Caro- 
lina Assembly  of  the  American  Association  of  Engineers. 
The  bill  now  goes  to  the  governor  for  signature. 
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Special  Winch  for  Road  Tractor 

A  winch  attachment  for  road  and  contracting  work  requir- 
ing a  winding  drum  is  the  latest  attachment  available  on 
the  Avery  Tractor,  manufactured  by  Avery  Co.,  Peoria,  III. 
It  Is  also  available  for  pulling  tubing  from  oil  wells  or  work 
of  a  similar  nature.  The  winch  is  located  at  the  front  of 
the  machine  and  all  the  control  mechanism  is  operated  by 
a  man  standing  on  the  ground  in  front  of  the  machine, 
where  he  can  see  all  of  the  work  going  on  and  has  abso- 
lute control  of  the  mechanism  at  all  times.  The  winch  is 
so  constructed  that  it  takes  its  power  direct  off  the  motor 
and  is,  therefore,  entirely  independent  of  the  traction  gears. 
In  fact,  there  is  not  a  gear  of  any  kind  in  mesh  except  on 
the  winch  itself  when  it  is  being  operated.  The  power  of 
the  motor  is  transmitted  to  the  winch  by  means  of  two 
sprocket  wheels  and  a  Diamond  roller  chain.  The  small 
sprocket  is  attached  to  the  flywheel  of  the  motor  and  the 
larger  one  to  the  countershaft  of  the  winch.  The  ratio  be- 
tween the  two  sprockets  is  3  to  1. 

Only  one  clutch  is  used  on  the  winch  of  the  multiple  disc 
dry  plate  type  and  located  on  the  countershaft  of  the  drum. 
A  service  brake  17  in.  in  diameter  with  a  3-in.  face  lined 
with  Raybpstos  is  located  on  the  spool.     It  is  operated  by  a 


12/25   Avery    Equipped    with   the   Winch    Pulling    Oil    Well   Tubes   at 
Bartlesviile,   Okla. 

lever  conveniently  located  in  front  with  the  clutch  lever  so 
that  the  operator  can  handle  both  clutch  and  brake  lever 
with  ease.  The  winch  attachment  is  built  strong  of  good 
materials  throughout.  The  countershaft  and  drum  shaft 
are  cold  rolled  steel,  and  each  is  2%i  in.  in  diameter.  The 
pinion  on  the  countershaft  and  the  large  gear  on  the  drum 
are  cast  steel  and  semi-steel,  respectively.  The  diameter 
of  the  winding  drum  spool  is  7  in.,  while  the  flange  on 
either  side  is  19  in.  in  diameter.  The  width  of  the  spool 
between  the  two  flanges  is  16  in.  The  winch  will  handle 
approximately  5,000  lb.  at  150  ft.  per  minute  and  in  reverse 
operated  at  a  speed  of  225  ft.  per  minute.  The  spool  will 
carry  about  1,300  ft.  of  Vo-in.  cable,  850  ft.  of  5-in.  cable; 
570  ft.  of  %-in.  cable,  or  410  ft.  of  %-\n.  cable. 


Chinese  to  Hold  Roads  Convention.— Plans  have  been 
started  by  Dr.  C.  T.  Wang,  head  of  the  good  roads  committee 
of  the  recently  organized  Pan-Paciflc  union,  to  hold  a  good 
roads  convention  in  Shanghai  in  the  spring  of  1921.  The  im- 
mediate purposes  of  the  convention  will  be  to  discuss  the 
projects  of  building  roads  from  Shanghai  to  Hangchow  and 
from  Shanghai  to  Nanking. 


Combined  Movable  Gravel  Bin  and  Grizzly 
Loaded  by  Steam  Shovel 

The  arrangement  shown  in  the  illustration,  reproduced 
from  the  Excavating  Engineer,  is  used  by  W.  C.  McLeod, 
a  contractor  of  Livingston,  Mont.,  for  securing  gravel  for  a 
paving  job.  The  gravel  is  separated  from  the  oversize  and 
fed  directly  into  trucks  underneath  the  bin.  whereas  the 
oversize  passes  over  a  side  spill  into  Vagons  as  may  be  seen 
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Gravel    Bin    and    Grizzly. 


from  the  ilustration.  The  bin  is  mounted  on  skids,  to  which 
are  attached  chains,  the  other  ends  of  which  are  fastened 
to  the  body  of  the  shovel.  This  arrangement  makes  it  possi- 
ble for  the  grizzly  to  be  moved  with  the  shovel  at  a  constant 
distance,  so  as  to  enable  the  shovel  to  load  into  the  grizzly 
without  maneuvering.  This  shovel  is  equipped  with  a  stand- 
ard length  boom  and  dipper  handle,  which  according  to  the 
manufacturer's  specifications  allows  a  clear  dumping  height 
of  13  ft.  8  in.  Mr.  McLeod,  however,  is  obtaining  a  lift 
of  17  ft.  6  in.,  measured  vertically  from  the  top  of  the  grizzly 
to  the  blocks  on  which  the  caterpillars  rest.  A  further  6-in. 
lift  is  made  possible  by  the  use  of  6-in.  blocking  underneath 
the  caterpillars.  The  shovel  is  stated  to  be  getting  200  cu. 
yd.  of  oversize,  which  is  hauled  away  in  wagons,  making  a 
total  of  of  300  cu.  yd.  per  day:  2,000  lb.  of  coal  is  being  con- 
sumed per  day. 


New  Dump  Body  for  Small  Trucks 

A  new  patent  dump  body  built  to  fit  any  Ford  1-ton  chassis 
has  been  brought  out  recently  by  the  Haddon  Manufacturing 
Co.,  Omaha,  Neb.  It  is  stated  that  the  body  can  be  attached 
to  the  chassis  in  20  minutes.  The  body  is  operated  by  the 
driver  without  moving  from  his  seat.  The  dumping  lever 
also  automatically  controls  the  end  gate,  opening  it  as  the 
body  rises  for  dumping  and  closing  it  as  the  body  returns  to 
normal  position.  The  body  is  30  in.  wide  and  60  in.  long,  and 
has  a  %  yd.  capacity.     It  is  built  with  a  floor  sloping  to  the 


Dump    Body   on    Ford   Chassis. 

back,  with  a  depth  of  12  in.  in  front  and  21  in.  at  the  rear. 
The  body  can  also  be  furnished  for  any  capacity  from  18  cu. 

ft.  to  30  cu.  ft. 


Machine  Handling  of  Concrete  Road  Materials. — In  our 
iS3ue  of  Fob.  2  wo  published  an  article  describing  the  han- 
dling of  aggregate  for  concrete  road  construction  by  self- 
feeding  bucket  loaders.  Through  an  oversight  we  neglected 
to  state  that  in  the  table  on  page  120  giving  costs  of  material 
handling  by  this  method,  the  averages  in  the  column  headed 
"Results — average  feet  per  day,"  were  calculated  on  the 
basis  of  an  18-ft.  wide  road. 
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A  Tractor  Shovel 

A  new  (hrl  moving  ni.uliine  consisting  of  a  combination 
of  tractor  and  sliovel  bucket  has  been  placed  on  the  market 
by  the  Pioneer  Tractor  Mfg.  Co.,  Winona,  Minn.  The  ma- 
chine is  of  simple  construction,  containing  a  shovel  bucket 
with  power  for  its  operation.  It  is  single,  compact  unit,  with 
proper  speeds  to  make  it  particularly  mobile.  Quick  han- 
dling is  facilitated  by  the  short  wheel  base  and  turning  ra- 


Pioneer  Tractor  Shovel. 

dius.  The  tractor  has  two  reverse  speeds  so  that  in  grading 
the  machine  can  be  backed  directly  over  the  same  path  as 
traveled  with  the  loads,  thus  doing  away  with  the  necessity 
of  circling  from  point  of  dump  to  point  of  loading.  The 
shovel  bucket  has  a  length  of  '>2  in.,  a  widtli  of  48  in.,  and  a 
height  of  25  in.  Its  capacity  is  1%  cu.  yd.  It  is  constructed 
of  '4  in  hot  rolled  steel  plate  and  has  reinforced  bottom  and 
sides.  The  bucket  is  raised  and  lowered  from  the  driver's 
seat  by  a  clutch  lever,  and  is  positively  driven  through  cut 


Tractor  With   Rear  Wheel   Removed   to   Showi   Position   of   Bucket   In 
Dumping. 

steel  gears.  The  load  may  be  dumped  in  one  position  or 
spread,  as  desired.  The  motor  is  of  the  heavy  duty  tractor 
type  of  40  n.  h.p.  There  are  two  speeds  forward,  and  re- 
verse on  both  speeds.  The  low  or  filling  speed  is  1%  miles 
per  hour  and  the  high  or  travel  speed  ;iV2  miles  per  hour. 
The  machine  is  intended  for  use  in  highway  construction, 
such  as  grading,  making  cuts  and  fills,  finishing  road  sur- 
faces.    It  can  also  be  used  for  other  earth  moving  operations. 


Herbert  Hoover  in  the  Cabinet 

It  may  be  said  without  exaggeration  that  the  American 
people,  irrespective  of  political  or  other  affiliation,  will  re- 
joice over  the  definite  announcement  that  Herbert  C.  Hoover 
has  accepted  the  position  of  secretary  of  commerce  in  the 
Kwding  cabinet. 

Among  politicians  Mr.  Hoover  has  a  few — very  few — bit- 
ter enemies  and  detractors,  but  the  overwhelming  majority 
ot  the  people  of  this  country  and  all  the  foreign  statesmen 
and  relief  workers  who  have  come  in  contact  with  him  re- 
spect and  admire  his  ability,  his  public  spiritedness,  his 
genius  for  organization  and  his  faculty  of  appealing  suc- 
cessfully to  the  better  nature  ot  humanity. 

Th(:  portfoilio  of  commerce  is  not  at  present  important. 
Mr.  Hoover   knows  that   and   would   not  have  accepted  had 


not  Mr.  Harding  assured  him  cordial  support  of  certain  plans 
tor  the  reorganization  and  development  of  the  department. 
It  can  and  ought  to  be  one  of  the  most  constructive  and  use- 
ful departments  in  any  modern  governmental  structure.  Mr. 
Hoover  is  the  man  for  the  job,  since  he  is  not  only  a  distin- 
guished engineer  but  has  exceptional  knowledge  of  world 
affairs  and  trade  problems. 

With  Charles  E.  Hughes  and  Herbert  C.  Hoover  in  the 
cabinet  these  republicans  who  have  been  disturbed  by  ru- 
mors and  constrained  to  sound  warnings  of  the  dangers  of 
mediocre  and  purely  political  advisers  must  feel  measurably 
reassured.  Several  other  selections  are  still  tentative.  But 
Hughes  and  Hoover  would  lend  prestige  and  distinction  to 
any  cabinet. — Editorial  in  Chicago  Daily  News. 


National     Engineering    Conference    on    Public    Information. 

— The  (lutstaiuiiiig  feature  of  the  first  national  engineering 
conference  on  public  information,  held  by  the  American 
Association  of  Engineers  in  Chicago  on  Feb.  25,  was  the 
Ijractical  discussion  of  actual  working  details  of  publicity, 
policies  and  methods.  The  conference  was  not  a  meeting 
in  the  sense  that  a  considerable  crowd  gathered  to  hear  ad- 
dresses on  various  subjects.  -  On  the  other  hand,  those  pres- 
ent gathered  around  a  huge  T-shaped  table  and  more  than 
60  per  cent  of  those  present  actually  joined  in  the  discus- 
sions. Engineering  public  information  and  methods  were 
discussed  so  fully  as  to  bring  out  methods  which  can  be 
used  by  a  national  organization,  a  local  society,  an  individ- 
ual or  by  a  combination  of  the  three.  The  report  ot  the  con- 
ference will  be  made  the  basis  of  a  pamphlet  on  engineering 
publicity  which  will  be  printed  and  distributed  by  the  Amer- 
ican Association  of  Engineers  for  the  benefit  of  other  socie- 
ties and  the  24:")  local  chapters  and  clubs  of  the  association. 
The  crystallization  of  the  thought  of  the  conference  was 
somewhat  as  follows:  The  engineering  profession  needs 
broad  constructive  publicity  as  an  indispensible  element  of 
public  service.  A  policy  must  be  determined  which  will  in- 
sure a  constructive  and  progressive  program  of  publicity. 
Sources  of  information  must  be  located  and  the  flow  of  in- 
formation from  them  directed  to  a  national  co-ordinating 
office,  from  which  the  informational  service  must  flow  to 
national  sources  of  publicity  and  local  sources  for  reactiva- 
tion and  local  application. 


Personals 

John  Stamm,  for  I'l  vp.ti.-^  ruud  superintendent  of  Pueblo  County, 
Colorado,  has  been  ••ng'aged  by  Yuma  County  to  serve  in  a  similar 
capacity. 

William  S.  Reed,  of  Weerlsport,  N.  Y.,  district  supervisor  in  the 
New  York  t-"tati-  Highway  Department  since  1910.  has  been  ap- 
pointed third  deputy  commissioner  of  the  State  Highway  Depart- 
ment. 

M.  L.  Dean,  dyking  engineer  of  Walla  Walla  County,  Washing- 
ton, has  been  named  consulting  engineer  for  roads  in  this  county, 
and  will  have  charge  of  all  road  maintenance  work  in  connection 
with  his  other  duties. 

W.  E.  Bond,  a  civil  engineer  with  the  Henry  Ford  A'utomobile 
Co..  has  been  appointed  assistant  forester  in  charge  of  silvical* 
investigation,  including  all  matters  pertaining  to  silviculture  in  the 
State  forestr.v  department  of  Vermont. 


Trade  Publications 


Tlie  following  trade  i>t'lp|i(  ation.=i  of  interest  to  engineers  and 
contractors  have  been  issued  recently: 

Street  Sv/eepers. — Austin-Western  Road  Machinery  Co..  Chicago. 
Til.  4  page  circular  illustrating  and  describing  the  Austin  motor 
swe.:'per. 

Resurfacing  Pavements. — Barber  Asphalt  Paving  Co..  Philadel- 
phia, Pa.  16  page  Ixioklet  describing  methods  of  resurfacing  various 
types  of  roads  and  streets  with  asphalt. 

Gasoline  Locomotives. — Fate-Root-Heath  Co..  Plymouth.  O.  24 
page  catalog  devoted  to  descriptions  and  illustrations  of  the 
Plymouth  locomotives  in  road  construction. 

Steel  Forms. — Lakewood  Engineering  Co.,  Cleveland.  O.  16-page 
booklet  describing  the  Lakewood-Hotchkiss  line  of  steel  forms  for 
road,  sidewalk,  curb,  gutter,  culvert,  foundation  and  wall  con- 
struction. 

Motor  Trucks.— The  White  Co..  Cleveland,  O.  28  page  booklet 
entitled  "Contract  Ha,uling  with  White  Trucks."  Contains  ex- 
perience stories  of  several  White  fleet  owners,  engaged  in  various 
kinds  of  contract  hauling. 

Asphalt  IVIacadam. — Asphalt  Sales  Department.  The  Texas  Co., 
17  Batterv  PL,  New  York  City.  12  page  booklet  describing  pro- 
cedure in  constructing  Ttxaco  asphalt  macadam.  Cross  sections 
and  photographs  showing  steps  in  construction  are  included. 

Stone  and  Lime  Handling  Machinery. — Link-Belt  Co.,  Chicago. 
Sfl  page  catalog  divided  into  sections,  the  first  devoted  to  stone 
handling  and  the  second  to  lime  handling.  Contains  illustrations 
and  descriptions  of  typical  installations  of  elevating  and  conveying 
machinery,  together  with  discussion  of  some  of  the  elements  used 
in  their  construction. 
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(b)  Sewers  and  Sani 
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<e)    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 
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The  Remarkable  Progress  of  Amer- 
ica Under  the  Capitalistic 
System 

Under  the  "capitalist  system,"  which  the  socialists  decry, 
America  has  steadily  increased  in  per  capita  productivity 
and  correspondingly  in  the  average  income  of  the  workers 
measured  not  only  in  dollars  but  in  commodities.  Frank  H. 
Sisson,  vice  president  of  the  Guarantee  Trust  Co.  of  New 
York,  recently  published  the  following  statistics  showing  the 
percentages  of  the  world's  total  output  of  basic  commodi- 
ties annually  produced  in  the  United  States: 


Wheat     ..    . 

Pel-  cent 
ot   total, 
24 

Torn      

Cotton     

75 
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Dairy  products   ... 

25 

40 
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Gold 

20 

40 

Coal       

52 

Oil 
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"In  brief,  we  contribute  one-quarter  of  the  world's  agri- 
cultural products,  one-third  of  its  manufactured  goods,  and 
more  than  one-third  ot  its  mineral  products.  .  .  We  have 
one-third  of  all  the  gold  coin  and  bullion  in  the  world,  which 
constitutes  the  basis  for  our  credit  structure.  .  .  .  Notwith- 
standing that  the  United  States  has  only  6  per  cent  ot  the 
population  of  the  world  and  only  7  per  cent  of  the  land,  the 
bank  deposits  and  resources  of  this  country  exceed  the  com- 
bined bank  deposits  and  resources  ot  the  whole  world." 

It  is  an  astonishing  statement  that  one-seventeenth  of 
the  population  of  this  globe  produces  one-third  of  the  min- 
erals and  manufactured  products,  but  it  is  doubtless  approxi- 
mately true.  We  do  not  believe,  however,  that  America 
produces  "one-quarter  of  the  world's  agricultural  products," 
for  it  must  be  remembered  that  no  record  is  kept  of  all  the 
agricultural  products  in  every  country.  The  total  output  of 


vegetables,  fruits  and  dairy  products  is  not  known  for  most 
countries,  and  is   only  approximately  known  for  America. 

During  the  40  years  between  18G9  and  1909,  the  annual 
per  capita  production  of  commodities  in  America  exactly 
doubled,  and  during  the  same  period  the  annual  income  of 
the  average  worker  also  doubled,  this  income  being 
measured  in  commodities  purchasable  with  the  annual  wage. 
Prof.  King  and  other  economists  estimate  that  75  per  cent 
of  the  total  annual  income  in  America  goes  to  the  workers 
and  25  per  cent  to  the  capitalists,  many  of  whom  are  also 
workers.  It  follows,  therefore,  that  the  much  maligned 
"capitalistic  system"  has  at  least  not  stood  in  the  way  of 
an  amazing  increase  in  the  income  ot  the  average  American 
worker. 

Although  communistic  systems  have  been  repeatedly  tried, 
both  on  large  and  on  small  scales,  in  no  instance  has  there 
resulted  an  increase  in  the  real  income  of  the  average  worker 
at  all  comparable  to  what  has  occurred  under  the  capital- 
istic system  here  in  America.  The  capitalistic  system  has 
defects,  some  of  which  are  serious,  but  before  it  is  rejected 
it  should  be  proved  by  experiment  that  some  other  system 
is  more  effective.  At  present  four  large  commonwealths  are 
experimenting  with  socialistic  forms  of  government,  namely, 
Australia,  Austria,  Germany  and  Russia.  A  dozen  years  ago 
socialists  were  making  glowing  predictions  about  the 
-Australian  experiment;  but  they  are  saying  very  little  about 
it  now.  Russia  and  Austria  have  been  going  rapidly  from 
bad  to  worse  under  their  socialistic  governments;  but  social- 
ists declare  that  this  is  largely  due  to  the  wrecking  ot  their 
industrial  organizations  by  the  war.  On  the  other  hand, 
capitalistic  Belgium  has  been  steadily  improving  industrially 
since  the  war  ended,  and  certainly  no  nation  was  so  badly 
wrecked  by  the  war. 

In  science  no  theory,  however  plausible,  is  accepted  until 
it  is  found  to  accord  in  every  ease,  with  observation  or  ex- 
periment. If  government  is  ever  to  become  seientiflc,  it 
must  be  founded  upon  the  principle  that  no  theory  of  gov- 
ernment should  be  declared  true  until  it  has  been  thoroughly 
tested    by    experience.      But    socialistic    writers    insist    that 
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communism  is  founded  upon  true  tlieory,  in  spite  of  the  loto.  Tlie  Callfoiniu  t'omniission,  however,  does  not  state 
fact  that  every  communistic  experiment  thus  far  made  has  that  the  development  cost  in  question  was  unreasonably 
shown  results  contrary  to  those  predicted  under  the  theory.  high,  but  rejects  it  entirely  by  applying  the  criterion  of 
The  grand  defect  in  the  theory  of  communism  appears  to  be  true  value,  although  such  a  criterion  is  never  applicable  to 
in  the  assumption  that  human  selfishness  can  be  ignored  any  cost  whatsoever.  Putting  the  matter  in  another  way, 
as  a  factor  in  calculating  the  output  of  the  average  worker.  if  the  actual  reasonable  cost  of  a  public  utility  plant  should 
The  socialistic  theory  assumes  the  existence  of  an  average  be  taken  as  part  of  the  "rate  making  value,"  then  the  actual 
worker  who  is  highly  altruistic  and  at  the  same  time  suffi-  reasonable  cost  of  building  up  the  plant's  business  should 
ciently  imaginative  to  realize  that  if  he  lowers  his  Individ-  be  taken  as  the  remaining  part  of  the  "rate  making  value." 
ual  efficiency  he  will  suffer  in  the  end.  That  the  average  Reply  may  be  made  that  because  this  particular  appraisal 
worker  is  no  such  ideal  person  is  evident  to  any  one  who  was  to  be  used  in  establishing  a  purchase  value  (the  city 
will  but  use  his  eyes.  of  Banning  contemplating  buying  the  electric  light  and  power 
We  trust  that  Germany  or  Austria  will  continue  under  plant),  actual  costs,  whether  of  plant  or  of  attached  busi- 
socialistic  government  for  10  years.  At  the  end  of  that  time  ness,  should  have  no  weight  at  all  in  establishing  the  pur- 
it  should  be  evident  even  to  the  most  enthusiastic  socialisjf  chase  price:  but  it  should  be  remembered  that  the  California 
that  socialism  has  far  greater  economic  defects  than  capi-  Commission  clings  very  closely  to  actual  costs  in  rate  cases. 
talism.  ;,nd  that  so  long  as  this  is  done,  a  public  utility  plant  can 
not   have   a   real   or   commercial   value   much  different  from 

An  Erroneous  Decision  by  the  Can-  The  (••Uitornia  commission  is  one  ot  the  most  careful  of    ^ 

^Qj-jjio    RailroaH    CornmiSSion  ""    'atemaking   bodies,   and   it   has   established   an   enviable 

_,.,,,....„.,,                                                          .  ,  reputation   for  fairness.     We  believe,   therefore,   that   it   will 

The    (al.lornia     Railroad     (  oninussum.     u.    common     with  ,„timately  reverse  itself  on  the  ruling  under  discussion,  for    ^ 

many  other  public  service  commissions,  has  leaned  strongly  jt  is  based  on  the  use  of  inconsistent  criteria  of  "value."            I 

toward  the  theory  that  the  proper  "rate  making  value"  ot  a  . I 

public  service  company  plant  is  the  actual  cost  ot  the  plant.  Detecting  Water  Waste  with  Dionic  Tester.— The  diotlic  I 
It  would  logically  follow  that  the  "intangible  value"  to  be  water  tester  has  given  good  results  at  Ottawa.  Ont.,  in  exam- 
added  to  the  "plant  value"  should  be  the  actual  cost  of  estab-  '"'"S  "'^t^r  samples  suspected  ot  being  derived  from  leak- 
lishing  or  building  up  the  business.  This  development  cost  <>ges.  The  tester  was  used  to  determine  the  electrical  Con- 
or "going  value"  is  commonlv  calculated  bv  estimating  the  iluctivity,  and  in  the  case  of  the  Ottawa  supply,  the  low  con- 
accumulated  deficits  below  a  fair  return  (usually  taken  at  fiuctivily  (about  20  units)  made  it  easy  to  distinguish  the 
8  per  cent  annually)  on  the  cost  ot  the  plant.  In  a  recent  ^"PPly  f™™  ground  water,  well  water  and  sewage.  Very 
decision  the  California  Railroad  Commission  rejects  this  f^w  instances  occurred  in  which  the  results  were  in  any  way 
deficit  method,  saying  with  regard  to  it:  ambiguous.     In  a   communication   in  the   November   .lournal 

of  the   American    Waterworks   Association,   Dr.   Joseph    Race 

There  would  follow  this  absurd  result:    The  greater  the  losses  states  thah  the  apparatus  can  be  assembled  and  the  test  com- 

incurred  in  a  utility  busines.s   the  greater   its  value,   and   tl.e   less  ,g,g^    ^^.;,j,j,j   ,^^.„   minutes.      He   further  adds   that   he   would       , 

protitable   the  liu.'siness   the   larger  the   "just   compensation      to   the  ,   ^.  .            .,      ,    ,          ...              ,  .i,,„v,  n,„  „^^,ti,i,^„^  a^a       i 

owner.     The  mere  statement  of  such  a  theory  proves  its  absurdity.  recommend  this  method  for  cities  in  which  the  conditiot^s  are       . 

similar  to  those  prevailing  in  Ottawa  because  of  its  reliabil- 

It  is  interesting  to  note  that  this  very  argument  against  jty   and   speed,  the   latter   being  quite   an  appreciable   factor 

the    deficit    method    (or   Wisconsin    Commission    method,    as  when   excavations   have   to   be   kept   open    pending    a   report 

it  is  often  called),  was  used  many  years  ago  by  the  Supreme  jrom   the   laboratory.     The   electrical   conductivity   test   also 

Court   ot   California.     NOne   the    less  the    argument   is    fal-  affords    a    rapid   means  of  detecting  changes  in  the  supply. 

lacious.     The  fallacy  is  concealed  in  the  double  meaning  of  foj  the  conductance,  or  reciprocal  of  the  conductivity,  is  pro- 

the    word    "value."      The    California    Commission    uses    the  portional  to  the  mineral  content, 

expression   "rate   making  value"   as  being   synonymous  with 

actual  cost.     Strictly  speaking,  however,  plant  cost  and  plant  .  .             „.,,        ,     ,,.           •    ^v,     o       ,     nu  »„ 

,                     ,j         ,,                      rTM,      .              ,          „          ,          .  Ena  neer  no   L  cense  Br    s. — In  Jlissoun,  the  Senate  Bill  to 

value  are   seldom   the   same.     The  true   value  of  a   plant  is  tnairicciina   i-n-c^  oc         »                                j  ,     j 

■»            ..   ,.     J                  »■            i            ■              L-  ,  license  architects,  professional  engineers,  and  land  surveyors 

Its  capitalized  prospective  net  earnings,  which  mav  or  mav  "'^>^"'"=  <»"-ii'lcv.is,  piu                       e            •             .,      ,          "     „ 

_,            ,   ...           i     «  .u        1     4      T          •     .^-         ,    "  ,            \  has  passed  the  state  senate  and  is  now  before  the  house.    In 

not   equal   the   cost   of   the   plant.     In   rejecting   development  i^ao.eu  i.ic  =i,                         .          .      ,              ..^            j     „„j,. 

i    i,        ,           J   c   ■»       4..      r^  yc       ■      A          ■     ■           ^  New  Jersey    the  license  bill  is  out  of  committee  and  ready 

cost   based   on   deficits,    the    California   Commission    sets    up  jeisc.v,   uic           ,     ^,     „    ^       ,.         .^     u-n    •   ,     a i 

.,  „       ...          .  .             ,          ,       .,    .       ,         .,    .   .              ,  for  second   reading.     In   North   Carolina,  the  bill   introduced 

the  criterion  of  true   value:    for   it   is   clear   that   true   value  .ici,l-ihi   icquiu^.             .                    ^  »^     xt     »,.   ^       ,.         « 

is   not   enhanced   because   of   deficits,   but   the   reverse.     On  "»  ^'^^  legislature  at  the  instance  of  the  North  Carolina  As- 

the  other  hand,  the  Commission  does  not  apply  the  criterion  ^^^^'^  «'  ">^  American  Association  of  Engineers  has  been 

of  true  value  in  estimating  the  "rate  making"  value"  of  the  ^^^^""^   ^y   *'°"^   '^^   S«°^»*'   ^"'^   '^"^   "°"^«'    ^""^    "^    ''^^°'" 

plant,    but    applies    the    criterion    of    actual    cost.      In    other  "»«  Governor  for  signature, 
words,  it  uses  one  criterion  (cost)  for  the  "plant  value,"  and 

another  criterion  (true  value)  for  the  development  cost  or  Short  Course  for  Waterworks  Operators. — The  Texas 
"going  value."  Water  Works  Association  announces  a  third  short  course  j 
A  cost  may  be  unreasonably  high,  but  the  fact  that  it  is  for  water  and  filter  plant  operators  to  be  given  by  the  Texas  | 
too  high  logically  leads  merely  to  scaling  it  down  to  a  reason-  State  Board  ot  Health  in  co-operation  with  the  Baylor  Uni- 
able  amount.  Hence  if  a  given  development  cost  is  unreas-  versity  at  Waco,  for  the  week  beginning  April  .11.  All  Texas 
onably  high  it  should  be  scaled  down,  but  not  rejected  in  operators  are  invited  to  attend.  Lectures  and  demonstra- 
— tions  on   the  operation  of  filter  plants  will  be  given.     V.  M. 

Classification  of  Water  Consumption  in  '-'''^"^    ^"^""  Tex.,  is  secretary  of  the  association. 

Various  American  Cities  „           ^  l.    u     on  n      a    xi,o  ^^  «  «„„,,»  nn  Feh 

River  and   Harbor  Bill   Passed. — The  t.  b.  benate  on  ten. 

The  following  table   from    the   recent  report  on   the  water  .,-  passed  the  Rivers  and  Harbor  Bill  carrying  new  appropria- 

supply  ot  Kansas  City,  Mo.,  by  Fuller  &  McClintock,  consult-  tj^n,   ^f  jlvooo.OOO  and   authoritv   for  expending  $47,000,000 

ing  engineers,  affords  an  interesting  comparison  of  the  use  ;„  unexpended  balances. 

of  water  in  various  cities: . 

Tndusfial  and  Under-'egislra-           Leakage   and          Total   con- 
Domestic  use.         commercial  use.  Municipal  use.          tion  of  meters.                  waste.                sumption. 
G.  c.  d.     I^er  cent.    (J.  o.  d.     Per  cent.  G    c.  d      Per  cent.   G.  c.  d.     Per  cent.    G.  c.  d.     Per  cent.      G.  c.  d. 

Toledo.    1S18 40.0              42.0            40.(1               42.0  .i  0                 5.0              2..t                 2.S            lO.O              10.:">                 95.0 

Mi:i\aukee,  1919 40.5               S4.n            45. S               39.0  13  0               11.0              3.0                2.5             15.0               13.0               117.3 

Cincinnati,   1916 45.0              35.0            47.4              36.0  23  0               17.5              3.4                 2.5             13.2               lO.O               132.0 

Clr  ""'      45.0               38.0             50.0               42.5  TO                 6.0              ...                 ...             17.0               14.5               119.0 

l'-^'                        30.0                31.5             30.0                31.5  3.0                  3.0                ...                  ...             32.0                34.0                  95.0 

t"l'                        1 26.0               27.3            40.0              42.0  10.0               10.0              ...                 ...            20.0              21.0                 96.0 

■■'.^- 34.0                29.0             44.0                37.5  3.0                  2.5                .,,                   ...             37.0                31.0                118.0 

It;/,  Mo..  1919= 40.6                29.0             49.5                35.9  27.7                20.1               2,1                  1.5             IS. 4                13.5                 137.7 

ity    Mo.« 40.0                31.8          '49.5                39.4  15.7                12.5               2.1                  1.7             18.4                14.6                125.7 

•  ;  requirements  1916.  =Under  leakage  and  waste  are  included  unmetered  houses,  street  .and  sewer  flushing.  ^.\ctual  ex- 
cept !i(tw3en  domestic  and  Industrial,  which  Is  in  part  estimated.  'Estimated  with  sewer  flush  tanks  stmt  oft  and  street  clean- 
ing  U                       (j. 
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Book  Revie^v 

Water  Purrfication  Plants  and  Their  Operation. — By  Milton  F. 
Stein,  Mem.  Am.  Soc.  C.  E.  New  York.  John  Wiley  &  Sons. 
Cloth   6x9  in.,   ill.,   pp.   2V0.     Second    Edition. 

The  second  edition  of  this  volume  has  been  made  neces- 
sary because  of  the  advance  and  changes  which  have  oc- 
curred in  the  technique  of  water  bacteriology  since  the  book 
was  first  published  in  1915  and  reviewed  in  Engineering 
and  Contracting.  Jan.  19,  1916,  page  71.  A  complete  out- 
line of  the  contents  of  the  earlier  edition  was  then  pre- 
sented and  will  not  be  repeated  here.  The  principal  changes 
occur  in  the  chapters  which  deal  with  bacteriology  and  the 
interpretation  of  tests.  Present  day  practice  is  incorporated 
in  the  instructions  to  operators,  and  new  interpretation  of 
bacteriological  tests  are  included. 

The  treatment  of  the  subject  matter  throughout,  though 
somewhat  arbitrary,  is  such  that  it  may  be  well  understood 
by  the  non-technical  man,  and  yet  be  a  ready  reference  for 
the  experienced  operator.  The  early  edition  was  a  pioneer 
in  its  field  and  the  present  revised  edition  still  maintains 
its  position  among  others. 


Cost  of  Garbage  Collection  and 
Disposal  at  Trenton,  N.  J. 

To  the  Editor:  Your  Feb.  9,  1921.  issue  contained  an  ar- 
ticle (p.  42)  entitled  "Comparative  Costs  of  Street  Cleaning, 
Ash  and  Garbage  Collection  and  Disposal,"  which  gives  the 
cost  per  ton  for  the  collection  and  disposal  of  ashes,  rubbish 
and   garbage   in   Trenton   at  16.27. 

The  actual  cost,  for   the  year  1920.  is  as  follows: 

15,430  tons  of  garbage  and  combustible  refuse  collected  at 
a  cost  of  $39,371.67  or  a  fraction  over  $2,55  per  ton.  This 
includes  the  hauling  of  1,192  tons  an  average  of  three  miles 
into  the  country  to  feed  to  pigs. 

14,24S  tons  of  garbage  and  combustible  refuse  incinerated 
at  a  cost  of  $11,248.20,  or  a  fraction  under  80  ct.  per  ton  for 
disposal. 

68,420  tons  of  ashes  collected  and  dumped  on  low  ground, 
average  haul  about  1%  miles  at  a  cost  of  $56,432.74,  or  a 
fraction  over  82   ct.   per  ton. 

83,850  tons  of  garbage,  combustible  refuse  and  ashes  were 
collected  and  disposed  of  at  a  cost  of  $107,052.61,  or  at  a 
cost  of  a  fraction  over  $1.27  per  ton. 

G.  B.  LABARRE, 
Director  Department  of  Public  Safety. 
Trenton.  N.  J. 


Co-operative    Bacterial    Tests   on    Missouri    River   Water. — 

In  May  and  June,  1920.  a  co-operative  series  of  tests  was 
made  by  various  laboratories  to  show  the  change  in  bac- 
terial content  of  the  water  of  the  Missouri  River.  Five  sets 
of  samples  were  taken  at  various  points  from  Omaha  to 
Kansas  City,  the  time  between  samples  being  such  as  the 
water  of  the  river  would  normally  require  to  flow  from  point 
to  point.  The  average  results  of  the  five  sets  are  summar- 
ized as  follows  in  a  recent  report  of  Fuller  &  McClintock. 
consulting  engineers,  on  the  water  supply  of  Kansas  City,  Mo.: 

B.  coll  in  C.Ol  cc. 

_         ,.                             Distance       Bacteria  per  cc.  Positive  Total 

.'5arnplmg  point.           in  inile.s.         :;o°.                 :!7°  tests,  tests. 

Omaha.    Neb 0               .54.000             l.?,SOO  ?.  11 

ht.  Joseph.   Mo 181                 7S.000              2?,.TM\  11  A 

Atchison.    Kans 212               64.000             65.000  22  25 

Leavenworth.    Kans....    23S  131.000             40.000  2S  25 

Quindaro   261  117.000             41,000  2ft  2S 

Hanmh.il    Bridge 269  1S4.000             72.000  2.5  25 

Per  Capita  Water  Consumption  in  Several  Large  American 
Cities. — The  following  table  is  taken  from  a  report  on  the 
water  supply  of  Kansas  City,  Mo.,  submitted  last  December 
by  Fuller  &  McClintock,  consulting  engineers: 

Av.  daily      Percentage 
C-ity.  Year.    ^Estimated       per  capita      of  services 

,^,  population,  coixsumpiion.     metered. 

New  Orleans 1916  378.000  75  100 

Atlanta   1916  200.000  89  100 

Columbus    1919  2.12,000  93  97 

Cleveland    1916  845,000  113  98 

Milwaukee    1919  500.000  118  99 

Toledo   1919  235.000  107  85 

<  mcinnati    191S  415.000  135  S6 

Los  Angeles 1916  533,535  140  88 

Washington    1916  364,088  137  77 

St.  Louis 1916  755.000  130  7 

Newark.  N.  J 1918  408.000  118  90 

Kansas    City 1920  334,192  138  72 


Stifling  Water-Power  Development 
Through  Inaction 

With  a  keen  perception  of  political  values  Congress  is 
giving  attention  to  certain  phases  of  legislation  of  doubtful 
value.  Over  the  veto  of  the  president  it  has  passed  legisla- 
tion providing  for  loans  to  farmers,  and  with  a  great  show 
of  interest  in  the  public  welfare  it  is  considering  emergency 
tariff  legislation.  At  the  same  time  a  bill  of  tremendous 
import  to  industrial  progress  is  allowed  to  rest  peacefully  in 
the  hands  of  the  select  committee  of  the  House  of  Represen- 
tatives on  water  power.  Political  expediency  evidently  dic- 
tates this  course,  but  the  chemical  industries,  with  others  that 
need  power  for  effective  development,  may  well  ask  why  class 
legislation  Is  crowding  out  their  legitimate  needs. 

We  refer  to  the  bill  introduced  by  Representative  Esch 
(H.R.  15126)  providing  slightly  enlarged  authority  for  the 
Federal  Power  Commission  to  employ  appropriate  personnel, 
either  from  outside  the  government  or  by  transfer  from  other 
executive  departments.  At  the  present  time  there  is  pending 
bfore  the  power  commission  a  mass  of  applications  for  power 
development  which  represents  13,000,000  hp.  in  potential 
energy  supply.  This  is  five  times  as  much  business  as  has 
been  handled  In  over  twenty  years  by  all  of  the  executive 
departments  previously  in  charge  of  these  affairs.  And  to 
care  for  it  congress  permits  these  departments  to  loan  a  few 
members  of  their  staff  to  the  power  commission  to  do  the 
work.  At  the  present  rate  one  hundred  years  will  be  required 
to  care  for  the  applications  already  pending,  and  more  ar- 
rive every  day. 

Chemical  industry,  especially  the  metallurgical  and  electro- 
chemical industries,  need  extensive  power  developments  in 
all  parts  of  the  country  so  that  one  of  their  raw  materials, 
electrical  energy,  will  be  available  in  adequate  quantity  at 
reasonable  price.  They  do  not  ask  that  the  Federal  Govern- 
ment go  out  and  spend  money  on  this  development.  They 
can  reasonably  demand,  and  they  do,  that  the  Federal  Gov- 
ernment permit  this  commission  to  do  business  effectively 
and  promptly,  so  that  the  horsepower  now  going  to  waste  can 
be  put  into  productive  use  for  the  benefit  of  all.  The  elec- 
trical industry,  the  prospective  customers  of  that  industry, 
and  public  oflicials  all  agree  that  the  present  legislation  is 
adequate  for  development  and  safeguarding  such  invest- 
ments. Why  should  we,  therefore,  stand  marking  time  in- 
dustrially simply  because  the  federal  agency  w^hich  must 
handle  these  matters  is  tied  hand  and  foot  for  want  of  a 
paltry  few  thousand  dollars  and  is  compelled  to  work  only 
with  borrowed  help?  We  understand  that  the  House  rules 
prevent  immediate  consideration  of  this  measure;  but  it 
seems  likely  that  if  the  chairman  of  the  Rules  Committee 
were  sufliciently  impressed  with  the  importance  of  action  at 
this  session  of  congress  the  necessary  steps  could  be  taken 
to  insure  it.  We  suggest  this  procedure  to  those  concerned 
in  early  water-power  development.— Editorial  in  Chemical  and 
Metallurgical    Engineering. 


Maximum  Rates  of  Water  Consumption  in 
Various  Cities 

It  is  found  for  any  water  system  that  there  are  certain 
maximum  rates  of  consumption,  monthly,  weekly,  daily  and 
hourly,  which  are  materially  in  excess  of  the  average  rates 
for  the  entire  year.  In  order  to  design  works  to  meet  all 
conditions  it  is  very  necessary  to  take  these  maximum  rates 
into  consideration.  In  their  recent  report  on  the  water 
supply  of  Kansas  City,  Mo.,  Fuller  &  McClintock,  consulting 
engineers,  gave  the  following  table  showing  the  percentage 
relation  of  rates  of  water  consumption  for  the  maximum 
month,  week,  day  and  hour  to  the  average  daily  rate  in 
various  cities: 

Max.  Max.  Max.            Max. 

month.  week.  day.              hour. 

.St.    Louis 120  ...  144 

Cincinnati  _ 105  115  144 

Clevoland  114  .  146 

Detroit    117  ...  145                 {^^ 

Buffalo    1.33  ...  168 

Columbus   115  ...  137                 __; 

Kochester    ...  ...                 21^ 

New    York ...                   "                   175 

'roledo    116  ...  142 

Grand   Rapids 127  ...  207 

Philadelphia   112  120  12.S 

Adopted  for  Kansas  City 120  130  140                210 
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Method  of  Topping  Out  German- 
town  Hydraulic  Fill  Dam 

The  upper  hiyers  of  the  Ceniiaiilown  hydraulic  fill  dam 
of  the  Miami  t'onservancy  District,  Dayton,  O.,  were  con- 
structed from  a  mixture  of  all  borrow  pit  materials,  de- 
posited in  a  narrow  center  pool  by  the  hydraulic  method. 
How  this  was  accomplished  is  told  in  the  December  Miami 
Conservancy  Bulletin,  from  which  the  matter  that  follows 
is  taken. 

The  final  operations  are  indicated  by  Fig.  1.  in  which  I' 
represents  the  pool.  BB  the  beaches,  LI.  the  levees  and 
DD  the  dredge  pipes  bringing  the  water  and  suspended  solids, 
at  the  stage  when  the  dam  had  been  built  up  to  about  eleva- 
tion 815,  15  ft.  below  the  dam  crest. 

The  actual  appearance  of  the  dam  at  about  this  stage  is 
shown  in  Fig.  2.  taken  from  the  south  end  of  the  dam,  look- 
ing northward  along  its  center  line,  Oct.  13,  1920.  This  was 
a  late  stage  in  the  dam  building  (15  ft.  from  the  top  in  a 
total  height  of  about  106  ft.)  The  pool  by  this  time  was  so 
narrow  (about  15  ft.  in  width)  that  the  transition  zone  un- 
avoidably encroached  on  the  true  core  zone,  as  was  evident 
from  the  mixed  clay  and  gravel  in  the  nearest  part  of  the 
pool.  But  the  pool  surface  at  this  stage  being  about  at  the 
level  of  the  assumed  maximum  flood  in  Twin  Creek  Valley 
(spillway  level)  the  encroachment  was  not  harmful,  the  mix- 
ture of  coarser  materials  with  the  clay  producing  a  "mud 
concrete"  which  is  practically  impervious  under  the  low  head 
of  wateV  which  it  will  ever  be  called  upon  to  resist. 

In  fact,  in  the  upper  layers  of  the  daui  embankment,  at  the 
elevation  shown  in  the  picture  and  above,  the  deposition  of 
a  true  core  was  abandoned  as  unnecessary,  and  "mud  con- 
crete" was  substituted.  This  had  the  advantage  of  provid- 
ing also  an  immediate  solid  foundation  for  the  roadway  which 
is  to  be  carried  along  the  summit  of  the  dam,  connecting 
the  roads  on  the  north  and  south  sides  of  Twin  Creek  Val- 
ley.    This    is    the    more    desirable.    Inasmuch    as    the    upper 


to  deposit  the  impervious  mud  concrete  in  the  levees,  as  to 
mix  the  mateiials  in  the  pool  bottom,  and  break  up  any  pos- 
sible strata  of  pervious  sand  and  gravel  which  might  extend 
across  the  core,  due  to  its  narrowness  at  this  elevation,  anci 
thus  permit  possible  leakage  through  the  dam. 

Deposition  of  the  mud  concrete  in  the  pool  was  then 
started,  the  materials  being  the  same  as  those  used  to  build 
the  lower  layers  of  the  dam.  and  being  pumped  through  a 
dredge   pipe   line    in   a   similar   manner,   but   with   tlie   use  ot 
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Fig.    1 — Section    Through    Upper   Part   of    Germantown    Dam 
Embankment. 

L/L  are  the  levees':  BB  the  beaches;  P  the  pool  at  the  stage  when 
the  embankment  reached  an  elvation  of  15  ft.  blow  the  op.  The 
pool  boltonr.  was  then  scooped  out  and  built  into  the  levees,  jiivine 
the  section  AAA.  Hydraulic  fill  was  then  deposited  to  the  lirj.- 
KK.  A  repetition  of  these  operations  brought  the  dani  to  its  fiii;i] 
elevation. 

one  pipe  line  only.  This  pipe  was  carried  nearly  down  the 
center  line  ot  the  dam,  discharging  into  one  end  of  the  pool, 
filling  it  up  with  the  mud  concrete  to  about  the  level  of 
the  line  KK.  (Fig.  1.)  The  position  of  the  dredge  pipe  dur- 
ing this  process  is  indicated  by  the  small  circle  D'. 

The  small  dragline  excavator  followed  the  working  dredge 
pipe  along  the  dam  embankment,  digging  out  the  central 
portion  of  the  just  deposited  material,  and  casting,  it  up  on 


/■,.■■^- 


Fig.   2— First    Stage   of   Topping    Out    the    Germantown    Dam;    From    Phntograph    Taken    Oct.    13,    1920. 

This  was  begun  at  an  elevation  about  15  ft.  below  the  dam  summit.  The  dragline  excavator  seen  scooped  the  mateiiaN  out  of 
the  bottom  of  the  core  pool  and  used  them  to  build  up  the  side  levees,  giving  the  section  shown  by  the  line  AAA  in  Fig.  1.  The  main 
object  of  this  deep  digging  out  was  to  break  up  possible  sand  and  gravel  strata  which  might  build  out  from  the  -Wo  beaches  ol  the 
pool  and  permit  leakage. 


layers  of  mud,  many  feet  in  thickness,  as  deposited  in  the 
bottom  of  the  core  pool,  are  quite  soft,  and  remain  so  for  a 
considerable  period. 

The  first  stage,  preparatory  to  the  changed  procedure,  was 
to  excavate  the  bottom  of  the  core  pool  to  a  considerable 
depth  along  the  entire  length  of  the  dam.  The  small  drag- 
line excavator  seen  in  Fig.  2  is  engaged  In  this  operation, 
the  materials  "fished  out"  of  the  pool  bottom  being  used  to 
build  up  the  two  levees  topping  the  side  slopes  of  the  dam. 
The  levees  at  Germantown  were  thus  carried  approximately 
to  elevation  825,  about  5  ft.  from  the  final  dam  summit,  the 
pool  bottom  being  lowered  to  about  the  depth  indicated  by 
the  line  AAA  in  Fig.  1.     The  object  here  was  not  so  much 


the  two  levees  as  before,  carrying  them  thus  to  an  elevation 
about  2  ft.  above  the  ultimate  dam  summit.  It  dug  in  fact,  a 
ditch,  of  which  the  two  levees  formed  the  upper  sides,  the 
object  of  this  ditch  being  to  retain  the  pool  on  the  narrow 
summit  of  the  dam  for  the  deposition  by  the  hydraulic 
process  of  the  final  batch  ot  mud  concrete  necessary  to  top 
out  the  dam. 

This  final  operation  is  shown  in  Fig.  3.  The  working  ' 
dredge  pipe  is  seen  just  to  the  left  of  and  below  the  small 
dragline,  discharging  into  the  "ditch"  just  mentioned,  filling 
it  up  with  the  mixed  sand,  clay  and  gravel.  The  dragline 
excavator  follows  just  behind  it,  scooping  out  with  its  bucket 
such  material  as  is  necessary,  and  depositing  it  in  front  of 
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and  behind  the  machine,  wherever  needed  to  bring  the  dam 

embankment  to  the  proper  level. 
\      It  may  perhaps  give   reassurance   to  some  who  have  had 
j  certain  misgivings  as  regards  the  application  of  the  method 

of  hydraulic  fill  to  the  construction  of  the  Conservancy  dams, 
I  to  observe  in  Fig.  3  the  40-ton  dragline  excavator  (a  No.  36 
'  Marion  machine)  traveling  along  the  surface  of  the  dam  sum- 
t  mit  and  of  the  proposed  highway,  directly  above  the  hy- 
I  draulic  fill  core  material  which  occupies  the  embankment 
,  interior  below.     Under  this  heavy  mass  the  material  showed 

no  signs  whatever  of  weakness  or  settlement.    Levels  taken 

on  the  finishing  stakes  on  the  dam  summit  two  weeks  after 


provided  by  the  increased  Income  from  endowment.  The 
Foundation  is  raising  a  fund  of  many  millions  to  promote 
industrial  research  in  America  and  hopes  this  year  to  reach 
the  five  million  dollar  mark. 


New    $18,000,000    Water    Supply    Recom- 
mended for  Kansas  City,  Mo. 

Extensions  and  improvements  to  the  waterworks  of  Kan- 
sas City,  Mo.,  at  an  estimated  cost  of  $18,000,000  are  recom- 
mended by  Fuller  &  McClintock.  Consulting  Engineers,  New 
York   City,  in  a  report  submitted  to  the  Board  of  Fire  and 


"^ 


■  r  .  4|^iV:- 


Fig.  3 — Topping  Out  the  Germantown  Dam;  From  Photograph  Taken    Nov.  3,   1920. 

the  completion  of  the  embankment  showed  also  no  measur-  Water  Commissioners  of  that   city.     The  project  includes  a 

able  settlement  during  this   period.  new    intake    at    the    Missouri   River   at   or    near   the    Platte- 

Clay  County  line  in  Missouri;  new  and  extensive  river  protec- 

1?<->r^;>^r..r.^:^^    1?^,.  „  ^  „  <-:  „„    .,  „  ^    t„^.i^«.^:^1  t'O"   work;    a    low    lift    and    secondary    pumping   station    and 

Engmeenng    Foundation    and    Industrial  p„Hfleation  works   located  near  the  Platte-Clay  county  line; 

Research  pressure   tunnels  connecting  the  new   station  with   the   pres- 

Industrial    research  on    a  nation-wide    scale,    in    which    en-  «"'  li'Sli  I'f'  pumping  station  at  Turkey  Creek  and  the  pro- 

gineering    organizations,    universities,    factories,    individuals  Posed  new  high  lift  pumping  station  in  the  East   Bottoms;  a 

and  private  laboratories  and  other  organizations  are  co-oper-  "ew   high   service   pumping   station   on   Nicholson   Ave.    The 

ating.  is  under  way  according  to  the  recentlv  issued  annual  "ew   supply    works   are   planned   to   meet   the   needs   of   the 

report  of   Charles   F.   Rand   of   New   York   City,  chairman   of  c't>"  ""'■'  about  1943,  at  which  date  it  is  estimated  that  about 

Engineering  Foundation.  700.000  people  will  be  supplied. 

Describing  the  Foundation  as  a  permanent  national  agency  The  program  of  recommended  new  supply  works  is  as  fol- 

"for  the  furtherance  of  research  in  science  and  engineering,  lows: 

or  for  the  advancement  in  any  other  manner  of  the  profession  An    intake   chamt.cr   on    the    rivor   bank,    tngoiher   witn 

of  en^ineeririB   nnrl   Hip   <rr\nd   nf  imntinH  "   Mr    T?nnri    niitlined  necessary    revptmcnt    works    for    protecting    the    banks 

oi  eugineermg  ana  tne  gooa  ot  mankind.     Air.  nana  ouiimeu  ^„(,   sy.,c\-mn    conduits   extending   to    the   river   pumping 

a  broad   field   of  activity  in  which   the  Foimdation,   profiting         station   $  1.013.000 

bv  the   lessons    of  the   war    !>;   wnrkine-  '^    '""i"'''  I™'nP'"S   station    containing-  pumping    equipment 

u.v    uie  lessons   01   tne  war,   is   worKmg.  a,„i  appurtenance-;  for  lifting  the  raw   water  from   the 

Highway    research,    experimentation    in    the    fatigue    phe-  liver  to  tl;e  purification  works  and  also  for  delivering 

nomena    of   metals,    mental    hygiene    in    industry,    industrial  .-l^^,^^^ ^^l"^:^^^'^^^^^^,^- ^^^    I'^^O'""" 

personnel   research,   psychological  tests   for   engineering   stu-  ch.ambers.  prelimin,->ry  settling  basins,  coagulating  ba- 

dents,  industrial  education  in  training,  and  tests  of  mechanl-  sins    rapid  sand  filters  and  a  filtered   water  reservoir, 

="                       „          ■    ^.      ,  togi-ther   with    all    equi|)ment   and    appurtenances    usual 

cal  equipment  are  among  the  projects  which  the  Foundation  s  in  a  modern  plan .(.ISS.OOO 

effort   embraces  ^    concrete    lined    pressure    tunnel    driven    in    solid    rock 

_,_,'■■                      ,,                           „       ,                 ,  from    the   Platte-Clay   County   site   to   a   point   south   of 

The   Foundation,    according   to   Mr.    Rand,   now   has   an   en-  tho  Missouri  River  with  a  branch  tunnel  to  the  Turkey 

dowment    of    $.500,000.      One    anonymous    gift    ot    .$200,000    has  <"'"«f'^  reservoir  and  another  branch  tunnel   to  the  Kast 

y, -J  ,  .,..,,  .        r  ,     ,    I.  cc        J   t.,  Bottoms  pumping  station   4.(71.000 

been  received  and  one  individual,  it  is  stated,  has  oftered  to  a  nev,^  high  lilt  pumping  station   and   equalizing  reser- 

give  $50,000  if  nine  other  men  would  make  equal  gifts.  voir  at  the  site  now  owned  by  the  Water  Department 

To  avoid  a  possible  deficit  of  $16,000  by  1S22  Mr.  Rand  says  ci'^ciiVrge '''mains "lelTding  ' fron^  Vhe' Eakt's^^^^                       ''^  '  "" 

Edward  D.  Adams  of  New  York  assumed  this  contingent  lia-         tion  to  the  distribution  system 2.400.000 

Viiiu,T      T\/i„      A  J   „,   .    1-   u-1-i       1,                     I,           „   „„„ii„.]      *i,n  Distribution  system  and  improvement  of  existing  works.     1,600.000 

oiilty.     Mr.    Adams     liability    has    now    been    cancelled,    the  •'  "  ; ;__ 

financial   requirements    for   the   work   in   hand    having   been  Total    $17.9S3,000 
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Experiences  at  Grand  Rapids,  Mich., 
With  Dorr  Sewage  Clarifier 

Intensivf  opfriiling  siuilies  ol'  a  life  size  sedimentation 
unit  have  been  lonilurted  at  the  sewage  testing  station  o£ 
(irand  Kapids.  Mich.  The  city's  problem  is  one  of  plain  sedi- 
mentation and  sludge  disposal,  and  efforts  at  the  station  have 
been  directed  toward  the  meeting  of  a  state  supreme  court 
injunction,  which  calls  for  the  removal  of  the  sludge  form- 
ing materials  in  the  city  sewage  before  being  discharged 
into  the  local  watercourse.  The  experiences  at  the  station, 
particularly  as  regards  the  Dorr  sewage  clarifier,  were  re- 
counted by  Milton  P.  Adams,  sanitary  engineer  in  charge  of 
sewage  disposal  studies,  in  a  paper  presented  at  the  recent 
annual  meeting  of  the  Illinois  Engineering  Society.  An  ab- 
stract of  the  paper  follows: 

The  city  is  sewered  on  the  combined  plan  and  has  a 
normal  dry  weather  flow  of  .30,000,000  gal.  of  sewage  per  day. 
The  sewage  of  the  city  is  discharged  into  the  river  at  pres- 
ent through  four  main  interceptors,  two  on  the  west  and  two 
on  the  east  side  of  the  river.  These  were  completed  in  1911 
as  part  of  a  flood  protection  program.'  there  being  an  aver- 
age annual  rise  and  fall  of  10  ft.  in  the  river  stage.  A  flood 
relief  pumping  station  is  located  adjacent  to  the  outfall  of 
each  tnmk  sewer.  Gates,  coarse  bar  screens,  and  low  lift 
centrifugal  pumps  are  provided  in  each  station  by  means 
of  which  the  levels  in  the  respective  sewers  are  kept  below 
the  danger  point  during  this  high  water  period.  It  is  planned 
that  the  permanent  disposal  plant  will  be  out  of  operation 
during  this  time,  the  sewage  being  pumped  directly  to  the 
river  as  at  present. 

Sewage  treated  at  the  experimental  station  is  typical  of 
75-80  per  cent  of  the  total  city  flow  and  includes  practically 
all  the  commercial  and  industrial  as  well  as  nine-tenths  of 
the  domestic  sewage  of  the  east  side.  From  June,  1919,  to 
March,  1920,  the  station  was  operated  with  the  32-ft.  diameter 
tank   as  a   Dortmund   unit. 

Sewage  is  delivered  at  the  inlet  trough  of  the  primary 
tank  by  a  6in.  centrifugal  pump  belt  driven  from  a  10  hp. 
motor.  Due  to  intake  troubles,  the  rate  of  flow  would  occa- 
sionally fall  to  0.2  million  gallons  per  day.  The  maximum 
rate  was  1.1  and  in  the  average  day  0.6 — 0.8  million  gallons 
of  sewage  were  put  through  the  primary  tank.  The  flow  was 
recorded  hourly  by  the  operator  during  the  test  day  by  read- 
ing theihead  over  a  standard  rectangular  V-notch  weir  placed 
in  the  effluent  line  from  the  tank. 

Every  effort  was  made  to  operate  the  station  as  a  con- 
tinuous day  and  night  plant  after  Aug.  9,  1919.  There  was 
an  operator  in  attendance  at  least  16  hours  of  each  week 
day,  and  after  the  clarifier  was  installed,  there  was  an  oper- 
ator in  attendance  constantly.  In  addition  to  the  hourly 
flow  readings,  the  operator  made  hourly  settling  solids  and 
turbidity  determinations  on  both  crude  sewage  and  effluent. 
Every  third  day,  constant  amounts  from  the  hourly  samplings 
were  kept  to  form  a  composite  of  the  day's  run. 

All  samples  and  composites  of  sewage  and  sludge  have 
been  analyzed  at  the  city  laboratory  located  in  the  local 
filtration  plant.  This  division  of  the  work  has  been  under 
the  direct  supervision  of  Chief  Chemist  Walter  A.  Sperry. 

Results  with  the  Dortmund  Tank. — As  the  result  of  the 
experiments  with  the  Dortmund  tank,  it  was  determined  that 
57  degrees  was  very  close  to  the  limiting  slope  which  could 
be  used  and  not  allow  lodgment  of  the  sludge  on  the  tank 
bottom.  The  45  degree  slope  was  never  satisfactory  even 
with  squeegeeing  to  bring  the  sludge   to  the  tank  pump. 

If  for  any  reason  sludge  was  allowed  to  accumulate,  or 
was  held  in  the  Dortmund  tank  for  more  than  ten  days  in 
warm  weather,  "tank  boiling"  invariably  occurred.  Masses 
of  sludge  varying  in  size  from  a  teacup  to  a  dish  pan  would 
be  buoyed  upward  through  the  tank  by  entrained  gas.  They 
would  suddenly  appear  at  the  tank  surface,  the  gas  would 
be  released,  the  sludge  mass  break  up — a  part  settling  back 
into  the  tank  and  a  part  passing  out  over  the  weirs  with 
the  effluent.  At  times  the  action  became  very  general  over 
the  surface  of  the  tank.  At  these  times  the  eflluent  and 
tank  efficiency  suffered  severely.  But  the  drawing  of  sludge 
v^ould  generally  relieve  this  situation. 

Considerable  difficulty  was  occasionally  encountered  in 
starting  a  movement  of  sludge  from  the  Dortmund  tank. 
Back-flushing  with  city  water  pressure  through  the  sludge 
outlet    Into    the    tank    was    resorted    to.      This    clogging    or 


sticking  of  the  sludge  in  the  outlet  was  not  due  to  the  char- 
acter of  the  sludge  alone,  but  to  structural  limitations  of 
the  outlet  itself  and  occasionally  to  lodgment  of  foreign  ma- 
terial in  the  outlet. 

During  the  normal  operating  day  the  surface  of  the  tank 
was  clear  at  all  times  and  presented  a  good  appearance  with 
practically  no  odor  whatever. 

During  the  nine  months'  operation  of  the  Dortmund  tank  a 
total  of  105  million  gallons  of  sewage  were  treated  with  an 
average  removal  of  45  per  cent  of  the  suspended  solids. 
Five  hundred  and  eighty-three  cubic  yards  of  sludge  were 
produced  in  the  primary  tank  of  an  estimated  average  mois- 
ture of  93.5  per  cent. 

Description  of  Dorr  Clarifier. — During  April,  1920,  a  Dorr 
sewage  clarifier  was  installed  in  the  former  Dortmund  tank 
and  operated  until  November  last,  when  the  station  was 
closed  down  for  the  winter. 

The  second  set  of  sedimentation  experiments  starting  In 
May,  1920,  were  carried  on  with  a  32-ft.  Dorr  sewage  clarifl^ 
installed  in  the  primary   lank. 

Nearly  three  carloads  of  cinders  were  required  to  fill  the 
sump  of  the  original  tank,  over  which  a  5-in.  concrete  slab 
was  laid  having  the  Dorr  standard  1%-in.  on  12-in.  slope 
toward  the  center.  The  central  sewage  depth  of  the  new 
tank  was  now  a  little  over  14  ft.  with  a  depth  at  the  periphery 
of  the  tank  of  12  ft. 

The  Dorr  apparatus  can  be  briefly  described  as  consisting 
of  a  centrally  located  vertical  shaft  to  the  bottom  of  which 
is  keyed  a  4-way  spider  to  which  radial  arms  are  attached 
conforming  to  the  slope  of  tha  tank  bottom.  A  series  of 
parallel  squeegees  are  set  at  an  angle  of  45  degrees  with  the 
line  of  each  arm.  These  are  so  adjusted  as  to  just  brush 
the  tank  bottom  when  the  mechanism  is  rotated.  The  entire 
mechanism  is  suspended  from  a  superstructure  which  bridges  i 
the  tank.  The  driving  of  the  mechanism  is  accomplished 
by  means  of  worm  and  gear.  The  speed  of  the  installation 
was  3/50  r.p.m.,  and  driven  by  a  2  hp.  motor. 

A  watertight  cylindrical  wall  of  sheet  steel,  4  ft.  in  diaiu 
eter  was  fastened  to,  and   supported  by  the  four  arms.     It    . 
was  symmetrically  located  with  respect  to  the  central  shaft    i 
and  turned  as  a  unit  with  it.     This  original  sludge  well  fur-    | 
nished  by  the  Dorr  Co.  had  a  clearance  of  5  to  6  in.  from    j 
the  tank  bottom  and  extended  to  a  point  about  12  in.  above    i 
the  sewage  surface  in  the  tank.     The  rotation  of  the  arms 
was  designed  to  roll  the  sludge  over  and  over  coming  in  the 
path  of  the  squeegees,  and  finally  bring  it  within  the  central 
sludge  well. 

A  circular,  galvanized  iron  jacket  surrounding  the  sludge 
well  received  the  incoming  raw  sewage  from  the  surface 
inlet  trough.  By  means  of  a  throat  in  the  jacket  converging 
to  within  2  in.  of  the  sludge  well,  a  uniform  distribution  of 
sewage  was  obtained  into  the  tank.  The  jacket  was  station- 
ary and  hung  from  the  superstructure.  It  was  6  ft.  in  di- 
ameter at  the  top  and  6  ft.  deep,  releasing  the  sewage  in  the 
tank  5  ft.  below  the  sewage  surface.  The  effluent  was  drawn 
off  by  a  series  of  V-notch  weirs  set  around  the  periphery  of 
the  tank.  Thus  so  far  as  sedimentation  goes  we  had  a  re- 
modeled Dortmund  tank. 

Operations  of  Clarifier.— Operation  was  commenced  May 
15,  1920.  First  sludge  appeared  in  the  well  on  June  1st,  and 
on  the  2d,  16  cu.  ft.  of  92.6  per  cent  moisture  sludge  was 
removed  from  the  well.  Sludge  was  pumped  every  2  or  3" 
days  until  the  middle  of  June,  when  it  became  so  concen- 
trated that  the  pump  would  not  handle  it.  The  pump  was  a 
2-in.  diaphragm  type  furnished  by  the  Dorr  Co.  Enough 
liquor  was  removed  from  the  well  during  this  period  to 
allow  it  to  re-fill  with  sludge. 

We  wired  the  Dorr  Co.  for  help  on  the  9th,  stating  that  the 
situation  was  getting  beyond  the  control  of  our  equipment, 
and  within  a  few  days  they  had  an  engineer  on  the  job  who, 
jointly  with  the  writer,  devised  and  built  a  mechanical  sludge 
conveyor  system.  The  conveyor  was  driven  from  the  same 
countershaft  which  drove  the  clarifier. 

With  this  apparatus,  sludge  was  removed  from  the  surface 
of  the  well  by  a  chain  of  quart  buckets,  elevating  to  a  tray, 
from  which  the  sludge  slid  into  a  horizontal  flight  conveyor 
running  in  a  wood  trough.  As  the  sludge  approached  the  end 
of  the  trough,  it  dropped  down  an  almost  vertical  chute  into 
a  loading  hopper.  Wheelbarrows  were  loaded  with  this 
sludge,  and  wheeled  to  the  beds,  where  it  was  spread  out  to 
dry.  The  wheelbarrows  were  calibrated  so  that  the  amount 
of  sludge  removed  from  the  tank  could  be  recorded  in  this 
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way.  During  a  period  of  ten  days  in  June,  there  was  no 
movement  of  sludge  into  the  well,  that  portion  of  sludge  at 
the  bottom  and  around  the  entry  to  the  well  took  an  "initial 
set,"  to  use  the  concrete  engineer's  term,  or  concentrated 
to  such  an  extent,  that  after  the  conveyor  was  put  into  oper- 
ation, about  40  cu.  ft.  of  sludge  were  all  that  could  be  with- 
drawn. The  black,  sulphurous  smelling  liquor  remaining 
in  the  well  could  not  be  removed  fast  enough  to  force  more 
sludge  in. 

Pumping  of  sewage  was  accordingly  stopped  and  the  tank 
was  drained  the  first  of  July.  After  removing  most  of  the 
sludge  on  the  tank  bottom  it  was  discovered  that  an  "island 
of  sludge"  had  formed  about  the  well  which  had  been  rotat- 
ing as  a  unit  with  the  mechanism.  The  entry  to  the  sludge 
well  was   practically   plugged. 

During  May  and  June,  24,000,000  gal.  of  sewage  were 
passed  through  the  tank  with  an  average  removal  of  sus- 
pended solids  of  30  per  cent  corresponding  to  an  indicated 
removal  by  settling  solids  determinations  of  94  per  cent. 
A  total  of  1,900  cu.  ft.  of  sludge  were  produced  with  an  esti- 
mated average  moisture  of  87.8  per  cent.  Of  this  amount 
370  cu.  ft.  of  an  average  of  90.2  per  cent  were  actually  re- 
moved at  the  surface  by  pump  or  conveyor. 

In  fairness  to  the  Dorr  clarifier  as  a  sedimentation  device, 
it  must  be  admitted  that  sludge  development  and  not  sedi- 
mentation was  the  object  sought  during  the  entire  6  months' 
run.  As  a  result  there  are  but  few  periods  when  the  tank 
had  a  chance  to  show  what  it  could  really  accomplish.  The 
normal  week  day  tank  efRciency  under  fair  conditions  of 
operation  showed  a  per  cent  removal  of  45  to  .50  per  cent. 

The  lowest  tank  efficiency  generally  occurred  on  Sunday 
when  the  suspended  solids  in  the  crude  sewage  would  fall 
below  those  in  the  effluent  for  more  than  half  of  the  day. 

Changes  in  Sludge  Well. — Mr.  Peck  of  the  Dorr  Co.,  visited 
the  experiment  station  about  the  middle  of  July,  having  been 
previously  notified  of  the  predicament  the  sludge  had  caused 
in  the  sludge  well.  He  conceived  the  idea  of  flaring  out  the 
well  at  the  bottom,  which  was  intended  to  overcome  our 
difficulty  and  accomplish  the  following  ends: 

Increasing  the  area  of  sludge  opening  into  the  well  by 
making  the  opening  equivalent  in  length  to  the  circumfer- 
ence of  a  larger  circle. 

The  storage  and  covering  of  a  greater  volume  of  sludge 
within  the  well  would  make  for  better  conditions  in  the 
outer  sedimentation  compartment,  as  well  as  to  give  greater 
flexibility  in   handling  of  the  sludge. 

The  concentration  of  as  much  evolved  gas  as  possible 
within  the  well.  The  beneficial  action  of  the  gas  in  the  4ft. 
well  had  already  been  noted  both  from  its  buoyant  effects 
on  the  sludge  as  well  as  the  drying  power  it  had  exerted  in 
passing  through  the  upper  layers  of  sludge. 

Accordingly,  the  so-called  "Grand  Rapids"  sludge  well  was 
constructed — a  truncated  cone  of  galvanized  iron  10%  ft. 
high  with  a  bottom  diameter  of  11  ft.  and  an  upper  diameter 
of  4  ft. 

Provision  was  made  at  the  upper  diameter  to  attach  one 
4-ft.  length  of  the  4-ft.  well,  bringing  the  upper  rim  of  the 
composite  well  about  IS  in.  above  the  tank  surface.  The 
change  increased  the  sludge  well  storage  from  1.400  to  .5,000 
gal.,  and  increased  the  area  of  sludge  opening  from  5  in.  x 
12%  ft.  to   9  in.  X  34 Ya   ft. 

Operation  was  resumed  July  30  and  continued  with  but 
two  or  three  shutdowns  until  November  21.  The  first  sludge 
was  removed  from  the  well  on  Aug.  24,  and  amounted  to  47 
cu.  ft.  of  67.5  per  cent  sludge.  This  was  scum  sludge,  re- 
moved for  the  most  part  above  the  water  surface  in  the  tank, 
and  was  the  dryest  that  we  had  obtained.  All  of  the  surface 
sludge  had  been  removed  by  the  31st.  several  feet  of  black 
sludge  liquor  now  appearing  at  the  top  of  the  well.  This 
liquor  was  removed  by  a  4-in.  Goulds  diaphragm  pump  de- 
livering 30-35  gal.  per  minute,  and  returned  to  the  incoming 
sewage.  About  4,500  gal.  of  liquor  were  removed  from  the 
well  at  this  pumping,  which  allowed  the  well  to  completely 
fill  with  sludge  from  the  tank  bottom.  Havoc  was  generally 
played  with  the  tank  effluent  when  this  liquor  or  soft  sludge 
was  returned  to  the  sewage  inlet.  The  effluent  cones  would 
be  darker  than  the  raw  sewage  cones  for  several  hours.  The 
suspended  solids  and  turbidities  also  ran  much  higher  at 
those  times  than  in  the  raw  sewage,  although  the  settling 
solids  readings  were  not  appreciably  affected. 

The  station  was  closed  the  last  of  November,  the  primary 
tank  being  entirely  open  and  exposed  to  the  elements.     The 


approaching  cold  weather  also  made  the  handling  of  the 
sludge  at  the  surface  with  mechanical  apparatus  next  to 
impossible.  For  a  week  or  ten  days  immediately  preceding 
the  shutdown,  vain  efforts  were  made  to  fill  the  well  with 
sludge.  Several  thousand  gallons  of  liquor  were  pumped 
out  of  the  well,  but  it  was  found  by  soundings  that  there 
was  hardly  sufficient  sludge  in  the  tank  to  trap  the  bottom  of 
the  well.  Hence,  it  could  not  be  expected  that  the  well 
would  fill  with  sludge. 

It  is  tentatively  planned  to  reopen  the  station  in  the  spring 
applying  the  clarifier  to  a  still  shallower  tank,  reduce  the 
sludge  opening  into  the  present  \vell,  and  develop  an  under- 
flow sludge  delivery  from  the  bottom  of  the  tank.  The  sew- 
age and  liquor  inlet  to  the  tank  will  also  be  revised. 

During  August  and  September,  the  clarifier  treated  18.5 
million  gallons  of  sewage  with  an  average  removal  of  sus- 
pended solids  of  50  per  cent.  During  the  last  two  months  of 
operation  this  figure  fell  to  24  per  cent.  From  August  to 
November  48.2  million  gallons  of  sewage  were  treated  in  the 
Dorr  Clarifier;  2,311  cu.  ft.  of  sludge  averaging  83.2  per  cent 
moisture  were  produced.  Of  this  amount  933  cu.  ft.  of  79.2 
per  cent  sludge  were  actually  removed  by  conveyor,  the  bal- 
ance remaining  in  the  tank  at  the  end  of  the  run. 

Special  Features  of  Clarifier  Operations. — In  commenting 
on  special  features  of  operation  of  the  clarifier,  probably 
that,  which  for  lack  of  a  better  term,  we  have  called  "pin- 
point boiling"  is  the  most  interesting.  The  surface  of  the 
tank  in  operation  represents  any  quiet  body  of  water  over 
which  fine  particles  of  sand  are  being  sprinkled.  This  is 
caused  by  the  bursting  of  minute  gas  bubbles  at  the  surface. 
This  gas  is  evolved  in  the  sludge  on  the  tank  bottom  and 
released  by  the  periodical  moving  of  squeegee  arms  through 
the   sludge. 

This  is  not  our  theory,  but  has  been  proven  to  be  a  fact, 
for  on  shutting  down  the  mechanism  in  warm  weather,  this 
"pin-point  boiling"  stops  altogether — the  tank  surface  is 
clear  for  8  to  10  hours  while  gas  is  collecting  and  being  re- 
tained in  the  sludge  below.  Finally,  enough  gas  is  entrained 
to  buoy  masses  of  sludge  to  the  surface  where  it  is  released 
— the  action  being  identical  with  "tank-boiling"  experienced 
in  the  former  Dortmund  tank.  On  shutting  down  for  a  few 
days  in  June,  a  6-in.  leathery  scum  of  sludge  formed  over 
the  tank  surface  in  24  hours.  Thus,  the  necessity  of  the 
operation  of  some  kind  of  agitator  in  a  tank  of  the  type  in 
promoting  good  sedimentation  is  clearly  evident. 

Tiny  globules  of  oil  generally  accompany  these  fine  gas 
bubbles  to  the  surface.  It  is  this  iridescent  coloring  of  oil 
on  water,  which  constitutes  the  only  visible  effects  of  this 
action.  One  half  of  the  tank  was  baffled  during  the  last 
three  months  of  operation,  the  oil  being  caught  Just  before 
passing  out  over  the  outlet  weirs.  As  a  result  the  effluent 
from  this  half  of  the  tank  was  greatly  improved  although  the 
appearance  of  the  baffled  half  of  the  tank  was  accordingly 
sacrificed  by  the  collection  of  the  thin  layer  of  scum  retained 
upon  it.  It  could  not  be  proved  that  this  "pin-point  boiling" 
decreased  the  efficiency  of  sedimentation. 

Characteristics  of  the  Sludge. — The  SO  per  cent  sludge  pro- 
duced during  1920  was  a  fairly  stiff  semi-solid  and  dried 
much  less  readily  on  the  beds  than  the  94  per  cent  sludge 
of   1919. 

The  original  Dortmund  tank  went  into  operation  June  30, 
1919.  On  July  25th,  the  first  sludge  was  drawn  from  the 
tank  through  its  sump  outlet  and  delivered  to  a  secondary 
tank. 

Its  tarry  odor,  brownish-black  color,  and  curdy  consistence, 
as  we  have  since  come  to  know  them,  were  at  once  evident. 
Moisture  determination  ran  94  per  cent.  On  .Vug.  7  about 
300  gal.  of  this  sludge  were  allowed  to  run  directly  to  the 
sludge  beds  from  the  primary  tank.  Eighteen  days  later, 
this  same  sludge  was  removed  from  the  beds  in  pieces — a 
matted,  poroiis.  fibrous  cake.  After  a  few  days'  further  dry- 
ing, this  sludge  was  burned  in  piles  on  the  dike  surrounding 
the  beds.  A  fluffy,  reddish  ash  was  left  behind.  This  per- 
formance was  duplicated  many  times  during  the  summer 
and  early  fall  with  the  same  favorable  results.  Contrary 
to  the  behavior  of  most  sludges  which  flssure  vertically  in 
drying,  this  sludge  seemed  to  dry  in  layers,  separating  later- 
ally. Visitors  at  the  station  often  compare  the  appearance 
of  this  sludge  to  that  of  heavy  brown  paper. 

This  very  unusual  behavior  of  a  practically  raw  sewage 
sludge  drying  on  sand  beds  under  all  sorts  of  weather  con- 
ditions  without   nuisance   or   even   appreciable   odor,   caused 
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\is  to  dispense  entirely  with  secondary  tank  digestion  during 
I  lie  past  year.  But  two  of  the  20-ft.  diameter  sludge  digestion 
tanks  were  ever  used  for  this  purpose.  They  were  operated 
on  the  fill  and  draw  principle.  The  same  difficulty  attended 
the  drawing;  of  sludge  from  the  tanks  as  was  experienced  at 
limes  with  the  primary  tank.  Since  there  was  so  little  to  be 
gained  by  the  use  of  secondary  tanks  they  were  abandoned 
with  the  idea  that  we  would  operate  the  station  under  the 
hardest  conceivable  conditions  by  drying  a  primary  tank 
sludge  on  the  sand  beds  and  kick  up  a  nuisance  it  possible! 
Well,   we   failed. 

In  addition  to  the  many  liviiidred  gallons  of  sludge  dried 
on  the  beds,  thousands  of  gallons  have  been  pumped  from 
the  tank  at  times  of  shut  down,  and  allowed  to  drain  to  a 
low  point  150  ft.  south  of  the  station,  forming  a  lagoon. 
Visitors  have  never  noticed  the  presence  of  this  lagoon  by 
reason  of  odors  emanating  from  it. 

Since  we  had  precisely  the  same  sludge  experience  during 
the  past  season  that  we  had  in  1919,  and  one  that  differs  so 
radically  from  that  in  other  cities,  we  have  attempted  to 
explain  the  mystery  by  a  combination  of  circumstances. 

First,  we  have  a  sewage  that  is  comparatively  dilute, 
amounting  to  more  than  twige  the  average  water  consump- 
tion. Thus  the  medium  is  provided  by  which  many  of  the 
finely  divided  organic  solids  can  be  carried  off  in  the  effluent. 

Secondly,  the  presence  of  tarry  oils  has  always  been  no- 
ticed in  the  sludge.  These  are  discharged  in  alleged  small 
amounts  by  the  local  gas  works.  The  antiseptic  action  of 
these  light  oils  has  long  been   recognized. 

Thirdly,  a  large  proportion  of  the  sludge  is  made  up  of 
pulpy  wastes,  discharged  into  the  sewer  by  a  local  paper 
mill.  This  material  is  practically  inert  and  forms  the  fibrous 
mat  which  facilitates  the  drying  and  burning  of  the  sludge. 
Samples  of  this  dry  sludge  had  a  heat  value  of  7,000  B.  T.  U. 

The  ability  of  the  sludge  to  "set  up"  when  it  is  not  period- 
ically agitated  was  again  manifested  about  the  first  of  Oc- 
tober, 1920.  Instead  of  forming  at  the  bottom  of  the  well 
as  before,  several  yards  of  the  sludge  formed  a  huge  plug 
within  the  flare  well,  which  threatened  to  put  us  out  of 
business  for  a  short  time.  Probing  rods,  long  handled  shov- 
els, and  IV^-in.  pipes  lashed  to  the  superstructure  and  ex- 
tending down  into  the  sludge  well  were  used  from  the  sur- 
face of  the  tank  in  an  effort  to  break  up  the  plug,  but  with- 
out  success. 

It  was  broken  up  only  after  decanting  off  the  upper  10  ft. 
of  sewage  in  the  tank,  which  allowed  the  plug  to  drop  down 
within  the  well  where  it  had  a  tendency  to  flatten  out,  spread- 
ing over  the  tank  bottom.  A  1%-in.  hose  stream  now  helped 
in  breaking  up  the  mass.  On  refilling  the  tank  with  sewage, 
the  plug  came  up  again  but  much  smaller  in  size.  This 
was  repeated  three  times  before  the  plug  entirely  disap- 
peared. After  being  broken  up  this  sludge  would  appear  in 
chunks  rather  than  reverting  to  the  homogeneous  viscous 
fluid   from   which  it  formed. 

Conclusions. — In  concluding,  it  must  be  admitted  that  from 
the  Grand  Rapids  standpoint  witli  a  sludge  promising  so 
little  difficulty  to  handle,  the  high  concentration  Is  very  de- 
sirable, especially  where  an  almost  unlimited  space  for 
sludge  beds  can  be  provided.  There  are  130  acres  in  the 
tract  selected  for  the  site  of  the  permanent  plant — fairly 
well  isolated   from  the  city. 

There  are  several  points  still  to  be  settled  before  final 
recommendations  can  be  made.  While  much  depends  on  the 
results  of  next  season's  experiments,  the  Dorr  clarifier,  in 
the  opinion  of  the  writer,  has  great  possibilities.  Compared 
with  the  Dortmund  tank  it  has  given  practically  the  same 
sedimentation  efliciency,  and  delivered  much  more  concen- 
trated sludge  for  at  least  six  months  in  the  year  with  but 
half  the  excavation  required  for  the  Dortmund.  A  strong 
point  for  the  clarifier  is  the  emulsifying  and  concentrating 
effect  imparted  to  the  sludge  by  the  rotation  of  the  mechan- 
ism. Over  against  these  advantages  are  the  greater  depre- 
ciation in  Dorr  superstructure  and  mechanism  and  the  greater 
expert  attention  required  for  the  successful  operation  of  a 
plant  of  this  type. 

Leaks  In  Watermains  Under  Railroad  Tracks. — Several 
leaks  in  watermains  at  New  London.  Conn.,  last  year  oc- 
curred in  places  where  the  pipes  passed  under  railroad 
tracks.  According  to  the  last  annual  report  of  the  Water 
and  Sewer  Commissioner,  the  constant  jar  from  the  trains 
started  the  lead  in  the  joints.  Ball  and  socket  joints  will  be 
installed  at  these  locations. 
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Chemistry  Explained: 
Book 

By  P.  B.  M'DONALD, 

A.s.sislant   I'rofes.'sor  of  EnKli.«h.   College  of  EngincorinB. 

Now  York   t'niversity. 

A  new  book  called  "Creative  Chemistry"  explains  that 
ditlicult  and  multifarious  subject,  chemistry,  as  no  other 
book  has  succeeded  in  doing.  The  many  people  who  have 
wished  for  an  understanding  of  the  most  ubiqtiitous  of  mod- 
ern sciences  can  turn  to  this  .300-page  volume  (published  by 
The  Century  Co.,  3.">3  Fourth  Ave.,  New  York)  and  breathe 
a  sigh  of  thanks  to  Doctor  Edwin  E.  Slosson,  the  talented 
author.  How  any  man  could  know  so  much  about  so  many 
phases  of  chemistry,  and  then  could  explain  it  all  so  clearly 
and  unpedantically  is  a  marvel.  Probably  only  a  man  who 
had  been  a  professor  of  chemistry  and  had  turned  to  editorial 
work  on  an  important  general  periodical  fas  Doctor  Slos- 
son did)  would  have  had  the  proper  training  for  it.  The 
book  does  not  read  like  that  deadliest  of  bores,  a  continual 
series  of  college  lectures  on  chemistry  in  which  terms  are 
defined  and  experiments  described.  It  discusses  vegetal 
oils,  synthetic  rubber  and  plastics,  metals,  sugar,  corn  prod- 
ucts, colors,  perfumes,  fertilizers,  cellulose,  nitrogen,  poison 
gas,  and  the  electric  furnace,  in  a  way  that  makes  a  reader 
believe  he  is  conversing  with  a  brilliant  and  well-informed 
friend.  Seldom  is  there  published  a  book  which  so  well 
achieves  that  difficult  requirement  of  the  best  writing  on  a 
specialized  subject:  that  it  shall  be  interesting  not  only  to 
the  specialist  but  also  to  the  ordinary  reader. 

Even  a  numskull  at  chemistry,  who  cannot  understand 
the  cryptic  diagrams  of  C's  and  H's  that  are  supposed  to 
explain  organic  chemistry,  and  who  is  overawed  by  combina- 
tions like  sodium  ditoIyl-disazo-beta-naphthylamine-6-sulfonic- 
beta-naphthythylamine-3.tl-disulfonate,  can  follow  with  interest 
Doctor  Slosson's  story  of  coal-tar  colors  or  of  the  race  for 
rubber.  Incidentally  he  learns  that  the  formidable  compound 
mentioned  above  is  a  dye  called  Brilliant  Congo  and  that 
the  technical  name  is  its  formula;  synthetic  rubber,  he  also 
learns,  can  be  made  from  potatoes,  turpentine,  sawdust, 
petroleum,  coal  and  lime,  or  a  plant  found  along  the  Mexican 
border,  but  none  of  these  substitutes  is  entirely  satisfactory 
as  yet.  The  book  recounts  the  fascinating  tale  of  the  inven- 
tion of  celluloid  and  bakelite.  How  an  alert-minded  young 
American  printer  named  Hyatt  noticed  that  collodion,  which 
he  tried  putting  on  a  sore  finger,  hardened  when  spilled  on  a 
shelf;  how  he  mixed  guncotton  (the  principal  constituent  of 
collodion)  with  camphor  and  got  a  new  substance — celluloid. 
Now  we  have  celluloid  "ivory"  and  "tortoise  shell"  and 
"horn"  and  even  "amber."  "ebony,"  "onyx,"  and  "alabaster." 
Bakelite,  which  we  see  in  billiard  balls,  lacquer,  pipestems, 
fountain  pens,  noiseless  gears,  etc.,  is  another  synthetic 
plastic.  It  is  non-inflammable  and  has  a  high  electrical  re- 
sistance. 

Other  things  which  the  engineering  reader  learns  are: 
certain  non-corrosive  forms  of  iron  such  as  duriron  contain 
about  15  per  cent  of  silicon;  that  the  new  "stainless"  cutlery 
is  steel  having  12  to  14  per  cent  of  chromium:  that  safes 
and  armor  plate  can  be  cast  from  steel  containing  11  to  41% 
of  manganese  for  this  alloy  is  too  hard  to  be  machined: 
that  some  of  the  new  alloys  for  high-speed  tools  contain 
no  iron  at  all  but  may  be  of  chromium,  cobalt  and  tungsten 
(stellite)  or  of  nickel  and  zirconium  (cooperite) :  that  prom- 
ising alloys  are  made  by  putting  5  to  10  per  cent  of  mangne- 
sium  or  calcium  with  aluminum,  or  a  little  copper,  zinc,  and 
tin   with   aluminum. 

Contractors  who  have  to  feed  large  gangs  of  workmen 
should  read  the  chapter  on  Solidified  Sunshine  and  learn  how 
healthful  are  certain  vegetal  and  animal  fats  such  as  mar- 
garin.  cottolene,  crisco,  and  soy-bean  oil.  The  sugars  and 
corn  products  are  given  a  chapter  each,  and  their  tremendous 
importance  explained  from  a  scientific  point  of  view.  Not 
since  Count  Rumford  of  the  Holy  Roman  Empire,  once  a 
poor  New  England  school  teacher,  reformed  the  dietaries 
of  Munich,  London,  and  Paris,  has  an  American  scientist 
written  so  convincingly  on  food.  Under  the  magic  guidance 
of  this  chemist-editor  the  reader  sees  how  slight  changes 
in  H's  or  C's  in  a  formula  make  alcohol  out  of  sugar,  or 
glucose  out  of  corn,  or  acetic  acid  out  of  alcohol,  and  all 
sorts  of  finished  industrial  products  out  of  sawdust,  coal-tar, 
and  wastes  in  general. 
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Run-Off  from   Underdrained  Land 

and  Action  of  Tile  Drains  on 

Ground  Water  Level 

The  designers  of  tile  drainage  systems  are  confronted  with 
the  fact  that  there  is  very  little  reliable  information  upon 
certain  phases  of  underdrainage  design  and  operation.  To 
what  extent  do  the  character  of  the  80^,  the  rate  of  lower- 
ing of  the  watertable,  the  size,  depth,  spacing  and  grade  of 
the  drains,  the  rate  of  run-off,  the  rate  of  rainfall,  the  climate 
and  the  topography  enter  into  the  successful  working  of  a 
tile  drainage  system?  The  only  way,  apparently,  to  deter- 
mine these  questions  is  to  make  a  study  of  underdrainage 
systems  already  installed  and  to  apply  the  information  ob- 
tained to  the  design  of  systems  in  areas  of  similar  character. 
In  a  paper  presented  Feb.  16  at  the  third  annual  meeting  of 
the  Southern  Section  of  the  American  Society  of  Agricul- 
tural Engineers,  H.  M.  Lynde,  Senior  Drainage  Engineer. 
U.  S.  Bureau  of  Public  Roads,  describes  the  method  used 
and  the  results  obtained  in  tile  drainage  experiments  con- 
ducted on  two  farms  in  Northeastern  North  Carolina.  His 
paper,   practically   in    full,   follows: 

Naturally,  much  of  the  information  used  in  the  design  of 
tile  drainage  systems  has  come  from  the  Middle  West,  which 
is  a  leader  in  this  form  of  agricultural  improvement.  To 
apply,  however,  the  information  gained  in  one  locality  to 
that  of  one  remote  from  it,  without  a  careful  comparison 
of  weather,  topographical  and  soil  conditions,  is  apt  to  lead 
to  wrong  assumptions. 

For  several  years,  in  accordance  with  an  agreement  be- 
tween the  U.  S.  Department  of  Agriculture  and  the  North 
Carolina  Department  of  Agriculture,  the  Federal  Depart- 
ment has  maintained  in  North  Carolina,  a  drainage  engineer 
who  is  assisted  by  an  engineer  provided  by  the  State  De- 
partment, for  the  purpose  of  promoting  the  practice  of  farm 
drainage  in  that  state.  The  work  is  both  research  and  ex- 
tension and  covers  all  phases  of  agricultural  drainage.  Under- 
drainage has  not  been  practiced  to  a  large  extent  in  that 
and  other  sections  of  the  South,  and  there  is  great  need  and 
opportunity  for  experimental  data  on  the  subject,  in  antici- 
pation of  the  time  when  tile  drainage  construction  is  bound 
to  reach  what  may  be  termed  the  "popular  stage,"  which 
now  exists  in  the  Middle  West.  It  will  probably  be  a  long 
time  before  district  land  drainage  by  tile  will  be  adopted, 
but  many  individual  landowners  are  beginning  to  practice 
underdrainage. 

The  experiments  were  conducted  on  two  farms  in  Northeast- 
ern North  Carolina,  for  areas  of  52,  23,  12.  10  and  7  acres,  re- 
spectively, thoroughly  drained  by  paral)/pl  laterals.  The 
records  from  which  the  data  were  compiled  and  studied 
were  kept  by  paid  and  careful  resident  observers,  were  con- 
tinuous and  cover  considerable  periods  of  time.  On  one 
farm,  the  records  cover  a  period  of  three  years,  the  work 
being  discontinued  about  a  year  ago.  On  the  second  farm,, 
records  have  been  kept  for  20  months  and  the  work  is  still 
in  progress.  The  drainage  systems  on  both  farms  were  de- 
signed and  installed  under  the  direction  of  the  above  men- 
tioned engineers  and  are  situated  on  the  comparatively  level 
land  of  the  Atlantic  Coastal  Plain.  Other  farms  are  being 
studied,  but  the  work  has  not  progressed  far  enough  to 
present  the  data  at  this  time. 

Climatic  Conditions.— The  U.  S.  Weather  Bureau  reports 
summarize  the  climatic  conditions  of  Northeastern  North 
Carolina  as  follows: 

The  mean  annual  precipitation  is  about  ^1  in.,  the  largest 
monthly  amounts  occuring  in  August  and  the  least  in  Novem- 
ber. The  season  of  heaviest  precipitation  is  summer  with 
about  17.00  in.,  while  the  least  is  autumn,  with  about  10.50 
in.  The  precipitation  during  winter  averages  11.50  in.,  and 
j  during  spring  is  about  12.75  in.  The  snowfall  is  unimportant 
I  and  the  rivers  very  seldom  freeze  over.  The  average  num- 
ber of  rainy  days  is  about  100  a  year,  the  greatest  number 
occurring  in  June.  July  and  August,  and  the  least  in  Novem- 
ber. 

Soil   and    Other    Conditions. — The    soils   on    the   two   farms 
were    very    different   in   character,   but   each   farm    is   repre- 
sentative of  a  considerable  area  in  the  state.     One  farm  rep- 
resents   conditions   common   to  many   of  the  second   bottom 
!  lands  along  the  rivers  in  the  easte.rn  part  of  the  state.     These 
;  soils   are    known   as    second    terrace   deposits,   and   are    non- 


homogeneous  and  extremely  variable  in  texture  and  mottled, 
beneath  the  surface.  On  the  particular  farm  under  investiga- 
tion, in  an  area  of  200  acres.  12  different  soil  types  were  iden- 
tified, classified  as  loams,  sandy  loams,  coarse  sandy  loams, 
fine  sandy  loams,  clay  loams,  coarse  loamy  sands,  coarse 
sands,  and  very  coarse  sands,  of  the  four  soil  series  known 
as  Kalmia,  Cahaba,  Myatt,  and  Okanee.  The  surface  color 
is  generally  gray  to  brownish,  with  subsoils  of  mottled  gray, 
yellow,  red  and  brown  sandy  clays  and  clays.  The  textures 
vary  in  short  distances;  in  many  instances,  only  10  ft.  sep- 
arate one  kind  of  soil  from  another  extremely  different. 

The  drains  are  laid  on  a  minimum  grade  of  0.20  per  cent 
f2%  in.  fall  to  100  ft.).  The  average  depth  is  3  ft.,  with  a 
spacing  of  60  ft.  for  laterals  on  one  part  of  the  tract,  and 
100  ft.  on  another.  The  joints  between  tile  are  unprotected 
against  the  entrance  of  silt.  Two  systems,  draining  52  and 
23  acres,   were   studied  on  this   farm. 

The  soil  on  the  second  farm  is  Norfolk  fine  sandy  loam 
bordering  on  Portsmouth  fine  sandy  loam,  and  consists  of 
a  gray  fine  sandy  loam  topsoil  about  12  in.  deep,  underlaid 
by  a  yellow  fine  sandy  clay.  It  is  homogeneous  in  texture. 
The  minimum  grade  of  the  drains  is  0.20  per  cent,  but  most 
of  the  grades  exceed  0.30  per  cent  (3%  in.  fall  to  100  ft.). 
The  tile  were  covered  with  a  layer  of  pine  straw  before  back- 
filling. Three  systems,  draining  12,  10  and  7  acres,  respec- 
tively,  were   investigated  on   this  farm. 

The  Experiments. — The  purpose  of  the  experiments  was  to 
determine: 

(1)  Amount  of  run-ofi  from  underdrained  land. 

(2)  Relation  of  run-off  to  rainfall. 

(3)  Action  of  tile  drains  in  lowering  the  ground  water 
level. 

The  run-off  or  discharge  was  measured  by  90'  triangular 
weirs  installed  in  weir  boxes  at  the  outlets  to  each  drainage 
system.  Continuous  records  of  the  heads  on  the  weirs  were 
obtained  by  automatic  water  register  clocks,  fitted  with 
seven-day  charts.  On  the  two  farms,  the  five  drainage  units 
studied  have  separate  outlets  practically  free  at  all  times. 

Daily  rainfall  records  were  obtained  each  morning  for  the 
preceding  24  hours  by  standard  U.  S.  Weather  Bureau  rain 
gages,  located  near  the  centers  of  the  tracts. 

The  groundwater  level  was  determined  by  measuring  the 
water  level  in  observation  wells  installed  at  and  between 
the  tile  in  lines  at  right  angles  to  the  direction  of  flow  in 
the  drains.  On  the  farm  with  a  non-homogeneous  soil,  two 
lines  of  wells  were  also  installed  parallel  with  the  drains,  the 
purpose  of  which  will  be  brought  out  later.  In  all,  152  wells 
were  installed  on  this  farm,  while  the  farm  with  a 
homogeneous  soil  had  110  wells.  The  wells  were  30  ft.  apart 
where  the  lateral  spacing  was  60  ft.,  and  25  ft.  where  the 
spacing  was  100  ft.  In  order  to  determine  the  shape  of  the 
profiles,  some  of  the  wells  were  spaced  10  ft.  apart  for  short 
stretches.  The  distances  from  the  top  of  the  wells  (the  ele- 
vations of  which  had  previously  been  determined)  were 
measured  each  day  for  several  days  after  a  storm  and  two 
or  three  times  a  week  during  dry  periods  between  storms. 

Tables  were  prepared  giving  the  discharges  for  different 
heads  on  the  weirs  reduced  to  inches  in  depth  per  24  hours 
tor  each  of  the  five  drainage  units.  The  discharges  were 
obtained  by  scaling  the  heads  on  the  weirs  from  the  water 
register  charts.  The  heads  for  each  2-hour  period  (into 
which  the  chart  was  divided)  were  scaled  and  added  to- 
gether, and  the  sum  divided  by  12,  thus  giving  the  main 
head  for  the  day.  From  the  tables,  just  mentioned,  the  dis- 
charge corresponding  to  this  head  was  obtained.  This  dis- 
charge represented  very  closely  the  discharge  for  the  day, 
except  on  days  when  the  fluctuation  in  the  head  was  large. 
On  such  days,  the  discharge  was  obtained  by  adding  together 
the  discharges  for  each  two-hour  period.  The  discharges 
were  computed  for  the  .24-hour  period  8  a.  m.  to  S  a.  m.,  in 
order  to  conform  with  the  rainfall  measurements. 

The  relations  of  the  daily  run-off  to  the  daily  rainfall  were 
shown  graphically  on  charts  covering  a  period  of  one  cal- 
endar year  divided  into  months  and  days.  The  ground  water 
profiles  for  several  storm  periods  were  plotted  on  profile 
paper.  The  object  was  to  show  the  position  of  the  ground 
water  at  its  highest  and  lowest  positions,  and  as  many  in- 
termediate ones   as  could  be  shown  distinctly. 

Results  Obtained. — Some  interesting  results  were  obtained. 
The  experiments  are  still  in  progress  on  one  of  the  farms, 
but  onou.gh  data  have  been  compiled  and  studied  to  show  the 
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trend  oi  the  results.  Additional  data  will  probably  only 
strengthen  the  preliminary  conclusions  arrived  at. 

Groundwater  Profiles.— Since  the  effect  of  the  tile  drains 
in  lowering  the  groundwater  level  after  storms  is  really  the 
determining  factor  in  the  success  of  any  underdrainage  sys- 
tem, this  phase  of  the  experimental  work  will  be  discussed 
first,  followed  by  a  discussion  of  the  rainfall  and  run-off. 

Non-Homogeneous  Soils. — During  the  three  years  that  the 
experiments  on  the  non-homogeneous  second  bottom  land 
soils  were  being  conducted,  there  were  11  storm  periods 
which  justified  study,  four  in  1017.  three  in  1918,  and  four 
in  191!i.  The  noticeable  feature  of  the  water  profiles  in  these 
soils  is  their  marked  irregularity  due  to  the  variableness  of 
the  soil.     Attention  is  called  to  Fig.  1,  which  is  a  short  sec- 


'P 


Fig.    1 — Typical    Groundwater   Profiles   Across   Tile    Drains    in    Non 
Homogeneous  Second   Bottom   Land  Soils,   North   Carolina. 

tion  typical  of  the  profiles  at  right  angles  to  the  lines  of 
tile.  At  first  glance,  it  does  not  seem  to  indicate  much  of 
value,  except  that  the  watertable  rises  and  falls  under  the 
influence  of  the  rainfall.  The  curves  certainly  do  not  re- 
resemble  the  generally  accepted  shape  for  curves  of  this 
kind.  It  is  impossible  to  draw  any  definite  conclusions  from 
them,  because  the  water  level  fluctuated  so  irregularly. 

Figure  t  represents  a  short  section  typical  of  the  ground- 
water profiles  parallel  with  the  drains.  In  a  soil  of  uniform 
texture,  it  is  to  be  expected  that  these  profiles  would  be 
straight  lines.  As  is  apparent,  however.  Fig.  2  does  not  dif- 
fer materially  in  appearance  from  Fig.  1.  The  irregularity 
of  the  profiles  and  the  similarity  of  Figs.  1  and  2  indicate 
that  the  soil  texture  varies  considerably  in  short  stretches, 
and    that    groundwater  profiles  in  soils  of  this  character  are 


Fig.  2 — Typical   Groundwater   Profiles   Parallel   With   Tile   Drains   in 
Non-Homogeneous  Second    Bottom    Land   Soils,    North   Carolina. 


date,  20  months.  During  the  first  year  ending  June  30,  1920, 
the  groundwater  profiles  were  plotted  for  seven  storm  pe- 
riods. Figure  .3  represents  a  short  section  typical  of  profiles 
in  these  soils, 'which  are  open  and  of  uniform  texture.  A 
study  of  all  the  profiles  plotted  indicates  that  within  24  hours 
after  the  soil  is  saturated  to  the  surface  between  drains,  the 
water  will  have  fallen  from  fi  to  12  in.  and  that  it  takes 
from  4  to  .5  days  for  the  watertable  to  sink  level  with  the 
drains.  It  is  thus  seen  that  the  crops  have  a  chance  to  re- 
cuperate from  the  effects  of  one  storm  before  another  occurs. 
The  soil  is  sufficiently  open  so  that  the  degree  of  drainage 
desired  can  be  regulated  by  the  spacing  and  depth  of  the 
laterals,  as  indicated  by  the  V-shaped  space,  directly  over 
the  drains.  The  watertable  has  seldom  risen  more  than  a 
foot  directly  over  the  tile.  Although  it  has  reached  the 
surface  midway  between  drains  in  several  instances,  It  has 
receded  quickly  from  this  position. 

A  study  of  the  average  of  all  the  highest  groundwater 
levels  obtained  to  date  indicates  that  no  water  appeared  on 
the  surface  for  a  distance  of  about  20  ft.  on  each  side  of  the 
drains.  This  would  seem  to  indicate  that  if  the  drains  had 
been  spaced  40  to  50  ft.  apart,  at  a  depth  of  3  ft.,  water  would 
seldom  rise  to  the  surface  between  drains.  On  the  other 
hand,  if  the  drains  were  placed  5  ft.  deep  and  100  ft.  apart, 
water  would  likewise  seldom  reach  the  surface,  assuming,  o( 
course,  that  the  soil  texture  remains  the  same.  Reasoning 
along  the  same  line,  it  seems  probable  that  if  the  drains 
were  spaced  125  ft.  at  a  depth  of  3%  ft.,  or  135  ft.  at  a  depth 
of  4  ft.,  drainage  equal  to  that  of  the  present  arrangement 
could  be  obtained. 

Rainfall:  During  the  three  years  the  experiments  were 
conducted    on    the   first   farm,    1917   through   1919.   the   daily 
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unreliable  for  determining  the  average  level  of  the  ground- 
water or  the  correct  depth  and  spacing  for  laterals. 

Some  parts  of  the  tract  are  drained  w-ell,  others  apparently 
are  not,  because  the  water  yielding  capacity  of  the  soil  is 
deficient.  To  the  speaker,  these  profiles  indicate  that  the 
texture  of  the  soil  is  the  controlling  factor  in  the  efficiency 
of  any  underdrainage  system. 

Homogeneous  Soils. — On  the  second  farm,  with  homoge- 
neous Norfolk  and  Portsmouth  fine  sandy  loams,  the  data 
have  been  compiled  and  studied  for  a  period  covering  only 
■  bne  year,  although  the  experiments  have  been  in  progress  to 
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Fig.   3 — Typical   Groundwater   Profile  Across  Tile   Drains   in    Norfolk 
and    Portsmouth    Fine   Sandy   Loam   Soil,    North   Carolina. 

rainfall  was  1  in.  or  over  on  35  days,  2  in.  or  over  on  5  days, 
3  in.  or  over  on  one  day,  and  4  in.  or  over  on  one  day.  The 
maximum  daily  rainfall  recorded  was  4.50  In. 

On  the  second  farm,  for  the  approximately  one  year  that 
the  data  have  been  compiled,  the  daily  rainfall  was  1  in.  or 
over  on  IS  days,  2  in.  or  over  on  5  days  and  almost  3  in.  on 
one  day.     The  summer  of  1919   was  exceptionally  wet. 

Run-off;  The  topography  of  both  farms  is  comparatively 
flat  and  the  tile  systems  are  not  called  upon  to  take  care  of 
any  outside  water.  There  probably  is  very  little  surface 
run-off  so  that  practically  all  the  rainfall  passes  off  through 
the  underdrainage  systems.  There  are  some  breaks  in  the 
run-off  records  due  to  the  fact  that  the  automatic  water 
register  clocks  occasionally  got  out  of  order,  but  it  is  be- 
lieved that  little  data  of  value  were  lost  from  this  cause. 

Non-Homogeneous  Soils:  Taking  the  drainage  unit  on 
the  farm  with  non-homogeneous  soils  which  recorded  the 
largest  discharges,  an  analysis  for  the  three  years  shows 
that  the  daily  run-off  was  %  in.  in  depth  or  more  on  12  days. 
%  in.  or  more  on  4  days,  and  i-i  in.  or  more  on  2  days.  It  is 
thus  seen  that  the  daily  run-off  exceeded  Vi  in.  on  an  aver- 
age of  only  4  days  in  a  year.  Allowing  for  brakes  in  the 
records,  it  is  believed  that  it  is  safe  to  say  the  daily  run-olt 
never  exceeded  %  In.  on  an  average  of  more  than  6  days  a 
year. 

There  were  some  peaks  or  flood  run-offs  at  greater  rates 
than  the  daily  run-offs,  but  these  lasted  for  only  an  hour  or 
two,  when  there  would  be  a  sudden  drop.  In  three  instances, 
these  peak  rates  exceeded  '^\  in.  The  increase  and  decrease 
in  the  run-off  was  very  rapid  during  and  after  a  heavy  storm. 
The   flow   often  rose  from  a   minimum  to  a   maximum  in  a 
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period  o£  two  hours'  time  or  less,  but  fell  somewhat  slower, 
although  usually  within  24  hours  after  reaching  the  maxi- 
mum. The  maximum  was  reached  some  hours  after  the  rain 
began.  Large  runoffs  occurred  at  all  seasons  of  the  year 
and  for  rains  of  all  intensities.  The  tile  systems  never  ran 
dry.  due  undoubtedly  to  seepage  water  in  the  soil  from  ad- 
joining high  land. 

Homogeneous  Soils:  On  the  second  farm,  the  records  for 
the  first  year  indicate  for  the  drainage  unit  giving  the  largest 
discharges,  a  daily  run-off  of  14  in.  or  over  on  23  days,  % 
in.  or  over  on  12  days,  and  %  in.  or  over  on  S  days.  The 
drainage  systems  on  this  farm  are  dry  for  long  periods  at  a 
time,  and  sometimes  rains  as  large  as  1  in.  caused  no  flow. 
The  summer  of  1919,  as  previously  mentioned,  was  extremely 
wet,  and  during  one  protracted  storm  period,  when  during 
8  days  8.74  in.  of  rain  fell,  the  run-off  exceeded  %  in.  on  8 
days  in  succession,  %  in.  on  3  days  and  %  in.  on  2  days. 
About  every  three  or  four  years,  eastern  North  Carolina  ex- 
periences a  wet  summer  and  1919  was  one  of  these  years. 

Studying  the  discharge  records  of  both,  farms  in  conjunc- 
tion with  the  groundwater  profiles,  it  appears  that  the  rate 
of  run-off  is  but  a  measure  of  the  rate  at  which  the  water 
moves  through  the  soil  to  the  drain.  An  interesting  study 
would  have  been  to  compare  the  number  of  days  on  which 
a  run-off  rate  of  %  in.  was  exceeded  on  the  two  kinds  of 
soils,  for  the  same  period  of  time,  when  all  conditions  were 
nearly  similar,  except  the  soil.  By  this  means,  the  efficien- 
cies of  the  drainage  systems  on  both  farms  might  be  com- 
pared. If,  for  instance,  the  run-off  exceeded  y^  in.  on  a  cer- 
tain number  of  days  on  the  open  textured  soils,  and  a  cer- 
tain number  of  days  (probably  less)  on  the  stiffer  soils,  and 
the  drainage  of  the  open  soils  be  assumed  as  100  per  cent 
efficient,  then  the  per  cent  of  efficiency  of  the  other  soils 
might  have  been  approximately  determined.  Such  a  com- 
parison was  impossible,  however,  for  the  only  time  such  a 
comparison  could  have  been  made  was  during  the  wet  sum- 
mer of  1919,  and  the  weirs  on  one  of  the  farms  were  sub- 
merged part  of  the  time. 

As  distinguished  from  the  farm  with  a  non-homogeneous 
soil,  there  were  no  extreme  fluctuations  in  the  discharges 
on  the  farm  with  an  open  homogeneous  soil,  and  there  were 
no  peaks.  Although  the  discharge  increases  very  rapidly 
after  a  heavy  rain  to  a  maximum,  it  usually  falls  rather 
gradually  at  the  end  of  the  storm. 

On  both  farms,  the  discharges  for  a  few  hours  at  a  time 
were  apparently  larger  than  the  calculated  capacities  of 
the  tile  mains  (which  were  designed  for  a  %-in.  run-off  using 
the  Chezy-Kutter  formula  with  n  =  0.015). 

Relation  of  Run-Off  to  Rainfall. — There  seems  to  be  no  re- 
lation between  the  character  of  the  storm  and  the  run-off. 
The  amount  of  rainfall  rather  than  its  intensity  seems  to 
be  the  determining  factor  in  the  amount  of  run-off.  A  thun- 
derstorm will  show  an  increase  in  discharge  just  as  much 
as  a  rain  covering  a  period  of  several  hours,  as  near  as 
could  be  determined.  Many  of  the  summer  rains  in  North 
Carolina  are  thunderstorms  and  some  of  the  largest  run-offs 
were  due  to  them. 

Interpretation  of  Results. — Just  how  may  the  results  be 
interpreted?  Can  any  clean-cut  or  deflnite  conclusions  be 
drawn  from  them  or  is  there  danger  in  attempting  to  do  so? 
In  any  set  of  data  such  as  have  been  presented,  certain  rela- 
tionships are  bound  to  be  obscured,  and  the  conclusions 
arrived  at  can  only  be  very  general  in  character.  In  order 
to  apply  the  results,  it  must  first  be  decided  in  the  experi- 
menter's mind,  whether  the  drainage  systems  are  perform- 
ing their  functions  well.  The  writer  believes  that  they  are 
so  far  as  the  engineering  features  are  concerned,  but  no 
drainage  system  can  carry  off  the  water  faster  than  the  soil 
will  deliver  it  to  the  drains.  On  both  farms  the  drains  appear 
to  be  able  to  handle  the  water  as  fast  as  it  is  received 
There  is  some  question  in  the  writer's  mind  whether  the  non- 
homogeneous  soils  are  of  a  sufficient  water-yielding  capacity 
to  obtain  the  best  results  from  underdrainage,  although  there 
is  no  doubt  but  that  conditions  have  been  greatly  improved 
by  its  installation. 

The  results,  as  the  writer  sees  them,  may  be  briefly  sum- 
marized as  follows,  bearing  in  mind  that  they  can  only  safely 
be  applied  to  areas  where  soil  conditions,  topography,  rain- 
fall and  climate  are  similar: 

(1)  The  texture  of  the  soil  is  the  controlling  faclor  in  the 
efficiency  of  underdrainage. 

(2)  In    non-homogeneous    soils,    the   spacing   and   depth    of 


drains  should  be  such  as  to  suit  average  soil  conditions  as 
near  as  they  can  be  ascertained,  consistent  with  economy. 

(3)  In  general,  in  non-homogeneous  soils,  laterals  should  be 
arranged  in  parallel,  straight  lines  at  equal  distances  apart 
and  at  the  same  average  depth.  For  North  Carolina  second 
bottom  lands  of  this  character,  a  minimum  spacing  of  60 
It.  and  maximum  depth  of  3  ft.  are  recommended.  It  is  not 
believed  that  the  additional  benefits  to  be  derived  from 
spacing  them  closer  or  deeper  than  these  figures,  will  justify 
the  cost. 

(4)  For  Norfolk  and  Portsmouth  fine  sandy  loam  soils, 
with  a  surface  slope  exceeding  3  in.  to  the  100,  a  spacing  of 
125  ft.  and  an  average  depth  of  3i^  ft.  are  recommended  for 
laterals.  On  slopes  flatter  than  this,  a  spacing  of  100  ft. 
and  a  depth  of  3  ft.  are  recommended  on  account  of  the 
possible   existence  of   basins  and   no  surface   run-off. 

(5)  The  economic  rate  of  run-off  to  be  adopted  in  the  de- 
sign of  underdrainage  systems  on  areas  similar  to  those  in- 
vestigated, appears  to  be  14  in.  per  24  hours  if  the  Chezy- 
Kutter  formula  with  n  :=  0.015  is  used.  This  was  the  factor 
used  in  the  design,  and  there  seems  no  reason  for  increasing 
it,  since  the  crops  on  the  open-textured  soil  did  not  sufifer 
injury  and  the  surface  water  was  removed  quite  quickly. 
Possibly  for  Norfolk  and  Portsmouth  fine  sandy  loams  with 
extremely  flat  topography,  it  may  be  advisable  to  provide 
for  a  %-in.  run-off,  if  the  laterals  are  spaced  closer  than 
100  ft. 

(6)  The  grades  of  the  drains  on  the  two  experimental 
tracts  are  0.20  per  cent  or  greater  and  are  self-cleaning.  Ob- 
servations on  tracts  with  similar  soils  where  the  grades  are 
less  than  0.20  per  cent,  appear  to  indicate  that  there  Is  dan- 
ger of  silting  in  the  smaller  tile,  unless  the  joints  are  pro- 
tected, which  may  be  done  by  wrapping  with  strips  of  build- 
ing paper  and  covering  with  pine  straw. 


Engineering  Advice  on  the  Income  Tax 

The  problem  of  figuring  income  tax  returns  for  some  of 
the  large  business  houses  is  a  matter  of  such  technical  in- 
tricacies, and  involving  such  large  sums  of  money,  that  it  is 
of  necessity  given  over  into  the  hands  of  experts  who  prepare 
a  report  on  the  subject  much  as  a  lawyer  prepares  a  brief. 
Usually  these  experts  are  specialists  in  accounting,  or  are 
lawyers  who  have  focused  their  attention  on  this  branch 
of  law.  There  is  a  branch  of  this  work  which  is  distinctly 
the  province  of  the  engineer,  however.  Especially  in  cases 
where  the  element  of  depreciation  enters  in  and  a  diminishing 
value  of  the  property  may  affect  the  basis  upon  which  the 
tax  Is  figured,  the  questions  involved  are  essentially  those 
entering  into  valuation  for  other  purposes  than  taxation. 
The  possible  savings  or  rebates  upon  past  payments  some- 
times involve  large  sums  of  money,  and  are  well  worth  the 
employment  of  an  expert  whose  report,  made  upon  an  en- 
gineering basis,  will  have  weight  with  the  government  de- 
partment. There  are,  of  course,  economic  problems  which 
must  be  analyzed,  just  as  there  are  such  considerations  in 
rate  cases  and  other  questions  upon  which  an  engineer  must 
pass — and  there  are  engineers  whose  special  knowledge  along 
these  lines  particularly  fits  them  for  this  work.  This  a  new 
field  which  has  not  yet  been  entered  by  the  engineering  pro- 
fession, but  one  in  which  the  engineer  will  find  a  legitimate 
and  growing  opportunity. — Editorial  in  the  Journal  of  Elec- 
tricity and  Western  Industry. 


Rainfall    Records    at    Providence    and    Pawtucket,    R. 
Precipitation   figures   as   measured    in   Providence   and 
tucket,  R.  I.,  are  given  as  follows  in  the  recently  issued 
report    of    the    Waterworks    Department    of   the    latter 
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Some  Observations  Concerning 
Water  Power 

By   J.   W.   LEDOITX, 
Consulting  Enijini-  t.  Plill:uli-I|iliia.   Pa. 

High  prices  and  the  great  diflkiilty  of  obtaining  fuel  within 
the  past  two  years  have  awakened  many  minds  to  the  vital 
importance  ot  the  great  subject  of  pdwer  production.  It 
must  be  seen  that  it  is  only  a  question  of  a  few  generations 
when  all  the  coal  will  be  exhausted,  as  vividly  described  in 
Jules  Verne's  novel.  "The  Black  Indies."  It  is  probable  in- 
ventors will  find  an  adequate  substitute  long  before  the  coal 
is  gone.  The  problem  is  simply  to  discover  a  means  by 
which  the  sun's  heat  is  caught  and  stored  in  available  form 
to  be  used  as"  needed.  The  only  practical  method  at  present 
known  whereby  this  is  accomplished  is  in  the  organic  cellular 
growth  of  carbon  and  hydrogen  transformed  from  the  inor- 
ganic carbonates,  heat  being  .stored  during  the  process.  Car- 
bon is  the  main  constituent  of  all  vegetable  growth,  which 
can  be  burned  to  give  off  its  beat  to  produce  power  in  a  more 
or  less  efficient  manner.  Vegetable  matter  will  store  this 
heat  forever  unless  it  is  burned  or  decomposed  by  chemical 
or  bacterial  action. 

In  the  formation  of  coal  the  deep  beds  of  vegetable  mat- 
ter, beginning  as  we  see  now  in  dense  swamps,  were  finally 
compressed  successively  into  peat  and  coal,  thus  driving 
off  the  air  and  moisture,  which  form  such  a  large  propor- 
tion of  the  weight  of  vegetable  growths,  such  as  wood. 

This  is  nature's  slow  process,  but  some  time  it  may  be 
discovered  that  a  plant  can  be  grown  in  one  season  in  a 
sunlight  region,  and  store  sufficient  heat  from  the  sun's  rays 
to  supply  the  world's  power  requirements.  However,  this  is 
speculative. 

I.iast  .July  an  act  was  passed  in  Congress  making  an  ap- 
propriation of  $12.5,000  for  a  superpower  survey,  of  which 
$92,000  was  to  be  devoted  to  what  is  known  as  the  Boston- 
Washington  Zone.  This  survey  contemplated  the  produc- 
tion of  power  in  large  plants  located  at  favorable  places, 
such  as  at  the  coal  mines.  Power  would  be  transmitted  to 
the  various  distributing  points  by  electricity. 

The  survey  was  also  to  study  the  possibilities  of  water 
power  development  and  determine  suitable  locations  for 
dams  on  the  various  streams  and  rivers  for  the  zones  under 
consideration. 

It  is  popularly  believed  that  due  to  lack  of  foresight,  there 
are  permitted  to  go  to  waste  many  valuable  water  powers, 
which  could  be  easily  developed  and  save  practically  all  the 
coal  now  used  for  power  purposes.  While  there  is  a  modi- 
cum of  truth  in  this  belief,  the  problem  is  not  by  any  means 
as  easy  as  it  appears  for  several  reasons.  Most  powers  of 
consequence  can  be  developed  only  at  high  cost.  The  power 
market  has  to  he  favorably  distributed  and  within  a  reason- 
able distance  from  the  development.  Few  individuals  have 
the  means  for  floating  propositions  of  that  magnitude,  and 
therefore  the  aid  of  banking  corporations  and  other  capital 
controlling  concerns  must  be  solicited.  Such  concerns  know, 
or  are  in  a  position  to  learn,  of  the  many  sad  financial  ven- 
tures that  have  been  floated  in  recent  years,  and  therefore 
refuse  to  consider  a  proposition  unless  the  conditions  are 
extraordinarly  favorable  to  the  underwriter.  Knowing  these 
difficulties  and  the  sensitiveness  of  capital,  many  promoters, 
especially  those  who  are  not  over  scrupulous,  prepare  glow- 
ing prospectuses  full  of  exacgeration  and  misstatement,  and 
employ  men  with  literary  ability  and  enough  technical  knowl- 
,edge  to  write  good  looking  and  favorable  reports  to  accom- 
pany the  prospectuses:  so  therefore  when  an  unbiased  re- 
port by  an  engineer  of  experience  is  presented,  the  average 
investor  draws  the  conclusion  by  comparison  that  the  project 
is  not  a  good  one.  "The  public  likes  to  be  humbugged,"  and 
many  of  these  prospectu.ses  and  reports  are  based  on  that 
idea.     The  effect  is  to  throw  suspicion  on  good  propositions. 

But  even  at  best  there  are  drawbacks  and  difficulties  to 
overcome,  which  can  be  appreciated  by  comparing  a  hydro- 
electric power  proposition  with  one  of  the  same  magnitude 
and  location  based  on  steam  power.  With  a  steam  plant 
there  is  only  one  serious  difficulty;  that  is,  the  market  and 
the  load  factor,  which,  of  course,  applies  to  the  hydroelec- 
tric plant. 

Having  determined  the  amount  of  power,  the  maximum 
and  average  demands,  the  engineer  has  a  choice  of  a  large 
number  ot  first-class  firms  who  are  expert  engineers  on  their 


own  equipment,  and  who  arc  Elad  to  give  essential  assist- 
ance to  the  designing  engiinf-r.  The  building,  foundations, 
coal  handling  and  storage,  ash  removal,  heating,  ventilation, 
|)ole  line  design  and  construction  are  all  matters  of  well- 
known  or  easily  determined  detail.  Even  the  location  of  the 
power  plant  is  not  difficult  to  determine,  because  if  the  con- 
ditions are  not  satisfactory  at  one  place,  another  site  can  be 
selected,  and  the  conditions  governing  the  location  are  capa- 
ble of  determination  by  the  exercise  of  ordinary  intelli- 
gence. 

But  a  hydroelectric  plant  is  entirely  different.  The  engi- 
neer is  confronted  with  all  the  difficulties  of  the  steam  plant, 
which  may  therefore  be  eliminated  from  the  comparison. 
Then  we  have  those  peculiar  to  the  hydro-electric  plant: 
How  much  w'ater  can  be  depended  upon?  The  reliable  an- 
swer to  this  involves  a  profound  study  of  capricious  nature 
and  above  all  many  years  of  experience,  so  as  to  know  how 
much  reliance  can  be  placed  upon  published  data,  which  for 
many  reasons  may  be  unreliable. 

Even  the  law  of  probabilities  is  deemed  by  some  engineers 
to  warrant  consideration  in  respect  to  the  probability  and 
duration  of  both  maximum  and  minimum  flows.  The  location 
of  the  dam  is  a  matter  of  great  importance,  and  the  geological 
conditions  have  to  be  studied;  the  comparison  ot  which  is 
best:  a  long  head  race  or  a  long  tail  race,  or  whether  either 
of  these  should  be  in  tunnel,  or  open  conduit;  character  of 
dam,  character  of  spillway,  danger  of  ice,  back-water  condi- 
tions and  property  damage,  amount  of  storage  necessary 
and  the  consequent  yield  of  water,  the  character  of  instal 
lation  wheels,  and  the  means  of  driving  the  dynamos,  loca 
tion  of  racks,  head  gates,  necessity  for  surge  tanks  and  their 
design,  the  consideration  of  the  number  and  size  of  power 
units,  the  economical  aspect  of  an  auxiliary  steam  plant,  the 
comparison  of  a  hydroelectric  plant  -with  the  most  efficient 
heat  plant  that  can  be  designed.  All  these  and  many  other 
important  questions  must  have  consideration. 

Let  us  take,  for  example,  a  water  power  on  a  steam  hav 
ing  2.000  square  miles  water-shed,  on  which  there  is  an  avail- 
able head  of  2.5  ft.:  the  first  question  to  decide  is  how  much 
water  is  available  and  what  is  its  distribution?  Let  us  as- 
sume that  there  are  no  continuous  records  of  flow  but  only 
occasional  measurements  and  no  streams  nearby  under  simi- 
lar conditions  whose  flows  have  been  recorded.  The  rain 
fall  has  been  kept  accurately  for  30  years  on  various  points 
of  the  water-shed,  and  varies  from  60  in.  to  25  in.,  and  there 
have  been  continuous  periods  of  five  years  where  the  rain- 
fall averaged  less  than  32  in.  per  year.  The  problem  is  to 
find  out  how  much  power  is  available  during  every  day  for 
an  average  year.  If  no  steam  plant  is  to  be  considered,  con- 
tracts for  continuous  permanent  pow-er  can  only  be  made 
on  the  basis  of  the  minimum  flow  of  the  river,  but  the  aver- 
age flow  may  he  20  times  the  minimum  flow,  and  the  ordi-  . 
nary  flow,  such  as  can  be  counted  on  for  6  to  8  months  of 
the  year,  may  be  6  or  7  times  the  minimum  flow.  In  order 
to  have  fairly  definite  information  in  these  matters  it  is 
necessary  to  prepare  a  diagram  showing  the  daily  flow  of 
the  stream  for  an  average  year.  With  such  a  reliable 
diagram  it  is  possible  to  tabulate  the  various  quantities  of 
power  available   for   definite   lengths  of  time,   for  instance: 

^^ows  greater  than  the  average  last  20  per  cent  of  the  time. 

Flows  greater  than  three-fourths  of  the  average  last  30  per  cent 
of  the  time. 

Flows  greater  t'.ian  one-half  of  the  average  last  60  per  cent  of 
ilie  time. 

Flows  greater  than  one-fourth  of  the  average  last  80  per  cent 
of  che  time. 

F1.5WS  greater  than  one-tenth  of  the  average  last  35  per  cent 
if  Ihe  time 

The  distribution  will  vary  materially  for  different  streams. 
.\  river  like  the  Androscoggin,  Maine,  might  yield  three- 
fourths  of  the  average  flow  for  00  per  cent  of  the  time  due  to 
the  lake  storage  conditions  on  the  upper  part  of  the  water- 
shed. On  the  other  hand,  tor  some  of  the  southern  streams, 
flows  greater  than  the  average  might  not  last  more  than  10 
per  cent  of  the  time;  flows  greater  than  one-tenth  of  the 
average  50  per  cent  of  the  time,  and  flows  greater  than  one- 
twentieth  of  the  average,  80  per  cent  of  the  time. 

Such  data  are  indispensable  for  making  estimates  of  the 
pow-er  available  under  various  conditions,  and  as  there  are 
no  existing  records  of  the  stream  itself,  it  is  evident  that  the 
engineer  must  by  some  means  obtain  data  for  plotting  the 
stream  flow  diagram. 

Thirty  years  ago,  the  conventional  method  of  doing  this 
'•as  to  consider  percentages  of  the  rainfall,  and  in  fact  some 
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of  the  best  textbooks  iu  existence  at  that  time  elaborated 
this  method  very  fully,  but  as  engineers  gained  experience, 
they  soon  found  that  this  method  was  badly  misleading,  be- 
cause streams  continue  to  flow  in  the  summer  months,  even 
when  there  is  no  rainfall,  due  to  the  storage  in  the  ground, 
and  the  only  time  that  the  flow  of  the  stream  is  approximately 
proportional  to  the  rainfall  is  when  the  ground  is  full  of 
water,  or  in  this  climate,  during  a  period  lasting  from  two  to 
six  months  from,  say,  December  to  June.  Sometimes  a  period 
of  full  ground  water  may  last  only  two  months  in  the  entire 
year,  and  in  some  cases  it  may  last  six  months,  especially 
during  a  period  when  the  rainfall  is  large  and  evenly  dis- 
tributed in  the  winter  and  spring  months.  During,  the  bal- 
ance of  the  time  the  flow  of  the  stream  follows  a  very  com- 
plex law.  The  soil  of  the  water-shed  is  saturated  by  the  ele- 
vations of  the  water  surface  in  the  various  walls  on  the 
water-shed:  and  the  volume  of  water  below  this  surface  acts 
as  a  storage  reservoir  flowing  into  the  stream  at  a  rate  de- 
pending upon  the  grade  of  this  surface,  character  of  the  soil' 
and  the  consequent  friction  of  the  water  passing  through  its 
interstices.  If  there  were  no  rainfall  during  this  period  of 
draft  on  the  ground  storage,  the  flow  of  the  stream  would 
follow  a  definite  law  and  could  be  predicted  at  any  time  with 
certainty  depending  upon  the  number  of  days  which  had 
elapsed  since  the  ground  was  full  of  water.  However,  this 
principle  is  always  complicated  by  the  occasional  rainfalls 
which  occur  during  this  drawing-down  period,  and  there  are 
other  complications,  such  as  the  amount  of  water  used  by 
plant  life:  also  the  ice  and  snow  conditions,  which  may 
nearly  dry  up  the  streams  for  a  considerable  period. 

There  is  no  consensus  of  opinion  as  to  just  the  best  method 
of  arriving  at  the  distribution  of  stream  flow,  but  every  hy- 
draulic engineer  has  his  own  method  based  on  his  experience 
in  the  various  localities  in  which  he  has  practiced. 

The  U  S.  Geological  Survey  and  some  of  the  states  have 
accumulated  and  published  a  vast  amount  of  stream  flow 
data  of  great  value  to  engineers,  but  in  some  cases  the  re- 
sults are  misleading,  especially  to  those  who  have  little  ex- 
perience. The  measurement  of  stream  flow  is  a  difficult 
proposition,  and  in  most  of  the  permanent  gauging  stations 
the  observations  are  entrusted  to  men  of  no  particular  train- 
ing, who  may  not  even  appreciate  the  importance  of  reliable 
ilata.  Their  duties  simply  consist  in  setting  down  each  day 
the  elevation  of  the  water  as  determined  from  the  gauge 
hoard.  From  these  results  the  flow  is  determined  in  the 
'  cntral  office  from  a  rating  table  prepared  from  stream  flow 
measurements  taken  previously  at  different  stages  of  the 
river.  The  gauging  station  may  be  prepared  with  the  greatest 
care  by  experts,  and  yet  it  may  be  found  that  the  subsequent 
results  are  in  serious  error.  The  cross  section  conditions 
may  have  been  changed  by  accumulations  of  detritus,  bars, 
or  ice  at  various  times  of  the  year  so  that  it  is  necessary 
for  the  engineer  to  supply  some  sort  of  a  rough  check  in 
every  important  case,  so  as  to  determine  whether  and  how 
much  of  the  data  can  be  relied  upon.  Rough  approximation 
data  is  much  more  valuable  than  that  which  has  every  ap- 
pearance of  accuracy  but  contains  fundamental  defects.  Take 
for  instance  the  report  of  Geo.  F.  Swayne,  contained  in  the 
U.  S.  Tenth  Census  on  Water  Power:  here  no  attempt  was 
made  to  obtain  accurate  data,  but  the  judgment  of  the  engi- 
neer was  so  reliable  that  this  report  is  really  a  classic  in 
stream  flow  estimation. 

Then  again,  the  rating  of  the  gauging  station  may  be  in 
error  due  to  several  causes. 

As  an  illustration,  one  of  a  number  of  instances  may  be 
given.  The  results  of  25  years'  observations  of  an  important 
stream  were  published  and  used  by  promoters  to  exploit  a 
water  power  project.  The  results  looked  unusually  favorable 
1  for  that  locality,  and  hence  a  careful  study  was  made  of  the 
monthly  data  as  well  as  that  upon  which  the  rating  curve 
was  based.  At  the  same  time  an  independent  calculation 
was  made  of  the  stream  flow  from  the  rainfall  and  other 
available  data.  The  calculated  flow  was  over  30  per  cent 
less  than  the  observed  flow,  and  a  close  inspection  of  the 
distribution  showed  a  fairly  close  agreement  except  for  the 
winter  months,  during  which  the  observed  flow  was  far  in 
excess  of  the  calculated  flows.  The  case  was  so  important 
that  a  corps  of  engineers  was  sent  to  verify  the  rating  curve 
and  make  a  series  of  independent  measurements  of  the 
stream.  For  this  purpose  a  current  meter  was  used  and  also 
several  volumetric  measurements  made  by  means  of  salt. 
Some  of  the  first  results   were  obtained   when  the  sides  of 


the  river  were  frozen,  during  which  the  observed  flow  In  the 
accustomed  manner  gave  results  30  to  50  per  cent  higher 
than  the  newly  determined  measurements.  These  compari- 
sons were  carried  on  for  over  a  month  and  during  the  latter 
period  when  the  ice  was  gone  both  sets  of  results  agreed 
almost  exactly.  By  using  calculated  results  for  December 
to  March  inclusive,  and  the  state  results  for  the  balance  of 
the  year,  the  aggregate  results  for  the  25  years  agreed  very 
closely  with  the  calculated  flow  for  the  same  period. 

Where  a  river  is  cross-sectioned  and  measured  at  all  stages 
during  periods  when  there  is  no  ice,  and  a  rating  curve,  or 
table,  is  based  thereon,  the  observations  of  the  stage  of  the 
river  W'hen  frozen  will  give  flow  results  far  too  great,  because 
the  accumulation  of  ice  at  the  sides  and  bottom  of  the  river 
contracts  the  water  cross  section  and  raises  the  level  of  its 
surface.  This  phenomenon  is  important  in  cold  climates, 
and  there  is  no  remedy  except  to  make  actual  current  meter 
measurements  during  ice  periods,  and  if  this  is  impracticable, 
the  flow  results  should  not  be  recorded  for  these  periods. 

There  are  some  current  meters  which  may  be  very  re- 
liable for  steady  flows  but  which  are  entirely  unreliable  when 
the  flow  is  turbulent,  and  for  this  purpose  the  lightest  and 
cheapest  instruments  obtainable  may  be  the  most  accurate. 
On  the  other  hand  few  current  meters  will  operate  where 
the  velocity  is  much  below  1  ft.  per  second,  and  at  low 
velocities  they  are  apt  to  be  seriously  in  error,  so  it  cannot 
be  expected  that  the  rating  results  are  in  all  cases  correct. 

It  is  obvious  that  the  most  valuable  water  powers  are  those 
which  are  capable  of  delivering  continuously  the  nearest  to 
the  maximum  power  which  can  be  delivered  at  any  time. 
This  result  is  tnost  nearly  realized  at  places  like  Niagara 
Falls  and  the  "Soo",  (mouth  of  Lake  Superior)  where  the 
volume  of  flow  is  equalized  by  immense  storage,  but  the 
same  result  can  often  be  produced  on  a  stream  by  means  of 
an  impounding  reservoir.  To  make  available  as  a  uniform 
discharge  the  entire  flow  of  the  stream  requires  in  such 
climates  as  those  of  the  middle  and  eastern  states  a  storage 
from  15,000,000  to  20,000,000  cu.  ft.  per  square  mile  of  drainage 
area.  This  can  be  determined  with  accuracy  by  the  use  of 
the  stream  flow  diagram,  and  for  that  purpose,  what'  is 
known  as  the  mass  diagram  is  of  the  greatest  utility. 

Sometimes  it  is  necessary  to  know  how  much  power  can 
be  sold  during  the  year  with  a  plant  of  a  given  size,  and 
where  no  material  storage  is  possible.  The  procedure  then 
is  to  utilize  the  daily  flow  diagram  for  the  average  year.  A 
line  is  drawn  across  this  diagram  representing  the  amount 
of  power  installed;  then  it  is  evident  that  only  those  flows 
below  the  line  are  available  for  sale.  These  can  be  deter- 
mined by  adding  up  the  annual  amounts  for  each  unit  of 
time,  or  by  the  use  of  a  planimeter,  and  if  the  power  is 
graded  and  a  different  price  estimated  for  permanent,  sec- 
ondary and  other  grades  of  power,  the  diagram  will  furnish 
the  data  for  the  determination  of  the  probable  annual  reve- 
nue. This  method  is  particularly  applicable  in  these  con- 
tracts whereby  the  consumer,  usually  a  public  utility,  agrees 
to  take  from  the  Power  Company  at  a  fixed  but  low  price 
per  kw.  hour  all  the  power  available  at  the  power  plant 
bus   bar. 

In  some  situations  the  greatest  factor  affecting  the  amount 
of  power  available  is  the  elevation  of  the  tail  water,  com- 
monly referred  to  as  "back  water".  That  has  been  found 
in  the  great  power  plant  at  Keokuk  on  the  Mississippi;  and 
with  such  rivers  as  the  Susquehanna,  Potomac,  Savannah  and 
Chattahoochie,  the  effect  of  back  water  with  low  head  dams 
may  reduce  the  power  available  by  30  per  cent. 

The  loss  by  back  water  can  only  be  determined  by  an  esti- 
mate of  the  cross  section  of  the  river  for  various  rates  of 
flow,  and  this  is  further  modified  by  the  consideration  that 
when  the  dam  is  built,  the  water  will  be  piled  up  higher  at 
the  base  of  the  dam  due  to  the  reduction  of  velocity. 

There  is  a  .phase  of  water  power  that  has  received  too 
little  attention.  When  a  water  power  plant  has  combined 
with  it  a  steam  plant,  it  is  customary  to  refer  to  it  as  an 
auxiliary  steam  plant,  and  its  purpose  is  either  to  take  care 
of  the  load  peaks  or  the  difference  between  that  portion  of 
the  w-ater  power  which  is  considered  permanent  and  the 
maximum  amount  of  water  power  available.  Under  these 
conditions  the  steam  plant  is  working  under  the  great  dis- 
advantage of  a  low  load  factor,  which  seriously  reduces  the 
economy,  but  if  the  steam  plant  is  run  at  100  per  cent  load 
factor  the  water  power  plant  can  be  designed  and  run  so  as 
to  take  care  of  the  peaks  of  the  load,  and  the  resulting  total 
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economy  is  very  much  better.  This  is  only  possible  when 
the  water  power  plant  contains  a  material  amount  of  pond- 
age or  storage. 


How  a  Portable  Mixing  Plant  Was  Used  in 
Constructing  Duct  Lines 

When  con.-Jtructing  the  BV-j  miles  of  12duct  subway  be- 
tween Union  and  Passaic,  N,  J.,  and  the  2%  miles  of  24-duct 
subway  between  Jersey  City  and  Newark,  N.  J.,  the  New 
York  Telephone  Co.  was  confronted  with  problems  which 
compelled  some  changes  in  equipment. 

The  construction  of  the  subways  was  of  multiple  duct  tile 


Mixing   Plant   Mounted   on   Truck   Placing   Concrete  for   Wire   Ducts. 

with  a  concrete  foundation  and  concrete  top  protection  and 
all  manholes  were  built  entirely  of  concrete. 

The  road  on  the  T'nion-Passaic  job  being  very  narrow  and 
lined  with  swamps  on  both  sides,  the  mixing  of  this  con- 
crete would  have  necessitated  the  building  of  platforms  in 
the  swamps  for  the  mixer  and  material  about  .500  ft.  apart 
and  at  a  very  high  cost.  A  concrete  mixing  plant  mounted 
on  an  automobile  truck  was  the  solution  of  this  problem. 

The  outfit  consists  of  a  power  batch  concrete  mixer 
mounted  on  a  7-ton  Packard  motor  truck  which  was  also 
equipped  with  two  gravity  hoppers,  one  for  sand  and  the 
other  for  stone,  in  addition  to  a  tank  for  water. 

The  materials  for  the  concrete  were  gathered  at  a  conve- 


Loading    Aggregate    Into    Portable    Concreting    Plant. 

nient  place  on  the  job  and  the  sand  and  stone  loaded  into 
the  hoppers  by  a  Portable  Machinery  Co.  scoop  conveyor 
as  shown  in  one  of  the  illustrations.  Bags  of  cement  were 
also  put  on  board.  Fully  loaded,  the  outfit  carried  material 
sufncient  for  5  yd.  of  concrete. 

The  power  mixer  was  fed  by  a  laborer  on  the  truck  shovel- 
ing sand  and  stone  from  openings  at  the  bottom  of  the  grav- 
ity hoppers.  The  concrete  was  poured  directly  into  the 
trench  or  manhole  excavations  by  means  of  a  spout.  The 
truck  driver,  with  a  little  practice,  found  it  possible  to  reg- 
ulate  the   forward   movement   of  the   truck   to   give   the   re- 


(luired  thickness  to  the  concrete  in  the  trench  so  that  little 
hand  spreading  was  necessaiT- 

The  saving  by  the  use  of  this  equipment  on  this  job  was 
very  great. 

On  the  Jersey  City-Newark  job,  although  it  was  possible  to 
mix  the  concrete  in  the  usual  way  at  stations  along  the 
trench,  the  use  of  the  automobile  mixer  plant  was  found  to 
be  about  25  per  cent  cheaper  than  the  fixed  concrete  mix- 
ing stations  and  the  dumping  of  concrete  into  the  trench 
and   manhole   excavations   from   wheelbarrows. 


Concrete  Sump  Pit  for  Concreting  Pumping 
Station  Foundations 

In  constructing  the  sewage  disposal  plant  for  Dundas, 
Ont..  a  somewhat  novel  plan  was  adopted  for,  concreting 
the  foundations  of  the  pumping  station,  which  was  located 
near  a  canal.  The  method  employed  is  described  by  Mr. 
Geo.  W,  Sharp,  superintendent  for  the  contractors,  in  The 
Contract  Record,  from  which  the  notes  following  are  ab- 
stracted. The  soil  strata  at  this  site  was  gravel  and  grav- 
elly sand.  At  a  depth  of  about  6  ft.  seepage  was  encoun- 
tered, which  with  sand  was  about  to  be  troublesome,  and  it 
was  decided  that  2-in.  close  sheet  piling  should  be  driven 
and  carried  down  with  the  excavation,  so  as  to  prevent  the 
sand  from  running.  From  this  depth  down  to  the  final 
depth  the  fiow  of  water  increased,  until  at  IS  ft.  it  was 
found  necessary  to  utilize  two  pumps,  the  first,  a  2%-in.  gas 
driven  centrifugal  pump,  the  second  a  3-in.  pulsometer. 
These  two  were  kept  busy  handling  the  flow.  Gravelly  sand 
with  a  small  proportion  of  clay,  was  found  to  be  the  material 
to  receive  the  foundations,  which  was  quite  in  accordance 
with  test  borings  supplied  by  the  engineer. 

The  flow  of  water  at  the  finished  excavated  grade  was 
very  heavy  and  in  order  to  place  the  concrete,  a  rather 
novel  plan  was  adopted  and  carried  out.  A  concrete  sump 
pit  was  cast  about  4  ft.  square;  this  had  walls  4  in.  thick, 
with  a  4-in.  pipe  cast  in  the  upper  side.  Four  openings,  4 
in.  square,  were  left  in  all  of  the  four  sides.  This  was 
lowered  into  a  centrally  located  pit  with  a  derrick,  I.^teral 
drains  and  branch  lines  of  4-in.  field  tile,  with  open  joints, 
were  laid  on  the  bottom  of  the  excavation,  with  sufficient 
grade  to  carry  the  water  to  the  concrete  sump  pit.  These 
drains  were  laid  so  to  convey  water  from  the  points  of 
greatest  flow  and  connected  to  the  openings  in  the  sump, 
so  that  the  water  was  delivered  into  the  concrete  box  or 
sump.  The  sections  between  the  drainage  lines  were  filled 
with  stone  uneven  in  size  so  as  to  be  quite  porous.  The 
whole  bottom  was  then  covered  with  a  double  thickness  of 
roofing  felt,  well  carried  up  the  sides.  The  pulsometer 
pump  was  set  into  position,  the  suction  being  set  into  the 
pipe  opening,  in  the  upper  side.  The  pump  was  put  in  op- 
eration and  after  the  water  had  been  lowered  to  the  sump 
and  the  necessary  adjustment  made  so  that  the  flow  was 
takn  care  of,  concreting  was  commenced.  Pumping  was 
constant  while  concrete  was  being  placed.  When  the  bot- 
tom slab  and  first  lift  of  the  walls  had  been  concreted,  the 
pump  was  stopped  and  the  water  allowed  to  rise  by  way 
of  the  sump.  This  was  left  for  several  days  during  which 
time  the  whole  excavation  would  fill.  After  concrete  had 
sufliciently  set.  pumping  was  recommended,  and  the  next 
lift  poured  and  so  on  until  complete.  Upon  the  final  lift 
being  poured  the  pit  was  pumped  dry.  forms  removed  and 
a  4-in.  cap  quickly  placed  on  the  pipe  in  the  sump  and  this 
concreted   in. 

Hydrated  lime  was  used  in  the  concrete  which  was  1:2:4 
mix;  the  pit  has  shown  no  signs  of  leakage  and  is  perfectly 
dry. 


Beneficial  Effect  of  Metering. — The  consumption  of  water 
in  New  Ijondon,  Conn.,  is  measured  by  two  Venturi  meters, 
and,  hence,  their  registry  includes  all  water  flowing  into  the 
city,  whether  used  or  wasted  through  leakage  or  otherwise, 
and  all  water  used  for  fire  extinguishment.  The  registry 
of  these  meters  decreased  from  1913  to  1916  and  increased 
thereafter  up  to  1919.  During  the  past  year  the  consump- 
tion has  been  less  by  84,484,2-50  gal.  than  the  previous  year. 
The  present  consumption,  according  to  the  15th  annual  re- 
port of  the  Board  of  Water  and  Sewer  Commissioners,  is 
about  the  same  as  that  of  1912.  the  same  amount  of  water 
being  used  to  supply  the  present  estimated  population  of 
26,000  as  was  required  for  19,000  in  1912. 
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St.  Lawrence  River  Project  Prom- 
ises Benefits  for  New  England 

Projects  now  under  consideration  for  the  improvement  of 
the  St.  Lawrence  River  as  a  waterway  and.  at  the  same 
time,  for  the  development  of  large  quantities  of  power,  will 
benefit  the  New  England  States  many  times  over  in  the  way 
of  cheaper  power  to  replace  expensive  coal  and  the  removal 
of  heavy,  bulky  materials  now  hauled  by  the  railroads  for 
very  low  rates.  This  is  the  viewpoint  taken  by  Henry  I. 
Harriman,  member  of  the  Massachusetts  Commission  on 
Foreign  and  Domestic  Commerce,  in  a  paper  recently  pre- 
sented by  him  before  the  Boston  Society  of  Civil  Engineers, 
from  which  the  following  is  extracted. 

Conservative  estimates  indicate  the  possibility  of  devel- 
oping 4,000,000  HP.,  equivalent  to  the  energy  produced  from 
24,000,000  tons  of  coal  burned  in  the  most  modern  and  effi- 
cient steam  plant,  or  of  36,000,000  tons  burned  under  the 
boilers  of  the  average  New  England  mill.  The  total  energy 
entitled  to  the  Ignited  States  is  estimated  at  13,000,000,000 
kw.  hr.,  of  which  the  New  England  States  should  be  entitled 
to  about  6,000,000.000  kw.-hr.,  or  about  one-fourth  of  the 
whole. 

Considering  the  power  requirements  of  New  England,  the 
utilities  today  are  generating  about  2,000,000,000  kw.-hr.,  but 
it  is  fair  to  assume  that  fully  one-fourth  of  that  power  now 
comes  from  water,  and  therefore  we  may  assume  that  the 
utilities  can  use  about  1,500,000.000  of  this  St.  Lawrence 
power.  The  railroads  should  be  and  will  be  electrified  in  the 
near  future,  and  there  are  .5.000  miles  of  arilroads  in  New 
England.  But  1,500  miles  of  railroad  transpor.t  SO  per  cent 
of  the  tonnage  of  New  England  railroads,  and  so  it  is  only 
necessary  to  electrify  about  1,500  miles  of  road  in  order  to 
handle  the  great  bulk  of  the  railroad  tonnage  of  this  section. 

The  railroads  of  New  England  are  using  about  6,000,000 
tons  of  coal  a  year,  and  if  SO  per  cent  could  be  replaced  by 
electric  power,  it  would  be  true  that  electricity  was  replacing 
about  5,000,000  tons  of  coal.  That  coal  last  year  cost  New 
England  railroads  nearly  $50,000,000.  If  they  had  bought  St. 
Lawrence  River  power  at  1  ct.  per  kw.  the  cost  of  energy 
represented  by  5,000,000  tons  of  coal  would  have  been  about 
$18.000,000— a  saving  of  nearly  $30,000,000— and  a  few  years' 
saving  would  have  paid  for  the  electrification  of  those  1,500 
miles  of  road,  including  the  purchase  of  the  locomotives, 
track  structure  and  substations.  If  that  saving  had  been 
.effected  it  would  have  been  equal  to  3  per  cent  on  all  of  the 
outstanding  bonds  and  stocks  of  all  the  New  England  rail- 
roads. 

There  are  many  pieces  of  track  that  will  probably  never 
be  electrified,  but  those  1,500  miles  that  bear  heavy  traflic 
will,  in  Mr.  Harrinian's  opinion,  be  electrified:  and,  when 
they  are,  the  St.  Lawrence  River  can  be  assumed  to  supply 
a  sufficient  energy  to  operate  them.  That  would  take  another 
2,000,000,000  kw.  So  the  railways,  electric  light  companies, 
trolleys,  etc.,  would  out  of  6,000,000,000  kw.-hrs.  take  about 
$3,500,000,000.  That  leaves  a  balance  of  2,500,000,000  for  in- 
dustry. Let's  see  what  the  demands  of  New  England  indus- 
tries are.  I  have  absolutely  no  authentic  information  on 
that.  The  number  of  spindles  in  New  England  cotton  mills 
is  approximately  18,500,000-22  spindles  per  horsepower  be- 
ing a  fair  allowance.  The  number  of  spindles  in  the  woolen 
mills  is  2,199,999,  with  4,200  cards,  probably  requiring  about 
200,000  HP.  The  cotton  mills  now  use  about  1,000,000,000 
kw.-hrs.,  and  about  25  per  cent  of  this  now  comes  from 
water.  The  woolen  mills  require  not  over  175,000,000  kw.-hrs. 
Without  going  into  the  details  of  the  other  industries,  like 
paper,  brass,  rubber  and  machine  shops,  I  think  it  is  fair 
to  say  that  2.000,000.000  kw.-hrs.  would  be  all  the  power 
generated  by  water  that  New  England  industries  now  re- 
quire, and  therefore  the  St.  Lawrence  power  would  be  suffi- 
cient to  supply  our  railroads  and  utilities  and  industries  and 
still  leave  us  one-half  billion  kilowatts  to  draw  on. 

Considering  the  effect  upon  the  railroads  themselves,  the 
objection  has  been  raised  that  they  will  be  the  losers.  In 
answer,  traffic  is  doubling  every  15  years.  It  will  be  at 
least  10  years  before  this  project  is  finished.  It  will  be 
the  heavy  materials  that  will  be  taken  from  the  railroads 
and  put  on  the  boats,  and  instead  of  a  detriment  to  the  rail- 
roads it  will  be  a  help  to  them.  President  Smith  of  the  New 
York  Central  believes  it  will  save  them  millions  and  mil- 
lions of  dollars  in  investment  in  terminals  and  tracks,  if  the 


bulk  of  the  heavy  traffic,  which  pays  relatively  poorly,  is 
taken  from  the  railroads  and  they  are  left  to  carry  that  class 
of  material  which  pays  them  a  better  rate. 


New  Filtration  Plant  for  Palm 
Beach,  Florida 

A  3,000,000-gal.  per  day  water  filtration  for  Palm  Beach 
and  West  Palm  Beach,  Florida,  has  just  recently  been  com- 
pleted and  placed  in  operation  by  the  West  Palm  Beach 
Water  Co.,  which  supplies  both  towns.  We  are  indebted  to 
Mr.  George  W.  Simons.  Jr.,  Chief  Sanitary  Engineer.  Florida 


General   View   of   Filter   Units.     No   Shelter   Over   the   Units   Is   Pro- 
vided  Because  of   Favorable   Warm   Weather  the  Year   Round. 

State  Board  of  Health,  for  the  following  particulars  regard- 
ing this  installation: 

The  water  supply  comes  from  Clear  Lake,  outside  the  city 
limits,  and  is  very  soft  but  also  highly  colored  and,  at  times, 
the  presence  of  algae  growths  give  the  water  undesirable 
tastes  and  odors.  The  object  of  the  filter  plant  is  to  remove 
the  color  and  the  objectionable  tastes  and  odors. 

The  installation  consists  of  aeration  and  coagulation  ba- 
sins, filters,  filtered  water  reservoir,  together  with  a  low-lift 
and  a  high-lift  pumping  stations.  The  water  is  pumped  by 
the  low-lift  pumps  through  the  aerating  nozzles  of  special 
design  and  falls  into  the  first  passageway  of  the  coagulating 


Type  of  Aerator  Used.    All  Coagulated   Water  Is  Sprayed   Into  Large 
Coagulating    Basins    Through    Nozzles. 

basins.  It  receives  the  coagulant  prior  to  aerating,  so  that 
mixing  is  done  by  means  of  the  spray  effect.  There  are 
two  coagulating  basins  each  with  a  capacity  of  500,000  gal. 
and  three  around-the-end  type  of  baffles.  The  coagulated 
and  settled  water  flows  out  of  the  basins  through  shear 
gates  directly  onto  the  filters. 

There  are  six  filters,  located  just  south  of  the  coagul;iting 
basins  each  with  a  capacity  of  500,000  gal.  per  day,  and  are 
12  ft.  by  15  ft.  in  plan.  The  filtering  media  consists  of  30 
in.   of   sand   and    18   in.   of   graded   gravel.     The   underdrain 
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system    is    of    tho    llanisburg    type   and    coiisiats   ot    1%    in.  Crini^ri\\  ,  \f  V\,\i\r\    Ti\f\\\7G  in  Drai  nortec 

diameter  laterals  spaced  on  9in.  centers  with  7/16-in.  perfora  ^OntrOl  OT  t  lOOQ    MOWS  111  Ufainage 

tions  every  9  in.     The  laterals  are  tapped  into  6-in.  cast  iron  OltchtiS   hv   Li)W^  DfllllS 

collectors  which  are  brought  together  underneath   the   filter  ^ 

into  S-in.  pipes.  '''i®   const iiict ion   (it   low   ine.xpensive   dams   to  control   the 

The  filtered  water  reservoir  is  a  covered  concrete  struc-  ■;""■"'''■  "'  ''  drainage  area  so  as  to  deliver  a  fairly  constant 
ture  with  a  7-ft.  depth  and  a  capacity  of  225,000  gal.  It  has  f"^'  /»  the  drainage  ditches  was  suggested  by  Thorndike 
a  groined  arch  roof  and  an  inverted  groined  arch  floor,  and  is  S''^'"e.  associate  professor  of  hydraulics  and  sanitary  en- 
covered  with  1  ft    of  earth  gineenng  at  the  University  of  North  Carolina,  in  an  address 

,,   ,   ,  before    the    10th    Annua!    Drainage    Convention.      Mr.    Saville 

In  connection   with   the   filtralioM   plant    is   a  small  labora-  ,„,i„,^j  ^^^^  j,^^^  j^  ^.^^  ^^^^j^.  ^^^^^^^^^^^  ^^  design  a  drain- 

tory  fully  equipped  and   with  constant  supervision.  .^^^  ,,j,^.,^  ,^  ^.^^^^  ^^^  absolute  maximum  flood  which  occurs 

The   plant   was  designed   by    Hazen,   Whipple   &   Fuller,   of  only  once  in  a  number  of  years,  since  the  cost  of  infrequent 
New  York,  and  was  approved  by  the  Slate  Board  of  Health  repairs  is  in  this  case  less  than  the  cost  of  a  larger  cross- 
in    October.   1919.     The    plant    is    said    to    have  cost    about  section;  and  stated  that  instead  of  spending  money  enlarging 
$125,000.  ilrainagc   ditches   to   take   occasional   floods,   or   in   repair  of 
ditches  damaged  by  floods  would  it  not  be  best  to  so  control 

Evaluation    of    Waterworks     of     Rockford,    III. — The     total  the  run-off  on  a  drainage  area  as  to  deliver  a  fairly  constant 

value   of   the   entire    property    of   the    Water   Department   of  Ao^.  or  at  least  a  flow  which  shall  not  surpass  a  certain  pre- 

„,.,,,,,               ].       .                  1     •■       .-,        oi     inon    ,,  determined  amount?     It  is  at  least  economical  for  us  to  ex- 

Rocktord,  111.,  according  to  an  evaluation  Dec.  31,  1920,  was  ,                      ^^             ,       ,.         ^  ^      ,         .     ,    ,     . 

pend  a  sum  on  the  construction  of  flood  control  devices,  the 
$1,170,866.  The  various  items  are  given  as  follows  in  the  interest  on  which  would  serve  to  keep  in  repair  and  main- 
annual  report  of  the  Water  Department  for  the  year  ending  tain  drainage  ditches  injured  by  floods.  Usually  much  more 
Dec.  31   last:  may   be   properly   expended   on   flood   control,   since   drainage 

systems  frequently  cause  increased  frequency  and  magnitudi^ 

«                  c             c  "'  ^"ods  in  districts  down-stream,  and  claim  for  damage  may 

itL-iii.-i.                                     -j,^        jjg     K  .        ffl  J  i  result.     With   the  present   high   cost  of  labor  it   becomes   in- 

5°       3?    iv'"      Bag  creasingly  desirable  to   make  drainage  ditches  as  nearly  as 

m    Distribution  system,  7-11,422.8  It ^  ..     $   ',o!>.601  possible  of  only  sufficient  size  to  take  the  normal  flow  and 

P2     Puniping  pit  and  inrilliation  well.?  5.633.00     ..      ..           '  fn   nrevpnt    prnuinn    nf   the<;o   hv   flnnrl    flnwu 

P2    Sbufi  and  tunn-1  system .....46,132.00    50    22           35,410  to  prevent  erosion  ot  tnese   by  flood  hows. 

P2    Water  piping   and  appurtenances  Further   notes   of  his   address   follow: 

;\in.lu'it"s.'''otc.^'"!'."":..'"^''."':''"?''.     7.509.00    50    20            5.994  The  problem  is  to  so  regulate  the  discharge  of  flood  water 

Conduit  improvements,   1920....!.     2i645!99    50      0            2!645  to  a   stream   that   it   will   rise  only   a  predetermined   amount 

^"    ^19137°''^.  ."^"'.^    ^!^*^'     '"^''"'"   IS  891  96    50      7          17  157  beyond  its  normal  level.     For  this  purpose  it  is  necessary  to 

P2    Reservoir  No.  "2"(buiVt'i9i2)! !!!.'! !  19.'662'.75    60      S          is^Gls  study  the  catchment   basins  of  the  tributary  streams.     It  is 

p-2    W^'ll'^No'  ri8tVAve''an''d  n'thsV.  'iHZAl    40    '"            l^  necessary  to  know  their  rate  of  flow  in  flood,  the  time  inter- 

P2    Well  No.  S,  Hulin  Park 10.4SS.49    40      4           10,120  val   which  their  flood  crest  takes  to  reach  the  main  stream, 

P3    DHifk'ing''^fou''n"iains: ■  wkter  \anks   '•'•"'"'    "    "^          '^^''^'^'^  antl  the  effect  of  the  various  tributary  floods  on  flood  crest 

and  street  stand  pipes .'....    1,362  in  the  main  stream.    It  is  w'hen  the  flood  crests  from  a  consid- 

F4    ?lo"oi  dTilVntelp^UTPmp  NO-.  7  -ij^Ai    26     'i            ImV'  ^--^ble  number  of  tributary  streams  reach  the  main  stream  at 

P5    Motor  driven  deep  well  pump  No.  8  5.7S2.00    20      4            5.211  nearly    the    same    time,    that    great    floods    result.     Often    by 

P5     1.500  eu.  ft.  air  compressor— 1920. .   22.921.96     20       n            22,921  straisrlifenin?    .nnd     widpnino    <liannpl«    tViP    doliuprv    nf    flnnri 

P5    10-in.  Venturi  meter— Well  No.  8..       560.50    40      4               637  sii aigntening    ana    wuienint,    tnanneis    tne   deliveiy    ot    nooo 

P5    Snow    engine,    10    million    gallon  waters  from  some  tributaries  mav  be  hastened  and  the  flood 

P5    Ho'l'^'fa^'skirr- engine.- • -6  ■•miliion  ''■"'■°°    "     ''          '"■""  't»  "^^   main   stream   reduced   in   magnitude.     Since   the  total 

gallon  capacity 26,854.00    30    2s            5.000i-  amount  ot  water  to   be  delivered   is   not   greatly   affected  bv 

""'    "^lLf''<;?pacitv"^'."':'...'.."!'.'!'.°."  13,864.00    20,  27            l.200t  «"^"  measures,  the  duration  of  flood  in  the  main  stream  will 

P5    .Alead  system —  be  extended,  though  its  magnitude  is  decreased. 

Kneines   and    condensers    9,933.00     20     22              2.500t  When   the   measures   noted    in    the   nrpppdin<'   nni-Mp^ranh    are 

Pun. ps  and  discharge 13.351.00    20     22             3.500t  ""en   iiie   measures  noiea   m  tne   pieceuino   paiagrapn   are 

P".    Tiiipellor  pumps— Wells  3  and  5 6,736.00    10      9         •  ineffective   or   impossible    to   achieve,    it   becomes   necessary 

P3    Boli^eVs-Ti^um-VubulaV-b-oia:;:  IM^^^^^       io    19            2,7ort  to  construct  retention  reservoirs.     By  this  is  not  meant  nee- 

P5    254  h.p.  Waaler  tube  boiler— 191S. .  11,623,96    20      2           10,851  essarily  the  creation  of  large  impounding  reservoirs  bv  high 

^^    "me''t"rboiler"f°eed'pump;  2  sU.ker  '•''""«•     "   '^    frequently   possible  on   small    streams   to   erect 

engines,    ash    conveyor!  "l    6-in.  low  dams  on  the  tributarie.s,  such  that  the  flood  waters  mav 

P3    Si?roco'''?in-W?u'No:-s! !!!!:!!!!    '■?22!oS    4"    '4              IIV  ^'■"P'y  ^e  retarded  to  a   sufficient  degree  to  prevent  simul- 

p.')    Remote  control— wire  lor  well  No.  taneous    discharge   of   flood   crests   to   the   main   stream.      In 

P5    AiWon'sca'JelcenVraVsiaUon-iois     fSsf'    2b    's               292  "^^^^   instances   in   drainage   projects   it  is  possible   to  place 

PC    Transportation  equipment— inven-  one  or  more  such  barriers  on  the  main  stream  itself.     The 

P7     omce    equipment-inventory  •.•.-.■.■.  ;.!!!!!!!     !!     !!             I'm  construction    of    such    retention    basins    is    probably    best    af- 

PS    Buildings— centra!    station 28,677.00    50    30           19,171  fected  by  a  somewhat  similar  procedure  as   is  being  applied 

?8    iuildlni^^wel'l  No!  I. ! ! ! ! ! ! ! ! : ! ! !    8!o68!?3    IS      I           lilt  o"   a   l^fge   scale   in    the    Miami   Conservancy    District    near 

P8    Reinlorccd  concrete  stack 5,422.00    60    13            4,302  Dayton,   0.     This  method   consists  in   constructing   retarding 

pi    R;al''Lrare-cent?al-staUonsUe!!l.l'oK^    '"    ''          7S  basins  at  selected  points  on  the  tributaries  and  main  stream. 

P9    Real  estate— 2  Highland  lots 1.400.00     ..     ..             1,650  In  the  case  of  drainage  districts  served  by  a  "flashy"  stream, 

P9    Real  estate— 2  lots  well  No.  7  site    1,429.38     . .     . .             1.650  a  low   dam   may  be   located   at   an   appropriate  place   with   a 

Total  property  evaluation  Dec.  31,  1920 $1,170,866  culvert  opening   in   it.     During   normal   flow   the   culvert   dis- 

'Abandcned.     tFixed.     Ttlnventory.  charges  the  waters  of  the  stream   as  it  no  dam  were  there. 
During  flood  flow  the  discbarge  of  the  stream  increase  beyond 

Water   Consumption   at   New   London,   Conn,,  from    1911    to  that    for    which    the    culvert    is    designed    and    water    is    im- 

1920. — The  following  table  from  the  report  of  the  Water  and  pounded  behind  the  dam.     The  culverts  then  discharge  under 

Sewer  Commissioners   of   New    London.   Conn.,   for   the   year  a  hydrostatic  head  and  are  so  designed  that  they  will  deliver 

ending  Sept.   1,   1920,   shows   the  water  consumption   per  in-  water  at  such  a  rate  as  to  keep  the  height  in  the  main  stream 

habitant  and  per  consumer,  and  percentage  ot  meterage  since  below   a   predetermined   level.     As   the   flood   flow   decreases 

1910:  the    culverts    continue    to    discharge    until    the    impounding 

Gallons           Gallons          Per  cent  basins  are  empty.     Such  a  scheme  may  be  quite  inexpensive 

year  ending-                           inhabi'tant.      consumer      b^^meTere  '^^    compared    to    elaborate    construction    ot    levees    and    in- 

Sept.  1,  1911.                                   141                 151                   35  creased  size  in  ditches  and  canals  to  take  the  flood  flow, 

iept!  V,  1913V.....!!!!!!!!!!!          155                  160                    37  '^^^    suggestions    in    the    preceding    paragraph    relate    |)ri- 

Sepi.  1!  1914 149                 154                   40  marily  to  the  construction  of  low  Inexpensive  dams  to  create 

Iept    l'  ini !"          l?l                  109                    55  retartiing    basins.      A    similar    control    of    floods    may    be   ob- 

Pcpt.  1',  1917.'.'.  ..'..'.v.'.'.'..!!!          in                 104                   74.5  tained    by    the   construction    of   higher   dams    creating   large 

Sent    i'   1919 131                  1^3                    69  3  storage  reservoirs.     Here  the  reservoir  may  serve  the  double 

Sept!  1."  1920..'.'.'.'.'.'.'.'.'.'!.'!!!!          no                 117                  75'  purpose   of   flood   regulation   and   power   development.     Such 
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structures  are  relatively  expensive  and  are  economical  only 
under  conditions  of  good  dam  site,  fairly  large  normal  flow 
of  the  stream,  and  a  marltet  for  the  power.  There  are 
doubtless  some  situations  in  North  Carolina,  particularly  in 
the  Piedmont  District,  where  such  developments  would  be 
profitable.  The  utilization  of  our  smaller  waterpowers  is 
becoming  increasingly  important,  especially  in  the  cheap 
production  of  electric  power  tor  promoting  conditions  in  the 
rural  districts  equal  in  convenience  and  comfort  to  those  in 
the  city.  The  coordination  of  waterpower  developments  and 
flood  regulation  in  drainage  districts  is  one  of  the  more  prac- 
tical means  of  meeting  this  problem. 


Arc  Welding   Outfit  for  Tapping 
Water  Mains 

To  avoid  the  necessity  of  shutting  the  water  off  from  cus- 
tomers who  require  it  continuously  for  irrigation,  the  city 
of  Los  Angeles  has  turned  to  the  use  of  an  arc  welding  outfit 
tor  tapping  mains.  The  arrangement  is  described  in  the 
Journal  of  Electricity,  from  which  the  following  illustration 
and  information  are  taken: 

The  set  consists  of  a  portable  direct  current  generator 
driven  by  a  gasoline  engine,  the  whole  mounted  on  a  motor 
truck. 

Heretofore  the  practice  has  been  to  parallel  the  larger 
mains  with  smaller  ones  which  could  be  shut  off  and  emp- 
tied in  order  to  make  service  connections.  This  was  ex- 
pensive and  often  it  was  necessary  to  shut  off  the  mains 
up  to  72  in.  in  diameter,  drain  them,  with  a  loss  of  a  large 
amount  of  water,  and  then  make  the  service.  Under  the 
system  now  in  effect  the  welding  outfit  is  taken  to  the  job 
and  makes  the  connection  in  four  hours'  time,  thus  making 
a  great  saving  in  time  and  material. 

The  procedure  is  to  turn  down  in  a  lathe  and  grind  on 
an  emery  wheel  the  size  of  pipe  desired.  The  end  of  the 
pipe  is  polished  for  2  in.  and  beveled  to  an  angle  of  60°. 
When  taps  to  small  diameter  mains  are  to  be  made  the  serv- 
ice pipe  is  ground  to  fit  the  curvature  of  the  main. 

Before  starting  the  job  of  welding  the  main  is  polished 
with  an  emery  wheel  to  effect  an  easier  bond.  The  coupling 
is  then  spot-welded  and  the  first  layer  of  metal  applied.  Con- 
siderable skill  is  required  in  handling  the  arc  when  deposit- 


Portable  Arc   Welding   Outfit  for   Making   Connections  to 
Water   Mains. 

ing  the  first  layer,  but  successive  layers  can  be  put  on  quite 
easily.     The  hole  in  the  main  is  made  in  the  usual  way. 

The  welding  unit  consists  of  a  20-kw.  direct  current  gen- 
erator driven  by  a  6-cylinder  gasoline  engine  which  also 
drives  an  air  compressor  which  supplies  air  for  testing  the 
connection  after  welding.  The  engine  is  supplied  with  a 
special  governor  to  give  the  requisite  steadiness  in  voltage. 
The  panel  on  which  switches  and  controls  are  mounted  is 
built  up  on  a  small  platform  supported  on  wheels  so  that 
it  can  be  taken  to  any  desired  part  of  the  work. 

The  outfit  was  developed  by  S.  B.  Brown,  an  electrical 
engineer  of  Los  Angeles. 


Parabolic  Weirs 

A  series  of  experiments  on  parabolic  weirs  at  the  Hy- 
draulic Laboratory  at  Purdue  University  show  that  this  type 
of  weir  is  one  of  the  best  developed  and  permits  the  use  of 
a  comparatively  simple  and  accurate  recorder  for  measuring 
the  discharge  of  a  given  stream.  The  discharge  may  also 
be  computed  from  a  very  simple  formula,  varying  with  the 
square  of  the  head  on  the  weir. 

The  parabolic  weir  is  the  invention  of  Mr.  C.  Lauritson, 
of  the  Ohio  Body  &  Blower  Co.,  Cleveland,  O.  Calibration 
tests  were  made  on  seven  different  weirs  and  extended  over 
a  period  of  9%  months.  A  description  of  the  tests  and  the 
results    of    the    experiments    appear    in    a    paper    by    F.    W. 
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Parabolic   vVeirs. 

Greve,  assistant  professor  of  Hydraulics,  Purdue  University, 
Lafayette,  Ind.,  prepared  for  the  American  Society  of  Civil 
Engineers,  and  issued  by  that  society  in  pamphlet  form  in 
January,  1921.     The  following  is  an  abstract  of  the  paper: 

The  weirs  are  designed  according  to  the  equation  of  the 
parabola  x-  =  2py,  and  those  tested  are  designated  according 
to  the  value  of  p  in  this  equation. 

The  values  of  p  for  the  seven  notches  are  0.1000,  0.1118, 
0.3000,  0.4465,  0.5000,  1.250  and  2.000  in.,  respectively.  These 
figures^  will  be  used  to  designate  the  notches,  which  were  cut 
in  %-in.  brass  plates,  with  the  exception  of  No.  0.1000,  which 
was  formed  from  a  1/16  in.  plate.  The  weirs  were  fastened 
to  a  heavy  wooden  frame  set  across  the  end  of  the  channel. 

Description  of  Apparatus. — Weir  No.  2.000  was  the  first  to 
be  tested  and  was  placed  at  the  end  of  the  concrete  channel, 
5  ft.  wide,  the  crest  elevation  being  4  ft.  8  in.  The  elevation 
head  was  measured  by  both  a  piezometer  and  a  hook-gage. 
Readings  could  be  noted  to  0.001  ft.  by  means  of  verniers. 
The  piezometer  was  connected  to  the  channel  by  a  %-in. 
pipe,  the  entrance  to  which  was  flush  with  the  interior  face 
of  the  wall,  within  6  in.  of  the  bottom  and  9  ft.  S  in.  up  stream 
from  the  weir.  The  hook-gage  was  suspended  from  an  over- 
head grader  the  same  distance  from  the  weir  as  the  piezom- 
eter. A  calibrated  stop-watch  was  used  to  determine  the 
time.  The  flow  was  provided  by  either  a  2-in.  60-gal.  per 
minute  triplex  pump  or  a  6-in.  l.SOO-gal.  per  minute  centrifugal 
unit,  according  to  the  quantity  desired.  The  water  was 
pumped  through  a  6-in.  pipe,  provided  with  a  valve,  to  the' 
concrete  channel  at  a  point  40  ft.  up  stream  from  the  weir. 
The  flow  in  the  channel  was  over  an  S-ft.  suppressed  rec- 
tangular weir  and  through  two  baffles.  Zero  head  was  noted 
on  the  gages  when  the  water  surface  was  level  with  the 
low-est  point  of  the  notch  as  ascertained  with  a  spirit-level. 

All  weirs  other  than  No.  2.000  were  placed  at  the  end 
of  a  wooden  channel,  that  was  7  ft.  9  in.  by  3  ft.  10  in.  in 
plan  and  2  ft.  deep.  The  channel  was  constructed  of  smooth 
cypress  planks,  1%  in.  thick,  and  properly  caulked  to  prevent 
leakage.  The  cross-sectional  area  could  be  changed  by  ad- 
justing the  false  sides  and  bottom.  Water  entered  the  chan- 
nel close  to  the  up-stream  end  through  a  3-in.  connection  to 
the  6-in.  main.  To  allow  the  water  to  enter  the  channel  with 
the  least  possible  disturbance,  the  lower  portion  of  the  inlet 
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pipe  was  drilled  full  of  %-ln.  holes.  Two  baffles  were  used 
to  provide  a  uniooth  water  surface. 

The  piezometer  connection  was  a  '/4in.  pipe,  its  entrance 
.-iet  flush  with  Ww.  inside  face  of  the  channel  at  a  distance 
of  18>^  in.  up  stream  from  the  weirs  and  2  7/lC  in.  below  the 
level  of  the  crest.  The  crest  is  herein  defined  as  the  lowest 
point  of  the  notch.  The  hook-gages  were  attached  to  rigid 
supports  and  were  placed  midway  between  the  sides  of  the 
channel.  Hook-gage  No.  1  was  l  ft.  5%  in.,  and  No.  2,  18% 
in.  up  stream  from  the  weirs.  The  discharge  was  weighed 
in  a  tank  of  2i)  tons'  capacity. 

How  the  Tests  Were  Made. — Weir  No.  2.000  was  first 
placed  in  the  large  channel  before  being  beveled.  The  gage 
reading.s  for  zero  head  were  noted  when  the  water  level  in 
the  channel  was  brought  up  flusli  with  the  bottom  of  the 
notch  as  indicated  by  a  straight  edge  and  a  spirit-level.  The 
pump  was  started,  and  the  flow  through  the  weir  was  wasted 
through  a  valve  in  the  bottom  of  the  weighing  tank  until  the 
head  had  become  steady  as  shown  by  the  gages.  The  waste 
valve  was  then  closed  and  the  time  noted  for  a  predeter- 
mined rate  of  discharge.  At  least  three  readings  of  the 
gages,  and  frequently  more,  were  made  for  each  run  or  test, 
the  length  of  the  test  being  measured  by  the  watch  and 
determined  by  the  time  required  to  pass  the  quantity  of 
water  indicated  by  the  change  in  weights.  The  usual  prac- 
tice throughout  the  investigation  was  to  make  two  or  more 
runs  for  each  head.     The  weir  was  then  removed,  beveled. 


Computations  of   Rate    Discharge.— The  actual   rate   of  dis- 
charge can  be  computed   by  the  formulas: 
q  =  kh-',  and 
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replaced  and  tested  under  the  same  conditions  as  just  set 
forth. 

The  other  weirs  were  installed  in  the  small  channel  and 
tested  in  the  same  manner  as  Weir  No.  2.000.  Weirs  Nos. 
0.1000,  and  0.1118  were  calibrated  with  the  edges  both 
beveled  and   unbeveled. 

A  mechanism,  devised  by  Mr.  I.auritson  to  record  the  total 
quantity  of  flow  through  a  notch,  was  attached  to  the  side 
of  the  channel  at  a  point  4  ft.  5%  in.  up  stream  from  the 
weir.  This  mechanism  was  actuated  by  a  float  attached  to 
a  shaft  by  a  rod.  Fastened  to  the  other  end  of  the  shaft 
was  a  pointer  that  was  caused  to  move  across  the  face  of 
the  dial  as  the  shaft  rotated  due  to  the  motion  of  the  float. 
The  principle  is  simple.  The  pointer  is  set  at  the  center 
of  the  dial  for  the  position  of  zero  head.  The  fioat  will  rise 
with  increase  of  head,  causing  the  pointer  to  move  outward. 
The  distance  traveled  by  the  pointer  can  be  made  propor- 
tional to  that  through  which  the  float  rises  with  the  aid  of 
a  properly  designed  link.  The  cross-sectional  area  of  the 
stream  in  the  plane  of  the  weir  will  vary  as  the  square  of 
the  head  which  is  also  the  square  of  the  distance  through 
which  the  float  rises.  The  area  of  any  circular  disk  with 
its  center  on  that  of  the  dial  will  vary  as  the  square  of  the 
radius.  The  square  of  the  head  and  the  square  of  the  radius 
are  proportional  to  each  other.  Therefore,  the  area  of  any 
portion  of  a  circle  described  by  the  pointer  is  proportional 
to  the  area  of  the  stream  in  the  plane  of  the  weir,  both 
being  dc'^endeut  on  the  square  of  tlie  head.  Mr.  I^auritson 
has  also  invented  an  automatic  integrating  attachment  for 
the  recorder  '-hich  makes  unnecessary  the  use  of  a  planim- 
eter  on  the  chart.  This  latter  attachment  is  somewhat 
novel  in  design  in  that  areas  are  integrated  directly.  The 
rate  of  flow  through  the  weir  can  be  observed  on  the  chart 
and  the  total  amount  can  be  read  directly  on  the  integrator. 


q  =  C—  V  2gV2ph= 
4 
where  q  is  the  actual  rate  of  discharge,  in  cubic  feet  per 
second;  h  is  the  elevation  head,  in  feet;  k  is  a  constant  for 
any  given  weir  with  beveled  notch;  C  is  the  coefficient  of 
discharge;  7r  =  .'?.1416;  g  =  32.16  ft.  per  second;  and  p  is  a 
constant  in   the  equation   of  a  parabola,  x-  =  2py. 

The  relations  of  the  coefhcients  k  and  C  to  the  head  are 
constant  for  any  given  weir  with  beveled  edge;  at  least, 
for  heads  of  0.1.^  ft.  and  greater.  They  are  variable  for  weirs 
with  unbeveled  notches,  increasing  with  decrease  of  head. 

One  of  tne  most  valuable  features  of  the  parabolic  weir  is 
that  the  value  of  k  can  be  predicted  for  any  given  value  of 
p  according  to  the  following  formula,  the  graph  of  which 
on  logarithmic  paper  is  a  straight  line: 

k  =  m      (VP)   '  =  0.1798  p""" 
The  following  table  shows  the  variation  of  the  coefficients 
k  and  C  with  p  for  the  seven  weirs  with  beveled  notches: 
No. 

k  C. 

0.500  0.615 

n.533  0.619 

0.852  ceos 

1.01  0.588 

t.lO  0.605 

1.69  0.588 

2.11  0.5S5 

recapitulation  of  the  relations  of 


p.  in  inches. 
0.3000 
0.1118 

o.rooo 

0.4465 
0.5000 
1 .250 
2.000 


Vp. 
0..3162 
0.:)344 
0.5477 
0.6682 
0.7071 
.MIS 
).414 

The  following  table  is  a 
the  coefficients  to  p: 

The  values  of  C  and  K  were  computed  from  the  equations 

k 

K: 


:  —  V  2g   V  2  p ;  and  C  =  - 


K 


q  =  k  h-'  =  C—    V2g    \/2ph-    Q=:Kh=  =  —  V2g     V2ph'. 

4  4 

No.  p,  in  inches.  k.  K.  C. 

1   0,1  0.502  0.813  0.617 

2   0.2  0.700  1.15  0.609 

3   0.3  0.850  1.41  0.603 

4   0.4  0.U76  1.63  0.600 

5    0.5  1.09  1.82  0.600 

6     0.6  1.19  1.99  0.597 

7    0.7  1.28  2.15  0.595 

8    0.8  1.36  2.30  0.592 

9    0.9  1.44  2.44  0.590 

10    1.0  1.51  2.57  0.587 

11    1.25  1.68  2.88  0.585 

12    1.50  1.84  3.15  0.584 

13    1.75  1.9S  3.40  0.583 

14    2.00  2.11  3.64  0.5S1 

Conclusions. — As   a   result   of  the   experiments,   the  writer 

has  reached  the  following  conclusions: 

1. — The  parabolic  weir  is  one  of  the  best  types  yet  devel- 
oped and  is  adaptable  to  a  wide  range  of  conditions. 

2. — By  means  of  a  parabolic  weir,  the  actual  rate  of  dis- 
charge can  be  computed  by  the  very  simple  formula: 

q=:k  h= 
where  q  is  the  actual  rate  of  discharge,  in  cubic  feet  per  sec- 
ond, h  is  the  elevation  head,  in  feet,  and  k  is  a  constant  for 
any  given  weir  with  beveled  notch.     Values  of  k  are  given 
in  Tables  3  and  4. 

The  actual  rate  of  discharge  can  also  be  computed  by  the 
equation. 

•n 
q  =  C— V2  g   V2p  h= 
4 
where  C  =  the  coefficient  of  discharge; 
7r  =  3.1416; 

g^ 32.16  ft.  per  second: 
p  =  variable  in  the  equation,  x^  =  2py; 
li  :=  elevation  head,  in  feet. 
3. — The   parabolic   weir   Is   adaptable   to   a   simple   and   ac- 
curate device  for  recording  the  discharge. 

4. — The  values  of  the  coefficients  can  be  accurately  pre- 
dicted for  any  given  value  of  p. 

It  should  be  emphasized  that:  (a)  Beveled  notches  and 
thorough  baffling  are  essential:  (b)  the  velocity  of  approach 
should   not  exceed  0.5  ft.  per  second. 


Convention  of  South  Wesjt  Waterworks  Association. — The 
convention  of  the  South  West  Waterworks  Association  will 
be  held  May  9-12  with  headquarters  at  the  Skirvin  Hotel, 
Oklahoma  City,  Okla.  E.  L.  Fulkerson,  Waco,  Tex.,  is  Secre- 
tary of  the  association. 
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An  Engineer  in  the  President's  Cabinet 
What  the  Newspapers  Think  of   Hoover's  Appointment  as  Secretary  of   Commerce 


In  imposing  conditions  upon  his  acceptance  of  the  secretaryship 
of  commerce  Mr.  Hoover  lets  a  breath  of  fresh  air  into  the  musty 
room  of  reported  cabinet  "deals"  and  "arrangements."  Mr.  Hoover 
says  to  Mr.  Harding  in  effect  that  he  has  no  desire  for  a  seat  at 
the  cabinet  table  as  such.  If  a  place  there  can  be  utilized  for 
the  performance  of  real  achievements,  of  the  style  to  which  Mr. 
Hoover  has  been  accustomed,  he  is  willing  to  think  it  over.  Even 
so,  he  must  be  left  free  to  finish  his  great  task  of  feeding  Europe. 

The  spectacle  of  a  man  laying  down  terms  regarding  his 
entrance  into  the  cabinet  will  make  senators  gasp.  They  know 
how  they  would  treat  such  impertinence.  But  it  will  only  make 
the  country  more  eager  to  have  Hoover  in  the  cabinet  and  it 
ought  to  have  the  same  effect  upon  Mr.  Harding. — New  York 
Evening  Post. 


Herbert  Hoover  thinks  the  Department  of  Commerce  can  be 
made  to  live  up  to  its  name  without  the  necessity  of  any  special 
legislation.  Thus  far  the  department  has  never  seemed  able  to 
run  in  high  gear.  It  is  a  nest  of  technicians,  statisticians  and 
ether  domestic  pets  of  low  blood  pressure,  but  has  developed  no 
ambitious  program  for  going  after  world  trade.  It  has  neither 
been  practical  nor  executive.  The  name  of  Hoover  will  give  it  a 
billion  dollars'  worth  of  advertising  to  start  with.  To  the  whole 
world  it  represents  something  more  than  the  Yankee  idea  of  barter. 
Hoover  wishes  America  to  prosper,  but  not  entirely  a.t  the  expense 
of  the  rest  of  the  world.  They  can  all  advance  together,  accord- 
ing to  his  way  of  thinking.  A  world's  clearing-house  of  com- 
modities is  likely  to  develop  through  the  Hoover  genius  and  initia- 
tive. It  could  be 'made  the  greatest  stabilizer  of  the  time  and  an 
eflEective  buffer  of  Bolshevism. — Los  Angeles  Times. 


particularly  big  man  at  the  head  of  it.     Nobody  ever  told  the  coun- 
try it  stood  for  anything  except  a  seat  in  the  cabinet.  •*••** 

Mr.  Hoover  make  it  fairly  plain  that  he  does  not  regard  a  cab- 
inet post  as  a  door  through  which  he  may  be  expected  to  step 
to  a  comfortable  oblivion.  The  commerce  department  as  at  pres- 
ent organized  probably  is  not  altogether  attractive  to  a  man  who 
stood  up  to  the  job  of  feeding  the  world  after, the  armistice  and 
found  it  about  his  style  in  point  of  activity.  But  instead  of  re- 
jecting the  opportunity  as  being  too  unpromising  to  engage  his 
energj'  or  zest,  Mr.  Hoover  closes  with  it  with  the  notice  that  he 
expects  to  make  it  worth  buckling  down  to.  It  is  all  rather  inspir- 
mg  Why,  a  man  like  that  probably  could  make  something  of 
the  vice-presidency  even.  **••«• 

The  country  is  ready  to  take  Mr.  Hoover  at  liis  word.  It 
is'  willing  he  should  make  the  commerce  department  anything 
he  thinks  it  should  be,  for  it  knows  enough  about  him  to  know  his 
efforts  will  be  in  the  direction  of  making  his  office  yield  public 
service.  The  department  that  gives  the  most  of  that  is  the  biggest 
department  in  the  government  no  matter  what  the  name  may  be, 
and  the  secretary  that  produces  those  results  will  be  assigned 
his  proper  rank  in  the  cabinet. — Kansas  City  Star. 


in  urging  upon 
His  decision  to 
His  duties 


.although  the  department  of  commerce  is  one  of  the  new  depart- 
ments and  has  never  attracted  much  attention,  the  moment  Mr. 
Hoover  is  mentioned  for  it  suddenly  it  becomes  the  star  depart- 
ment and  everybody  begins  to  speculate  on  its  possibilities.  Mr. 
Hoover  has  much  of  the  talent  of  Mr.  Roosevelt  for  always  sittting 
at  the  head  of  the  table  no  matter  where  his  seat  may  happen 
to  be. 

Without  any  tiuestion  Mr.  Hoover  is  sincere 
Senator  Harding  a  much  larger  field  of  activities, 
remain  at  the  head  of  the  foreign  relief  work  is  wise 
will  not  only  not  conflict,  they  will  run  together  and  he  will  malce 
of  the  department  of  commerce  a  means  to  help  the  world  as  well 
as  to  encourage  trade  with  America. 

But  the  net  result  of  the  discussion,  just  when  curiosity  is  on 
tip  toe  with  regard  to  the  new  cabinet,  is  to  very  greatly  stimu- 
late interest  in  Mr.  Hoover's  part,  and  very  greatly  to  magnify  the 
significance  of  his  selection.  Senator  Harding  issues  almost  an 
emergency  call  to  Mr.  Hoover,  and  Mr.  Hoover  takes  up  this  work 
after  getting  a  free  hand. 

It  is  inevitable  that  a  man  of  such  talent  will  be  one  of  the 
<=tar  performers  in  the  coming  four  years,  and  at  the  head  of  a  de- 
partment that  has  to  do  almost  wholly  with  foreign  affairs,  he 
will  bring  to  Secretary  Hughes  of  the  state  department  just  the 
sort  of  aid  that  will  enable  him  to  dominate  the  foreigTi  policy 
of  the  administration.  And  Mr.  Hughes  is  not  wanting  in  a 
certain  sort  of  self-confidence  that  makes  his  seat  always  a  seat 
at  the  head  of  the   table. 

It  is  unlikelv  that  Mr.  Hughes  will  again  be  considered  for 
party  leadership.  But  he  is  not  yet  60  years  old,  and  defeated  can- 
didates have  been  renominated  in  times  past.  But  Mr  Hoover 
is  only  47  vears  of  age,  and  his  future  is  wholly  before  h.m^ 
Mighty  few  men  in  the  world's  history,  at  his  age,  have  done  what 
Herbert  Hoover  has  done,  and  mighty  few  have  gained  so  mucli 
worldwide  attention.  Mr.  Hoover  has  health,  he  has  brains  and 
ene-gy,   and  he  has  the  genius  of  Roosevelt  for  attracting  atten- 


tion. 


central 


For  many  reasons  he  is  bound  to  be  more  and  more  the 
figure  of  the  administration.  It  is  a  safe  Prediction  J^' J' ";'^"^^; 
formal  indorsement  of  the  cabinet  appointment  by  the  senate  to 
the  end  of  Senator  Harding's  term  Hoover  will  be  the  «'"'"> J-^,"" 
ter.  just  as  at  his  age  Roosevelt  was  the  storm  center.  Jh^  J" 
ture  of  Hoover  becomes  one  of  the  big  speculations  ,n  American 
politics.— Des  Moines  Register. 


thinks  he   can  make   the 


job,  and  from  what  his  countrymen  know 

that  if  it  can  be  done  he  is  the  kind  of  man  to  do  't. 

The  country  has  not  regarded   the   commerce  leP'^'-*"'^*   ^^^  I 
particularly  big   job.    but    maylje    that    is   because    it    never   had 


Hoover  is  a  broad-head,  a  business  man  plus  scientist,  and  a 
good  one  both.  He  will  make  an  impression  in  the  government 
and  leave  his  mark  on  the  history  of  the  time.  Politicians  have 
no  reason  to  fear  him  if  their  political  activities  are  for  t,he  pub- 
lic good. 

Both  Hughes  and  Hoover  in  the  cabinet  may  be  said  to  repre- 
sent the  general  public,  no  other  basis  of  consideration  being 
necessary  in  their  selection,  their  ability  and  technical  adaptation 
of  the   task  at   hand  being  universally  accepted. — El   Paso  Herald. 

Mr.  Hoover  will  be  a  member  of  the  cabinet  of  Mr.  Harding. 
This  fact  will  cause  general  satisfaction.  Mr.  Hoover  has  said 
that  he  has  dedicated  his  life  to  the  public  service.  The  only 
question  that  has  evidently  been  in  his  mind  has  been  as  to  what 
is  the  best  channel  for  the  exercise  of  his  undoubted  talents.  •  •  * 

Mr.  Harding  has  apparently  been  surprised  that  there  has  been 
so  much  talk  about  Mr.  Hoover's  position.  There  have  been  state- 
ments regarding  "stipulations"  under  which  Mr.  Hoover  would 
consent  to  join  the  official  family  of  the  new  President.  Prob- 
ably every  other  man  who  has  been  invited  into  the  official  fam- 
ily has  conferred,  at  least  in  a  general  way,  with  Mr.  Harding 
concerning  his  duties  as  a  member,  and  this  evidently  is  what 
Mr.  Hoover  has  done,  though  more  mention  has  been  made  of  it. 
At  any  rate,  all  that  is  necessary  is  the  coming  President's  state- 
ment that  he  and  Mr.  Hoover  are  in  accord.  As  Secretary  of 
Commerce,  Mr.  Hpover  will  have  a  wide  field,  and  a  field  for  which 
he  is  peculiarly  suited  to  display  his  abilities. 

The  Harding  administration  in  a  broad  sense  is  to  be  an  admin- 
istration of  reconstruction,  and  therefore  the  post  of  Secretary  of 
Commercf  is  one  of  the  most  important.  The  task  is  that  of  up- 
building, and  Mr.  Hoover  will  be  at  home.— W^ilmington  Evening 
News. 


There   is  a  good  deal  to  what  Mr.   Hoover  sav«  ~  a  man  ■ 
opportunity  to  make  his  own  Job.     Some  are  ^o"*^"'  *,'',,'^'  '^^J^ 
what  they  will    (and  jobs  generally  prefer  to  "e  -^malD^and   some 
never  quit  until   they  make  them   big  and  important.     Mr   "°°^j^ 
secretaryship   of  commerce  a  worthwhile 


of  him   they  will  agree 


And  there's  Herbert  Hoover!  If  there's  a  job  in  all  the  world 
too  hard  or  huge  for  him  to  master,  there  are  very  few  folks  in 
all  the  world  who  would  be  willing  to  believe  it  on  anybody's 
mere  assertion.  They  would  first  have  to  be  shown.  Even  those 
who  would  have  preferred  to  see  somebody  else  in  his  cabinet 
job  would  hardly  have  the  nerve  to  brand  Hoover  as  a  "disap- 
pointment."— Springfield.    Mo.,    Republican. 

Herbert  Hoover  has  accepted  a  cabinet  position.  Mr.  Harding 
is  to  be  congratulated.  While  there  are  a  great  many  reasons 
for  believing  that  this  country  is  not  headed  straight  for  revolu- 
tion and  disintegration,  it  must  always  be  remembered  that  Her- 
bert Hoover  is  one  of  the  reasons.  •  •  • 

Herbert  Hoover  enters  the  cabinet  at  a  time  when,  a  cabinet 
office  cannot  in  any  way  add  to  his  standing.  He  is  already  an  in- 
ternational figure.  In  fact,  in  Europe  he  is  an  inspiring  legend. 
In  his  profession  Mr.  Hoover  ranks  as  high  as  CJiarlea  M.  Schwab 
ranks  in  his.  Hoover  could  have  anything  he  wanted  in  the  busi- 
ness world;  and  yet  ho  goes  Into  the  cabinet  in  order  that  he  may 
render  a  public  service.  When  Mr.  Hoover  gets  to  operating,  con- 
gress may  not  agree  with  him;  the  people  as  a  whole  may  not 
agree  with  him.  He  may  find  that  even  he  cannot  reorganize  the 
department  of  commerce  to  the  extent  he  desires.  Nevertheless, 
in  everything  Mr.  Hoover  will  do.  sor\-ice  will  be  the  first  considera- 
tion. Hoover  Is  not  a  politician.  He  is  an  extremely  able  man. 
who.  Instead  of  selling  his  ability  in  the  market  to  anyone  of  a 
hundred  corporations  that  would  purchase  it.  accepts  a  cabinet 
job  at  a  cabinet  officer's  salary. — Johnstown  Democrat. 
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Experiences  in  Chlorination  of 
Florida  Public  Water  Supplies* 

By  GEORGE  W.  SIMONS,  JR., 
Chk-f  Sanitary   KnKiiu-ir.    Florida   .Statr   Board   f)f  Health. 

Liquid  chlorine  is  very  effective  In  small  doses.  Analytical 
data  available  indicates  that  it  is  a  strong  bactericidal  agent. 
The  average  dose  tor  a  clear  water  is  usually  about  0.20  p.p.m. 
Race  states  that  the  dosage  is  largely  regulated  by  (1)  the 
content  of  readily  oxidizable  organic  matter,  (2)  the  temper- 
ature of  the  water,  (3)  the  method  of  chlorine  application, 
and  (4)  the  contact  period. 

The  average  dosages  used  by  several  B'lorida  plants  are 
shown   in  Table  I. 

Chlorine  has  an  alliiiity  for  organic  matter,  therefore  a 
water  highly  colored  or  containing  a  great  percentage  of  or- 
ganic vegetation  matter  will  consume  more  chlorine  in  tlie 
oxidation  process. 

In  doses  generally  used  there  is  little  chance  of  tastes  or 
odors,  yet  such  complaints  are  quite  common.  It  has  been 
stated  that  a  dosage  to  about  1.0  p.p.m  will  not  cause  a  taste 
or  odor.  Many  complaints  are  due  to  autosuggestion.  The 
most  recently  developed  way  of  regulating  the  proper  dosage 
is  by  a  chemical  means — by  administering  chlorine  to  the 
water  in  slight  excess  and  detecting  the  presence  of  tree 
chlorine  within  a  tew  feet  of  the  point  of  application.  Small 
kits  are  now  made  up  for  making  such  free  chlorine  tests. 

As  shown  in  the  table  there  are  nine  chlorination  plants  now 
operating  on  public  water  supplies  in  Florida.  In  addition 
there  are  several  at  Government  reservations  and  private 
estates.  All  such  plants  are  chlorinating  deep  seated  waters 
excepting  those  at  Orlando.  Palatka  and  West  Palm  Beach. 
The  plants  at  Jacksonville  and  High  Springs  are  of  recent 
installation,  in  operation  less  than  6  months.  At  St.  Peters- 
burg the  chlorinator  was  installed  as  a  positive  protection  and 
insurance  against  any  possible  contamination  of  the  deep  sup- 
ply; likewise  the  installations  at  Jacksonville  and  High 
Springs. 

During  the  late  part  ot  1919  the  State  Board  of  Health 
passed  a  regulation  requiring  all  chlorinating  plant  operators 
to  submit  daily  operation  reports  to  the  State  Board  ot 
Health.  Such  records  were  received  throughout  1920  from 
every  plant.  They  not  only  give  the  amounts  of  daily  pump- 
age  at  the  plant,  but  also  the  amounts  ot  chlorine  added  daily, 
and  the  operation  diflUulties  encountered.  After  keeping  a 
set  of  records  for  12  months  and  tabulating  same,  it  was  ap- 
parent that  the  plants  were  not  giving  the  best  service  they 
should  and  could.  An  investigation  instituted  revealed  sev- 
eral important  troubles: 

(1)  Clogging  or  stoppage  due  to  formation  and  accumula- 
tion ot  a  yellow  gum-like  substance  in  various  parts  ot  the 
machine,  due  to  impurities  in  the  chlorine. 

(2)  Corrosion  ot  various  parts  of  the  apparatus. 

(3)  General  neglect  of  the  apparatus;  too  much  depend- 
ence being  placed  in  its  automatic  operation. 

(4)  No  stocks  of  extra  parts  on  hand  with  which  to  make 
small  repairs  and  corrections  at  times  of  trouble,  with  result 
that  parts  would  necessarily  have  to  be  shipped  from  the  fac- 
tory. 

To  insure  a  proper  operation  of  the  apparatus  the  temper- 
ature of  the  room  or  compartment  in  which  the  chlorinator 
is  located  should  not  be  excessive.     When  chlorine  cylinders 


become  warmer  than  the  apparatus  the  chlorine  will  distill 
over  and  condense  on  the  apparatus  and  interfere  seriously 
with  its  proper  operation. 

The  location  of  the  chlorinating  apparatus  and  cylinders  in 
highly  heated  boiler  or  pump  rooms  should  therefore  be 
avoided.  To  Sept.  4  the  chlorinating  plant  at  St.  Petersburg 
was  out  of  commission  fM  per  cent  of  the  time;  trouble  with 
stoppages  and  the  formation  of  yellow  gummy  accumulations 
on  the  apparatus  were  noticeable.  An  investigation  found 
the  apparatus  and  cylinders  in  a  pump  room  having  high  tem- 
perature and  humidity.  I-ater  the  apparatus  with  cylinders 
were  placed  outside  the  pump  house  in  a  small  specially  con- 
structed shelter  having  a  more  even  and  lower  temperature, 
with  the  result  that  the  plant  has  operated  every  day  since 
without  interruption. 

The  plants  at  Miama  and  West  Palm  Beach  are  likewise 
located  in  small  structures  detached  from  the  hot  humid 
pump  rooms,  with  the  result  that  neither  plant  is  ever  out  of 
commission.  A  room  temperature  of  80°  F.  or  less  is  satis- 
factory tor  cylinders  and  apparatus. 

Great  care  must  be  exercised  in  getting  a  good  quality  of 
chlorine  free  from  impurities.  Accumulations  due  to  impure 
chlorine  can  be  successfully  eliminated  by  washing  with  car- 
bon tetra  chloride.  Leaky  apparatus  have  given  rise  to  cor- 
rosion at  points  ot  connection — such  leaks  can  be  easily  de- 
tected by  fumes  ot  ammonia;  leaks  should  be  repaired  im- 
mediately to  prevent  unnecessary  corrosion.  To  better  con- 
trol dosage  and  check  operation,  platform  scales  should  be 
available  to  correctly  weigh  the  chlorine  consumed  each  day; 
no  such  scales  are  at  the  Live  Oak  and  High  Springs  or  Pa- 
latka plants. 

The  point  of  chlorine  application  is  of  importance.  In  Flor- 
ida and  at  a  majority  of  the  plants,  the  chlorine  water  is  ap- 
plied to  the  suction  main  of  the  pumping  units.  This  seems 
to  be  the  best  and  proper  place  to  get  the  most  effective  mix- 
ing and  results.  At  West  Palm  Beach  and  Orlando  the 
chlorine  is  applied  subsequent  to  the  filtration  process. 

At  all  plants  equipped  with  chlorine  apparatus  a  move  is 
on  foot  to  provide  duplicate  units  to  care  for  periods  of  re- 
pair. Recently  such  units  have  been  installed  at  Miami,  St. 
Petersburg  and  Jacksonville.  All  plants  should  also  keep  on 
hand  a  full  line  of  repair  parts  and  connections. 

The  experience  with  the  Florida  units  during  1920  empha- 
sizes that  every  operator  should  be  more  particular  as  to  the 
care  of  the  several  units  at  all  times  to  prevent  unnecessary 
stoppages  and  troubles.  The  plant  operators  must  come  to 
the  realization  that  a  chlorinator  is  a  mechanism  demanding 
attention.  The  automatic  feature  and  satisfactory  operation 
of  the  plant  will  be  fully  realized  when  the  operator's  brain 
functions.  Prompt  attention  to  leaks,  replacement  of  worn 
and  corroded  parts,  and  temperature  control  are  absolutely 
necessary  to  success. 

To  treat  with  chlorine  a  water  which  to  all  intents  and  pur- 
poses is  absolutely  pure  and  wholesome  seems  foolish  to 
many,  yet  water  is  easily  contaminated  and  capable  ot  be- 
coming infected.  Therefore  at  a  nominal  cost  of  not  more 
than  %l  per  1,000.000  gal.  doesn't  the  chlorination  of  a  public 
water  supply  and  its  protection  against  chance  contamination 
seem  like  a  safe  and  reasonable  investment  for  any  commu- 
nity? 


*From  a  paper  presented  Feb.  21  before  the  Florida  Engineering 
Society. 


50  Years'  Service  as  Engineer  and  Superintendent  of 
Waterworks. — "As  Mr.  Walter  H.  Richards  is  this  year 
rounding  out  nearly  halt  a  century  of  faithful  and  excep- 
tionally efficient  service  as  Engineer  and  Superintendent 
of  the  Water  and  Sewer  Departments,  the  Board 
takes  occasion  to  renew  its  expressions  of  its  high  apprecia- 
tion of  the  unusual  quality  and  value  of  his  services  to  the 
Board  and  to  this  municipality." — From  the  1920  report  of  the 
Board  ot  Water  and  Sewer  Commissioners  ot  New  London. 
Conn. 


TABLIQ  I- LIQUID  CIILORIXB  DOSAGES  AT  SEVER.VL  FLORIDA  WATERWORKS. 


City. 


High   Springs     .. . . . 

Jacksonville   

Live    Oak    

Orlando   

Miami   

Palatka    

St.  Petersburg  .  — 

Tampa    

West  Palm  Beach 


Dosage 

Pounds 

pa-ts   per 

per    million 

Source  of 

million. 

gallons. 

water. 

0.15 

1.25 

Deep  well 

0.52 

4.4 

Deep  wells 

0.15 

1.25 

Deep  well 

n.24 

2.0 

I^ke 

0.60 

5.0 

Shallow  well 

0.05 

0.4 

Spring? 

0.19 

1.6 

Deet>  wells 

0.19 

1.6 

Spring* 

0.36 

3.0 

Lake 

Turbidity. 
0 
n 
0 
n 
n 
n 

0 
0 

n 


Color. 
0 

0 

0 
Slight 

0 
Slight 

0 

0 
Slight 


Additional 
tre.atment. 


Filtration 


Fi'tratlon 


•  1  ■-.fin  luiii  ~;,i    daily  from  Magby  Spring  are  chlorinated. 
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Sanitation  in  Flooded  Districts 

The  sanitation  ot  flooded  districts  is  a  very  important 
matter  in  several  states,  for,  altliough  large  floods  such  as 
occurred  along  the  Ohio  River  in  1913  are  of  extremely  rare 
occurrence,  there  are  certain  areas  that  are  flooded  at  not 
infrequent  intervals  and  even  as  often  as  every  year  by 
nearby  streams  reaching  moderate  high  water  stages  or  be- 
cause of  heavy  rains  within  the  areas  and  inadequate  drain- 
age. These  floods  though  not  usually  endangering  the  safety 
of  the  persons  living  in  the  areas  are  a  serious  menace  to 
their  welfare  because  of  the  insanitary  conditions  produced. 
The  precautions  that  should  be  taken  to  meet  these  condi- 
tions are  well  outlined  by  Harry  F.  Ferguson,  acting  chief 
sanitary  engineer  of  the  Illinois  State  Department  of  Public 
Health  in  Illinois  Health  News,  the  official  monthly  bulletin 
of  the  department,  from  which  the  matter  following  is  taken. 

While  waters  are  at  flood  stage,  wells  may  be  dangerously 
polluted,  especially  since  the  contents  of  privy  vaults  are 
often  washed  out  over  the  surface  of  the  ground.  Privies, 
because  of  the  flood  waters,  often  cannot  be  used  and  thus 
extremely  insanitary  conditions  are  liable  to  develop. 
Grounds  and  cellars  become  flooded  with  water  which  is 
generally  badly  polluted  with  human  wastes  and  becomes 
malodorous.  Many  of  the  houses  built  in  the  areas  subject 
to  flooding  do  not  have  cellars  and  the  first  floors  are  often 
only  a  few  inches  above  the  surface  of  the  ground  and  in 
such  cases  the  floors  and  walls  become  soaked  with  the 
malodorous,  polluted  waters.  The  danger  of  disease  at  such 
times  is  probably  increased  because  ot  a  lowered  vital  re- 
sistance of  the  people  caused  by  e.xposure  and  sometimes  to 
a  lack  of  proper  food  and  nourishment.  The  chance  for  in- 
fection by  contact  is  also  often  increased  because  of  the 
prevailing  insanitary  conditions  and  the  difficulty  of  practic- 
ing personal  cleanliness  under  the  disturbed  conditions. 

The  principles  and  methods  of  sanitation  in  flooded  areas 
are  not  different  from  those  in  regular  use,  but  rather  have 
to  be  applied  in  an  emergency,  wholesale  manner  and  at 
the  same  time  intensely.  As  the  flood  waters  recede,  the 
sanitary  work  should  be  carried  on  with  the  same  vigor  and 
proper  attention  should  be  given  to  making  conditions  nor- 
mal and  sanitary  as  soon  as  possible.  The  two  most  impor- 
tant items  to  be  considered  in  the  sanitation  of  flood  areas 
are  the  water  supply  and  the  disposal  of  human  wastes.  If 
these  two  things  are  properly  cared  for,  epidemics  of  dis- 
ease can  probably  be  avoided.  Next  in  importance  to  the 
water  supply  and  human  waste  disposal  are  those  matters 
that  might  be  considered  as  general  sanitation  such  as  the 
cleaning  of  flooded  ground,  cellars,  and  floors,  and  the  col- 
lection and  disposal  of  rubbish  and  wastes  including  dead 
animals. 

If  the  sanitary  work  during  and  following  floods  is  prop- 
erly carried  on,  much  sickness  will  be  prevented.  Though 
there  is  no  tangible  way  of  measuring  such  work,  as  in  all 
health  work  that  prevents  disease,  if  the  work  is  neglected, 
then  the  terrible  effects  of  epidemics  may  be  all  too  measur- 
able. As  a  guide  to  proper  sanitation  in  flooded  districts, 
some  ot  the  more  important  items  will  be  presented  in  some 
detail. 

Water  Supply. — If  there  is  a  public  water  supply,  it  may 
or  may  not  be  rendered  unsafe  by  flood  waters.  If  the  sup- 
ply is  derived  from  drilled  or  driven  wells  and  sometimes 
even  dug  wells  properly  constructed  or  is  a  river  supply  prop- 
erly filtered  and  sterilized  and  the  filter  plant  is  not  put  out  of 
commission,  then  the  supply  will  probably  continue  in  safe 
condition.  If,  however,  the  supply  though  normally  pure 
is  obtained  from  wells  inadequately  protected  so  that  flood 
waters  enter  them,  the  water  should  be  boiled  during  the 
flood  and  thereafter  until  investigations  and  analyses  have 
shown  the  supply  to  again  be  in  good  condition.  If  the  sup- 
ply is  an  untreated  surface  water  supply,  then  flood  condi- 
tions will  make  little  change  in  the  quality  for  even  under 
ordinary  conditions  surface  water  supplies  cannot  be  con- 
sidered safe.  In  addition  to  having  the  people  boil  the  water 
from  the  public  water  supply,  the  officials  in  charge  should 
install  an  emergency  liquid  chlorine  or  hypochlorite  steriliz- 
ing apparatus  for  treating  the  water.     Experience  has  shown 


that    persons   will    not   always*  take   the   precaution   to   boil 
drinking  water,  especially  during  disturbed  flood  conditions, 
and  thus  the  water  should  be  made  as  safe  as  possible  be- 
■  fore  it  is  pumped  into  the  mains. 

Private  wells  of  the  drilled  or  driven  type  that  are  ade- 
quately protected  at  the  top  so  that  flood  waters  cannot  enter 
them  will  probably  continue  to  yield  a  safe  water.  Under 
exceptional  conditions  dug  wells  also  properly  constructed 
may  continue  to  furnish  a  safe  water,  but  should  ordinarily 
be  regarded  with  suspicion.  Generally,  the  wells  found  in 
areas  subject  to  flooding  are  of  the  shallow  dug  type  and  thus 
during  floods  become  badly  contaminated.  Many  of  these 
wells  even  under  normal  conditions  are  not  satisfactory 
sources  of  supply  because  they  are  not  tight  at  the  top  and 
are  located  in  close  proximity  to  privies,  cesspools,  and  other 
sources  of  pollution. 

The  best  means  of  making  the  water  from  flooded  wells 
safe  in  addition  to  boiling  is  to  dose  it  with  calcium  hypo- 
chlorite, commonly  known  as  chloride  of  lime.  The  capacity 
of  a  well  should  be  ascertained  and  about  1  ounce  of  hypo- 
chlorite per  1,000  gal.  of  water  added.  The  hypochlorite 
should  first  be  dissolved  in  a  small  quantity  ot  water  and 
then  thrown  into  the  well.  This  may  give  to  the  water  a 
slight  taste,  but  such  is  not  harmful  and  is  even  desirable, 
as  the  taste  is  a  good  index  that  the  water  has  been  properly 
sterilized.  As  long  as  the  well  continues  flooded,  applica- 
tions of  hypochlorite  should  be  made  at  suitable  intervals. 
Wells  that  have  not  been  treated  and  used  while  flooded 
but  are  to  be  used  when  the  water  recedes  should  be  treated 
with  hypochlorite  and  then  pumped  out  and  cleaned  and  re- 
treated with  hypochlorite. 

Cisterns  may  become  flooded  by  surface  water  washing 
into  them  or  by  polluted  water  seeping  into  them  through 
cracks  above  the  normal  flow  line.  If  cisterns  have  been 
so  contaminated  or  there  is  the  least  doubt  as  to  the  quality 
of  the  water  in  them,  they  should  be  treated  with  hypochlor- 
ite in  a  manner  similiar  to  dug  wells  If  cisterns  have  be- 
come filled  with  highly  polluted  waste  matter,  then  they 
should  be  emptied  after  being  treated  with  hypochlorite  and 
the  walls  should  be  thoroughly  washed  with  a  milk  of  lime 
solution  prepared  from  freshly  slaked  lime. 

During  flood  times,  or  until  good  water  supply  conditions 
have  been  re-established  in  areas  from  which  flood  waters 
have  receded,  community  watering  points  can  be  established 
by  providing  barrels  or  tubs  of  water  that  have  been  treated 
with  calcium  hypochlorite.  This  would  be  similar  to  the 
methods  followed  in  the  army  where  portable  canvas  bags 
known  as  Lyster  bags  were  erected  at  suitable  points  and 
filled  with  water  and  treated  with  hypochlorite. 

Human  Waste  Disposal. — In  an  area  provided  with  a  suit- 
able sewer  system  flood  conditions  may  not  cause  any  diffi- 
culty in  the  disposal  of  human  wastes.  In  some  low  areas, 
however,  sewer  systems  are  at  times  placed  out  of  commis- 
sion because  of  flood  waters.  Such  conditions  generally  re-  • 
suit  from  improperly  designed  and  constructed  sewer  systems 
and  should  be  corrected.  Where  sewers  are  put  out  of  use 
because  of  flood  waters,  sanitary  privies  for  temporary  use 
should  be  built.  These  preferably  would  be  of  the  removable 
receptacle  type  and  the  waste  matter  should  be  carried  to  a 
suitable  point  tor  proper  disposal.  Where  privies  have  be- 
come flooded  or  placed  out  of  commission  by  flood  waters 
suitable  new  sanitary  privies  should  be  constructed.  If  a 
large  number  of  homes  are  affected  then  local  ofllcials  should 
make  arrangements  for  the  construction  at  suitable  places 
of  temporary  community  privies. 

In  carrying  on  sanitary  work  in  areas  from  which  the  flood 
waters  have  receded,  privies  should  be  immediately  cleaned, 
repaired,  and  made  fly-tight.  If  they  cannot  be  suitably  re- 
paired, then  new  sanitary  privies  should  be  built.  The  im- 
portant features  to  consider  in  privies  is  to  see  that  they 
will  not  so  pollute  the  soil  as  to  endanger  wells,  that  they 
will  not  permit  access  ot  flies  to  the  waste  material  and 
that  they  can  be  maintained  in  a  reasonably  clean  condition 
and  odors  kept  at  a  minimum. 

Deposits  on  Ground  Surface. — Receding  flood  waters  often 
leave  a  slimy  malodorous  deposit  on  the  surface  of  the 
ground,  together  with  miscellaneous  rubbish,  garbage,  and 
dead  animals  such  as  chickens,  cats,  and  dogs..  As  soon  as 
possible  the  rubbish,  garbage,  and  dead  animals  should  be 
gathered  up  and  properly  disposed  of.  preferably  by  burying. 
If  there  are  certain  low  areas  that  will  not  readily  drain 
themselves,   then   suitable   ditches   should   be  constructed   in 
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order  to  eliminate  such  ponds,  and  thus  prevent  the  devel- 
opment of  mosquitoes.  Air  and  sunlight  must  be  depended 
upon  to  improve  the  wet  condition  of  the  ground  surface 
after  the  rubbish  and  other  material  has  been  collected. 
Quite  often  persons  scatter  lime  indiscriminately  about  the 
premises,  but  such  use  of  lime  is  a  waste  of  time  and  money. 
As  soon  as  the  ground  dries  out  under  the  influence  of  the 
sun  and  air,  conditions  are  generally  satisfactory.  If,  how- 
ever, the  waste  deposit  upon  the  premises  is  of  such  a  char- 
acter as  to  give  oit  odors  even  when  thoroughly  dried,  then 
the  ground  might  well  be  sprinkled  with  a  strong  solution 
of  millf   of  lime  prepared  from  freshly  slaked  lime. 

Cellars,  Floors,  Etc— Cellars  that  will  not  drain  out  as 
soon  as  the  flood  waters  recede  should  be  pumped  out  and 
all  cellar  windows  opened  in  order  to  admit  as  much  air  and 
sunlieht    as    possible.     The   walls    should      be     brushed    and 


Large  Colorado  River  Power 
Project 

A  large  increase  of  available  horsepower  is  involved  in 
the  ultimate  plans  of  the  Southern  California  Edison  Co.  in 
connection  with  its  proposed  Colorado  River  Project.  An 
application  for  a  preliminary  permit  to  develop  this  energy 
from  the  waters  of  the  Colorado  River  has  recently  been 
accepted  by  the  Federal  Power  Commission,  according  to 
the  .Journal  of  Electricity,  from  which  the  following  notes  are 
taken. 

The  application  contemplates  the  development  of  power 
on   the   Colorado  River  above   the  Bowlder   Canyon    Project, 
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Profile    Showing    Location    of    Proposed    200-IVIile    Storage    Reservoir.    Extending  From   Paria   River  to  the   Head  of  Cataract  Canyon. 


washed  with  a  milk  of  lime  solution  or  wliitewash  as  this 
will  not  only  brighten  the  walls  and  help  dry  them,  but  will 
serve  as  a'  deodorant  and  sterilizing  agent.  If  the  cellar 
floors  are  of  cement,  they  should  be  thoroughly  brushed,  and 
scrubbed  with  lime  solution.  If  the  cellar  floors  are  of  earth. 
they  should  be  raked  as  clean  as  possible  and  then  sprinkled 
with  powdered  lime.  The  lime  will  help  dry  the  floor  and 
will  serve  as  a  deodorant. 

Floors  that  have  been  flooded  are  generally  left  with  a 
deposit  of  silt  and  slime  and  this  should,  of  course,  first  be 
thoroughly  removed  by  means  of  brooms  and  brushes.  The 
floors  and  baseboards  then  should  be  thoroughly  washed  with 
soap  and  water.  If  odors  prevail  after  washing  the  floors 
with  soap  and  water,  it  would  be  advisable  to  wash  them 
with  a  formalin  solution.  Walls,  furniture,  etc.,  that  have 
been  reached  by  the  flood  waters  can  also  be  washed  to 
advantage  with  the  formalin  solution.  Every  effort  should 
be  made  to  admit  as  much  air  and  sunlight  to  the  rooms  as 
possible. 

General  Sanitation  and  Personal  Cleanliness. — Because 
human  waste  matter  is  generally  scattered  about  by  the 
flood  waters  it  is  very  important  that  flies  be  reduced  to  a 
minimum.  Flies  should  be  excluded  from  the  households 
as  much  as  possible  and  prevented  from  gaining  access  to 
food.  The  streets,  alleys,  and  stables  should  be  kept  clean 
of  any  manure  that  might  serve  as  breeding  places  for  flies. 
Garbage  should  be  kept  suitably  covered  until  it  can  be 
properly  disposed  of,  preferably  by  burial. 

During  flood  conditions  and  during  the  rehabilitation  fol- 
lowing floods,  individuals  should  make  every  effort  to  prac- 
tice personal  cleanliness  the  same  as  under  normal  condi- 
tions. This  is  often  difficult  during  disturbance  by  floods 
or  until  suitable  water  supplies  are  readily  available  again 
and  until  proper  means  are  provided  for  disposing  of  human 
wastes.  However,  the  individual  can  do  much,  by  making 
every  effort  to  prevent  the  spread  of  objectionable  waste 
matter,  by  endeavoring  to  practice  personal  cleanliness,  and 
by  avoiding  contact  with  persons  who  anparently  are  disre- 
garding sanitary  measures.  Though  epideiircs  can  be  pre- 
vented by  officials  supervising  water  supplies  and  human 
waste  disposal  during  and  following  flood  conditions,  the 
occasional  cases  of  sickness  can  only  be  prevented  by  the 
individual  cooperating  in  this  wnrk  and  making  every  effort 
to  put  his  premises  again  in  a  sanitary  condition. 


at  Marble  Canyon  and  Diamond  Creek,  but  does  not  consider 
the  possible  power  developments  in  the  Grand  Canyon  and 
other  sites  along  the  National  Park.  Most  of  the  available 
water  power  sites  in  California,  capable  of  developing  large 
amounts  of  hydroelectric  energy  have  already  been  filed 
upon,  and  the  Southern  California  Edison  Co.,  ti>  meet  the 
future  demands  for  power  which  have  doubled  during  the 
last  decade,  turns  its  attention  to  the  Colorado  region  as 
the  next  logical  territory  for  future  development. 

Some  of  the  possibilitie.s  of  the  Colorado  River  Project 
are  outlined  as  follows: 

1.  Three  thousand  feet  of  waterfall  will  produce  4,350.- 
1)00   HP. 

2.  Flood  control  will  be  absolute,  reducing  the  water  dis- 
charged to  that  volume  which  may-  be  safely  carried  within 
the  natural  banks,  levees  being  practically  eliminated. 

3.  Provision  will  be  made  for  irrigation  of  an  additional 
3,250,000  acres,  of  which  1,000.000  acres  will  be  above  the 
canyon.s  and  the  balance  below. 

4.  The  storage  basin  will  be  over  200  miles  in  length,  im- 
pounding more  than  40,000,000  acre-feet  ot  water. 

5.  Four  hundred  miles  of  the  river  will  be  made  navigable. 

6.  The  area  which  may  be  served  with  power  includes 
three-quarters  of  the  state  of  California,  the  entire  states  ot 
Arizona,  Nevada  and  Utah,  more  than  one-half  of  Colorado 
and  New  Mexico  and  one-fifth  of  Idaho  and  Wyoming,  with 
possibly  large  areas  in  northern  Mexico. 

7.  Power  may  be  used  for  the  electrification  ot  steam  rail- 
roads, as  well  as  for  commercial,  agriculture,  mining  and 
municipal  uses  in  the  entire  district.  The  saving  in  fuel  oil 
by  the  substitution  of  this  hydroelectric  power  will  amount 
to  90.000,000  bbl.  per  year,  which  is  practically  the  present 
annual  production  of  the  entire  state  of  California. 

8.  These  savings  in  oil  consumption  will  indefinitely  ex- 
tend the  fuel  life  of  our  navy  and  merchant  marine,  which 
during  the  war  were  of  necessity  changed  from  coal  to  oil 
burning. 

9.  The  Colorado  River  is  the  second  largest  river  system 
of  the  country,  having  a  drainage  area  of  250,000  square 
miles.  Nature's  arrangement  of  this  stream  for  man's  use 
is  equaled  by  no  other  river  in  the  world. 

10.  Ninety-three  per  cent  of  the  run-off  may  be  impounded 
above  the  storage  dam,  which  will  be  500  ft.  in  height. 
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Proposed  Development  of  St.  Law- 
rence River  to  Provide  5,000,000 
H.  P.  and  30  Ft.  Waterway 

A  proposed  development  of  the  St.  Lawrence  River  involv- 
ing tlie  construction  of  five  dams  will  provide  a  30-ft.  water- 
way and  yield  5,000,000  HP.  at  an  estimated  cost  of  $1,300,- 
000,000,  according  to  a  report  recently  submitted  to  the  In- 
ternational Joint  Commission  on  navigation  and  power  devel- 
opment of  the  St.  Lawrence  River  between  Lake  Ontario 
and  Montreal  by  Hugh  L.  Cooper  &  Co.  The  following  state- 
ments arc  extracted  from  the  report: 

The  proposed  development  involves  the  construction  of 
five  dams  with  a  generating  station  at  each  end  of  each  dam 
(an  arrangement  essential  to  the  handling  of  the  great  ice 
flows  of  the  St.  Lawrence),  the  provisions  of  a  lock  at  each 
dam,  and  the  deepening  of  the  channel  at  the  head  of  the 
Golops  Rapids  at  the  Long  Sault  and  at  Farran's  Point.  The 
dam  which  it  would  be  most  logical  to  construct  first  would 
be  located  near  Croil  Island,  about  33  miles  below  Lake 
Ontario;  the  second  would  be  installed  near  Massena  Point, 
N.  y.,  about  15  miles  farther  downstream;  the  third  would 
be  about  44  miles  farther  along,  near  Cedars,  Quebec;  the 
fourth  about  4%  miles  below,  near  Cascades  Point,  Quebec, 
and  the  fifth  about  20  miles  downstream,  near  Cote  St.  Paul, 
Quebec.  Approximately  40  ft.  of  head  would  be  developed  at 
each  plant,  the  aggregate  head  being  196  ft.  Locks  would 
be  provided  at  each  dam  to  the  total  of  six  and  would  in- 
volve 3%   miles  of  canal. 

The  entire  development,  it  is  estimated,  will  cost  approxi- 
mately .11,300,000,000.  The  initial  installation,  400,000  HP. 
of  the  Croil  Island  development,  can  be  completed  within 
five  years.  The  remaining  600.000  HP.  from  this  site  can  be 
installed  in  blocks  of  50,000  HP.  upon  20  months'  notice  as 
and  when  the  demand  for  power  requires  it.  Plants  at  the 
other  four  waterpower  sites  can  be  constructed  by  the  elec- 
tric service  companies  now  operating  in  the  vicinity  of  them 
or  can  be  installed  by  others. 

Development  of  plants  Nos.  3  and  4  would  provide  2,000,000 
HP.  for  public  consumption,  compared  with  the  160,000  HP. 
now  developed   in   the  vicinity  of  these  sites. 

According  to  careful  estimates,  power  can  be  made  avail- 
able to  consumers  from  the  proposed  Croil  Island  develop- 
ment at   $17   per  horsepower-year. 

The  actual  undertaking  of  this  development  cannot  be 
expected  to  become  an  immediate  reality,  however,  unless 
the  governments  of  Canada  and  the  United  States,  which 
have  jurisdiction  over  boundary  waterpower  development, 
will  recognize  the  relative  benefits  of  the  proposed  plan,  will 
waive  duties  on  construction  materials  and  restrictions  on 
labor,  will  consent  to  free  interchange  of  power, 
and  will  allow  rates  for  power  which  will  be  com- 
mensurate wath  the  unusual  financial  and  engineering  factors 
Involved.  Furthermore,  each  government  must  provide,  op- 
erate and  maintain  all  navigation  facilities  and  adjust  all 
damages  resulting  from  changes  in  water  elevations. 

Collectively,  the  Great  Lakes,  Niagara  River  and   the   St. 
Lawrence    River   are   the    largest   undeveloped    resources   of 
their  kind  in  the  world,  yet  the  ratio  of  present  power  devel- 
opment on   these   boundary  waters  to   the  ultimate  possible 
is  negligible.    At  present  only  about  850,000  HP.  is  developed 
at  Niagara  Falls,  whereas  at  least  2,305,000  HP.  can  be  de- 
1     veloped  without  marring  the  beauty  of  the  Falls.     This  addi- 
'     tional  available  power  plus  the  5,000,000  HP.  which  can  be 
I     developed  as  proposed  on  the  St.  Lawrence  would  provide  a 
I     total   additional    6,625,000    HP.    or   66    per   cent   of   the    total 
'      Waterpower  horsepower  installed  in  the  United  States.     Ow- 
(      ing  to  the  more  constant  flow  of  the  Niagara  and  St.  Law- 
rence Rivers,  this  power  could  be  developed  at  25  per  cent 
higher   load    factor   than   the   average   in   the   United   States 
and  thus  produce  the  equivalent  of  82  per  cent  of  the  energy 
now  generated  by  water  power  in  this  country. 

Considering  this  enormous  amount  of  available  hydroelec- 
tric energy,  increased  importance  should  be  attached  to  the 
following  advantages  of  water-power  development: 

(a)  Every   35   hydro   horsepower   which   Is   developed   re- 


leases one  laboring  man's  efforts  for  one  year  tor  more 
profitable  engagement.  This  means  that  190,000  men  would 
be  made  available  by  the  proposed  development  for  other 
business,   say,  agriculture   and  industrial. 

(b)  Seventy  times  more  labor  is  required  to  produce  a 
given  quantity  of  steam-electric  power  than  to  give  the 
same  quantity  of  hydro-electric  power.  This  takes  into  con- 
sideration labor  required  in  the  mining  of  coal  used  as  well 
as  generating-plant  personnel. 

(c)  Every  hydro  horsepower  saves  on  the  average  more 
than  10  tons  of  coal  per  annum,  or  66,250,000  tons  in  this 
case. 

(d)  Hydro-electric  energy  saves  every  consumer  $35  per 
horsepower-year  on  the  average,  or  $231,875,000  based  on  the 
proposed  developments.  This  alone  would  justify  an  ex- 
penditure of  $1,932,000,000  if  capitalized  at  12  per  cent,  the 
average  return  on  industry  before  the  war.  or  more  than 
the  proposed  canalization  and  power  development  of  the 
St.  Lawrence  River  would  cost. 

(e)  Water  power  reduces  freight  rates  on  general  com- 
modities through  saving  of  coal  and  releasing  railroad  prop- 
erty and  equipment  for  more  productive  uses.  More  spe- 
cifically, 36,000  freight  cars  and  600  locomotives,  valued  at 
$141,000,000,  would  be  released  by  this  development,  to  say 
nothing  of  other  railway  property  used  solely  in  connection 
with  this  coal  equipment  and  amounting  to  an  additional 
$530,400,000. 

Aside  from  the  foregoing  advantages  would  be  the  in- 
creased speed  of  traffic  in  the  St.  Lawrence  River  and  the 
reduced  rate  per  ton,  the  development  of  new  industries, 
the  reduction  of  coal  exports  to  Canada  and  hence  its  greater 
availability  at  a  lower  ton  cost  in  the  United  States  and 
the  increased  business  on  the  Erie  Canal  which  would  re- 
sult from  new  industries. 


Results  of  Lime  Softening  of  Water  Supplies.— In  their 
recent  report  on  a  new  water  supply  for  Kansas  City,  Mo., 
Fuller  &.  McCIintock,  Consulting  Engineers,  state  that  sev- 
eral important  American  cities  are  purposely  using  large 
doses  of  lime  for  softening  their  water  supplies.  St.  Louis, 
New  Orleans  and  Grand  Rapids  are  cited  as  being  the  best 
examples  of  lime  softening  on  a  large  scale.  The  operat- 
ing results  of  these  plants  are  given  as  follows  in  the  report: 

Grand 

„„_.    ,           .J       J                                St.  Louis.  New  Orleans.  Rapid.s. 

Period  considered 191.S-19  191S  1919-20 

Population,    1920 773,000  387,408  137,634 

Hater  treated  daily,  mil.  gals 104  32  5  14  1 

Average  turbidity  of  raw  1,500  500  17' 

Alkahnity.  raw  p.  p.  m 130  100  191 

Lmuent  pp.m 43  39  72 

InoriL^tants.  raw  p.  p.  m 53  25  49 

affluent  p.  p.   m 58  28  55 

Total  haraness.  raw  p.  p.  m 183  125  241 

Effluent   p.  p.  m 101  67  135 

Hardnes.-!  removed  p.  p.  ni R2  58  106 

Hardness  removed,  per  cent   45  46  44 

Ivime  used,  grains  per  gallon   ....            5.56  4  61  5  60 
Hai'dncss   removed    by   one   grain 

per  gallon    14.7  12.6  19 

Lime  cost,  per  ton   $  S.75  $11.30  $12  01 

Limo  cost,  per  mil.  gals $  3.82  %  3.75  $  4  60 

Lime  cost,  per  part  hardness  re- 

moved       4,(!6c  6.46c  4.35c 

Quality  of  lime,  per  cent  TaO   ...          84.3  S8  7 


Personnel  and  Scope  of  Work  at  Various  Waterworks  Lab- 
oratories.—In  their  recent  report  on  the  water  supply  of 
Kansas  City,  Mo.,  Fuller  &  McCIintock,  consulting  engineers, 
gave  the  following  table  showing  the  personnel  and  scope 
of  work  at   various  waterworks  laboratories: 
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New  Water   Level  Recorder  and 
Flow  Meter 

A  new  instrument  for  recording  water  levels  and  measure- 
Ing  flow  which  has  recently  been  put  on  the  market  is  in  reality 
two  instruments  combined.  The  recorder  Is  a  complete 
■water  level  recorder  in  itself  designed  lor  small  conduits, 
weirs  or  other  devices  where  the  range  of  heads  do  not  ex- 
ceed 2  ft.  The  flow  meter  is  a  separte  integrating  attach- 
ment that  may  be  put  on  at  any  time. 

The  purpose  of  the  flow  meter  is  to  save  the  labor  of 
computing  the  volume  of  flow  from  the  record  of  water  levels. 


indicate  on  a  graduated  dial  the  number  of  revolutions  made 
by  this  friction  wheel.  By  a  simple  adjustment  of  a  spiral 
cam  and  the  use  of  an  Integral  multiplier  the  revolutions 
thus  indicated  are  readily  converted  into  acre-feet,  gallons, 
cubic  meters  or  any  other  unit  of  volume  flowing  in  any 
rated  conduit  or  passing  any  weir,  headgate  or  other  meas- 
uring device. 

A  check  is  always  had  on  the  record  of  the  flow  meter 
through  the  simultaneous  records  of  water  levels.  Thus  it  ta 
claimed  that  the  convenience  of  the  water  meter  is  secured 
with  the  additional  advantage  of  being  able  to  check  the 
results  and  determine  rates  of  flow  it  desired. 

The  instrument  is  manufactured  and  distributed  by  Leo- 
pold Voelpel  &  Co.,  Portland.  Ore. 


Engineers  for  I.  C.  Commission  and  for  Assistant  Secre- 
tary of  War.  -The  American  Engineering  Council  of  the  Fed- 
erated American  Engineering  Societies  has  sent  to  Presi- 
dent Harding  a  communication  asking  that  an  engineer  be 
appointed  Assistant  Secretary  of  War.  Another  communi- 
cation requested  Mr.  Harding  to  name  an  engineer  for  tli' 
vacancy  on  the  Interstate  Commerce  Commission.  Botli 
communications  were  authorized  by  vote  of  the  Executivo 
Board  of  the  Council,  of  which  Herbert  Hoover  is  president. 


Stevens   Water    Level    Recorder   and    Flow    Meter. 

It  may  be  set  to  record  the  total  volume  of  water  passing  the 
instrument  in  acre-feet,  gallons  or  any  other  unit  desired. 
It  is  operated  by  an  adjustable  spiral  cam  that  may  be  set 
for  anv  weir,  headgate,  canal,  flume  or  ditch  that  is  rated, 
or  for  any  device  or  condition  where  the  height  of  water  is 
an  index  of  the  flow.  A  carriage  carrying  a  pen  is  moved 
up  and  down  by  a  float  resting  on  the  water.  The  pen  marks 
a  line  on  the  record  paper  fastened  around  a  drum  that  is 
turned  bv  an  8-day  clock  inside  the  drum.  The  combination 
of  these  "two  motions  makes  a  record  of  the  rise  and  fall  of 
water.  The  record  of  heights  may  be  made  either  to  actual 
size  or  to  one-half  actual  size  by  a  simple  adjustment  of  the 
line  to  the  float. 

The  flow  meter  operates  somewhat  on  the  principle  of 
a  planimeter.  A  friction  wheel  resting  on  top  of  the  drum 
is  turned  by  it.  The  angle  this  wheel  makes  with  the  direc- 
tion of  motion  of  the  drum  is  made  to  vary  adjustably  with 
the  height  of  water.    A  suitable  gear  train  causes  hands  to 


Personals 

G.  R.  Hall,  Oconto.  Wis.,  has  been  elected  president  of  U  • 
Wisconsin  State  Drainage  Association.  Other  officers  are  Jen> 
Donohue  of  Sheboygan,  vice  president:  Anton  Brost  of  Babcock 
treasurer;  Professor  E.  R.  Jones  of  the  agricultural  college,  secre- 
tary, and  O.  R.  Zeasman.  also  of  that  branch  of  the  university, 
assistant  secretary. 

Chester  G.  Wigley  of  Maplewood,  N.  J.,  formerly  engineer  of 
the  New  .Jersey  State  Board  of  Health,  was  re-elected  president 
of  .he  New  .Jersey  Sewage  Works  Association  at  its  annual  con- 
vention Feb.  19.  Other  officers  elected  are  S.  FLsher  Miller  of 
.South  Orange  and  Morford  C.  Smith  of  Newton,  vice  presidents, 
and  JIvron  E.  Fuller  of  Summit.  secretar>--treasurer. 

Dwight  P.  Robinson  &  Co.,  Incorporated,  engineers  and  con- 
Ktructirs,  .New  Ycirlc.  has  recentlv  opened  branch  offices  in  Montreal 
ii!  ihe  Dominion  Kxpress  Bldg.  Ale.xander  C.  Barker,  vice-president, 
is  ir.  charge  of  the  office.  The  companv  is  a  consolidation  of  West- 
inghouse.  Church.  KeiT  &  Co.,  Inc..  and  Dwight  P.  Robinson  &  Co., 
Inc..  and  has  done  extensive  construction  and  engineering  work  in 
Canada  for  the  Canadian  Pacific  Ry.,  Canadian  Salt  Co.,  Canadian 
Crocker-Vv'hceler  Co..  Dominion  Government,  Aetna  Explosives  Co., 
Grand  Trunk  Ry.  and  others. 

Herman  C.  Wolf  has  been  appointed  assistant  chief  engineer  of 
the    '.'Liblic   Service  Commission   of  Mar>-land.     Mr.   Wolf,    who   will 
be   the   electrical   engineer  for  the  commission,    has   been   in   Mary 
land  for  some  time  as  one  of  the  staff  of  the  Chicago  firm  of  en-  j 
gineers   which   is    surveying   the    Maryland    State    departments   and  I 
which  collected  data  for  the  installation  of  the  merit  system.     He  I 
is   a   graduate   of   the   University   of   Illinois  and    wa.s   at   one    time  I 
assistant    engineer  of   the   Illinois    Public    Utility   Commission.     He 
was  wiih  the  F.nginoering  Coi  ps  of  the  army  during  the  war,  ser\'- 
ing  IS  months  overseas. 

The  firm  name  of  the  E.  A.  James  Co.,  Limited,  consulting  en- 
gineers, Toronto.  Ont..  has  been  changed  to  "James,  Proctor  & 
Redfern.  Limited."  The  names  of  E.  M.  Proctor  and  W.  B.  Red- 
fern  are  well  known  to  those  who  have  had  dealings  with  The 
E.  A.  James  Co.  Mr.  Proctor  has  been  with  the  company  as  man- 
aging! director  since  September,  1916.  and  continues  his  work  as 
vice-president  and  managing  director.  W.  B.  Redfern,  who 
previous  to  going  overseas,  was  the  town  engineer  of  Steelton.  joined 
the  company  in  May.  1919.  During  the  past  year  Mr.  Redfern  has 
acted  as  secret>ary-treasurer  for  the  company  and  will  continue  in 
that  office.  The  change  in  the  name  gives  recognition  to  the  ?•  i - 
vices  of  Messrs.  Proctor  ind  Redfern.  The  business  will  contimr 
as  formerly,  an  organization  of  consulting  municipal  engineers. 


Industrial  Notes 

The  firm  name  of  the  John  F.  Byers  Machine  Co.,  Ravenna,  O., 
has  be-en  officially  changed  to  the  Eyers  Machine  Co. 

Fred  E  Schwalb,  who  has  had  charge  of  special  engineering  for 
the  Weller  ilanufactuiing  Co.,  Chicago,  has  been  appointed  chief 
engineer  for  that  company. 

The  National  Steel  Fabric  Co.,  Pittsburgh,  Pa.,  has  opened  a 
sales  office  in  the  Mutual  Bldg..  Kansas  City,  Mo.,  in  charge  of 
H.  H.  Rr.binson.  ^  ,,       ^..  ^     ^     ^ 

The  Chippewa  Pump  Co.,  Chippewa  Falls,  VV  is.,  manufifturer 
of  deep  well  plunger  pum.ps.  has  moved  its  Cliicago  office  to  -01 
East  Ontario  St,     J    C.  Huffman  is  district  manager. 

The  Lakewood  Engineering  Co.,  Cleveland.  O..  announces  the  ap- 
pointment of  Kellv  Powell.  Limited.  403  McArthur  Bldg..  Winnipeg, 
Canada  as  agents  for  the  Province  of  Manitoba.  Saskatchewan, 
Alberta!  and  Western  Ontario,  for  the  sale  of  Lakewood  paving, 
construction  and  industrial  equipment. 

Blaw-Knox  Co.,  Pittsburgh,  Pa.,  will  exiiibit  its  new  "Dread- 
naught"  type  cir.m  shi-ll  bucket  at  the  National  Railway  Appliances 
Association  convention  in  Chicago,  March  14  to  IV.  ^'-'orking  mod- 
els of  all  types  of  Blaw  buckets  for  every  digging  and  rchandline 
need  will  be  arranged  for  inspection.  A  new  type  cf  portable  steel 
watchman's  or  flagman's  shanty  will  also  be  shown. 

The  Equitable  Equipment  Co.  has  just  completed  its  organitf" 
tion  lor  the  purpose  of  handling  railroad  and  contractors  equip- 
ment .ind  second-hand  machinery  and  equipment.  The  new  con" 
panv  is  taking  over  the  equipment,  rail  and  machinery  ''usine.. 
of  A  Marx  &  Sons.  Southern  Scrap  Material  Co.  and  the  Smp 
Supply  Co.  The  new  firm  will  be  under  th  direct  management 
of  Mr.  Cleveland,  who  has  been  the  manager  of  the  ^jw  Orlean. 
branch  of  the  General  Equipment  Co  and  will  have  offices  at  'i 
Whitney-Central  Bldg.,  New  Orleans,  La. 
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Is  the  Missouri  "House"  Immoral  or 
Merely  Ignorant? 

state  legislators  are  probably  above  the  average  voter  in 
native  intelligence  and  certainly  in  education.  Hence  the 
laws  that  they  pass  are  superior  to  those  that  would  be  se- 
cured by  popular  vote.  How  very  little  the  average  voter 
knows  about  political  economy  may  therefore  be  judged  by 
the  little  that  state  legislators  know,  as  evidenced  by  the 
bills  that  they  pass  every  year,  also  by  the  bills  that  they 
refuse  to  pass. 

The  lower  house  of  the  Missouri  Legislature  has  just 
passed  a  bill  reducing  railway  passenger  fares  to  2.5  ct.  a 
mile.  By  a  vote  of  102  to  23  these  legislators  seek  to  reduce 
the  3.6  ct.  fare  recently  established  by  the  State  Public  Serv- 
ice Commission.  Consider,  for  a  moment,  the  significance 
of  this  6  to  1  vote  by  the  Missouri  legislators.  It  shows,  for 
one  thing,  that  they  are  either  immoral  or  exceedingly  ig- 
norant. If  they  believe  themselves  capable  of  justly  deciding 
a  rate  case  without  weighing  all  the  evidence  they  are  very 
ignorant.  If  they  fail  to  take  evidence  and  lower  the  rates 
merely  to  please  the  people,  they  are  immoral.  They  are 
equally  immoral  if  they  pass  such  a  bill,  knowing  it  to  be 
sure  of  veto  at  the  hands  of  the  governor. 

We  regard  the  102  members  of  the  Missouri  Legislature 
as  being  ignorant  rather  than  immoral.  Our  schools  and 
newspapers  foster  the  idea  that  any  intelligent  American 
is  competent  to  pass  upon  any  question  of  political  economics. 
It  is  not  strange  that  under  such  teaching  most  of  us  come 
to  have  a  wholly  inadequate  conception  of  the  extent  of 
knowledge  needed  to  judge  as  to  the  fairness  of  a  given  rail- 
way rate,  for  example.  Are  we  not  intelligent  Americans 
trained  to  politics  from  the  cradle?  And  Is  railway  regula- 
tion not  a  political  matter? 

The  American  people  have  yet  to  learn  that  very  few  poli- 
tical problems  can  be  correctly  solved  by  any  one,  who  is 
not  a  specialist.  Indeed,  they  have  yet  to  learn  that  po- 
litical questions  should  be  approached  as  problems  suscep- 
tible of  scientific  solution,  rather  than  as  matters  for  wordy 


debate.  As  yet.  neither  school  teachers  nor  newspaper  edi- 
tors are  attempting  to  show  voters  what  their  limitations 
are  when  it  comes  to  solving  political  problems. 


The  Decreased  Output  of  Railway 
Employes  Following  the  Aboli- 
tion of  Piece  Work 

Shortly  after  the  federal  government  took  over  the  opera- 
tion of  the  railways  in  1917,  the  piece  rate  system  of  paying 
shop  employes  was  abandoned.  Immediately  the  output  of 
the  workers  fell  off.  Judging  from  data  recently  presented 
to  the  Railroad  Labor  Board,  the  average  decrease  in  out- 
put per  man-hour  was  about  30  per  cent,  as  a  result  of  adopt- 
ing an  hourly  payment  plan  in  place  of  the  piece  rate  plan. 
For  example,  the  efficiency  of  the  freight  car  repairers  of 
the  Chicago  &  North  Western  fell  oft'  36  per  cent.  That  of 
the  car  repairers  of  the  eastern  lines  of  the  Pennsylvania  Ry. 
decreased  22  per  cent.  Similar  falling  off  occurred  in  the 
shops  of  the  Union  Pacific,  the  New  York  Central,  the  Chi- 
cago, Burlington  &  Quincy,  the  Norfolk  &  Western,  the 
Louisville  &  Nashville  and  other  railways,  indicating  an 
average  drop  in  shop  labor  efficiency  of  about  30  per  cent 
tor  all  the  railways,  following  abandonment  of  piece  rate 
payment. 

Reversing  the  percentage  base,  this  is  equivalent  to  an  in- 
crease of  nearly  50  per  cent  in  labor  efficiency  following  the 
introduction  of  piece  rate  payment  as  compared  with  pay- 
ment by  the  hour.  This  result  confirms  the  general  experi- 
ence of  manufacturers  as  to  the  percentage  of  increased  hourly 
output  that  occurs  when  some  system  of  payment  in  propor- 
tion  to  performance  is  adopted. 

There  are  several  Important  inferences  to  be  drawn  from 
these  data  and  from  the  action  of  the  government  in  discon- 
tinuing piece  rate  payment.  First,  the  willingness  of  a  rep- 
resentative government  to  adopt  an  uneconomic  system  if  it 
is  popular  with  workmen.     Second,  the  desire  of  the  work- 
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men  to  substitute  an  uneconomic  system  if  their  daily  wages 
are  not  immediately  reduced  Ijy  the  substitution. 

Bear  in  mind  that  the  only  essential  change  in  bringing 
about  this  great  decrease  in  hourly  output  of  railway  shop 
workers  was  the  change  in  the  method  of  payment.  The  same 
foremen  and  superintendents  remained  in  charge  after  Uncle 
Sam  became  the  general  manager  as  were  in  charge  before. 
But  Uncle  Sam  introduced  a  new  policy  of  management,  and 
in  doing  so  violated  the  most  important  single  law  of  man- 
agement, namely,  the  law  of  payment  in  proportion  to  per- 
formance.    The  result  was  inevitable. 

Those  who  believe  in  government  ownership  and  opera- 
tion of  railways  and  public  utilities  will  do  well  to  ponder 
the  results  of  our  government  operation  of  railways  during 
the  war.  It  was  not  the  existence  of  a  condition  of  warfare 
that  caused  the  great  slump  in  railway  shop  workers'  effi- 
ciency, for  that  did  not  occur  until  the  hourly  pay  system 
was  substituted  for  the  piece  rate  system. 

Eventually — possibly  a  century  hence — the  average  worker 
will  be  so  well  educated  economically  and  ethically  that  he 
will  work  as  industriously  under  one  system  of  payment  as 
another.  At  present,  however,  there  is  no  possibility  of  secur- 
ing a  fair  day's  work  from  the  average  worker  except  under 
some  system  of  reward  for  personal  efficiency  or  punishment 
for  failure  to  perform  a  specified  minimum  of  work. 

It  is  this  condition  that  leads  us  to  question  the  ultimate 
economic  success  of  any  extensive  plan  for  "democratizing 
industry."  If  the  workers  are  able  to  decide  what  the 
managerial  policies  shall  be,  what  is  to  prevent  their  doing 
just  what  was  done  in  the  railway  shops  of  this  country 
when  the  government  took  over  the  control?  The  govern- 
ment then  catered  to  the  desires  of  the  workers,  and  with 
results  that  were  disastrous  to  their  efficiency.  Are  not  most 
men  truly  but  "children  of  a  larger  growth."  governed  more 
often  by  their  immediate  desires  than  by  the  results  of  broad 
experience? 


Should  Courts  Select  Expert 
Witnesses? 

The  suggestion  has  often  been  made  that  expert  witnesses 
should  be  hired  by  the  courts,  in  order  to  avoid  the  partisan- 
ship in  their  testimony.  Some  degree  of  partisanship,  it  must 
be  admitted,  is  likely  to  exist  when  expert  witnesses  are  em- 
ployed by  both  parties  in  a  legal  controversy.  But  such  par- 
tisanship is  not  entirely  undesirable.  Certainly  there  are 
forms  of  partisanship  that  are  helpful  in  arriving  at  truth. 
For  example,  whenever  a  radically  new  scientific  theory  is 
presented,  a  debate  begins  and  soon  becomes  extremely  par- 
tisan in  character.  On  the  one  side  are  those  who  resist  the 
innovation  as  if  it  were  religious  heresy.  On  the  other  side 
are  the  radicals  who  see  little  or  no  truth  in  pre-existing  the- 
ories. Between  the  extremes  the  truth  may  subsequently 
be  found  to  exist,  but  during  a  scientific  controversy  neither 
side  is  inclined  to  yield  a  jot. 

In  expert  testimony  before  courts,  there  is  usually  involved 
a  considerable  amount  of  theory,  and  a  divergence  of  opinion 
over  the  theory.  For  this  reason,  if  for  no  other,  it  seems 
desirable  not  to  permit  any  court  to  select  all  the  expert 
witnesses. 

George  I.  Rockwood  presented  a  paper  in  1899  before  the 
American  Society  of  Mechanical  Engineers  on  the  value  of 
water  powers.  In  a  discussion  of  this  paper  William  Kent 
said: 

The  idea  that  a  court  expert  can  be  substituted  for  ex-parte 
experts  is  all  wrongr.  for  who  is  to  insure  that  he  has  that  scope 
of  knowledge,  that  breadth  of  judgment,  and  that  freedom  from 
pre-conception  that  he  can  see  all  sides  of  the  case?  The  whole 
truth  is  more  likely  to  be  brought  out  by  tho  conflict  of  the  wit- 
nesses on  opposing  sides. 

"With  this  statement  we  are  in  accord,  but  we  believe  that 
a  court  should  either  be  composed  of  technical  men  where  a 
technical  case  is  under  trial,  or  that  the  court  should  employ 
technical  advisers.  It  is  customary  in  England  (or  judges 
to  employ  such  advisers  who  sit  through  the  trial  and  weigh 
the  testimony  of  the  expert  witnesses.  Then  the  court  ordi- 
narily relies  upon  the  conclusions  reached  by  its  technical 
adviser.  Perhaps  this  is  the  most  practical  solution  of  the 
problem  at  the  present  time,  for  the  public  Is  still  too  ill- 
informed  about  technical  problems  to  realize  that  a  technical 
court  is  essential  where  just  decisions  are  to  be  reached  as 
to  technical  evidence. 


Most  of  our  state  public  service  commissions,  which  are 
judicial  in  their  nature,  do,  in  a  measure,  rely  upon  the  judg- 
ment of  their  engineers,  and  thus  avoid  many  errors  that 
would  otherwise  occur.  The  main  objection  to  this  practice 
lies  in  the  fact  that  the  engineers  of  such  a  commission  are 
often  partisan  witnesses  themselves.  Being  employed  by 
the  public  and  in  association  with  attorneys  that  represent 
the  public,  it  is  very  difficult  for  the  engineers  of  a  commis- 
sion to  free  thernselves  entirely  from  bias.  Their  theories 
often  conflict  with  those  of  the  engineers  employed  by  pub- 
lic utility  companies.  Where  such  conflict  occurs  they  would 
be  superhuman  were  they  not  to  advise  the  commission  that 
the  theories  of  the  company's  engineers  are  wrong. 

The  editor  has  been  the  engineer  of  a  public  service  com- 
mission, and  is  acquainted  with  many  commission  engineers. 
He  knows  that  engineers  in  such  positions  strive  to  be  un- 
biased, but  that  they  do  not  always  escape  being  partisan. 
He  believes  that  every  public  service  commission  should  have 
as  a  member  at  least  one  engineer,  so  that  the  commission 
will  not  be  entirely  dependent  upon  the  advice  of  its  own  engi- 
neers who  so  frequently  testify  in  opposition  to  the  engi- 
neers employed  by  public  utility  companies.  Where  it  is 
impracticable  to  secure  the  appointment  of  an  engineer  as  a 
member  of  a  commission,  it  may  be  possible  to  bring  about 
the  appointment  of  an  engineer  as  technical  adviser  of  the 
commission. 

Engineering  societies  should  appoint  comtnittees  to  study 
both  the  law  and  the  methods  of  procedure  governing  the 
trial  of  railway  and  public  utility  rate  cases.  Then  concerted 
and  unceasing  effort  should  be  made  to  effect  desirable 
changes.  Stagnation  in  railway  and  public  utility  develop- 
ment had  been  growing  progressively  w^orse  prior  to  the 
World  war.  The  war  served  to  make  a  bad  condition  worse. 
Unless  some  body  of  men  undertakes  to  show  the  public  how- 
to  change  conditions  under  which  railways  and  other  utilities 
operate,  there  will  be  no  satisfactory  development  in  this 
great  field  even  after  the  present  business  depression  ends. 
A\Tiat  body  of  men  is  more  competent  to  advise  flie  public  on 
this  subject  than  the  professional  engineers  of  America? 


A   Court  Decision  That  Pre-War 

Price  Levels  Are  Not  Applicable 

in  Present  Appraisals 

In  nearly  every  rate  case  before  a  court  or  commission  the 
contention  is  made  that  prewar  prices  should  be  used  in  val- 
uing property  built  prior  to  the  war.  Courts,  however,  are 
refusing  to  recognize  this  contention.  For  example,  in  a  re- 
cent decision  by  the  U.  S.  District  Court  of  the  Southern  Dis- 
trict of  New  York  (P.  U.  R.  1920  F,  p.  483)  we  read: 

Several  reasons  lead  me  to  believe  that  present  price  levels  are 
not  merely  transitory,  though  I  recognize  the  danger  of  any  proph- 
ecy. Whatever  their  precise  cause  it  is  universally  conceded  to 
be  .Jue  to  the  great  war.  and  by  that  I  mean,  of  course,  not  to  the 
prosecution  of  hostilitie.s.  hut  to  the  economic  exhaustion  and 
inflation  of  the  circ;ilating  medium  which  these  involved.  In  gen- 
eral, it  is  a  safe  inference  to  suppose  that  Europe  will  not  be  able 
to  resume  its  ante-bellum  production  for  a  time  measured  rather 
by  years  than  by  months,  and  that  the  recover>-  of  a  .sound  finan- 
cial condition  will  take  longer.  We.  in  this  country,  are  not  only 
influ-^nced  by  conditions  in  Europe,  but  we  are  subject  to  our  own 
local  inflation  and  disorganization  of  industry,  from  which  no  one 
can  know  when  we  shall  recover.  The  question  is  a  practical  one 
and  comes.  I  think,  down  to  this;  the  plaintiff  is  fared  with  a  con- 
dition which  permits  it  to  receive  much  less  than  the  return  which 
th9  statute  contemplated  and  which  the  Constitution  is  thought 
to  insure  it.  So  far  as  human  foresight  can  see.  that  condition, 
tliough  probably  not  permanent — certainly  in  its  present  exaggerated 
form — is  bound  to  exist  over  a  period  of  some  years,  at  least  in 
such  things  as  coal,  oil  and  labor,  which  are  the  plaintiff's  chief 
costs.  There  is  then  the  certainty  of  a  continued  loss  for  an  indef- 
inite. l)Ut  substantial  time,  due  to  causes  which  were  not  in  exist- 
ence and  could  not  possibly  have  been  apprehended  fourteen  years 
ago  when  the  rate  was  fixed.  Does  this  prospect  justify  the  court 
in  .ibandoning  the  inertia  which  it  properly  feels  when  the  com- 
plaint is  based  upon  temporar>-  variations?  Is  it  fair  to  continue 
to  impose  a  rate  which  has  clearly  ceased  to  correspond  with  the 
underlying  presuppositions  upon  which  it  was  based?  I  think  that 
the  prospect  does  justify  the  court  and  that  the  rate  has  become 
unfair,  at  least  until  the  conditions  change. 

I  'lave  just  said  that  the  present  range  of  prices  seems  to  me 
applicable  not  only  to  the  cost  of  production  but  to  the  valuation 
of  the  "rate  base."  i.  e.,  the  permanent  means  of  production,  and 
this  necessarily   involves   a   decision    upon   the   vexed   question   as 


(50) 


Engineerwg  and  Contracting  for  March  10,  1921. 


247 


to  the  values  upon  whicli  the  company  is  to  bo  permitted  to  earn 
its  profit.  Costs  of  production  involve  those  items  which  the  com- 
pany must  pay  before  it  begins  to  see  any  profit  whatever;  its 
economic  motive  for  embarking  in.  and  maintaining,  the  enter- 
prise depends  altogether  upon  the  return  which  it  can  get  out  of 
the  iiroperty  which  it  has  bought  and  erected  into  an  industrial 
unit.  Hence  it  is  the  profit,  and  strictly  speaking  this  alone,  which 
matters  with  the  stockholders.  It  must  be  o\s-ned  that  much  of 
the  discussion  shows  either  a  timidity  or  an  inability  to  grasp  any 
principle  ifl  dealing  with  the  "rate  base."  With  deference  it  ap- 
pears to  mo  to  be  merely  an  abandonment  of  any  attempt  to  deal 
intelligiMy  with  the  question  to  say  that  cost  of  reproduction  and 
the  original  cost  are  each  elements  to  be  considered.  That  state- 
ment can  mean  nothing  whatever  unless  it  is  accompanied  by  a 
constitutive  rule  which  will  establish  some  standard  by  which 
these  may  be  used.  It  would  be  understandable  to  say  that  the 
two  estimates  should  be  averaged,  but  such  a  rule  could  obviously 
command  no  support,  because  it  would  correspond  to  no  relevant 
considerations  of  policy.  Merely  to  leave  the  question  with  a  cau- 
tion that  several  elements  are  to  be  considered  is  to  abandon  any 
effort  to  solve  it. 

The  recurrent  appeal  to  a  Just  rate  and  a  fair  value  assumes 
that  the  effort  is  to  insure  such  a  profit  as  would  induce  the  venture 
originally  and  that  the  public  will  keep  its  faith  so  implicitly  given. 
That,  I  think,  involves  a  tacit  comparison  of  the  profit  possible 
under  the  rate  with  profits  available  elsewhere,  i.  e.,  under  those 
eompB'titivL'  enterprises  which  offer  an  alternative  investment.  The 
implication  is  that  the  original  adventurer  would  compare  future 
rates,  var^ing  as  they  would  with  the  going  profit,  and  would  find 
them  enough,  but  no  more  than  enough,  to  induce  him  to  choose 
this  investment.  By  insuring  such  a  return,  it  is  .assumed  that  the 
supply  of  capital  will  be  secured  necessary  to  the  public  service. 
As  the  profits  in  the  supposed  alternative  investment  will  them- 
selves vary,  so  it  is  assumed  to  be  a  condition  of  the  investors' 
bargain  that  their  profit  shall  measurably  follow  the  general  rates. 
It  is,  of  course,  not  relevant  here  to  discuss  these  presuppositions, 
since  they  have  now  the  support  of  authoritative  law. 

Certain  risks  in  ordinary  competitive  enterprises  can  be  reason- 
ably anticipated  and  business  practice  includes  them  in  an  amor- 
tization account.  New  processes  and  machines  are  constantly  ap- 
pearing which  make  the  old  obsolete;  ordinaiT  wear  and  tear  makes 
necessary  replacements.  The  return,  to  make  these  good,  is  com- 
monly carried  in  a  separate  account  by  all  prudent  business  men 
and  does  not  come  out  of  the  rate.  It  is  true  that  individual  mis- 
fortunes cannot  be  foretold,  and  these  a  given  company  must  bear 
just  as  any  single  competitive  venture  would  have  to  bear  them. 
Among  these,  however,  is  not  a  general  rise  in  prices,  which  af- 
fecting all  alike  at  least  after  a  time,  enables  each  to  raise  his 
price  not  only  because  of  his  costs  in  labor  and  in  materials,  but 
to  obtain  a  proportionate  increase  in  his  profit,  based  upon  the 
increased  value  of  his  plant  and  machinery.  All  competing  pro- 
ducers, who  give  the  same  service,  must  keep  invested  an  increased 
number  of  dollars  in  capital  to  do  so.  The  risk  of  the  depreciated 
dollar  is  not  one  which  industry  in  general  will  bear;  it  is  indeed 
no  risk  at  all. 

Moreover,  a  profit,  based  upon  the  enhanced  value  of  the  capital, 
adds  nothing  in  truth  at  all  to  the  company's  wealth.  Though  its 
capital  be  measured  in  more  dollars  and  so,  too,  its  profit,  that 
profit  is  still  paid  in  the  fallen  dollar  and  has  no  greater  buyin,": 
power  than  it  had  before.  The  increased  valuation  of  the  capital 
will,  for  the  years  of  the  depreciated  dollar,  leave  the  company 
exactly  as  it  was;  it  will  merely  prevent  its  being  compelled  to 
share  its  putative  fair  profit  with  its  customers,  which  by  hypothe- 
sis it  should  not  be  asked  to  do.  The  company  gains  nothing,  the 
customers  lose  nothing. 

Indeed  all  this  is  so  much  in  the  primer  of  economics  that  it  is 
inconceivable  it  should  be  misapprehended  as  to  working  capital, 
for  instance,  and  the  contrary  view  has  crept  in,  I  think,  only 
when  one  thinks  of  the  more  permanent  kinds  of  capital,  and  in- 
stinctively assumes  that  the  rate  will  apply  after  that  capital  has 
resumed  its  former  prices,  if  it  ever  does.  There  is  in  short  a 
tacit  assumption  that  the  valuation  must  last  as  long  as  the  per- 
manent capital.  There  is  no  warrant  for  that  assumption,  because 
precisely  the  same  reasons  which  compel  the  "rate  base"  to  be 
raised  after  a  rise  in  price,  compel  it  to  be  reduced  after  a  fall. 
There  is  natural  enough  reluctance  to  a  continuous  reappraisal  of 
Plants  and  properly  so.  It  must,  of  course,  appear  that  the  varia- 
tion in  prices  is  not  transitory,  and  the  period  of  probation,  before 
a  company  is  allowed  relief,  is  precisely  to  insure  against  that 
possibility.  The  chance  of  loss  during  that  period  such  companies 
must  endure,  and  there  is  an  inevitable  "lag"  in  read.1ustments 
m  each  direction.  But  once  it  appears  that  the  new  price  levels 
are  not  transitory,  it  is  no  answer  to  the  company's  complaint 
to  say  that  at  some  future  time  prices  may  fall.  When  that  tinif; 
comes,  if  it  does,  the  property  must  again  bo  revalued,  but  mean- 
■while  they  are  entitled  to  some  protection,  and,  since  these  have 
become  questions  for  the  courts,  to  the  protection  of  the  courts. 

The  rule  of  the  present  reproduction  cost,  which  is  a  ncessary 
consequence  of  the  foregoing  argument,  appears  to  me  to  have  been 
either  expressly  or  implicitly  recognized  in  all  the  cases  in  which 
the  Supreme  Court  has  passed  on  these  matters.  Willcox  vs.  Con- 
solidated Gas  Co.,  212  U.  S.  19,  41,  53  L.  ed.  382,  29  Sup.  Ct.  Rep. 
192;  Des  Moines  Gas  Co.  vs.  Des  Moines,  238  U.   S.  153,  P.  U.   R. 


1915D,  577,  59  L.  ed.  1244,  35  Sup.  Ct.  Rep.  811;  Knoxville  vs.  Knox- 
ville  Water  Co.,  213  U.  S.  1,  10.  53  L.  ed.  371,  29  Sup.  Ct.  Rep. 
14S;  The  Minnesota  Rate  Cases.  230  U.  S.  352,  434,  454,  453<  57  L.. 
ed.  1511,  48  L.  R.  A.  (N.  S.)  1151,  33  Sup.  Ct.  Rep.  729,  Ann.  Cas. 
1916A,  IS;  San  Diego  L.and  &  Town  Co.  vs.  National  City,  174  U. 
S.  739,  757,  43  L..  ed.  1154.  19  Sup.  Ct.  Rep.  804;  San  Diego  Land 
&  Town  Co.  vs.  Jaspar,  189  U.  S.  439.  442,  47  D.  ed.  892,  23  Sup. 
Ct.  Rep.  571;  Darnell  vs.  Edwards,  244  U.  S.  564,  568,  P.  U.  R. 
1917P,  64,  61  L.  ed.  1317,  37  Sup.  Ct.  Rep.  701.  It  is  true  that  its 
application  has  not  distinctly  arisen  since  the  recent  rise  in  prices, 
but  it  is  not  possible  that  it  should  have  general  application  and 
yet  not  cover  this,  its  most  glaring  illustration. 


A  Country  Without  Railways 

The  situation  existing  in  China  today,  which  is  being 
brought  to  the  attention  of  the  American  people  by  the  Com- 
mitte  for  the  Chinese  Famine  Fund,  is  one  that  has  many 
serious  aspects  outside  of  the  necessity  for  charity.  Tfte 
facts  are  that  China  in  her  five  northern  provinces  is  suffer- 
ing from  the  worst  famine  in  her  history  and  perhaps  in  all 
recorded  history.  In  an  area  of  some  100,000  square  miles, 
4.5,000,000  are  threatened  with  famine;  15,000,000  are  liter- 
ally starving  and  the  reports  tell  us  that  deaths  from  starva- 
tion and  disease  are  occuring  at  a  rate  of  10,000  a  day.  The 
reason  for  all  this  misery  is  that  continuous  drought  for  18 
months  has  caused  the  failure  of  three  successive  crops. 
China  is  not  a  poor  country;  it  has  much  wealth,  although  of 
a  potential  character,  and  Its  agricultural  possibilities  are 
not  small.  We  are  told,  for  example,  that  food  in  abundance 
can  be  purchased  in  Manchuria.  The  chief  difficulty  in  China 
Is  that  it  lacks  transportation  and  has  not  reached  that  stage 
of  economic  agricultural  development  that  goes  with  the 
building  of  railway  lines  and  highways.  Each  agricultural 
community  presumably  is  in  a  measure  an  economic  entity 
in  itself.  Such  a  community  is  not  developed  to  the  point 
where  it  can  raise  a  surplus  nor  would  it  be  worth  while  for 
it  to  raise  such  a  surplus,  because  it  could  not  dispose  of  it. 
China  proper,  exclusive  of  Mongolia  and  Tibet,  has  an  area 
of  1,. 532, 420  square  miles  and  a  population  of  over  300,000,- 
000  as  compared  with  an  area  of  2.973.890  in  the  United  States 
and  a  population  of  105,000,000.  To  serve  its  large  area  and 
enormous  population  China  has  but  6,000  miles  of  railway, 
lines.  It  is  plain  enough  that  the  need  tor  assistance  in  the 
present  emergency  is  most  urgent,  but  it  is  equally  plain 
that  to  avoid  a  recurrence  of  such  disastrous  conditions  as 
exist  at  present,  China  needs  new  railways  and  lots  of  them. 
It  is  certainly  to  be  hoped  that  the  eyes  of  the  rest  of  the 
world  will  be  opened  to  that  tact,  to  the  end  that  the  many 
projects  and  proposals  for  extended  railway  development  to 
make  available  China's  great  potential  wealth  may  become 
actualities  with  less  delay  through  international  politics,  dip- 
lomatic discussion  and  jealousy. — Editorial  in  Railway  Age. 


Good   Scholarship   in  College  and   Eminence  in  Engineering. 

— A  close  correspondence  between  good  scholarship  in  college 
and  eminence  in  engineering  is  shown  in  an  investigation 
made  under  the  auspices  of  the  American  Association  of  Col- 
legiate Registrars  by  Prof.  Raymond  Walters  of  Lehigh  Uni- 
versity, who  presents  a  report  in  the  current  issue  of  "School 
and  Society."  It  was  found  that  of  392  distinguished  engi- 
neers graduated  at  75  technical  schools,  colleges  and  uni- 
versities, 182  or  40.4  per  cent,  stood  in  the  highest  fifth  of 
their  classes  scholastically  upon  graduation.  109  or  27.8  per 
cent  stood  in  the  second  highest  fifth,  72  or  18.3  per  cent  in 
the  middle  fifth,  14  or  3.6  per  cent  in  the  next  to  lowest  fifth, 
and  15  or  3.8  per  cent  in  the  lowest  fifth.  Figures  for  a  group 
of  189  alumni  of  five  eastern  engineering  schools  were  some- 
what different  in  the  upper  classes,  the  second  highest 
scholastic  fifth  having  the  largest  percentage.  In  all  group- 
ings of  the  eminent  engineers  there  were  less  than  4  per  cent 
in  each  of  the  two  lowest  scholastic  fifths.  Of  730  names  on 
the  Registrar's  Association  list  of  distinguished  engineers, 
practically  SO  per  cent  -were  found  to  be  collegiate  graduates! 
16  per  cent  men  of  secondary  school  education  and  practical 
training,  and  less  than  5  per  cent  men  who  started  in  col- 
lege buf  did  not  finish.  The  arbitrary  basis  of  eminence  in 
this  study  of  a  professional  group  was  taken  to  be  the  hold- 
ing of  office,  membership  in  important  committees  and  serv- 
ice as  representatives  of  the  four  "founder"  engineering  socie- 
ties, civil,  mechanical,  electrical,  and  mining  and  metallurgy 
for  five  years,  1915-1919. 
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Selecting  the  Foundation  Types 

By  CHARLES  EVAN  FOWLER, 
Consulting  Bngineer,  New  York  City. 

The  selection  of  the  type  of  foundation  tor  a  particular 
location  or  structure,  must  always  depend  more 
largely  upon  the  judgment  of  the  engineer  than  for 
any  other  class  of  engineering  construction,  and  extensive 
practical  eocperience  is  the  only  safe  basis  for  making  a 
correct  decision.  However,  by  careful  consideration  of  funda- 
mentals, and  an  analysis  of  the  various  methods,  certain 
limits  may  be  fixed  for  each  type  of  pier  foundation,  and 
the  chance  for  error  in  making  a  decision  reduced  to  a  min- 
imum. 

The  fundamentals  to  be  considered  are  the  character  of 
the  foundations  as  regards  permanency;  the  type  of  super- 
structure and  pier  shafts  to  be  supported;  the  forces  acting 
upon  the  spans,  piers,  and  foundations:  the  character  of  the 
material  through  which  each  foundation  is  to  be  constructed 
and  upon  which  it  is  to  land;  the  chances  for  the  scouring 
out  of  the  bottom  around  the  piers;  the  depth  to  which  the 
foundations  must  go;  and  the  probable  cost  as  compared  to 
the  possible  e.xpenditure  allowable. 

When  the  foundations  are  to  be  wholly  temporary  or  even 
relatively  so,  then  they  should  be  of  an  economical  type  of 
construction,  and  of  shallow  depth  or  rest  upon  piles.  When 
they  are  to  be  of  a  semi-permanent  character  to  last  at  least 
a  few  decades,  they  may  be  founded  on  piles,  or  by  means 
of  a  caisson  of  some  type  to  reach  to  a  moderate  depth,  which 
must  be  safely  below  scour;  but  when  they  are  to  be  truly 
permanent  foundations,  such  as  to  surely  outlast  one  or  per- 
haps several  superstructures,  then  it  may  safely  be  assumed 
that  some  type  of  caissons  must  be  used  to  reach  to  a  great 
enough  depth  to  be  safely  below  scour,  and  to  reach  a  mate- 
rial that  will  carry  the  resultant  loads  and  pressures  upon 
the  base  with  a  satisfactory  safety  margin.  There  may 
occur  cases  where  it  is  necessary  to  go  deeper  than  is 
demanded  by  ordinary  requirements,  in  order  to  build  the 
foundation  courses  below  any  possible  depth  to  which  the 
channel  may  in  future  be  dredged,  or  perhaps  below  some 
other  proposed  foundations. 

The  character  of  the  material  of  which  the  bottom  is  com- 
posed is  a  very  vital  factor  in  arriving  at  a  decision,  as  to 
whether  to  use  piles  or  caissons,  and  also  as  to  whether  the 
caissons  are  to  be  of  the  open  dredged  type  or  of  the  pneu- 
matic type. 

The  test  boring  should  be  made  in  sufficient  number,  to 
a  great  enough  depth,  and  close  enough  together,  to  make 
it  possible  to  plot  them  and  construct  a  geological  or  boring 
section.  This  will  usually  disclose  the  fact  that  conditions 
had  not  been  fully  disclosed  by  even  the  most  careful  study 
of  the  individual  borings,  and  that  the  depths  for  founda- 
tions must  be  varied  from  the  preliminary  ones  contem- 
plated. The  final  depths  will  more  frequently  be  increased 
than  otherwise,  due  to  the  fact  that  the  stratum  first  con- 
sidered is  underlaid  by  one  not  so  reliable,  or  that  a  uniform 
thick  bed  of  better  material  is  developed  at  a  greater  depth, 
but  within  easy  reach. 

W'here  the  depth  of  the  channel  is  not  to  be  materially 
deepened  by  future  dredging  and  where  there  will  be  no 
chance  for  scour,  as  in  a  tidal  channel  or  cul-de-sac  branch 
of  a  harbor,  then  pile  foundations  may  be  considered,  in 
case  the  material  is  compact  enough  to  give  proper  bear- 
ing capacity  for  the  piles,  or  where  it  is  underlaid  by  harder 
material  to  which  the  piles  can  be  driven. 

WTien  the  material  is  very  soft  or  even  moderately  so. 
and  the  foundation  must  be  constructed  to  carry  heavy  loads, 
then  it  is  advisable  to  use  a  caisson  to  reach  a  reasonably 
hard  stratum  that  will  support  the  loads  either  directly,  or 
when  aided  by  a  truly  conservative  allowance  for  skin  fric- 
tions. There  can  seldom  be  any  allowance  made  for  buoy- 
ancy, except  for  a  pier  on  piles  in  really  wet  materials, 
because  in  most  cases  if  water  can  get  under  the  pier  base, 
it  is  a  sure  indication  that  a  permanent  foundation  must 
be  carried  to  a  greater  depth.  No  allowance  as  supporting 
power  can  be  made  for  earth  displacement,  nor  for  lateral 
earth  pressure,  as  That  is  provided  for  in  the  values  recom- 
mended by  the  writer  for  a  skin  friction  supporting  power, 
the  allowable  amount  per  square  foot  increasing  with  the 
penetration.      The    allow^ance    in    vertical    bearing    capacity 
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rer  s(iuare  foot  may  be  increased  as  the  depth  of  penetra- 
tion below  the  surface  or  stream  bed  increases,  due  to  the 
confined  condition  of  the  material,  and  as  determined  by 
the  formula  on  Page  275  of  Vol.  I  of  "Engineering  and  Build- 
ing  Foundations,"  P  =  0.G8  a  -f  0.014  ah,  in  which  a  is  a  con- 
stant varying  for  each  class  of  material,  and  h  is  the  depth 
below  the  surface  or  bed  of  the  stream.  This  is  derived 
from  the  Antwerp  quay  wall  experiments.  The  values  of  a 
are  the  usual  safe  values  for  each  class  of  material  at  a 
penetration  h  of  23  ft.  beneath  the  surface  or  stream  bed, 
and  are  given  below  in  the  first  column  in  tons  per  square 
foot.  The  values  tor  compact  material  at  the  surface  are 
those  given  in  the  second  column  and  the  maximum  recom- 
mended for  any  condition  or  depth  greater  than  23  ft.  is  a 
value    equal    to    i.4    a,    as    given    in    the    last    column. 

,      .„      .                                                                     (a)  (h-o)  (1.4a) 

1 — Alluvium  or  silt  (firm)    1.5  i.o  2  1 

2 — Sand  and  clay,  moist 1.5  i.o  21 

3 — Pine   compact  sand    4.5  3.1  6  3 

4 — Sand  and  gravel   5.0  34  70 

5 — Sand  and  clay,  dry   5.0  34  70 

5— H.Hrd  clay    5.0  3.4  7,0 

7— Hard   pan    g.5  5.5  119 

When  wholly  reliable  borings  disclose  soft  material  such  as 
No.  1  and  No.  2,  then  piles  or  caissons  must  be  considered 
for  any  loads  except  very  light  ones;  but  firm  material  con- 
sisting of  sand,  sand  and  gravfl,  or  dry  sand  and  clay,  such 
as  No.  3,  No.  4.  or  No.  5  not  subject  to  scour,  provide  a  first- 
class  foundation  bed  for  loads  within  the  limits  given;  and 
where  it  is  necessary  to  go  to  considerable  depth  to  be  safe 
against  scour  or  to  reach  a  greater  bearing  capacity,  then 
material  such  as  No.  3,  may  be  considered  as  comparatively 
easy  to  penetrate  with  a  pneumatic  caisson,  by  the  use  of 
sand  pumps  or  ejectors;  as  would  also  be  true  for  softer 
materials  such  as  No.  1  and  No.  2.  However,  at  even  com- 
paratively high  wages  it  would  quite  surely  prove  cheaper 
to  sink  caissons  through  such  material  as  No.  3  by  open 
dredging,  as  would  also  surely  be  the  case  for  materials  such 
as  No.  4.  No.  5,  p.nd  No.  G,  or  in  sand  and  loose  gravel,  dry 
sand  and  clay,  and  hard  clay.  Caissons  designed  for  sink- 
ing by  open  dredging  through  clay  or  gravel  that  may  change 
to  harder  material  like  hard  pan  or  cemented  gravel,  should 
be  arranged  for  putting  on  air  shafts  and  locks,  if  it  becomes 
necessary  or  advisable.  This  provision  is  also  desirable 
when  it  is  likely  that  sunken  logs  or  other  debris  may  be 
encountered. 

The  bearing  capacity  of  confined  material  is  also  fre- 
quently determined  by  the  use  of  the  Rankine  formula,  which 
is  for  a  factor  of  two; 

P  =  2"  (w  h  tan'  -^  45°  -f  "^  a  ) 

P  =:  pressure  in  pounds  per  square  foot. 

w  =:  weight  per  cubic  foot  of  material. 

h  =:  penetration  of  pier  in  feet. 

a  wangle  of  repose  of  material. 

When  the  foundation  is  under  water,  then  the  values  of 

"w"  and   "a"  must  be  those  for  submerged  material,  which 

are  approximately  as  follows; 

W.  A. 

Pine  compact  sand   60  lbs.  26°  34' 

Sandy  clay  .■ ; 65  lbs.  18°  26' 

Sand  End  gravel    65  lbs.  26°  34' 

Gravel,   ordinary    60  lbs.  26°  34' 

Clay,    oromar.v    SO  lbs.  15°  57' 

The  diagram  herewith  gives  a  graphic  comparison  of  the 
two  formulas,  and  shows  that  for  ordinary  depths  the  values 
obtained  from  the  Rankine  formula  are  very  low,  and  less 
tnan  commonly  used  or  than  those  recommended  by  the 
writer.  When  the  depths  are  very  shallow  the  Rankine 
values  become  illogical,  as  shown  by  the  following  compari- 
son; 

Depth.  Antwrp.  Rankine. 

2  3.5T  0.2T 

10  4. IT  LOT 

23  5.0T  2.4T 

When  the  foundation  is  not  under  water  then  the  values  of 
"w"  and  "a"  are  approximately  as  follows: 

W.  A. 

Fine  compact  sand   .' 90  34°  0' 

Sandy  clay   ; . .  lOO  32°  0' 

Sand  ond  gravel   100  36°  0' 

Gravel    : .110  42°  0' 

Clay,    damp    110  29'  0' 

The  diagram   herewith   makes   possible  a  quick  determina-* 
tion  of  the  proper  unit  load  to  allow  upon  any  class  of  ma- 
terial  in  a  foundation  bed,   except  one  of  rock.     The  depth 
given   is   for   the  penetration   in  feet   below   the  bed   of  the 
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channel,  or  where  the  bed  will  be  when  fully  dredged  or 
scoured  out,  and  not  for  the  depth  below  the  water  surface 
The  allowable  load,  in  tons  of  2,000  lb.  per  square  foot,  is 
given  at  the  left.  The  heavy  portion  of  the  lines  marked 
F.  A.  are  for  the  Fowler-Antwerp  formula  up  to  the  maxi- 
mum limit  of  l.i  a;  while  the  lines  are  extended  to  give 
values  for  great  depths  of  penetration;  but  values  greater 
than  1.4  a  are  to  be  used  only  when  very  careful  and  exten- 
sive tests  have  developed  all  of  the  elastic  conditions,  and 
a  greater  reliability  of  the  soil  has  been  actually  proven.  The 
lines  marked  "Rankine"  are  shown,  merely  to  afford  a  basis 
for  comparison  with  the  others,  and  for  use  only  when  for 
some  reason  it  is  deemed  desirable  to  adopt  an 
ultra-conservative  bearing  value;  the  values 
need  in  no  ease  be  taken  below  those  for  the 
"F.  A."  formula  near  the  surface  or  stream  bed; 
or  tor  sand  at  3.0  tons  per  square  foot,  and  for 
dry  clay  at  3.5  tons  per  square  foot.  Nor  should 
any  greater  values  be  used  than  1.4  a,  it  being 
borne  in  mind  that  in  any  case  an  allowance 
for  skin  friction  is  in  effect  an  increase  in  the 
bearing  capacity  of  the  entire  foundation  bed 
or  stream  bottom. 

The  values  used  for  bearing  on  the  foundation 
beds  of  24  important  structures  are  given  in  the 
following  table.     The  value  denominated  "Test" 
is  the  load  in  short  tons  per  square  foot  which 
produced  a  compression  of  the  soil  much  greater 
than  was  deemed  advisable  to  allow,  and  which 
tests  were  frequently  made  in  such  detail  as  to 
make  possible  the  plotting  of  the  elastic  curve; 
also  it  is  interesting  to  note  that  the  factor  of 
safety  adopted  in  most  cases  was  greater  than 
two;    but   in    three   cases   where  there   was   no   safety   factor 
used,  there  was  settlement  or  cracking  of  the  masonry,  thus 
indicating   the   necessity   for   using    a    really    proper   safety 
margin. 


Washington  monument  can  not  be  verified,  and  it  is  quite 
certain  that  under  the  highest  winds  it  does  not  exceed  the 
9.0  tons  given  in  the  first  column  of  the  table.  This  became 
apparent  when  the  writer  compared  it  with  the  calculated 
excentric  pressure  on  the  COO  ft.  Tacoma  smelter  stack  for 
a  125-mile  wind  velocity,  the  data  of  which  will  be  given  in 
Vol.  II  of  Engineering  and  Building  Foundations.  The  test 
load  given  is  the  same  as  for  the  Seattle  Lock,  inasmuch  as 
the  hard  clay  was  exactly  similar,  and  would  usually  be 
classed  as  "hard-pan."  The  apparent  lack  in  nearly  all  of 
the  examples  is  first,  a  too  indefinite  recording  as  to  the 
class    and    condition    of    the    material;    second,    not    enough 


FOUNDATION    PRIi.SSURES    FOR    IMPORTANT    STRUCTURES 
No.    Material.  Location.  Test. 

1.  Sand,   fine    (Corthell)     10  ex 

2.  Sand  and  gravel. (  Corthell)    33  ex 

3.  Sand  and  clay. .  (Corthell)     Ill  e.s, 

4.  Hard  ciay    (Corthell)     1 6  ex, 

5.  Blue     clay     N.    Y.   Capitol    5.0 

6.  Yellow  clay    .  .  .Congre.ss.  Library   ....    13.", 

7.  Hard  clay    N.    P.    Bismarck   Br...    15.0 

8.  Gravel,    coarse.. Cinti.    Susp.    Br 

9.  Sand  over  rock. Brooklyn   Bridge    

10.  Cnay  (London).. Cannon  St.  Br ; 

11.  Clay  (London). .Charing  Cross  Br 

Clay  (London). .Tower  Bridge    6.5 

Clay,  solid   Memphis  Br.    (old)    ...     9.5 

Sand,  fine  Wash.    Mon'm't 9.0 

Clay,  hard   Tacoma    600'    Stk 12.0 

Clay,    hard    Seattle  Locks 12.0 

Clay,     ordinary. Audt.    Tower    18.0 

Sand,    ordinary. World's    Fair     2.25 

Sand,    compact. St.  Paul  B.  N.  Y * 

Sand.  com.,  wet. Spreckel's,   S.   F 

21.  Clay,  red    Willards,    Wash 

22.  Gravel,  ordinary  .Eiffel  Tower 

23.  Clay,  solid    Memphis  Br.    (new)...     9.5 

24.  Sand,    ordinary. Tay  Bridge 7.8 


Used. 
4.5 
5.1 
4.9 
5.08 
2.0 
2.5 
3.0 
3.5 
5.5 
6.5 
9.0 
4.0 
(9.0) 
2.7 
4.4 
4.0 
2,0 
1.25 
3.2 
3.0 
4.0 
3.0 
9.0 
3.8 


Factor. 
Avg.  load 
Avg.  load 
.\yg.  load 
Avg.  load 

2.5 

5.4 

5.0 


Settle 
Settle 

1.6 
Crack 

3.3 

2.4 

3.0 

9.0 

1,S 

2.0 

2.0 

2.0 

o'li 

2.0 
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Load    on    Foundation    Beds. 


The  first  four  examples  are  the  averages  taken  from  Cor- 
thell's  "Allowable  Pressure  on  Deep  Foundations,"  and  they 
are  quite  fully  discussed  on  pages  230  and  231  of  Vol.  I  of 
■the  writer's  "Engineering  and  Building  Foundations."  Cases 
from  No.  5  to  No.  14  inclusive  are  also  given  in  detail  in 
Chapter  XI  of  the  same  volume,  but  it  may  be  noted  here 
that    the    very    large    pressures    commonly    stated     for     the 


Dredged  Caisson,  20x80x54  Ft. 

detail  in  the  records  of  the  test  loads,  especially  as  to  the 
effects  and  settlements,  which  would  make  certain  that  the 
factor  of  safety  was  realized;  and  third,  the  effects  after 
applying,  with  the  actual  construction,  what  is  termed  a  safe 
load. 

There  never  will  be  need  nor  any  possibility  for  very  great 
refinement  for  foundations,  as  to  the  allowable  unit  load  to 
be  used  on  each  class  of  material,  and  it  is  to  be  deplored 
that  any  attempt  is  being  made  towards  ultra-refinement  in 
this  regard,  which  can  only  result  in  leading  the  novice  or 
young  engineer  to  overlook  the  fact  that  the  important  thing 
is  to  use  careful  and  mature  judgment  in  determining  the 
condition  of  the  material,  or  in  foreseeing  a  bad  condition 
that  may  be  possible;  and  also  that  there  must  be  ample 
margin  for  contingencies  and  ultimate  safety.  The  follow- 
ing classification  will  assist  in  forming  a  correct  judgment 
as  to  the  safe  bearing  values  of  soils. 

Alluvium  or  Silt. — There  are  two  classes  of  alluvium  or 
silt;  (1)  practically  pure  earth  in  a  very  finely  divided  state 
and  having  mixed  with  it  a  very  small  percentage  of  fine 
sand;  and  (2)  the  same  class  of  finely  divided  earth,  with  a 
very  large  percentage  of  sand,  and  which  is  really  class  (1) 
of  fine  sand,  as  given  in  the  second  division,  or  under  sand. 

The  conditions  of  alluvium  are,  (1)  diT  alluvium  or  only 
slightly  moist,  and  which  will  carry  safely  a  load  of  1.0  ton 
per  square  foot  at  the  surface;  and  (2)  wet  alluvium,  which 
"-ill  carry  a  very  temporary  foundation  by  floating,  and 
which  must  have  piles  driven  in  it  or  else  cassions  sunk 
through  it  for  a  permanent  foundation. 

Sand. — There  are  three  general  classes  of  sand;  (1)  fine 
soft  river  or  pit  sand  with  a  considerable  percentage  of  silt; 
(2)  fine  sharp  quartz  sand  nearly  or  quite  clean;  (3)  coarse 
sharp  quartz  sand  nearly  or  quite  clean. 

The  conditions  of  sand  are,  (1)  dry  sand,  which  in  reality 
is  always  at  least  damp  or  slightly  moist;  (2)  moist  or 
slightly  wet  sand,  which  is,  however,  firm  and  compact;  (3) 
wet  sand,  which  is  water  bearing  and  often  called  "quick 
sand"  by  mistake,  but  which  is  really  only  a  "sand  high 
ball."  from  which  the  water  can  be  readily  drained  by  proper 
methods,  and  (4)  true  quick  sand,  which  often  exercises  a 
distinct  downward  suction,  and  which  cannot  by  practical 
methods  be  freed  from  water. 

Gravel. — There  are  five  general  classes  of  gravel;  (1)  fine 
gravel,  with  a  large  percentage  of  sand;  (2)  medium  gravel, 
with  a  maximum  of  2-in.  pebbles,  much  of  small  pebbles,  and 
a  very  considerable  percentage  of  sand;  (3)  medium  coarse 
gravel  similar  to  above,  but  with  very  little  sand;  (4)  gravel 
in  which  there  is  a  large  percentage  of  boulders;  and  (5) 
cemented  gravel. 


\ 
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The  condition  of  line  gravel,  with  a  larne  percentage  o£ 
pand,  may  ai)i)r()xiniatc  that  of  sand,  but  will  less  seldom 
be  found  to  be  water  bearing.  The  coarser  grades  of  gravel 
are  usually  firm  and  afford  a   fine  foundation  bed. 

Cemented  gravel  is  a  fine  foundation  bed  and  is  of  two 
classes  or  grades;  one  which  is  only  loosely  cemented  and 
easily  broken  up;  and  true  cemented  gravel  which  appioxi- 
mates  concrete  in  solidity  and  hardness,  and  which  usually 
requires  blasting  to  break   it  up  thoroughly. 


Fowler    Reinforced    Concrete    Pier. 

Clay. — There  are  five  general  classes  of  clay:  (1)  yellow 
clay,  of  yellowish  color  and  containing  a  large  percentage 
of  earth;  (2)  red  clay,  of  marked  red  color  and  containing  a 
large  percentage  of  earth;  (3)  gray  clay,  or  ordinary  com- 
pact pure  clay;  (4)  blue  clay,  which  is  of  bluish  tinge,  but 
is  a  compact  and  very  hard  pure  clay;  and  (a)  gray  or  blue 
clay,  which  is  so  very  compact  and  hard  that  it  is  termed 
"hardpan." 

The  condition  of  the  first  four  classes  is  that  they  are 
usually  moist  or  damp,  but  are  often  so  wet  as  to  be  unstable 
and  apt  to  slide.  When  dry,  or  only  moist  or  damp,  clays 
are  first  class  as  a  foundation  bed,  and  are  considered  bet- 
ter than  dry  sand  or  loose  gravel,  but  when  wet  they  are  to 
be  looked  on  with  suspicion,  unless  a  sure  method  can  be 
devised  for  draining  them,  or  of  draining  the  water  away. 
Hard-pan  is  always  a  good  foundation  bed,  and  remains  solid 
under  water,  but  may  have  a  tendency  to  slide  if  water  can 
or  does  follow  through  seams  or  softer  underlying  strata,  and 
if  such  water  can  not  be  drained  away  in  a  sure  manner. 

The  determination  as  to  the  character  of  the  material 
in  a  foundation  bed,  and  below  the  surface,  or  below  the 
bed  of  a  stream,  must  largely  depend  upon  careful  borings 
and  this  has  been  fully  covered  in  Chapter  XII  of  Vol.  I 
of  "Engineering  and  Building  Foundations."  However,  it  is 
advisable  to  caution  against  over  confidence  in  wash  bor- 
ings, unless  they  have  been  made  in  sufficient  number  to 
prove  their  reliability  upon  plotting  the  entire  section.  Even 
then  if  they  have  not  been  carried  to  a  depth  of  at  least  20 
or  30  ft.  below  the  probable  depth  of  the  foundations,  a  bed 
of  boulders  found  at  nearly  the  same  depth  in  all  borings 
*nay  be  mistaken  for  a  stratum  of  rock,  as  has  been  done  in 
the  past;  or  else  lenses  or  pockets  of  clay  may  be  mistaken 
for  a  real  stratum  of  clay.  Where  difficulty  is  had  in  attempt- 
ing to  make  core  borings  through  a  soft  bed  overlying  hard 
(Strata,  then  casings  may  be  sunk  to  the  solid  material  by 
'he  wash  boring  process,  and  then  core  borings  carried  on 
from  that  depth,  and  thus  have  the  more  reliable  core  bor- 
ings into  the  material  which  will  probably  be  chosen  for  the 
foundation  bed. 

The  final  determination  as  to  the  depth  to  which  founda- 
tions must  go,  or  to  which  caissons  must  be  sunk,  will  depend 
in  a  large  degree  upon  the  actual  transverse  forces  acting 
against  the  superstructure  and  the  pier  shafts,  and  it  is  sur- 
prising to  find  that  many  important  structures  have  and  are 
being  built,  with  no  careful  investigations  of  the  transverse 
forces,  and  only  too  frequently  with  no  allowance  for  such 
resulting  eccentric  pressures,  thus  nullifying  the  apparent 
factors  of  safety. 

Where  structures  are  on  a  curve,  centrifugal  force  may 
be  a  vital   factor  in  determining  the  eccentric   loading  of  a 


pier  or  caisson  bed.  Wind  force  is  always  a  serious  factor 
in  designing  foundations,  and  due  to  the  fact  that  the  very 
conservative  value  of  30  lb.  per  square  foot  for  maximum 
wind  pressure  is  in  almost  universal  use  in  superstructure 
design,  the  fact  has  often  been  overlooked  that  winds  of  a 
velocity  of  from  100  miles  per  hour  up  to  132  miles  per  hour 
as  recorded  near  Astoria,  Ore.,  in  January,  1921,  or  up  to  140 
miles  per  hour  as  re<-orded  near  New  Orleans  in  September, 
IHlij,  can  act  upon  structures  near  the  coasts.  Thus  it  will  be 
found  in  many  cases  that  the  56-lb.  pressure  used 
in  designing  the  Forth  and  Tay  bridges  is  little 
enough  for  safety,  or  that  greater  pressures  up  to 
75  lb.  per  square  foot,  or  more,  must  be  taken  into 
account;  and  preferably  as  a  requirement  for  a  spe- 
cial design  for  the  entire  structure,  including  the 
foundations. 

The  usual  currents  of  a  stream  are  not  swift 
enough  in  most  cases  to  be  serious  factors  in  the 
design  of  foundations,  especially  if  a  cross  section 
has  been  adopted  for  the  pier  shafts  giving  the  least 
resistance  possible  to  the  stream  flow.  However, 
some  tidal  channels  and  streams  during  flood  have 
a  velocity  for  the  water  that  does  become  a  vital  factor, 
ind  is  frequently  from  12  to  15  miles  per  hour.  The 
pressure  of  ice,  and  particularly  of  ice  james,  become 
serious  foundation  problems  when  the  designer  has 
a  soft  or  relatively  soft  bottom  in  which  to  place 
foundations;  and  not  solid  rock  as  was  the  case  for 
the  notable  Victoria  bridge  piers  built  by  Robert 
Stephenson  in  1858.  for  the  bridge  across  the  St. 
Lawrence  River  at  Montreal,  and  described  on  Page 
418  of  Vol.  I  of  "Engineering  and  Building  Founda- 
tions." and  which  have  withstood  the  enormous  ice 
pressures  for  over  60  years. 

The  results  of  the  terrific  force  and  destruction  from 
waves  has  been  demonstrated  in  the  Galveston  storms  of 
1900  and  1913,  and  the  Corpus  Chrisci  storm  in  1919.  The 
latter  storm  caused  a  storm  tide  ranging  from  12  to  IG  ft. 
above  the  highest  ordinary  high  tide,  and  the  waves  were 
from  10  to  12  ft.  in  height  and  of  ^reat  destructiveness.     The 


DISTRIBUTION  Of^\NflV£  Pfi£5SURe. 
Wave  Pressirre  at  Various  Depths  and  Heights, 
maximum  blow  from  such  waves  of  translation  must  reach 
nearly  to  3,000  lb.  per  square  foot,  and  for  any  important 
structure  that  must  be  built  to  withstand  such  forces,  a  care- 
ful study  must  be  made  of  the  resultant  forces,  and  prefer- 
ably the  structure  be  made  of  special  design  for  opposing 
them. 

The  distribution  of  wave  pressure  above  and  below  the  nor- 
mal  water  surface  can  safely  be  taken  from  the  data  given 
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by  Prof.  Luiggi  for  a  wave  having  a  surface  pressure  of  6,270 
lb.:  or  at  13  ft.  below  the  surface,  2.U1.5  lb.;  at  19.5  ft.  below, 
1,335  Ih-.  and  at  40  ft.  below  of  450  lb.  The  reduction  above 
ihe  water  surface  being,  for  13  ft.  above,  4,930  lb.;  for  32.25  ft. 
above,  4,260  lb.;  and  presumably,  or  at  least  safely,  reducing 
to  zero  about  40  ft.  above. 

This  curve  is  shown  graphically  on  the  diagram  in  the  solid 
lines  for  a  40  ft.  wave,  and  this  should  be  used  for  ocean  light- 
houses or  other  structures  exposed   to  the  full  force  of  the 
open  ocean  waves,  as  given  herein  for  Peterhead;   while  the 
values  from   the   dotted   curves   for  a   15   ft.   wave  should   be 
used   for  structures   in   a   fully   exposed   position,   such   as   or 
similar  to  Mustang  Island  or  the  open  waterfront  at  Corpus 
Christi.     Similar  curves  may  be  drawn  for  lesser  waves,  if  a 
lesser  maximum  can  be  definitely  fixed.     The  curve  below  the 
water  surface  conforms  closely  to  the  shape  of  the  curve  of 
current  distribution  for  a  combination  of  ordinary  and  storm 
currents,  as  determined  by  the  writer's  investigations  before 
stated,  and  one  quite  fully  corroborates  the  other.     The  curve 
of  pressures  for  waves   breaking  would  not  conform  to  the 
curve  shown  for  pressures  above  the  water  surface,  but  the 
latter  would   give   safe   results   in  any   case.     The   force  and 
effect  ot  waves  of  translation  has  not  been  fully  studied,  but 
it  is  certain  that  they  transmit  twice  the  force  of  oscillatory 
waves,  and  it  is  certain  that  this  force  is  accentuated  by  the 
driving  force  of  the  wind  and  storm  tide. 

The  various  factors  entering  into  the  design  of  founda- 
tions, having  been  reviewed  at  length  and  in  some  detail, 
pach  method  of  constructing  foundations,  and  each  type  of 
foundation  will  be  discussed  in  the  March  23  issue  of  Engineer- 
ing and  Contracting,  to  make  plain  the  limitations  and  possibili- 
ties of  each,  both  as  to  ease  of  construction,  permanence,  and 
economy. 


Railway  Mileage  of  the  World 

The  following  figures  recently  issued  by  the  Bureau  of  Rail- 
way Economics  show  the  railway  mileage  of  the  world  as  of 
1917.  Owing  to  causes  well  understood,  these  figures  are 
substantially  the  same  to  date: 


Mile.s 
ot  rail- 
Continent  and  country.      way. 
America; 

Alaska    655 

Argentina  22.310 

Barbado.s     109 

Bolivia    1.502 

Brazil     16,557 

British  Guiana    104 

Coiombia    708 

Canada    .30,TSS 

Chile     5,014 

Costa  Rica    546 

Cuba     2.331 


Miles 
of  rail- 
Continent  and  country,      waj'. 
Africa : 

Algeria  and  Tunis   4,220 

Belgian  Congo    1,038 

British  East  Africa 2.355 

French   Africa    2.449 

German  Africa 2,595 

Italian  Africa -  106 

Morocco     777 

Portuguese  Africa    1,1S3 

Union  of  South  Africa..   11,237 


Dominican  Republic 
Dutch  Guiana 

Ecuador     

Guatemala    .... 

Haiti    

Hawaii    

Honduras    

Jamaica     

Martinique 


400 

6.52 
613 
140 
88 
150 
196 
139 

Mexico  ". 15.840 

Newfoundland   S74 

Nicaragua  200 

Panama     298 

Paraguay    291 

Peru    1.728 

Porto  Rico  340 

Salvador    199 

Trinidad     108 

Pnited  States   259.555 

Pruguay    1,639 

Venezuela    634 


Total — America    . . . 
Asia: 
Arabia  (incl.  Cyprus)   .. 
Asia  Minor  (incl.  Svria) 

British  East  Indies    

Ceylon    

China 

Cochin  China.  Cambodia, 

-Inam  Tonkin   

Japan  (incl.  Chosen)   ... 
Malay     States     (Borneo, 

Celebes,  etc.)    

Malacca 

Dutch  East  Indies   ...'.'. 

Persia    

Pondicherry 

Portuguese   Indies    

Philippines    

KusEia   (Asiatic)    

■Siam   


.364.745 

61 

3.337 

33.277 

671 

6,838 

1.490 
8,855 

857 

57 

1,773 

34 

59 

51 

691 

9,886 

976 


Total— Asia    70,913 


Total— Africa    29.921 

Australia: 

New  South  Wales    4,133 

New  Zealand    2,973 

Northern   Territory    ....  145 

Queensland    4,867 

South    Australia    2.168 

Ta.smania,    701 

Victoria    3,871 

Western  Australia   3,665 

Total  Australia    22.523 

Europe: 

Austria-Hungary  (incl. 
Bosnia  and  Herzego- 
vina!       28.704 

Belgium     5.477 

Bulgaria    1.509 

Denmark  2.642 

Finland     2.429 

France    31.95.8 

Great  Britain    23.696 

Germany    40.381 

Greece    1.012 

Italy    11.337 

Luxemburg    326 

Malta.   Jersey.  Man.    ...  68 

Montenegro    \% 

Netherlands    2,113 

Norway    1,975 

Portugal     '  1,854 

Roumania    2,38.? 

Russia    (European I    ....  36.219 

Serbia    977 

Spain     9.538 

Sweden    9.290 

Switzerland    3,293 

Turkey  (European)    1,431 

Total— Europe    218,628 

Recapitulation: 

America    364,745 

Asia    70,913 

Africa     29.921 

Australia    22,523 

Europe     218,628 


Tie  Renewals  in  Relation  to  Aver- 
age Life 

That  there  is  a  general  law  governing  the  rate  of  renewals 
in  all  groups  of  railroad  ties,  no  matter  what  kind  of  wood  is 
used  in  the  ties,  where  they  are  placed,  or  whether  they  are 
untreated  or  treated  with  preservatives,  is  the  indication  of 
records  kept  by  the  Forest  Products  Laboratory,  Madison, 
Wis.  These  records  show  a  wide  variation  in  the  lives  of 
various  groups  of  ties  but  a  remarkable  similarity  between 
the  percentages  of  ties  that  needed  replacement  at  proportion- 
ate intervals  in  the  lives  of  any  two  groups. 

The  comparisons  are  based  on  43  groups,  including  42,000 
ties  of  many  species,  some  untreated  and  some  treated.  For 
any  of  these  groups,  the  percentage  of  renewals  in  relation 
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Fig.    1 — Tie    Renewals    in    Relation    to    Average    Life,    Based    on 
Records    of    42,936    Ties. 

to  the  percentage  of  average  life  is  fairly  represented  by  the 
CHrve  shown  in  Fig.  1. 

This  curve  answers  several  valuable  purposes.  It  can  be 
used  in  estimating  the  average  life  of  a  gi-oup  of  ties  long 
before  all  the  ties  in  the  group  have  been  removed— also  to 
show  the  number  of  replacements  that  will  be  necessary  dur- 
ing a  given  year. 

As  an  example  assume  that  out  of  a  group  of  1,000  ties, 
200,  or  20  per  cent,  have  been  removed  at  the  end  of  four 
years.  Prom  the  curve  it  will  be  seen  that  20  per  cent  of  a 
group  is  usually  removed  at  about  77  per  cent  of  the  average 
life.  The  average  life  of  this  group,  then,  will  be  5.2  years. 
Further  computation  shows  that  the  number  of  replacements 
to  be  expected  during  the  fifth  year  is  about  350,  the  sixth 
year  300,  the  seventh  100,  and  that  at  the  end  of  nine  years 
practically  all  the  ties  in  the  group  will  have  been  reemoved. 


Grand  total    706,730 


Courses  in  Transportation  for  Railway 
Engineers 

From  an  article  in  the  Professional  Engineer,  we  learn  that 
the  Great  Northern  Ry.  has  recently  inaugurated  courses  in 
transportation  for  the  benefit  of  professional  engineers  and 
others  in  the  employ  of  the  company,  as  a  result  of  suggestions 
made  by  the  Great  Northern  Section  of  the  American  Asso- 
ciation of  Engineers. 

An  Educational  Bureau  has  been  formed  composed  of  eight 
of  the  general  officers  ot  the  railway,  such  as  the  general 
auditor,  superintendent  of  transportation,  superintendent  of 
motive  power,  etc.,  who  will  have  general  oversight  of  the 
courses  offered. 

Instruction  wiil  be  in  form  of  typewritten  lesson  sheets 
furnished  by  the  Great  Northern  Ry.,  which  will  be  distributed 
by  the  bureau  to  engineers  over  the  entire  lin^.  A  critique 
will  be  held  each  week,  at  which  time  the  author  of  the  paper 
of  instruction  will  be  present  to  discuss  the  subject  matter 
and  answer  questions.  Men  in  outlying  portions  of  the  line 
will  write  in  requesting  solution  of  any  question  they  may 
have  to  ask  and  written  replies  will  bo  made  to  these. 

The  entire  course  will  cover  every  phase  of  the  railroad 
business.  The  first  course  offered  will  be  a  general  course 
in  railway  matters,  but  as  soon  as  possible  more  specific  sub- 
jects will  be  offered.  All  students  who  wish  to  attend  the 
weekly,  critiques  may,  and  critiques  and  lectures  may  later  be 
held  at  various  division  points  of  the  Great  Northern.  Some 
textbooks  may  be  used  for  assignment  reading.  There  are 
about  300  engineers  on  the  Great  Northern  R.  R.  for  whom 
the  present  general  course  is  designed. 
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Equitable  Railroad  Contracts* 

By  H.  R.  SAFFORD. 

President.  American  Railway  Kngineoiing  Association. 

When  your  President  Invited  me  to  speak  on  the  subject 
of  equitable  railroad  contracts,  I  manifested  some  degree  of 
reluctance,  not  because  I  hesitated  to  assist  him,  but  because 
I  felt  doubtful  of  my  ability  to  suggest  anything  of  value  or 
constructive  character,  upon  a  subject  of  such  familiarity  to 
you. 

1  had  an  inclination  to  say  to  him  that  it  anyone  wanted  to 
be  enlightened  upon  the  subject  of  equitable  railroad  con- 
tracts all  they  had  to  do  was  to  look  over  any  modern  con- 
tract and  he  would  find  unquestioned  perfection,  and  an  over- 
flowing measure  of  equity — the  product  of  the  unassailable 
character  of  learned  minds — out  attorney  friends  have  al- 
ways said  so,  in  fact,  even  publicly  admitted  such. 

We  were  led  to  believe  these  contracts  represented  the 
moral  law — as  firm  as  the  legislation  of  the  Medes  and  Per- 
sians— and  that  anyone  who  disputed  that  opinion  assumed 
violent  risks. 

However,  as  I  look  back  upon  my  experience.  I  recall  that 
some  of  your  profession  have  dared  question  those  opinions; 
fearless  combatants  have  disputed  that  estimate  of  perfec- 
tion based  on  well-established  traditions,  and,  after  some 
legal  jousting,  have  unhorsed  some  of  our  gallant  defenders. 
Then  we  leafned  that  the  word  "equity"  looked  differently  to 
different  people,  and  it  has  become  more  and  more  evident 
that  the  two  parties  to  a  contract  should  try  to  look  at  the 
contract  from  the  same  viewpoint  as  far  as  their  relative 
commercial  positions  would  permit.  The  nearer  that  view- 
point coincides,  the  easier  will  be  made  the  construction  and 
execution  of  such  contracts. 

Putting  Equity  Into  Contracts. — I  took  occasion  to  look  up 
the  meaning  of  tlie  word  "equitable."  An  accepted  diction- 
ary defines  it  as  "Possessing  or  Exhibiting  Equity."  It 
seemed  to  me  that  that  definition  was  particularly  appropriate 
to  the  application  of  the  subject  in  hand.  The  only  tiling  to 
be  added  was  the  phrase  "for  both  Parties":  so  it  should  be 
defined  as  "Possessing  and  Exhil)iting  Equity  for  Both  Par- 
ties." 

Such  should  be  the  starting  point  in  developing  an  "Equita- 
ble Railroad  Contract"  and  be  the  base  for  the  five  essential 
things  to  a  contract: 

1st.     The  Intent. 

2nd.     The  obligation. 

3rd.     The  rights. 

4th.     The  liabilities. 

5th.     The  specifications. 

Equities  exist  in  all  five  of  these  features. 

Many  of  the  difficulties,  which  have  grown  out  of  the  exe- 
cution of  contracts,  have  been  from  the  failure  to  express  In- 
tent clearly.  Ambiguity  is  dangerous  and  leads  to  misunder- 
standing which  may  be  prevented  by  a  little  more  care  in  ex- 
pression. Well  expressed  Intent  makes  easier  the  declara- 
tion of  subsequent  stipulations. 

The  intent  being  clearly  expressed,  the  next  important 
thing  is  the  declaration  of  the  obligations  of  both  parties,  and 
herein  lies  probably  the  essential  feature — because  these  are 
purposes  of  the  transaction  and  relationship. 

A  contract  should  be  modeled  upon  the  assumption  that  it 
is  a  mutual  and  voluntary  pact  undertaken  by  parties  both  of 
whom  approach  the  relationship  for  a  definite  purpose:  one, 
for  the  purpose  of  gaining  profit  from  service  for  which  there 
is  an  insured  or  guaranteed  remuneration;  the  other,  for  the 
purpose  of  creating  a  structure  or  condition  hoping  to  obtain 
a  definite  financial  return.  These  purposes  should  be  borne 
in    mind    in    analyzing   the    contractual   obligations. 

This  relationship  is  voluntarily  sought  and  that  fact  alone 
demands  that  the  obligation  should  be  respected  and  not 
transferred  to  each  other  because  of  unexpected  conditions 
not  the  direct  result  of  the  other's  disability.  To  feel  or  plan 
otherwise  Is  to  play  the  hypocrite  or  impostor,  and  generally 
trouble  will  ensue,  and  that  trouble  punishes  both  parties: 
one  by  needless  expense,  the  other  by  loss  of  standing,  and 
such  loss  is  often  irreparable. 

The  obligation  upon  the  employer  is  definite,  to  show  the 
contractor  the  way  he  should  go  in  the  performance  of  his 
service — to  promptly  supply  funds  and  pay  for  that  service 
and  to  give  the  contractor  every  reasonable  facility  and  en- 

•EYom  an  address  presented  .Tan.  27  before  the  Second  National 
Conference  of  the  Associated  General  Contractors  of  America. 


couragement  to  develop  the  greatest  degree  of  efficiency. 
One  cannot  emphasize  this  obligation  too  strongly,  for  it  is 
to  his  interest  to  do  so  it  for  none  other  than  a  selfish  reason 
in  advancing  the  completion  of  his  finished  *itructure  and  thus 
obtain  the  earliest  possibh;  period  of  productivity. 

A  Partnership  of  Efficiency. — The  local  managers  or  engi- 
neers of  both  parties  should  feel  reciprocal  interest  in  co- 
operating in  a  partnership  of  efficiency. 

Elficient  co-operation  is  a  good  thing,  and  both  sides  can 
often  make  contributions  in  the  form  of  suggestions  relating 
to  improving  the  methods  of  construction  without  sacrificing 
advantage  or  prerogative  as  expressed  in  the  formal  agree- 
ment. 

The  obligations  upon  the  contractor  are  definite  also.  They 
are:  first,  to  plan  the  work  in  a  thorough  and  practical  man- 
ner; second,  to  do  the  work  as  directed  by  the  employer;  and 
third,  to  assume  the  usual  risks  incidental  to  a  voluntary  ac- 
tion and  for  which  he  is  being  compensated  at  agreed  fig- 
ures, which  are  assumed  to  cover  service  insurance  if  such 
be  required. 

The  contractor  is  not  an  agent  according  to  certain  well 
and  legally  established  definitions  of  the  word  and  to  the  ex- 
tent that  the  employer  is  responsible  for  his  actions  without 
considerable  restrictions,  but  he  is  in  a  sense  an  "Agent  of 
Service,"  and,  as  outlined  heretofore,  has  the  obligation  of 
an  agent  in  the  practical  sense. 

He  is  an  agent  in  the  sense  that  he  should  feel  a  personal 
interest  in  the  welfare  of  his  principal  and  the  same  desire 
that  any  loyal  employe  should  feel,  for,  after  all,  he  is  an  em- 
ploye of  a  temporary  character. 

In  meeting  the  obligations  the  contractor  sometimes  needs 
help.  The  extent  to  which  his  principal  will  help  him  de- 
pends upon  the  contractor's  attitude  in  the  features  hereto- 
fore defined. 

Emergencies  Which  May  Arise. — The  most  perfectly  writ- 
ten agreement  will  not  cover  all  possible  conditions  and 
emergencies  which  may  arise,  and  sometimes  I  think  we  are 
too  much  inclined  to  anticipate  too  much,  thinking  that  the 
extent  to  which  we  can  foresee  possibilities  establishes  a 
high  rating  of  intelligence,  and  that  tendency  has  furnished 
both  the  engineers  and  our  legal  friends  much  opportunity 
tor  fine  legal  phrases  and  many  "wherases."  We  perhaps 
overdo  the  anticipating  business,  and  forget  the  importance 
of  being  a  little  more  clear  in  the  expression  of  intent  and 
purposes,  but,  on  the  other  hand,  the  development  of  the 
modern  contract  is  a  great  deal  like  the  development  of  rules 
for  operating  a  railroad,  both  for  handling  trains  and  main- 
taining the  property,  in  that  every  rule  is  the  epitaph  of  a 
Iragedy. 

Originally  in  early  operation  of  railways  a  dozen  rules  were 
sufficient  for  safety  and  expedition.  But  as  speeds  began  to 
increase  and  traffic  to  grow  in  magnitude,  risks  became 
greater,  and.  as  the  tax  on  mental  operations  began  to  in- 
crease, the  weakness  of  the  human  mind  grew  more  pro- 
nounced and  errors  and  inefficiency  multiplied:  the  disregard 
of  others'  rights  was  magnified  and  the  results  were  so  trouble- 
some that  new  and  better  rules  became  necessary  in  order 
that  responsibility  might  be  fixed  and  discipline  applied. 

The  history  of  railroad  contracts  has  been  quite  analogous 
in  many  ways,  and  the  so-called  errors  and  weaknesses  mag- 
nified because  of  the  commercial  aspects  as  apart  from  the 
matter  of  running  of  trains — this  due  to  the  ambition  and 
greed  of  which  both  parties  were  guilty. 

The  tendency  to  lay  out  a  wonderful  plan  of  contract  strat- 
egy has  perhaps  developed  wonderful  imaginative  power,  but 
the  danger  lies  in  playing  this  too  strong,  and  creating  sug- 
gestions for  sharp  practice. 

I  do  not  mean  that  we  can  radically  remodel  and  quickly 
change  existing  basic  principles  and  phraseology,  but  I  do 
say,  let  us  keep  in  mind  more  fully  than  ever  before  the  de- 
sire to  express  the  spirit  of  the  contract,  and  the  letter  of  it 
will  be  more  easily  and  briefly  written  and  interpreted. 

Strictly  fair  dealing  on  both  sides  will  automatically  intro- 
duce simplicity  and  minimize  anticipated  difficulties. 

Both  Parties  Have  Rights. — Another  important  feature  is 
the  rights.  Both  parties  have  rights  and  they  should  be 
clearly  indicated  and  thoroughly  consistent  with  the  obliga- 
tions, for  the  obligation  of  one  party  oftentimes  is  the  right 
of  the  other.  There  are  other  rights,  however,  that  should 
be  recognized.  Legal  rights  are  established  in  a  pretty  thor- 
ough manner.  Rights  in  equity  are  less  easily  indicated  and 
perhaps  are  difficult  to  outline  and  define.     The  partition  be- 
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tween  law  and  equity  sometimes  is  very  thin  and  in  the  ex- 
ercise of  the  diseietionary  power  of  the  principal,  when  there 
is  uncertainty  as  to  which  should  be  respected,  the  quality  of 
service  rendered  by  a  contractor  is  a  large  factor. 

Legal  rights  of  either  should  not  be  surrendered  generally 
to  equity  without  good  grounds,  but  may  be  surrendered  in 
part  or  in  whole  if  there  is  evidence  of  a  fair  disposition  to 
place  a  high  value  upon  the  obligation  and  intent. 

It  n'ust  not  be  forgotten  that  in  most  contracts  of  magni- 
tude the  execution  is  in  the  hands  of  authorized  corporate 
officers  whose  first  duty  is  to  their  company,  and  they  have 
ro  alternative  but  ftrst  to  protect  their  owners'  interest  and 
have  no  right  to  yield  to  personal  and  sympathetic  influences. 

The  right  of  the  employer  to  be  protected  against  dam- 
ages from  inadequacy  and  inefficiency  on  the  part  of  the  con- 
tractor, is  unassailable,  and  conversely  the  right  of  the  con- 
tractor to  be  protected  against  the  tyranny  and  destructive- 
ness  of  an  unfair  employer  is  well  established  and  recognized. 

We  have  all  known  of  instances  of  violation  of  such  rights, 
but  1  believe  they  are  becoming  more  and  more  infrequent, 
due  to  the  growing  tendency  on  the  part  of  employers  to  deal 
with  contractors  of  established  financial  standing  and  reputa- 
tion for  reliability. 

One  right  which  has  been  the  cause  of  more  difference  of 
opinion  than  possibly  any  other  is  the  right  of  suspension  of 
work  generally  exercised  by  the  employer.  I  have  always 
felt  that  there  was  a  strong  similarity  between  suspension  and 
the  cancellation  of  an  order  in  commercial  life,  the  only  dif- 
ference being  the  magnitude  of  the  effect  and  the  relative 
ease  with  which  the  seller  of  his  product  can  tind  other  cus- 
tomers. 

In  industrial  life  the  price  of  the  salable  article  is  built  up 
of  direct  cost,  indirect  cost,  carrying  risks  and  profit.  The 
risks  embody  period  suspension  possibilities  and  presumably 
you,  in  making  your  prices,  embody  corresponding  items 
therein. 

You  are  justified  in  doing  so,  and  when  done  this  should 
be  given  consideration  and  in  the  determination  of  the  allow- 
able amount  to  cover  idle  period,  I  have  always  felt  that  for 
some  proportion  of  the  period  there  should  be  no  allowance 
upon  the  theory  that  the  contractor  should  assume  part  of 
this  risk.  I  speak  of  both  partial  and  complete  suspension  in 
this  thought,  and  this  principle  is  common  to  both  cases. 

A  railroad  must  suffer  the  loss  which  comes  from  the  sud- 
den decline  in  traffic  and  the  manufacturer  also  suffers  the 
same  chance.  There  is  one  difference  sometimes  when  the 
contractor  acquires  special  equipment  upon  the  expectation 
of  using  it  for  the  work  in  question.  For  such  a  condition  a 
contractor  is  entitled  to  some  consideration,  and  when  these 
possible  conditions  arise,  it  becomes  apparent  that  equities 
must,  and  they  do,  govern.  Neither  party  can  expect  the 
other  to  protect  him  to  his  full  power;  both  must  take  a  fair 
amount  of  risk.  That  amount  is  not  always  foreseen  and  can- 
not be  estimated  in  advance.  Its  calculation  depends  upon 
the  spirit  in  which  the  agreement  is  entered  into  and  the  sin- 
cerity of  purpose  behind  the  action  of  each. 

Time  and  Equity  Essence  of  Contracts.— So  these  thin.ss 
come  down,  after  all.  to  a  situation  in  which  equities  are  the 
foundation.  We  often  find  in  the  modern  contract  the  phrase, 
"Time  is  the  essence  of  this  agreement."  I  would  hope  some 
day  to  see  that  phrase  expanded  to  read.  "Time  and  equity 
are  the  essence  of  the  contract  with  due  regard  to  sound 
legal  princples."  Those  are  the  three  articles  which  should 
be  sealed  in  the  cornerstone  of  the  true  contract. 

We  come  to  the  last  of  the  five  terms— "Specifications."  I 
have  hardly  known  how  to  approach  this  feature  without  get- 
ting into  unlimited  detail  and  feel  constrained  to  deal  with 
essentials  only. 

Thoroughness,  clearness  and  practicability  appear  to  me 
to  be  the  three  essentials.  Here  is  the  employer's  duty,  for 
he  designs — the  contractor  builds. 

Thoroughness  is  necessary  to  enable  the  contractor  to  cal- 
culate his  bid:  clearness,  to  minimize  misunderstanding;  prac- 
ticability to  insure  lowest  cost  and  expedition. 

We  often  hear  contractors  justly  complain  about  the  de- 
ficiency in  these  things,  and  such  complaints  should  have  the 
closest  attention.  Engineers  may  easily  err  in  any  one  of 
these  three  things. 

Inexperience  m.ay  be  a  factor;  carelessness  sometimes 
causes  this.  In  other  cases  disregard  of  the  element  of  cost 
and  economy  ma:'  be  a  cause. 

In  the  natural  development  of  our  profession,  I  am  more 
and  more  impressed   with   the   difficulties   which   exist  in   co- 


relating  text  book  and  experience  of  the  builder.  In  times 
past  I  have  seen  too  much  of  failure,  to  listen  to  the  view- 
point of  the  builder — to  hold  aloof  from  him  in  forcing  a  strict 
compliance  with  specifications  without  seeking  advice  and 
help  from  the  builder,  especially  when  he  is  fortified  with 
good  experience.  I  want  to  see  In  the  future  a  closer  feeling 
of  joint  responsibility  to  the  extent  of  encouraging  the  builder 
to  give  of  his  knowledge  and  experience,  to  listen  to  sugges- 
tions and  advice  with  due  regard  of  course  to  the  danger  of 
yielding  too  much,  but  we  should  remember  that  no  one 
agency  can  know  it  all. 

The  Force-Account  Contract. — I  have  not  spoken  of  one 
very  important  matter,  viz.,  the  application  of  the  so-called 
"Force-Account"  contract. 

I  have  heard  a  prominent  contractor  say  he  saw  in  the  fu- 
ture only  one  type  of  contractor  and  one  type  of  contract.  In 
asking  him  to  define  his  dream  a  little  more  clearly,  he  said, 
"A  contractor  100  per  cent  strength,  integrity  and  efficiency, 
and  a  force-account  contract?" 

I  pray  for  the  former,  a  100  per  cent  employer,  but  I  have 
no  such  optimism  about  the  latter. 

I  thoroughly  approve  of  the  force-account  contract,  where 
certain  conditions  require  it,  but  I  cannot  conceive  of  anything 
more  objectionable  than  to  eliminate  the  competitive  advan- 
tage of  unit  prices.  The  world  would  never  have  developed 
without  some  of  them.  The  mental  and  moral  uplift  in  keen 
competitive  bidding  is  real.  It  should  never  be  removed,  but 
that  does  not  mean  that  the  other  type  is  better.  The  one 
thing  that  will  remove  the  prejudice  against  the  force-ac- 
count contract  is  for  you  contractors  to  devise  some  way  to 
convince  the  employer  of  low  costs.  Devise  some  way  to  get 
the  same  degree  ot  efficiency  where  profit  is  assured  as  where 
it  is  not  assured.  Remember  how  advantageous  it  is  for  you 
to  sublet  on  unit-cost  bidding. 

Good  Contractors  an  Asset.— I  believe  today  the  cases  of 
abuse  of  cither  legal  or  equitable  rights  is  growing  less.  That 
should  be  so.  A  contractor's  best  asset  is  his  reputation  for 
fair  dealing.  One  of  the  best  assets  the  railroad  business  has 
is  a  good  list  of  contractors  who  can  be  depended  upon  to 
help  the  railroad. 

Unfair  and  destructive  treatment  of  a  contractor  is  bad 
business  policy.  It  is  apt  to  destroy  a  real  asset  or  cost  the 
railroad  higher  unit  prices. 

The  liabilities  of  the  contractor  should  be  fully  protected 
by  either  well  established  credit  or  by  bond.  This  the  rail- 
road has  the  right  to  expect.  There  should  be  no  hesita- 
tion en  the  part  of  the  contractor  to  so  protect. 

The  liabilities  of  the  railroad  are  definite.  They  are  of  a 
character  not  subject  to  the  same  method  of  safeguarding  as 
is  required  of  a  contractor,  but  are  just  as  specific  and  just 
as  sacred. 


The  Cement  Gun  in  Railway  Work 

As  an  appendix  to  the  report  ot  the  Committee  on  Road- 
way ot  the  American  Railway  Engineering  Association,  pre- 
sented at  the  March  convention,  some  uses  of  the  cement 
gun  in  railroad  work  are  noted  as  follows: 

In  iyi4  the  New  York  Central  R.  R.  used  a  cement  gun  in 
its  Spuyteu  Duyvi!  Cut  on  the  main  line,  about  10  miles  north 
ot  Grand  Central  Terminal,  New  York  City.  This  is  probably 
the  most  extensive  work  of  this  sort  yet  attempted.  The  cut 
was  500  ft.  long  with  sides  80  and  50  ft.  high,  respectively.  The 
Third  Rail  System  furnished  the  power  for  operating  the 
air  compressors.  The  first  operation  was  to  remove  the  small 
loose  stones  and  dirt  from  the  crevices  by  air,  before  using 
the  cement,  and  it  was  thought  advisable  in  some  places  to 
use  anchor  bolts  1  in.  in  diameter  in  order  to  insure  hold- 
ing up  some  ot  the  larger  rock,  the  mixture  of  one  to  three 
parts  cement  and  sand  was  then  used.  This  work  was  done 
in  1914  and  1915,  was  inspected  by  a  member  of  the  com- 
mittee in  .lune,  1920,  and  found  to  continue  satisfactorily. 

In  1914  the  Lehigh  &  New  England  R.  R.  at  Lansford,  Pa., 
used  the  cement  gun  in  the  root  ot  a  tunnel,  part  ot  which 
was  lined  with  brick,  the  balance  not  lined.  Some  ot  the 
brick  had  fallen  out:  others  had  become  loose;  the  rock  in 
the  unlined  portion  frequently  fell  to  the  track,  but  after 
treatment  with  cement  gun  the  condition  was  corrected. 
There  are  several  streams  of  water  emptying  on  to  the  track 
from  the  root  of  this  tunnel,  which  the  manufacturers  of  the 
cement  gun  claim  can  be  sealed  up.  This  work  will  be  at- 
tempted by  the  Lehigh  &  New  England  R.  R.  this  winter. 
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Temporary  Building  for  Storage 
of  Cement 

Reserve  supply  ot  any  commodity  in  daily  demand  on  con- 
struction work  goes  far  toward  insuring  uninterrupted  opera- 
tion. The  provision  and  use  of  adequate  storage  buildings 
eliminates  the  chance  of  temporary  suspension  of  operations 
or  retarded  progress  when  transportation  conditions  or  other 
unforseen  contingencies  delay  shipment  of  material.  To  make 
certain  the  prompt  start  and  continuous  progress  of  construc- 
tion, there  is  coming  into  more  general  use  the  practice  ot 
accumulating  in  storage  a  supply  of  construction  material,  in- 
cluding cement.  Useful  suggestions  on  the  storage  ot  this 
latter  material  are  given  in  a  recently  issued  booklet  of  the 
Portland  Cement  Association,  to  which  we  are  indebted  for 
the  matter  in  this  article. 
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Cross  Section  of  Tempoiary  Cement  Storage   Building. 

Some  Fundamental  RecHJirements  of  Storage. — Unless  prop- 
erly stored,  cement  will  soon  alisorb  enough  moisture  from 
the  atmosphere  to  affect  its  quality.  It  must  be  kept  dry 
at  all  times  prior  to  use;  therefore,  it  should  be  stored  in  a 
damp-proof,  weather-tight  building.  No  matter  what  the  con- 
dition of  weather  or  season,  the  atmosphere  alw-ays  contains 
some  moisture.  The  more  nearly  airtight  the  storage  build- 
ing can  be  made  and  kept,  so  as  to  prevent  influence  of  chang- 
ing outdoor  atmospheric  condition,  the  less  effect  will  there 
be  on  the  quality  of  the  cement  while  in  storage. 

For  storage  in  the  immediate  vicinity  or  on  the  site  of  con- 
struction work,  so-called  temporary  structures  are  usually 
provided.  These  may  be  of  light,  simple  construction,  yet 
must  be  built  to  maintain  a  dry.  weather-proof  interior.  Build 
the  floor  a  sufficient  distance  above  ground  to  protect  against 
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covered  with  tarred  rooting  paper  to  make  it  leak-proof.  The 
roof  should  overhang  the  walls  at  least  a  foot  on  all  sides  of 
the  building  and  should  be  so  firmly  secured  to  wall  studs  or 
framing,  that  there  will  be  no  danger  of  its  being  thrown  off. 

Windows,  may  be  dispensea  with,  but  if  thought  necessary 
for  light,  should  be  placed  well  up  under  the  roof  overhang  to 
make  them  more  weather-tight. 

Building  for  Storage  of  One  Car  of  Cement. — The  illustra- 
tions suggest  a  simple,  damp-proof  cement  storage  building 
tor  temjiorary  purposes.  This  has  a  capacity  of  one  car  but 
may  be  enlarged  by  adding  other  sections  of  the  same  size. 
Make  the  lill  under  the  floor  with  clean  coarse  cinders  or 
(oarse  gravel. 

I-'ollowing  is  a  bill  of  material  for  constructing  one  sec- 
tion: 

lill.t^  Ol"  MATKIilAL  FOR  TEMPORARY  SACK  .ST<iItAi;li  .SHED 
12  FT.  X  22  FT. 

l>i-     Board  Tot.     Tot. 
Itom  -Nil.  meiisions.  ft.  T.&(J.  rough.  Remark.'.^. 

Sills"   4  4"x  .S"xl2'  Vc% 

Sills    2  4"x  8"xl0'     54 

Posts    4   4"x  4"xl2'     64 

Studs     .31  2"x  4"xl2'  248 

Floor   joist... 13  2"x  6"xl2'  156 

Rafters     13  2"x  6"xl4'  1S2 

Flooring     . .  .12  I"xl2"xl4'  168 

Flooring    ....12  I"xl2"xl2'  144  1,144 

T.  &  G.— 
Flooring    .  .4,S  l"x  6"xl2'  2SS 
Siding    .....'■)2  l"x  6"xl2'  312  Knds 

Siding    i;4  l"x  C'xlO'  320  Sides  at  door.s 

Siding    ...14  l"x  6"xl4'     98  Sides  over  and  under  dooi  s 

Siding    ....14  l"x  6"xl2'     84  Sides  over  and  under  door-- 

Rooting    ...62  l"x  6"xl2'  372 
Doors     16  l"x  6"x  S'     64  1.538 

Corners     S  l"x  6"xl2'     48  4S 

1,538  1.192 
Misoellaneous  items 
4   8"  .strap  hinges. 
2  hasps  and   padlocks. 
Xails. 

1.2nn  SCI.  ft.  2-plv  roofing  (sides  and  floor)  12%%  added. 
';80  sq.  ft.  4-plv  roofing  (roof)  12H%  added. 


Plan  for  Building  Having  Capacity  for  1  Carload  of  Cement. 

The  doors  in  the  center  of  eacli  side  provide  easy  facilities  for 
handling  cement  in  and  out  of  building.  AV'hen  warehouse  is  lo- 
cated along  railroad  track  -where  swinging  doors  would  reduce  the 
clearance  required  for  safety,  sliding  doors  should  be  used. 

ground  moisture.  A  double  board  floor  ot  tongued  and 
grooved  lumber  is  best,  with  the  boards  of  the  upper  floor 
laid  at  right  angles  to  those  in  the  lower  one,  and  a  layer  of 
tarred  or  other  water-proof  paper  between. 

For  convenience  in  handling  the  cement  on  the  job,  the 
floor  level  should  be  approximately  1  ft.  above  the  switch 
track  or  driveway  approach,  and  the  space  beneath  the  floor 
filled  solid  with  well  tamped  cinders  or  gravel.  Should  it  be 
found  desirable  to  have  the  floor  several  feet  above  the  track 
level,  heavier  construction  for  the  floor  will  be  needed  to  sup- 
port the  load. 

The  walls  of  a  wooden  shed  may  be  made  damp-proof  by  ap- 
plying one  or  more  layers  of  tar  paper.  A  one-way  roof  is 
simple  and  satisfactory  with  tongued  and  grooved  boards,  well 
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Xote  particuiarlj-  cinder  fill  around  floor  joists,  with  t\vci-in«li 
double  wood  floor  with  tar  paper  between.  Small  ditcii  around 
building  provides  for  proper  drainage  and  will  help  keep  dr\-  tli> 
ground  or  fill  under   liuilding. 

Piling  Sacked  Cement. — When  cement  in  sacks  is  stored  in 
high  piles  for  "a  considerable  time,  there  is  a  tendency  for 
that  in  the  lower  sacks  to  "cake,"  due  to  pressure  of  the 
sacks  above.  Cement  that  has  caked  from  this  cause  can  be 
reconditioned  by  either  rolling  or  dropping  the  sack  on  the 
floor. 

Cement  to  be  stored  for  a  short  time  only  may  be  piled  12 
or  15  sacks  high,  but  if  to  be  stored  tor  a  long  period,  piles 
should  not  be  more  than  7  sacks  high  in  order  to  minimize 
caking  or  "warehouse  set.  ' 

The  cement  may  be  piled  directly  on  concrete  floor  laid  on 
a  well  tamped  fill  of  cinders  or  gravel,  or  a  floor  elevated 
above  ground. 

Pile  sacks  closely  but  not  in  contact  with  building  side 
walls.  No  more  tree  air  space  should  be  left  than  necessary, 
however. 

When  storing  for  long  periods  in  permanent  structures,  pile 
about  1  ft.  away  from  wall. 

To  lessen  the  danger  of  piles  overturning,  pile  the  sacks 
in  headers  and  stretchers— that  is,  alternately  lengthwise  and 
crosswise  so  as  to  tie  the  piles  together.  However,  if  piles 
seven  sacks  high  are  laid  up  carefully  there  will  be  little 
danger  of  their  overtfirning.  This  height  of  pile  makes  it 
easier  to  handle  sacks  in  and  out  of  the  storage  building  be- 
cause the  band-trucks  used  to  move  cement  in  the  storehouse 
usually  carry  7  sacks. 

The  capacity  of  a  storehouse  depends  upon  its  floor  area 
and  the  height  to  which  sacks  are  piled.  A  sack  of  cement 
occupies  a  little  over  2  sq.  ft.  ot  floor  space  and  about  1.25 
cu.  ft.  of  volume  space.  It  it  is  necessary  to  store  a  greater 
amount  ot  cement  on  a  given  floor  area,  the  height  of  pile 
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can  be  increased  to  14  or  15  sacks  high.  This  is  usually  the 
maximum  that  can  be  laid  up  economically. 

When  moving  cement  from  warehouse  piles,  some  sacks 
should  be  removed  from  two  or  three  tiers  back  rather  than 
all  from  one  tier.  It  the  piles  are  thus  stepped  back,  par- 
ticularly when  they  are  15  sacks  high,  accidents  due  to  a  pile 
of  sacks  overturning  are  prevented. 

Every  contractor  has  problems  peculiar  to  the  conditions 
under  which  cement  must  be  handled  and  stored.  Methods 
should  be  selected  which  will  be  most  advantageous  under 
those  conditions. 


Railroad  Reconstruction  in  France 

The  following  details  of  the  condition  of  the  Fi-ench  rail- 
roads and  their  reconstruction  since  the  Armistice  have  been 
furnished  by  the  French  Commission  in  the  United  States. 
Of  the  2,404  kilometers  of  double  track  line  totally  destroyed 
during  the  war,  all  have  been  completely  reconstructed.  To 
permit  normal  traffic  along  these  lines,  it  was  necessary  to 
wholly  rebuild  1,400  signal  towers,  culverts  and  small  bridges 
of  the  total  of  1,.503  destroyed.  In  addition,  of  the  2,78.5  kilo- 
meters of  single  track  line  destroyed,  1,810  have  been  entirely 
reconstructed  and  opened  to  traffic.  Work  on  the  remaining 
973  kilometers  is  at  present  being  carried  out,  but  is  .pro- 
gressing more  slowly  because  double  track  line  is  being  built 
instead  of  the   single  track   line. 

The  number  of  locomotives  in  France  at  the  signing  of  the 
Armistice  in  service  was  14,537.  On  Dec.  31,  1920,  this  num- 
ber had  increased  to  18,429,  of  which  14,827  were  French. 
I,fi79  German,  1,299  of  the  Pershing  type,  and  fi24  of  the 
American  Government  type.  Orders  for  1,200  locomotives 
are  at  present  being  carried  out.  The  number  of  freight 
cars  at  the  disposal  of  the  French  railroads  in  November, 
1918,  totaled  410,308.  On  the  31st  of  December,  1920,  this 
number  had  increased  to  518,810,  of  which  432,038  were 
French,  48,891  German.  18.194  of  the  Pershing  type,  and  19,- 
687  American  Government  type.  Work  is  at  present  being 
carried  out  on  2,500  freight  cars  for  various  roads. 

The  figures  for  the  railroads  of  Alsace-Lorraine  are  not 
included  in  the  above  total.  These  railroads  have  at  their 
disposal  1,5K6  locomotives  and  42,297  freight  cars.  They 
are  to  receive  from  Germany  under  the  terms  of  the  Peace 
Treaty   a   further   289  -locomotives   and   Iti.dOO   freight  cars. 

Placing  Orders  for  Equipment. — Not  only  are  the  French 
railroads  placing  orders  for  a  great  deal  of  new  rolling  stock 
and  locomotives,  but  they  have  opened  new  repair  shops  to 
keep  their  present  material  in  good  condition.  In  the  period 
immediately  following  the  Armistice,  French  railroad  shops 
were  able  to  repair  115  locomotives  and  88.000  freight  cars 
a  month.  In  1920,  they  repaired  an  average  of  190  locomo- 
tives and  116,214  freight  cars  a  month. 

Further  proof  of  the  recovery  of  French  railroads  is  given 
by  the  notable  increase  in  traffic  handled  during  the  last 
three  months  in  1920,  as  compared  with  the  last  three  mont}».s 
of  1919.  The  1920  figures  show  an  increase  of  SO  per  cent 
in  the  number  of  passengers  handled,  of  95  per  cent  in  the 
number  of  tons  of  fast  freight  handled  and  of  20  per  cent 
in  the  number  of  tons  of  ordinary  freight  carried.  As  a 
whole,  the  traffic  of  French  railroads  is  equal  that  of  before 
the  war. 

Progress  in  Electrification. — The  work  of  electrifying  cer- 
tain French  roads,  which  started  in  1920,  has  made  rapid 
progress.  The  Midi  Co.  has  150  kilometers  of  double  track 
electric  line  in  operation  and  the  work  of  electrifying  a  fur- 
ther 3.000  kilometers  of  track  belonging  to  this  road  is 
actually  in  progress.  The  reconstruction  of  two  hydro-elec- 
tric plants,  which  will  furnish  150.000  HP.  each  to  this  road, 
is  nearly  complete.  The  road  has  placed  orders  tor  50  new 
electric  locomotives  of  the  type  used  by  the  Chicago,  Mil- 
waukee &  St.  Paul  Ry.  Two  other  French  railroads  have 
undertaken  the  electrification  of  sections  of  their  line,  the 
Orleans,  which  is  electrifying  3,000  kilometers,  and  the  P.  Ij. 
M.,  which  also  is  electrifying  3,000  kilometers  of  road.  The 
electric  power  for  the  Orleans  road  will  be  furnished  by  the 
ivater  falls  of  the  Upper  Dordogne,  and  for  the  P.  L.  M.  by 
the  falls  of  the  French  Alps.  The  cost  of  electrifying  these 
roads  will  be  in  the  neighborhood  of  5,000,000.000  francs. 
The  saving  in  coal  will  exceed  3.200,00u  tons  per  annum, 
which,  supposing  the  price  of  coal  per  ton  to  be  above  or 
equal  to  100  francs,  will,  at  the  current  rate  at  which  money 
may  be  borrowed  in  France  for  such  work,  more  than  pay 
the  interest  on  electrification  bonds  issued. 


Standard   Specifications   for  Cross 

Ties 

At  the  third  annual  convention  of  the  National  Association 
of  Railroad  Tie  Producers,  held  January  28  at  San  Francisco, 
standard  specifications  tor  cross  ties  similar  to  those  of  the 
American  Railroad  Association  were  adopted.  The  specifica- 
tions follow: 

MATERIAL. 

Kinds  of  Wood. — Before  manufacturing  ties,  producers  shall 
ascertain  which  of  the  following  kinds  of  wood  suitable  for  cross 
ties  will  be  accepted:  Ash,  beech,  birch,  catalpa,  cedar,  cherry, 
chestnut,  cypress,  elm,  fir,  gum.  hackberry.  hickory,  larch,  locust, 
maple,  niulberry,  oak,  pine,  poplar,  redwood,  sassafras,  spruce, 
sycamore  and  walnut.  Others  will  not  be  accepted  unless  specially 
ord'jred. 

PHYSICAL  REQUIREMENTS. 

General  Quality. — All  ties  shall  be  free  from  any  defects  that 
may  jmpair  their  strength  or  durability  as  cross  ties,  such  as 
decay,  large  splits,  large  shakes,  large  or  numerous  holes  or  knots, 
or  grain  with  slant  greater  than  one  in  fifteen. 

itesistance  to  Wear. — Ties  from  needleleaved  woods  shall  be  of 
compact  wood  throughout  the  top  fourth  of  the  tie,  where  any 
inch  of  radius  from  the  pith  shall  have  not  less  than  one-third 
summerwood  in  six  or  more  rings  of  annual  growth,  or  not  less 
than  one-half  summerwood  in  fewer  rings.  Ties  of  course  wood 
having  fewer  rings  or  less  summerwood  will  be  accepted  if 
speciflcally  ordered. 

Rttsistance  to  I>ecay. — Ties  for  use  without  preservative  treat- 
ment shall  not  have  sapwood  v.'ider  tiian  one-fourth  the  widtli  of 
the  top  of  the  tie  between  20  in.  and  40  in.  from  the  middle,  and 
will  be  designated  as  "heart"  ties.  Those  with  more  sapwood  will 
be  designated  as  "sap"   ties. 

DESIGN. 

Dimensions. — Before  manufacturing  ties,  producers  shall  ascer- 
tain which  of  the  following  lengths,  shapes  or  sizes  will  be  accepted, 
and  whether  ties  are  to  be  hewed  or  sawed  and  in  either  case 
whether  on  the  sides  as  well  as  on  the  top  and  the  bottom. 

All  ties  shall  be  S  ft.,  8  ft.  6  in.,  or  9  ft.  long. 

\\\  ties  shall  measure  as  follows  throughout  both  sections  be- 
tween 20  in.  and  40  in.  from  the  middle  of  the  tie: 

Sawed  or  hewed  top.  Sawed  or  hewed  top  and 

Grade  bottom  and  sides.  bottom. 

1.  None  accepted  6  in.  thick  x    6  in.  wide  on  top 

■>.  %  in.  thick  x    7  in.  wide  on  top  g  in.  thick  ,x    7  in.  wide  on  top 

:).  6  in.  thick  x    8  in.  wide  on  top  (,  hi.  thick  x     S  in.  wide  on  top 

T  in.  thick  x    T  in.  wide  on  top 
4.  7  in.  thick  x    8  in.  wide  on  top 
."i.  7  in.  thick  x    9  in.  wide  on  top 


in.  thick  x    S  in.  wide  on  top 
7  in.  thick  x    9  in.  wide  on  top 
in.  thick  X  10  in.  wide  on  top  7  .n.  thick  x  10  in.  wide  on  top 

\I1  other  usable  ties  shall  be  classed  as  grade  0  ties. 


''Northern  white  cedar  or  tamarack  (larch)  pol<-  ties  manufac- 
tured from  timber  measuring  S  in  in  diameter  under  the  bark  at 
tlie  small  end  shall  be  cla.'^sed  as  Grade  1. 

MANUFACTURE. 

All  ties  shall  be  straight,  well  hewed  or  sawed:  cut  square  at 
the  ends,  have  bottom  and  top  parallel,  and  have  bark  entirely 
removed. 

INSPECTION. 

Ties  will  be  inspected  after  delivery  at  suitable  and  convenient 
places  satisfactory  to  the  railroad,  whicli  reserves  the  right  to 
inspect  ties  at  points  of  shipment  or  at  destination.  Ties  will  be 
inspected  at  points  other  than  the  railroad's  property  whenever 
in  the  judgment  of  the  railroad  there  is  sufficient  number  to  war- 
rant it:  but  the  shipper  shall  provide  accommodations  for  the  in- 
spector while  away  from  rail  or  steamer  lines  and  transport  him 
from  or  to  a  railroad  station  or  steamer  landing. 

Inspectors  will  make  a. reasonably  close  examination  of  the 
top.  bottom,  sides  and.  ends  of  each  tie.  Each  tie  will  be  graded 
independently  without  regard  for  the  grading  of  others  in  the 
same  lot.  Rafted  or  boomed  ties  too  muddied  for  ready  examina- 
tion "Will  be  rejected.  Ties  handled  over  hoists  will  be  turned  over 
as  inspected. 

Ties  will  be  rejected  when  decayed  in  a  degree  sufficient  to 
impair  rnalerially  their  stTength  and  durability,  except  that  the 
following  will  be  allowed:  In  cedar,  "pipe  or  stump  rot"  up  to  1^ 
in.  in  diameter  and  1.5  in.  deep;  in  cypress.  "pe':"li"  up  to  the  lim- 
itations as  to  holes:  and.  in  pine,  "blue  sap  stain." 

A  large  hole  in  woods  other  than  cedar  is  one  more  than  ^i 
in.  in  di:imeter  and  3  ii,.  deep  within,  or  more  than  1  in.  in 
diameter  and  3  in.  deep  outside  the  sections  of  the  tie  between  20 
in.  and  40  in.  from  its  middle.  Numerous  holes  are  any  number 
equaling  a  large  hole  in  damaging  effect. 

A  large  knot  is  one  exceeding  in  width  more  than  one-fourth 
of  the  width  of  the  surface  en  whicli  it  appears:  but  such  a  knot 
may  be  .allowed  if  it  occurs  outside  the  sections  of  the  tie  between 
20  in.  and  40  in.  from  its  middle.  Numerous  knots  are  any  number 
equaling  a  large  knot  in  damaging  effect.  Such  holes  may  be 
caused  in  manufacture  or  otherwise. 

A  shake  is  a  separation  of  one  ring  of  annual  growth  from 
another.  One  which  is  not  over  4  in.  long  or  Vi  in.  wide  will  be 
allowed. 

A  split  is  a  break  across  annual  rings.     One  which  is  not  over 
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10   in.    long   will   bo   allowed    piiniccd   a   satisfactory    aiili-splittint: 
device  has  been  properly  applied. 

A  tie  will  be  considered  straight:  (1)  When  a  straicbt  line 
alons  the  top  from  the  middle  of  one  end  to  the  middle  of  the 
other  end  is  entirely  within  the  tie;  (2)  when  a  straight  line 
alonu  a  side  from  the  middle  of  one  end  to  the  middle  of  the 
other  Is  everywhere  more  than  2  m.  from  the  top  and  bottom  of 
the  tie. 

A  tie  Is  not  well  hewed  or  sawed  when  its  surfaces  are  cut  into 
with  score-marks  more  than  Vi  in.  deep  or  when  its  surfaces  are 
not  even. 

The  lengths,  thlcKnesses  and  widths  spccilled  arc  minimum 
dimen.sions.  Ties  over  1  In.  more  in  thickness,  over  3  in.  more  in 
width,  or  over  2  in.  more  in  length  will  be  degr.lded  or  rejected. 

The  top  and  bottom  of  a  tie  will  be  considered  parallel  if  the 
difference  ir.  the  thicknesses  at  the  two  sides  or  ends  does  not 
exceed  Vi  in.,  that  is,  one  side  may  be  7'/i  in.,  while  the  other  is  6% 
in.  wide;  or  one  end  may  be  6%  in.,  while  the  other  is  7'A  in. 
thick. 

All    thicknesses    and    widths   apply   to   the    sections    of    the    tie 
between   20    in.    r.nd    40    in.    from    the   middle   of    the    tie.      All     de- 
terminations of  widths  \\ill  bo   made  on   the  top  of  the  tie,   n-hich- 
is  the  narrower  of  the  horizontal  surfaces. 

Ties  which  are  oversize  will  be  accepted  as  follows:  8  in.  to 
9  in.  X  9  in.  to  12  in.  as  Grade  4;  9  in.  to  10  in.  x  9  in.  to  12  in. 
as  Grade  3.  Ties  over  10  in.  thick  or  over  12  in.  wide  on  top  will  be 
rejected.  Ties  will  be  Jjraded  up  by  their  smaller  ends  and  graded 
down  by  their  larger  ends.  The  dimensions  of  the  tie  will  not  be 
averaged. 

Split  redwood  ties  are  permitted  a  slight  variation  in  size,  but 
such  variations  must  not  be  more  than  Vj  in.  one  way  or  Vi  in. 
two  ways. 

DELIVERY. 

Ties  delivered  on  the  premises  of  the  railroad  fur  inspection 
shall  be  stacked  not  less  than  10  ft.  from  the  nearest  rail  of  any 
track  at  suitable  and  convenient  places;  but  not  at  public  cross- 
ings, nor  where  they  will  interfere  with  the  view  of  trainmen  or 
of  people  approaching  the  railroad.  Ties  shali.be  stacked  in 
alternate  layers  of  two  and  seven,  the  bottom  layer  to  consist  of 
two  ties  kept  at  least  six  inches  above  the  ground.  The  second 
layer  shad  consist  of  seven  ties  laid  crosswise  of  the  first  layer. 
When  the  ties  are  rectangular,  the  two  outside  ties  of  the  layers 
of  seven  and  the  layers  of  two  shall  be  laid  on  their  sides.  The 
ties  m  layers  of  two  shall  be  laid  at  the  extreme  ends  of  the  ties 
in  the  layers  of  seven.  Xo  stack  may  be  more  than  twelve  layers 
hlRh,  and  there  shall  be  5  ft.  l>etween  stacks  to  facilitate  inspec- 
tion. Ties  which  have  stood  on  their  ends  on  the  ground  will  be 
rejected. 

Each  stack  shall  have  fastened  to  it  a  tag  on  which  is  written 
the  owner's  name  and  address,  the  date  when  stacked  and  tlie 
number  of  ties  of  each  kind  of  wood  in  the  staclv. 

All  tiea  are  at  the  owner's  risli  until  accepted  -Ml  rejected  ties 
shall  be  removed  within  one  month  after  inspection. 

Ties  shall  be  stacked  as  grouped  below.  Only  the  kinds  of  wood 
named  in  a  group  may  be  stacked  together. 

CLASS  U— TIES  WHICH  MAY  BE  USED  UNTREATED. 


Group  Ua. 

Group  Uc. 

Black  locust 

■Heart' 

cedars 

White  oak 

•Heart' 

■  cypress 

Black  walnut 

•Heart' 

redwood 

Group  Ub. 

Group  Ud. 

"Heart"  Douglas  fir 

"Hearf 

catalpa 

"Heart"  pines 

"Heart' 

chestnut 

'Heart' 

'  red  mulberry 

"Heart' 

sassafras 

(M...\SS  T— TIES  WHICH  SHOULD  BE  TREATED. 

Group  Ta.  Group  Tc. 

Ashes  Beech 

Hickories  Birches 

"Sap"  black  locust  Cherries 

Red    oaks  Gums 

"Sap"  black  walnut  Hart  maples 

Honey  locust  Group  Td. 

Group  Tb.  "Sap"  catalpa 

"Sap"  cedars  "Sap"  chestnut 

"Sap"  cypress  Elms 

"Sap"  Douglas  fir  Hackberry 

Hemlocks  Soft   maples 

larches  "Sap"  mulberries 

"Sap"  pines  Poplars 

"Sap"  redwood  "Sap"  sassafras 

Spruces 
Sycamore 
White   walnut 

SHIPMENT. 
Ties  forwarded  in  cars  or  vessels  shall  be  separated  therein  ac- 
cor;ling  to  the  above  groups,  and  also  according  to  the  above  sizes 
if  inspected  before  loading. 


How  to  Prevent  Explosions  in  Compressed  Air  Lines. — A 
recent  Report  of  Investigation  of  the  U.  S.  Bureau  of  Mines 
recommends  that  to  prevent  explosions  in  air  lines,  the  first 
consideration  is  to  use  the  proper  grade  of  cylinder  oil,  and, 
second,  the  compressor  valves  and  intercooling  system  should 
be  kept  in  good  order.  An  attercooler  would  appear  desir- 
able in  high-pressure  Installations.  Care  should  be  taken  that 
only  fresh  air  be  drawn  through  the  intake  of  the  compressor. 
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Present  Day  Problems  of  the  Rail- 
roads* 

By  UAXIEL  WILLARD, 
President,    Baltimore   &    Ohio   R.    R. 

There  are  many  problems  confronting  the  railroads,  and 
many  confronting  all  of  us.  The  railroad  problems  are  sea- 
sonal; they  are  periodic;  and  they  are  economic.  I  think, 
however,  that  the  most  constant  and  persistent  problem  that 
confronts  the  railroads  at  all  times,  through  all  seasons  and 
all  periods,  is  the  problem  that  grows  out  of  being  misunder- 
stood. The  railroads  are  such  a  large  undertaking  and  we 
have  to  talk  in  figures  that  we  so  little  comprehend  that 
ihis  difhc'.ilty  is  ever  i)res('iit. 

American  Railway  System  Comprises  1,800  Separate  Com- 
panies.— I'^irst  of  all,  we  talk  about  an  American  railroad  sys- 
tem and  there  is  not  any  such  thing  as  an  American  railroad 
system  in  the  sense  that  there  is  an  American  telephone 
system,  for  instance,  which  has  wire  communication  under 
I  he  same  general  control  from  one  part  of  the  United  States 
to  another.  No  one  ever  visualized  the  railroads  in  that 
sense,  because  their  development  has  been  quite  unlike  that 
of  the  telephone.  The  railroads  helped  to  develop  the  coun-  i 
try.     The  teelephone  came  in  after  the  country  was  developed. 

When   we   speak  of  the   American   railroad   system   we,  of 
course,  have  something  in  mind,  and  while  it  is  not  a  concrete 
system   under   one   control,   like   the   Pennsylvania   R.   R.,   we 
will  say,  it  is  in  a  general   way  a  system   that  coordinates 
with  itself,  but  is  made  up  of  more  than  1,800  separate  and  i 
independent  companies.     Now  these  1,800  companies  have  alto-  I 
gether   about   260.000    miles   of   main   line.     They   own   about  ! 
2,.'500,000  freight  cars  and  about  60.000  locomotives,  and  sonie- 
thing  like  55,000  cars  designed  for  passenger  train  service. 

So  far  I   have   been   able  to   discuss   the   matter  and   keep  j 
within  terms  of  millions.     But  immediately  we  begin  to  dis-  : 
cuss  the  earnings,  the  costs  and  performance  of  the  property, 
we  get  into  terms  of  billions.     But  we  cannot  discuss  the  rail-  , 
road   problem  without  talking  in   billions.     For  instance,  the  | 
books  of  the  carriers  show  that  this  great  property  has  cost   ' 
something  like   twenty   billions   of  dollars   to   start   with.     It 
depresses  many  people  when  they  think  how  much  money  we 
must  have  in  the  property  and  how  much  of  it  probably  we  j 
did  not  get  properly.     It  is  because  the  size  is  so  great  that  . 
that  feature  is  misunderstood  in  the  beginning. 

Railways  Carry  448  Billion  Ton  Miles  Per  Year. — Then  we 
try  to  talk  about  the  performance  of  the  railroads.     Immedi- 
ately we  say  they  earn  six  or  seven  billions  of  dollars  a  year, 
and  some  one  says  that  is  as  much  as  the  value  of  all  the 
fariu  crops  in  a  certain  period  and  consequently  there  must 
be    something   wrong   about   it.     But   the   railroads   not  only 
carry  the  crops  from  the  farms,  but  they  perform  a  general 
service  for  all  the  people  in  the  United  States  that  can  only 
be  put  in  concrete  terms  when  we  say  they  cairy  448  billions 
of  ton  miles  a  year.     No  one  understands,  certainly  I  do  not, 
what  is  meant  by  this  figure.     I  have  no  definite  conception 
of  448  billions  of  ton  miles.     I  can  put  it  in  another  way  and 
comprehend  it  a  little  better.     For  instance,  it  works  out  this   ; 
way;    the  railroads  carry  4.000  tons  one  mile  every  year  for  I 
every  man,  woman  and  child  in  the  country.     Putting  it  an-  i 
other  way:  they  carry  ten  tons  400  miles  for  each  inhabitant   j 
of  the  country.     Then  in  addition  to  that  they  carry  billions   ' 
of  passenger  miles,  which  no  one  undertands,  but  again  when 
these   passenger  miles   are   resolved   into   somewhat    simpler 
terms,  they  are  the  equivalent  of  400  miles  of  travel  annually 
by  every  man,  woman  and  child   in  the  country.     Now  when 
we  consider  the  amount  of  traveling  for  every  individual  to 
me  it  does  not  seem  so  unreasonable  when  it  is  said  the  rail-   , 
roads  tax  each  person,  if  it  is  a  tax,  some  |50  or  $60  a  year,   j 
My  own  investigation  leads  me  to  think  that  the  people  get 
more  for  $50  or  $60  a  year  which  they  pay  the  railroads,  than 
they  get  from  any  other  concern  or  undertaking  to  which  they 
pay  money. 

The  trouble  is  that  we  talk  in  such  big  figures  all  the  time 
that  no  one  understands  what  we  are  talking  about.  When 
we  get  into  billions,  billions  become  minimized.  They  lose 
their  relative  value.  To  illustrate:  I  saw  not  long  ago  a 
statement  by  the  statistician  of  the  director  general  of  rail- 
roads— he  was  pointing  out  the  accomplishments  ct  federal 
control — and  he  said  that  one  of  the  outstanding  accomplish- 
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ments  was  this  fact:  the  director  general  was  able  to  re- 
route the  business  so  as  to  cut  out  circuitous  routes  which 
had  saved  the  movement  of  17,000,000  car  miles  a  year. 
Well,  17,000,000  car  miles  is  a  great  many  car  miles  to  save 
a  year,  and  if  we  were  in  the  habit  of  discussing  this  problem 
in  terms  of  millions,  no  doubt  it  would  have  a  relative  value 
of  some  importance,  but  when  you  consider  that  the  total  car 
miles  which  the  railways  moved  in  the  year  was  23,000,000,- 
000.  then  your  17,000,000  becomes  .07  of  1  per  cent. 

The  Seasonal  and  Periodic  Problems. — The  other  problems 
I  have  said  are  seasonal,  periodic  and  economic.  Take  the 
seasonal  problem.  One  of  them  which  I  call  seasonal  was 
the  situation  that  confronted  the  railroads  last  summer.  We 
bad  just  come  out  of  a  war.  There  was  banked  up,  so  to 
speak,  a  great  amount  of  goods  to  be  moved.  During  the  war 
the  government  had  not  been  able  to  keep  up  increasing  the 
lacilities  of  the  railroads.  During  the  war  there  was  a  most 
prodigious  increase  of  all  kinds  of  productive  capacity  in  our 
country.  Farmers  cultivated  more  land,  old  factories  were 
enlarged,  new  factories  were  built,  and  all  that  sort  of  thing; 
but  the  railroads  stood  still.  It  happened  that  in  spite  of  the 
tact  that  some  people  said  they  had  broken  down,  they  were, 
nevertheless,  able  to  move  all  the  things  necessary  to  carry 
on  the  war,  and  consequently  nothing  was  done  to  increase 
their  facilities — that  is  to  say,  nothing  of  real  permanent 
value. 

For  instance,  the  director  general  during  the  2G  months' 
period  of  federal  control,  bought  100,000  freight  cars.  Now 
100.000  freight  cars  is  a  lot  of  freight  cars,  but  we  wear  out 
almost  a  hundred  thousand  every  year — 50,000  anyway — and 
he  bought  in  the  2G  months  only  what  the  railroads  themselves 
were  in  the  habit  of  buying  every  twelve  months.  So  you  can 
see  at  the  end  of  the  war,  after  having  sustained  unusual  serv- 
ice, the  railroads  were  not  only  inadequately  equipped,  but 
their  equipment  was  in  an  impaired  condition.  I  do  not 
speak  of  that  to  criticize  at  all.  I  am  simply  telling  you  the 
facts  so  you  will  understand  the  situation.  When  the  roads 
were  turned  back  to  their  owners  on  March  1  of  last  year, 
the  owners  of  the  properties  were  called  upon  to  perform  the 
largest  service  of  transportation  ever  performed,  and  with  this 
plant  which  had  been  allowed  to  depreciate. 

During  the  war  movement  of  materials  for  road  building,  for 
house  building  and  tor  other  projects  not  necessary  in  con- 
ducting the  war  was  virtually  stopped.  When  the  war  was 
over,  everybody  wanted  to  ship  all  at  once.  The  railroads 
were  confronted  with  a  difficult  task  and  their  immediate 
problem  was  a  very  vital  one,  at  least  from  the  standpoint  of 
those  who  favor  the  continuation  of  private  ownership  and 
control.  So  from  that  point  of  view,  this  particular  problem 
developed  last  spring: Is  it  possible  for  1,SOO  different  railroad 
companies  to  so  function  and  work  together  that  they  can, 
under  private  ownership  with  government  regulation,  per- 
form in  the  aggregate  as  great  an  amount  of  service  as  they 
could  perform  if  they  were  unified  under  one  general  man- 
ager or  director  general? 

Last  summer  the  roads — the  1,800  separate  companies  work- 
ing together  in  a  common  interest — appreciated  that  it  was 
expected  of  them  that  they  should  do  as  much  as  had  been 
done  with  the  same  plant  under  government  control.  The 
result  w-as  that  the  combined  tonnage  carried  by  all  the  rail- 
roads was  448  billion  ton  miles,  as  I  have  stated.  The  largest 
sum  ever  carried  before  was  440  billions.  So  the  railroads 
showed  that,  acting  independently  under  the  present  law, 
they  could  realize  the  benefits  of  unified  control  just  as  well 
as  tliey  could  be  realized  under  government  operation,  and 
as  a  matter  of  fact  within  the  same  period  of  time  and  with 
the  same  plant,  they  carried  eight  billion  ton  miles  more  than 
the  plant  had  ever  carried  before.  Now.  that  was  one  of  the 
problems.  I  think  we  got  away  with  that  problem  rather  suc- 
cessfully. 

Today's  Problenn  One  of  Net  Earnings. — Today  the  railroads 
are  looking  for  tonnage  to  carry.  I  suppose  the  business  the 
railroads  are  carrying  today  is  30  per  cent  in  volume  less  tban 
it  was  last  summer.  And  the  problem  now  is  no  longer  how 
can  we  give  the  maximum  service  with  a  given  plant,  but  how 
can  we  obtain  necessary  earnings  to  maintain  the  institution 
of  private  ownership.  That  is  the  problem  today.  It  shifts. 
The  problem  is  never  the  same  from  one  time  to  another,  ex- 
cept the  difficulty  of  being  understood.  That  is  always  there. 
Today  the  problem  is  one  of  net  earnings. 

This  matter  brings  in  the  cost  of  operation  and  leads  us 
immediately  to  another  problem,  and  a  very  important  one. 


and  that  is  the  labor  problem.  .  Now  the  labor  problem  is 
very  important  with  the  railroads  because  so  large  a  part  of 
all  the  money  collected  by  the  railroads  is  immediately  paid 
out  for  labor. 

60%  of  Gross  Earnings  Goes  to  Labor. — I  suppose  at  the 
moment — but  1  do  not  know,  and  neither  does  any  one  else 
know  because  there  are  no  general  figures  available  at  this 
time— that  out  of  evei-y  dollar  that  the  railroads  collect  at 
least  60  per  cent  is  being  paid  out  for  labor.  Before  the  war 
that  percentage  used  to  vary  around  40  to  45.  It  gradually 
got  up  to  50.  It  is  too  high.  It  must  come  down.  Just  how- 
it  is  going  to  be  worked  out,  I  do  not  know.  The  railroad 
rates  are  as  high  probably  as  they  ought  to  be  and  certainly 
no  one  could  recommend  that  they  should  he  raised  any  more 
at  this  time.  Still  it  is  a  matter  of  common  knowledge  that 
with  the  rates  high  as  they  are,  many  of  the  important  rail- 
roads today  are  not  earning  their  operating  expenses  and 
very  few  are  earning  their  full  interest  at  the  present  time. 

Now.  of  course,  that  cannot  go  on  as  a  permanent  thing, 
and  if  the  rates  cannot  be  increased  and  the  volume  of  busi- 
ness does  not  increase,  then  the  cost  of  doing  business  must 
be  reduced,  or  the  scheme  will  fail.  I  do  not  think  the  scheme 
will  fail.  I  expect  business  will  gradually  get  some  better 
and  finally  get  back  where  we  would  like  to  see  it. 

I  am  not  one  of  those  who  wants  to  see  conditions  back  as 
they  were  before  the  war.  Take  the  labor  matter.  Before 
the  war,  it  was  generally  recognized  that  railway  workmen  were 
relatively  not  receiving  as  high  wages  as  workmen  in  other  un- 
dertakings. There  are  reasons  for  that  which  I  need  not  go  into. 
But  the  difference  became  accentuated  as  we  got  into  the  war. 
Some  of  the  wages  of  the  workers  in  effect  today — many  of 
them  perhaps — will  probably  have  to  be  readjusted  down- 
wards. I  do  not  think  that  the  time  has  come  for  that  as  yet. 
But  there  is  a  matter  in  connection  w'ith  the  labor  of  the  rail- 
roads that  is  demanding  serious  thought.  During  the  period 
of  federal  control  the  so-called  National  Agreements  were 
entered  into  between  the  director  general  and  the  mechan- 
ical crafts. 

In  the  working  out  of  those  National  Agreements  conditions 
arose  which,  in  my  opinion,  are  not  right  at  the  present  time — 
if,  indeed,  they  were  ever  right.  The  attitude  of  the  railroads 
before  the  Labor  Board  is  that  those  features  in  the  national 
contract  which  have  the  effect  of,  we  will  say,  discouraging 
efficiency — have  the  effect  of  paying  men  for  work  that  is  not 
performed — should  be  eliminated.  It  is  a  general  thought, 
too,  that  the  unskilled  laborers  upon  the  railroads  are  perhaps 
being  paid  more  now  than  is  justified  under  all  the  circum- 
stances, because  we  must  bear  this  in  mind;  whatever  the 
wages  paid  by  the  railroads  are,  the  public  must  pay  through 
rates  and  charges.  Not  only  that:  if  the  public  should  be 
willing  to  maintain  a  rate  of  wages  that  is  unreasonably  high 
for  a  certain  class  of  workmen,  then  the  farmers  and  other 
employers  of  the  same  kind  of  labor  would  be  obliged  to  pay 
similar  wages,  and  that  gets  into  the  cost  of  living.  No  one 
wants  to  see  any  workman  working  for  a  wage  that  is  not  fair 
and  is  not  reasonable,  considering  all  the  circumstances. 

We  will  save  a  considerable  sum  of  money  in  the  purchase 
of  supplies,  the  price  in  that  connection  having  gone  down 
materially  in  the  last  two  or  three  months.  The  railroads  are 
reducing  their  forces  now  because  it  is  found  with  a  lesser 
volume  of  business  that  so  many  men  are  not  necessary,  and 
then  the  older  men  who  are  coming  back  to  their  original  jobs 
are  more  efficient,  and  fewer  men  do  more  and  better  work. 
This  is  enabling  the  railroads  to  reduce  the  labor  charge  some- 
what. 

Esch-Cummins  Act  and  Private  Ownership. — Now  there  is 
only  one  other  problem  I  will  speak  of  just  now,  although  I 
might  refer  to  many.  That  is  the  problem  which  must  be 
ever  present  in  the  minds  of  those  who  favor  private  owner- 
ship and  control  of  the  railroads.  It  is  this:  does  the  Esch- 
Cummins  Act  make  private  operation  possible?  I  believe  it 
does.  Whether  private  ownership  and  operation  of  the 
roads  continue  or  not  depends  upon  whether  the  people  want 
it  to  continue,  and  will  be  satisfied  with  the  service  the  roads 
give  tbem.  It  gets  back  to  the  railway  managers  themselves. 
It  they  give  the  public  a  service  that  measin-ably  meets  the 
public  requirements,  then  I  believe  the  public  will  want  pri- 
vate ownership  to  continue. 

I  think  that  perhaps  what  I  have  said  is  sufficient  to  give 
an  indication  of  some  of  the  problems  that  the  railroads  are 
trying  to  overcome  at  the  present  time.  The  most  important 
of  all  is  the  difficulty  of  being  understood. 
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Retaining  Walls  for  Toronto,  Ont. 
Harbor  Development 

One  of  the  most  interesting  features  of  the  harbor  improve- 
ments at  Toronto,  Ont.,  from  an  engineering  standpoint  is 
the  construction  of  the  retaining  walls.  By  making  these 
conflning  walls  of  modern  wharf  construction  the  re- 
claimed areas  were  placed  immediately  adjacent  to  dockage 
facilities.  The  following  details  regarding  these  walls  are 
abstracted  from  a  paper  on  the  Toronto  Harbor  Improve- 
ments presented  Feb.  3  by  Edward  L.  Cousins  at  the  general 
professional  meeting  of  the  Engineering  Institute  of  Canada. 

The  type  of  wall  adopted  depended  largely  on  the  depth  ol 
rock  below  mean  water  level.  This  was  due  to  the  fact  that 
the  development  was  to  provide  for  an  ultimate  navigable 
depth  of  30  ft.  On  this  account,  when  the  depth  to  rock  was 
in  the  neighborhood  of  30  ft.  a  crib  type  of  wall  was  neces- 
sary; where  the  depth  to  rock  was  40  ft.  or  over,  a  channel 
30  ft.  deep  could  be  dredged,  and  there  would  still  be  left  10 
ft.  of  material  for  penetration  of  piling,  and  in  such  cases  the 
pile  type  of  wall  was  adopted.  The  Ship  Channel  wall  is  an 
example  of  the  latter  type,  and  the  Harbor  Head  wall  of  the 
former. 

Ship  Channel  Walls.— The  ship  channel  wall  consists  of 
tongued  and  grooved  close  sheet  piling  of  British  Columbia 
fir  made  up  o£  12-in.  x  12-in.  timbers  with  strips  spiked  to 
both  sides  forming  close  sheet  piling.  These  piles  are  40  ft. 
long  and  are  driven  in  front  of  the  structure.  They  are  cut 
off  squarely  and  evenly  at  the  level  of  the  top  of  the  sub- 
structure elevation,  namely,  at  elevation  243.0  ft.,  or  2  ft.  be- 
low the  zero  of  the  Harbor  Commission  gauge. 

Two  stringers  run  along  the  top  of  the  close  sheet  piling, 
one  on  the  rear  face  and  one  on  the  front  face,  the  two  string- 
ers being  tied  together  by  1-ln.  bolts.  The  rear  stringers  are 
of  timber  and  the  face  stringer  is  a  15-in.  steel  channel. 
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Pile  bents  driven  at  right  angles  to  the  line  of  the  work 
form  the  foundation  for  the  wall  and  brace  the  wooden  sheet 
piling.  The  spacing  of  all  bents  longitudinally  is  at  5-ft.  cen- 
ters. These  piles  are  of  spruce  14  in.  diameter  at  the  butt 
end  and  8  in.  at  the  point.  Cap  timbers  are  of  6-in.  x  12-in. 
hemlock  and  securely  drift-bolted  to  the  top  of  each  pile. 

The  concrete  superstructure  was  originally  intended  to 
consist  of  reinforced  concrete  blocks,  upon  which  was  to  be 
superimposed  a  mass  concrete  top.  The  work  was  actually 
carried  out,  however,  by  constructing  a  dam  across  the  west 
end  of  the  channel  and  lowering  the  water  in  the  Ship  Chan- 
nel to  an  elevation  approximaately  8  ft.  below  the  lake  level. 
This  enabled  the  contractor  to  cut  off  all  piles,  set  the  cap 
timbers,  and  place  the  entire  concrete  superstructure  in  the 
dry.  It  also  made  possible  a  closer  inspection  of  the  various 
steps  in  the  progress  of  the  work.  The  concrete  was  mixed 
in  the  proportions  of  1  of  cement,  2  of  sand,  and  4  broken 
stone  or  an  approved  grade  of  gravel.  It  was  moulded  in  50- 
ft.  longitudinal  sections  with  proper  provision  for  contraction 
at  each  joint. 

Anchor  rods  were  placed  on  10ft.  centers  along  the  super- 
structure. The  rods  are  2-in.  in  diameter,  50  ft.  long  and  ex- 
tend from  the  front  face  of  the  timber  sheet  piling  back  to 
anchor  piles  driven  at  2-ft.  centers.  Turnbuckles  are  pro- 
vided on  each  rod. 

Cast  iron  bollards  of  the  Scotch  type  are  provided  on  the 
face  of  the  ship  channel  and  turning  basin  walls  and  are 
spaced  75  ft.  apart. 

This  type  of  wall  was  used  for  the  construction  of  the  ship 


channel,  turning  basin,  circulating  channel,  marginal  way  walls 
and  a  portion  of  the  Don  River  retaining  walls.  The  balance  of 
the  Don  River  wall  and  the  retaining  wall  at  the  Humber 
River  were  of  the  same  type  except  that  steel  sheet  piling 
was  used  instead  of  timber  sheet  piling. 

Harborhead  Walls.— The  other  type  of  wall  used  in  connec- 
tion with  the  development  work  was  the  crib  type.    This  wag 
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Section    of    Harborhead    Walls. 


used  in  the  construction  of  the  harbor  head  walls  from  Bath- 
hurst  St.  easterly  to  York  St..  which  have  been  completed, 
and  from  York  St.  to  Yonge  St.,  which  are  under  construc- 
tion. 

This  structure  consists  of  rock  filled  crib  work  in  sections 
of  standard  lengths  of  100  ft.,  and  special  lengths  as  required 
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Section  of  Western   Breakwater. 

to  make  up  odd  distances.    The  section  of  these  cribs  in  gen- 
eral is  square,  varying  from  18  ft.  to  26  ft.  by  2-tt.  inten'als. 
In  addition  to  the  timbers  shown  on  the  general  cross  sec-     j 
lion,  longitudinal  ties  were  placed  in  all  cribs  over  24  ft.  in     [ 
width. 
Berths  or  trenches  were  dredged  to  bed  rock.    The  rock 
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surface  was  made  even  and  regular,  and  of  sufficient  width 
to  provide  an  even  bearing  tor  the  cribs  throughout  their 
entire  length  and  breadth.  Before  placing  the  cribs  the  rock 
was  cleaned  and  leveled,  and  careful  soundings  taken  in  order 
that  the  crib  would  be  constructed  to  fit  the  bottom  accurately. 
After  being  sunk  and  held  in  position  by  sinking  blocks,  the 
cribs  were  filled  with  stone  of  a  quality  as  hard  and  durable 
as  good  building  limestone.  The  various  sections  of  crib  work 
were  fastened  together  by  interlocking  end  posts. 

After  the  cribs  were  sunk  in  position,  lined,  filled  with 
stone  and  allowed  a  reasonable  time  for  settlement,  the  vei'- 
tical  posts  were  cut  off  and  capped  and  the  flooring  laid  to 
receive  the  premoulded  concrete  blocks.  The  elevation  of 
the  top  of  the  wooden  structure  is  24  ft. 

The  superstructure  consists  of  premoulded  concrete  blocks 
S  ft.  X  5  ft.  X  5  ft.  with  sides  beveled  front  to  back,  thereby 
making  possible  a  perfect  alignment.  After  being  placed  and 
lined,  the  blocks  are  keyed  to  the  plank  flooring  and  also 
to  each  other.  The  concrete  mass  as  shown  in  section  is 
placed  on  the  blocks  and  tied  to  the  latter  by  reinforcing 
steel.  Contraction  joints  are  placed  at  every  50  ft.,  and 
mooring  bollards  every  75  ft.,  as  in  the  case  of  the  other  walls. 
This  type  of  wall  was  also  used  in  the  construction  of  the 
extension  of  the  exhibition  sea  wall  and  the  western  break- 
water. The  latter  is  a  structure  18,500  ft.  long  extending 
from  Bathurst  St.  to  the  Humber  River.  It  is  being  built  to 
serve  a  three-fold  purpose,  (1)  to  prevent  erosion  of  the  shore. 

(2)  to  provide  a  protected  waterway  for  pleasure  craft,  and 

(3)  to  raise  the  temperature  of  the  water  behind  it  for  bath- 
ing purposes. 


Progress  of  American  Engineering  Council  Committee  on 
Elimination  of  Waste  in  Industry. — The  work  of  the  Commit- 
tee on  Elimination  of  waste  in  Industry  of  American  Engi- 
neering Council  is  well  under  way.  A  definite  scheme  of  op- 
eration went  into  effect  on  Feb.  7,  and  on  Feb.  21  reports 
on  the  first  investigation  in  each  industry  were  made.  The 
chairman  of  the  committee  is  J.  Parke  Channing  of  New 
York  and  the  vice-chairman  in  active  charge  of  the  inquiry 
is  L.  W.  Wallace,  executive  secretary  of  the  council.  The 
v.'ork  of  the  committee  is  being  directed  from  temporary 
headquarters  in  the  Engineering  Societies  Bldg.,  New  York. 
'The  field  work,  covering  principally  New  York,  New  Eng- 
land, and  Pennsylvania,  will,  Mr.  Wallace  announces,  be  com- 
pleted by  April  1.  A  meeting  of  the  planning  board  was  held 
on  March  1.  Preliminary  reports  were  presented  and  fur- 
ther plans  were  made  for  continuing  the  investigation  more 
intensively.  These  reports  were  uniformly  encouraging  and 
there  is  every  reason  to  believe  that  the  investigation  will 
yield  information  that  will  have  an  important  bearing  on  the 
nationwide  movement  inaugurated  by  the  engineers  to  wipe 
out  waste  in  American  industry.  Among  the  industries  now 
under  investigation  and  on  which  reports  from  field  workers 
have  been  received  are  coal,  transportation,  clothing,  shoes, 
printing,  textiles  and  the  metal  trades.  The  committee  con- 
sists of  J.  Parke  Channing,  chairman;  L.  W.  Wallace,  vice- 
chairman;  Robert  B.  Wolf,  J.  H.  Williams,  H.  R.  V.  Scheel, 
Fred  J.  Miller,  Robert  Linton,  C.  E.  Knoeppel,  and  Herbert 
Hoover.  L.  P.  A.Ivord.  George  D.  Babcock,  F.  G.  Coburn,  Mor- 
ris L.  Cooke,  Harrington  Emerson,  Ira  N.  Hollis  and  E.  E. 
Hunt  are  also  members  of  the  committee. 


Quarry  Accidents  in  United  States  in  1919. — According  to 
reports  received  by  the  U.  S.  Bureau  of  Mines  from  quarry 
operators  throughout  the  United  States,  there  was  a  slight 
decrease  in  the  fatality  and  injury  rates  at  quarries  in  1919 
as  compared  with  the  year  before.  The  records  show  that 
1.93  men  were  killed  and  144.20  were  injured  out  of  every 
thousand  workers  employed  in  1919,  and  2.11  killed  and  147.07 
injured  per  thousand  employed  in  191S.  The  rates  are  based 
upon  the  number  of  men  reported  employed,  and  are  con- 
verted to  the  equivalent  number  of  300-day  workers.  The  fig- 
ures for  1919  are  based  on  returns  from  1,724  operators  who 
actually  worked  their  quarries  during  the  year.  The  num- 
ber of  employes  reported  was  75,505,  of  whom  123  were  killed 
and  9,199  injured.  The  quarries  were  operated  an  average 
of  253  days  or  a  period  of  time  equivalent  to  19,138,308  man- 
days  for  all  employes.  The  latter  figure  indicates  an  increase 
in  the  working  time  of  more  than  7  per  cent  over  the  previous 
year,  thus  making  the  slight  decrease  in  the  fatality  and  in- 
jury rates  during  1919  all  the  more  gratifying. 


Coal  Mining  on  a  Co-operative  Basis 

Numerous  attempts  have  been  made  to  organize  companies 
for  the  operation  of  mines  on  co-operative  terms,  but  in 
the  majority  of  instances  such  efforts  have  resulted  in  utter 
failure.  One  of  the  few  mines  that  have  been  operated  suc- 
cessfully on  a  co-operative  basis  is  the  Keely  mine  at  Bug- 
ger, Ind.  The  operation  of  this  mine  as  a  co-operative  com- 
mercial enterprise  is  described  as  follows  by  Mr.  J.  J.  Bour- 
quin.  Mining  Engineer  U.  S.  Bureau  of  Mines,  in  a  February 
report  of  investigations  of  the  Bureau: 

This  shaft  mine  Is  developing  130  acres  of  coal  in  the  Indi- 
ana No.  6  bed,  which  here  averages  5%  ft.  thick  and  lies 
about  110  ft.  below  the  surface.  Thirty-seven  miners  and 
20  company  men  or  day  men  are  employed,  and  the  daily 
output  is  around  300  tons.  Practically  the  entire  production 
is  sold  by  contrfict  for  railroad  use.  No  mining  machines 
are  used  and  all  coal  is  produced  by  pick  work. 

The  mine  was  originally  owned  and  operated  by  the  Stock- 
ton Coal  Co.  of  Dugger,  but  about  8  years  ago  it  was  leased 
to  Mr.  Roy  Price.  He  sub-leased  the  property  to  10  miners, 
who  formed  an  association  known  as  the  Dugger  Mutual 
Coal  &  Mining  Co.,  to  work  the  mine  co-operatively. 

At  first  many  difficulties  were  encountered;  the  co-opera- 
tive idea  is  an  old  one,  but  the  practice  was  new  to  those 
interested.  Some  of  the  men  were  energetic,  ambitious 
v/orkers;  others  were  inclined  to  let  their  associates  produce 
the  coal  but  wanted  to  share  in  the  profits.  In  time,  after  a 
hard  struggle  and  many  changes  in  the  personnel  of  the 
company,  business-like  methods  were  adopted  and  the  mine 
was  put  on  a  paying  basis. 

The  company  is  not  incorporated,  but  is  licensed  as  a  part- 
nership organization.  Thus,  legal  responsibility  for  any  in- 
debtedness incurred  rests  both  on  the  company  and  its  indi- 
vidual members.  Only  men  who  actually  mine  and  load  coal 
are  eligible  to  partnership.  The  day  men  are  paid  according 
to  the  prevailing  wage  scale  of  the  district.  Whenever  it  is 
deemed  advisable  to  admit  more  miners,  men  who  are  already 
employed  in  other  capacities  are  given  preference.  On 
assuming  the  duties  of  miners,  they  become  partners  in  the 
company  and  are  entitled  to  a  share  of  the  earnings.  Before 
beginning  the  work  as  a  miner,  each  man  must  sign  an  agree- 
ment to  abide  by  the  rules  and  regulations  of  the  company. 
All  business  transactions  are  handled  by  two  committees — 
a  Finance  Committee,  of  three  members,  and  a  Policy  Com- 
mittee, of  five  members.  Each  member  of  the  company  has 
a  vote  in  the  election  of  members  to  these  committees. 

The  superintendent  of  the  mine  is  paid  a  monthly  salary 
equal  to  one-tenth  of  the  sum  of  the  earnings  of  the  10  miners 
receiving  the  highest  pay  for  the  month.  This  naturally  en- 
courages closer  supervision  and  efficiency  on  the  part  of  that 
official. 

All  employes  are  paid  every  two  weeks,  as  is  customary 
throughout  the  district.  In  calculating  the  earnings  due  each 
miner,  the  following  method  is  employed; 

Assume  a  period  of  14  days'  operation,  37  miners  con- 
stituting the  partnership.  If  all  the  miners  had  worked  every 
day  the  operating  expense  per  man  would  be  calculated  on 
the  basis  of  37x14,  or  518  man-days.  However,  assume  that 
only  23  miners  had  worked  every  day,  7  miners  had  worked 
12  days,  4  miners  8  days,  2  miners  7  days,  and  1  miner  3 
days.  Then  the  actual  number  of  man-days  worked  was  455, 
and  63  man-days  were  lost  during  the  14day  period.  Sup- 
pose that  10  of  the  63  man-days  were  lost  because  of  illness, 
and  the  remaining  53  man-days  were  lost  through  other  causes. 
These  53  man-days  lost  through  causes  other  than  illness 
would  be  added  to  the  455  man-days  of  actual  work,  making 
a  total  of  508  man-days  on  which  the  daily  operating  expense 
per  man  would  be  prorated.  In  other  words,  if  a  miner  is 
absent  from  work  because  of  illness,  he  is  exempted  from 
paying  any  part  of  the  operating  expenses  incurred  during  the 
period  of  his  illness,  but  if  a  miner  is  idle  through  any  cause 
other  than  illness  he  must  bear  a  proportionate  part  of  the 
expenses  incurred  during  his  absence.  This  plan,  which  Is 
undoubtedly  fair  to  all,  was  originated  to  discourage  Idleness 
and  evidently  accomplishes  its  purpose,  for  the  miners  are 
steady  workmen. 

The  royalty  fees  are  determined  from  the  total  tonnage 
of  the  mine  for  the  given  period.    Next  the  number  of  tons 
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of  coal  used  in  the  boiler  plant  during  that  period  is  divided 
by  the  numbor  of  partners,  and  the  quotient  represents  the 
tonnage  that  is  deducted  from  each  miner's  total  production 
for  the  period  under  consideration.  For  example,  if  there 
were  'il  partners  and  111  tons  of  coal  were  used  in  the 
boiler-house,  then  111  divided  by  37,  or  3  tons  would  be  de- 
ducted from  the  production  of  each  miner. 

The  wages  of  day  men,  the  sales  commissions,  royalty  fees, 
and  other  overhead  e.xpenses  are  deducted  from  the  gross  in- 
come derived  from  sales  of  coal  during  the  given  period.  The  re- 
mainder represents,  of  course,  the  net  earnings  of  the  mine. 
This  sum  is  prorated  to  the  partners  according  to  their  re- 
spective net  tonnages  of  production,  exclusive  of  boiler-house 
coal.  By  this  method  each  man  shares  in  the  profits  of  the 
company  according  to  the  amount  of  coal  he  produces. 

At  the  time  of  writing,  the  scale  rates  for  driving  entries, 
cross-cuts,  or  break-throughs  in  the  Dugger  field  was  $1,884 
per  yard  for  wide  work  and  %Z  per  yard  for  narrow  work. 
Miners  working  at  the  Kelly  mine  on  co-operative  terms  were 
paid  $2.75  per  yard  for  wide  work  and  $3.90  per  yard  for 
narrow  work.  These  prices  are  said  to  be  baaed  on  calcula- 
tions involving  the  ratios  of  rates  paid  per  ton  for  loading 
coal  in  mines  where  the  scale  prices  prevail,  to  the  average 
price  the  men  are  making  per  ton  for  loading  coal  under  the 
cooperative  plan.  Similar  methods  are  followed  in  adjusting 
rates  for  driving  through  rolls,  cleaning  up  falls,  taking  down 
slate,  etc. 

The  company  proposes  to  purchase  the  property  that  it  is 
now  working  under  lease,  and,  on  each  pay  day  assessments 
levied  for  that  purpose  are  deducted  from  the  earnings  due 
the  several  partners.  An  emergency  fund  or  reserve  fund  is 
also  maintained  by  assessing  each  member  of  the  company  a 
small  amount  from  his  semi-monthly  pay.  In  case  a  partner 
decides  to  sever  his  relations  with  the  company,  his  earnings 
are  paid  up  in  full  and  his  share  of  the  company  stock  for 
which  he  has  paid  by  assessments  is  refunded.  It  is  said 
that  there  is  always  a  waiting  list  of  day  workers  eager  to 
take  the  place  of  any  miner  who  resigns. 

The  Keely  mine  is  located  in  a  field  which  has  been 
strongly  organized  by  union  labor  and  only  union  labor  is 
employed  in  or  about  the  mine.  Trouble  arises  occasionally 
among  the  day  men  in  this  mine  as  elsewhere,  and  when 
these  troubles  could  not  be  settled  between  the  day  men  and 
the  committee  representing  the  company,  strikes  have  oc- 
curred. Under  such  circumstances  all  work  is  stopped,  the 
miners  who  comprise  the  partnership  under  which  the  mine 
operates  put  down  their  tools  and  come  out  with  the  strik- 
ers, and  the  mine  is  idle  until  the  differences  have  been  arbi- 
trated by  the  executive   board  of  the  miners'  union. 

The  following  example  is  a  concrete  illustration  of  the 
benefits  that  an  individual  miner  derives  under  this  co-opera- 
tive plan.  On  a  recent  pay-roll  account,  one  miner  was  cred- 
ited with  a  net  production — less  boiler-house  coal — of  97  tons 
on  which  his  share  of  the  mine's  earnings  for  the  given 
period  was  based.  The  tonnage  deducted  for  boiler-house 
coal  was  not  made  known,  but  is  believed  to  have  been  small. 
After  deducting  the  sum  of  $18,  which  was  applied  on  the 
purchase  fund  and  the  emergency  fund,  and  which  increased 
the  value  of  his  share  in  the  property,  this  miner  was  paid 
$127.  His  entire  earnings  were,  therefore,  $145.  A  miner 
loading  an  equal  amount  at  other  mines  in  the  district,  pay- 
ing the  usual  scale  price  ($1.08  per  ton),  would  receive  only 
97  X  $1.08,  or  $104.76,  plus  a  small  difference  equal  to  the 
deduction  for  boiler-house  coal,  and  would  have  to  pay  his 
own  expenses  for  powder,  fuse,  etc. 


Safety  in  Structural  Demolition  will  be  discussed  at  a 
meeting  of  the  American  Society  of  Safety  Engineers,  to 
be  held  at  8  p.  m.,  March  25,  in  Room  1101,  29  West 
39th  St.,  New  York.  All  those  interested  in  this  subject, 
especially  contractors  and  builders,  city,  state  and  insurance 
inspectors,  are  invited  to  attend  the  mectin.s!.  The  impor- 
tance of  reducing  the  number  of  accidents  to  workmen  en- 
gaged in  structural  demolition  and  ways  of  accomplishing  it 
will  be  shown  by  the  following  speakers:  Hugh  Frayne,  Gen- 
eral Organizer  American  Federation  of  Labor;  Frederick  C. 
Kuehnle.  Chief  Inspector  of  Buildings,  Manhattan;  Peter 
Spence,  New  York  State  Labor  Department;  Albert  A.  Volk, 
President  of  the  Albert  A.  Volk  Co.,  Inc.;  W.  E.  Welch,  Senior 
Contract  Inspector,  Travelers  Insurance  Co.  Open  discussion 
will  be  invited  and  recommended  practice  considered  with  a 
view  to  adopting  standards. 


Land  and  Right  of  Way  Valuation  Methods 

of  the  Interstate  Commerce 

Commission 

Maps  and  Records  for  Use  by  Appraisers. —  In  eacl^  case 
the  commission  is  furnished  by  the  road  with  a  statement 
of  land  owned  or  leased  and  with  a  set  of  maps  covering  it. 
The  maps  contain  both  right  of  way  and  track  data,  but  the 
requirements  for  right  of  way  purposes  are  very  simple. 
Briefly  they  are  as  follows:  that  the  sheets  measure  24  by 
51)  in.  and  have  a  \^-\n.  border;  that  for  rural  right  of  way 
the  scale  be  either  400  ft.  or  200  ft.  to  the  inch,  and  for  urban 
property  or  station  maps  that  it  be  either  100  ft.  or  50  ft. 
to  the  inch.  (Nevertheless,  in  order  to  save  the  roads  the 
expense  of  redrawing,  other  scales  are  accepted  when  the 
maps  involved  adequately  exhibit  all  that  Is  required) ;  that 
widths  of  right  of  way  and  station  numbers  be  marke<l  in 
figures  at  each  end  of  the  sheet  and  at  all  points  of  change 
of  width;  that  each  separate  tract  acquired  be  shown  and 
numbered:  that  a  schedule  be  given,  listing  the  tracts  serially 
by  number  and  furnishing  references  to  records,  deeds, 
grantor  and  grantee,  leases,  franchises,  ordinances,  grants, 
and  all  other  methods  of  acquisition;  and  that  intersecting 
divisional  land  lines  (section  lines,  city  limits,  etc.),  be 
shown  on  the  map.  Other  information  specified  as  desirable, 
but  not  positively  required,  includes  intersecting  property 
lines  of  adjacent  landowners,  and  section  lines,  city  limits, 
etc.,  for  a  distance  of  not  more  than  one  mile  outside  the 
ri.s;ht  of  way. 

Classification  by  Zones. — The  appraiser  first  divides  the 
right  of  way  into  zones  on  the  basis  of  his  inspection  of  it 
and  adjoining  lands.  The  zones  are  numbered  consecutively 
and  each  is  classified  by  an  appropriate  title  such  as 
"swamp,"  "wet  pasture,"  "farm  land,"  "timber  land,"  etc. 
The  classification  is  not  prescribed  and  is  left  to  the  discre- 
tion of  the  appraiser.  Zone  boundaries  are  marked  in  ap- 
proximate position  on  blue  print  copies  of  the  maps,  and  each 
zone  Is  numbered. 

Locating  the  Position  of  Zones  on  the  IVlap. — Since  the 
map  contains,  in  addition  to  right  of  way  information,  a  large 
amount  of  track  and  other  data  such  as  switches,  sidings, 
railway  buildings,  mile  posts,  signals,  bridges,  culverts,  drains, 
road  crossings,  etc.,  the  appraiser  can  usually  determine  his 
position  with  all  necessary  accuracy  without  special  meas- 
urements. 

Method  of  Determining  Value. — Rural  right  of  way  is  ap- 
praised in  accordance  with  the  value  per  acre  of  adjacent 
lands  of  similar  character,  but  urban  property  is  estimated 
upon  a  square  foot  basis.  No  utility  factor  is  applied,  the 
value  per  unit  of  area  being  based  upon  the  presumable  use 
of  the  property  for  other  than  right  of  way  purposes. 

Three  sources  of  information  are  used  in  determining 
fair  unit  values — records  of  recent  sales;  the  opinions  of 
land  dealers,  of  bankers,  who  have  land  values  as  security 
for  money  loaned,  and  of  any  others  who  have  knowledge 
of  the  value  of  the  lands  in  question,  or  of  similar  lands; 
and  finally  the  records  of  the  tax  assessments  of  comparative 
property. 

There  is  no  fixed  rule  for  estimating  the  weight  of  relative 
value  of  the  three  classes  of  information,  but  the  appraisers 
are  required  to  use  the  judgment  which  their  slatus  as  ex- 
perts warrants.  It  is  said,  however,  that  the  least  considera- 
tion is  usually  given  to  assessments,  since  these  are  subject 
to  many  notorious  inaccuracies.  Obviously  opinions  must 
be  sought  with  careful  reference  to  the  individual;  and  even 
then,  a  weighting  of  opinion  may  be  necessary — as  when 
there  is  a  wide  discrepancy  between  two  statements  of  the 
same  or  similar  lands.  Neither  are  sales  as  exhibited  in 
official  records  to  be  blindly  relied  upon,  and  it  is  the  prac- 
tice to  verify  the  record  by  obtaining  definite  statements 
from  the  buyer  or  the  seller  or  both  to  determinue  whetlier 
or  not  the  recorded  price  was  of  fictitious  character. 

Division  Between  Field  and  Office  Work. — Only  the  limits 
of  right  of  way  zones  and  other  tracts  together  with  the  ap- 
propriate unit  values  are  reported  by  the  appraiser.  The 
calculation  of  areas,  and  extensions  to  total  values,  tract 
by  tract  are  all  performed  in  the  office.  Urban  lands  are 
zoned  only  according  to  value,  and  without  any  such  classifi- 
cation as  is  applied  to  rural  property. 

Forms  Used. — A  few  simple  forms  are  used,  and  in  so  far 
as  practicable  these  are  made  of  standard  letter  size  punched 
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for  3-lioIe  loose-leaf  binder.  Interesting  among  tlieni  are  the 
forms  on  which  unit  valuation  data  are  recorded.  A  sep- 
arate form  is  provided  for  each  of  the  previously  described 
classes  of  data.  Space  at  the  top  of  the  sheet  is  provided 
for  the  zone  number  as  well  as  the  name  of  the  railroad, 
state,  county,  and  valuation  section  in  which  the  property  is 
located. 

The  form  entitled  "Sales  Record  of  Similar  Lands"  has 
the  I'ollov/ing  columns:  Grantor,  Grantee,  Description,  Date, 
Book,  Page,  Area,  Consideration,  and  Unit  Price. 

The  second  form  is  entitled  "Local  Opinions  of  Values  and 
Similar  Lands,"  and  has  column  headings:  Name,  Address. 
Occupation  and  LTnit  Value.  The  zone  number  to  which  these 
data  apply  appears  at  the  top  of  the  sheet. 

Tlie  third  form  is  headed  "Latest  Assessments  of  Similar 
Lands,"  and  has  columns  as  follows:  Description.  Year, 
Area,  Assessed  Value,  Per  Acre,  Per  Square  Foot,  Established 
Ratio,  and  Resulting  Value. 


Effect  of  Electric  Traction  on  Econ- 
omies of  Railway  Location 

In  a  committee  report  submitted  March  16  at  the  22nd 
annual  convention  of  the  American  Railway  Engineering 
Association,  the  sub-commitee  on  "Economics  of  Location  as 
Affected  by  the  Introduction  of  Electric  Locomotives,"  states 
that  the  effect  of  new  elements  introduced  by  electric  traction 
upon  economic  values  indicates  that  the  values  heretofore 
assumed  under  classified  heads  of  Distance,  Rise  and  Fall, 
Curvature  and  Rate  of  Grade  will  be  affected.  The  report 
discusses  these  elements  as  follows: 

Distance. — Train  w<iges,  fuel  and  repairs  are  the  largest 
single  items  of  expense,  which  vary  with  distance.  The  first 
is  but  little  affected.  A  new  additional  charge  is  created  for 
the  operation  and  maintenance  of  power  stations  and  of 
transmission    and    distributing    systems. 

Fuel  is  materially  affected,  the  saving  being  from  50  per 
cent  to  70  per  cent,  depending  upon  class  of  service.  Engine 
repairs  are  also  reduced — possibly  50  per  cent.  Track  main- 
tenance will  under  present  conditions  be  generally  increased, 
not  only  by  the  additional  charge  for  the  maintenance  of  over- 
head or  third  rail  contact  and  distributing  systems,  but  also 
by  the  destructive  effect  upon  rails  and  fastenings  of  the 
greater  impacts,  due  to  the  imperfect  cushioning  of  the  heavy 
weights  of  the  electric  motors. 

Rise  and  Fall. — The  unit  values  of  the  several  minor  classi- 
fications under  this  head  will  be  determined  as  before  with 
modified  factors  of  cost.  Two  new  elements  will  be  introduced 
and  must  be  included  in  the  final  results,  viz.:  the  time  and 
temperature  limitations  of  the  electric  motor  and  the  possi- 
bilities of  regeneration  of  power  on  descending  grades.  The 
cost  of  Rise  and  Fall  will  be  reduced  if  advantage  is  taken  of 
opportunities  for  the  regeneration  of  power  by  trains  on 
descending  grades.  The  value  of  such  regeneration  is  con- 
siderable under  proper  conditions.  The  actual  percentage  of 
power  which  can  be  utilized  will  depend  upon  the  length  and 
steepness  of  incline,  total  length  of  electrified  section  and 
the  number  and  distribution  of  daily  trains.  Regenerative 
braking  does  not  become  eocnomical  except  on  long  mountain 
grades. 

Curvature. — The  effect  of  a  change  to  electric  operation  as 
alTected  by  curvature,  will  be  in  degree  rather  than  in  kind, 
with  the  possible  exception  that  the  shorter  rigid  wheel  base 
of  some  types  of  electric  locomotives  will  result  in  reduced 
resistance  and  wear  of  wheels  and  rails. 

Rate  of  Grade.— The  effects  of  rate  of  grade  and  of  rise 
and  fall  are  more  closely  inter-related  in  electric  than  in  steam 
operation.  Train  tonnage  ratings  in  steam  service  over  lines 
of  moderate  grades  are  often  determined  by  the  average  resist- 
ance of  the  division  and  the  boiler  horsepower  of  the  engine 
rather  than  by  the  resistance  of  the  maximum  grades.  It 
the  inherent  characteristics  of  the  electric  motor  permit  the 
development  of  higher  speed  and  horsepower,  within  its  nom- 
inal rating,  then  the  resistance  of  the  maximum  grade  may 
become  the  limiting  factor,  and  its  rate  becomes  economically 
important. 

In  heavy  service,  and  especially  on  mountain   gi-ades,  the 

economic  value  of  electric  operation  may  be  quite  high,  as  it 

is  possible  to  add  engine  units  without  adding  engine  crews. 

Other  differences  affecting  unit  costs  differ  more  in  degree 

than  in  kind. 


Marine  Borers  in  San  Francisco  Bay 

About  seven  years  ago  it  was  noticed  that  the  activity  of 
marine  borers  in  San  Francisco  Bay  had  become  of  consider- 
able importance,  and  it  was  but  a  few  years  later  until  fail- 
ures of  various  dock  structures  indicated  that  a  study  of 
the  problem  needed  to  be  made.  In  July,  1920,  a  committee, 
under  joint  co-operation  of  the  Forest  Products  Laboratory 
and  the  American  Wood  Preservers'  Association,  was  ap- 
pointed and  started  an  investigation.  The  result  of  this  in- 
vestigation, presented  at  the  annual  convention  of  the  asso- 
ciation in  January,  shows  that  the  teredo  navalis  borers 
have  invaded  San  Pablo  Bay.  Suisun  Bay,  and  up  the  San 
Joaquin  River  25  miles  above  Carquinez  Straits  and  50 
miles  from  the  Golden  Gate,  and  up  the  sloughs  of  the  Delta 
to  Dutton. 

This  progressive  Invasion  was  the  direct  result  of  the  con- 
tinued shortage  in  the  annual  rainfall  and  run-off  during 
these  years,  which  permitted  the  settling  of  the  larval  stages 
on  unprotected  piling  during  the  breeding  season  of  mid- 
summer and  the  survival  of  the  borers  in  the  wood  during 
the  brief  season  of  the  spring  freshets  of  these  years.  In 
the  upper  bay  from  Pinole  through  Oleum.  Mare  Island,  Val- 
lejo,  Crockett,  Port  Costa,  Benicia,  Martinez,  to  Mococo  and 
Avon,  the  destruction  of  piling  by  this  teredo  in  the  sum- 
mer of  1920  reached  a  climax  which  left  little  or  no  untreated 
piling  undamaged  and  not  a  little  of  it  wholly  destroyed 
by  penetration  to  the  center  or  near  it,  at  the  mud-line. 

Other  marine  borers,  the  xyotrya,  limnoria,  and  sphaeroma, 
have  made  inroads  nearly  as  bad. 

The  following  is  taken  from  the  committee's  report: 

There  is  one  outstanding  feature  of  the  present  outbreak 
of  marine  borers  in  San  Francisco  Bay  and  of  this  survey 
which  affects  state  and  Federal  supervision  of  navigable 
waters  and  of  shipping  and  engineering  practice  in  the  con- 
struction and  maintenance  of  marine  structures,  such  as 
wharves,  moles  and  piers.  It  is  this,  namely,  that  within 
the  area  infested  by  marine  borers  all  unprotected  woodwork 
is  a  potential  breeding  ground  for  harboring  these  pests,  in- 
creasing their  numbers,  and  sending  forth  their  migrating 
larvae.  In  every  case  an  infected  bit  of  wood  is  a  contagious 
spot.  A  single  infected  pile  in  25  ft.  of  water  and  its  100 
sq.  ft.  of  surface  affords  shelter  for  upwards  of  150.000 
teredos,  and  each  of  these  is  capable  of  producing  more 
than  2,000,000  larvae  per  year.  Each  pile,  barring  the  death 
rate  of  larvae,  thus  produces  enough  young  to  seed  2,000,000 
other  piles. 

Conclusions  Based  on  the  Investigation.— Marine  borers  are 
very  active  in  San  Francisco  Bay,  and  in  places  where  their 
attack  is  severe  will  destroy  untreated  piling  in  as  short  a 
time  as  six  to  eight  months.  In  other  places  the  untreated 
piling  may  last  two  to  four  years. 

The  information  secured  indicates  that  it  is  reasonable  to 
expect  a  life  of  five  to  eight  years  from  paint  and  batten 
protections  if  the  work  is  well  done.  If  it  is  not  well  done 
or  if  the  covering  is  damaged  by  careless  handling  this  range 
of  life  cannot  be  expected. 

When  carefully  handled  so  that  there  is  no  injury  extend- 
ing through  the  shell  of  treated  wood  within  the  water  sec- 
tion, it  appears  possible  for  properly  creosoted  Douglas  fir 
bearing  piling  to  give  a  life  of  25  to  30  years  in  San  Francisco 
Bay. 

Most  of  the  attack  on  creosoted  piling  by  marine  borers, 
which  the  committee  has  observed  throughout  this  survey, 
appears  to  have  begun  in  spots  where  untreated  wood  has 
been  exposed  by  damage  in  handling  the  piles  or  placing  the 
superstructure.  It  is  urgently  recommended  that  improve- 
ments be  made  in  the  methods  of  handling  creosoted  piles 
and  building  structures  upon  them,  so  that  damage  to  the 
surface  of  the  piles  may  be  reduced  to  a  minimum. 

Precast  reinforced  concrete  piles  and  pile  casings  have 
not  been  in  use  in  San  Francisco  Bay  a  sufficient  length  of 
time  to  determine  their  ultimate  life.  A  detailed  examination 
of  those  structures  which  have  been  in  service  for  10  years 
shows  no  evidence  of  deterioration  and  they  seem  capable 
of  a  long  further  life. 

Cast  in  place  concrete  pile  jackets  and  cylinders  may  be 
expected  to  give  satisfactory  results  if  properly  constructed 
of  suitable  materials.  The  difficulties  of  this  type  of  con- 
struction, however,  are  of  such  a  nature  that  the  probability 
of  securing  a  maximum  length  of  life  is  less  than  in  the 
case  of  precast  concrete  piles  or  pile  coverings. 
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The  selection  o£  a  type  o£  piling  or  pile  protection  tor  a 
given  structure  must  be  made  upon  the  basis  of  cost  and  per- 
manence of  the  materials  under  consideration,  the  character 
of  the  structure  and  the  probable  need  for  future  alterations 
to  meet  the  changing  requirements  of  commerce.  When  a 
comparatively  short  increase  over  the  lite  of  green  wooden 
piling  is  sufficient,  the  surface  protections  will  often  be  found 
economical  in  waters  not  exposed  to  severe  storm  action;  if 
a  moderately  long  physical  life  approximating  the  average 
economic  life  of  marine  strutures  in  this  harbor  is  desired, 
a  good  creosote  treatment  will  provide  it  at  the  lowest  annual 
cost  so  far  as  present  knowledge  goes;  If  conditions  warrant 
building  for  the  greatest  permanence,  with  less  regard  for 
the  first  cost,  concrete  construction  may  be  useful.  For  the 
protection  from  further  damage  of  wooden  piles  already  in 
place  and  showing  attack  by  borers,  not  yet  severe  enough 
to  require  condemnation,  the  concrete  casing,  precast  or 
poured  in  place.  Is  the  only  means  of  salvage  so  far  found 
by  the  committee. 


Reclaiming  Repair  Rail  by  Resawing 

It  has  been  the  policy  of  the  Baltimore  &  Ohio  R.  R.  to 
lay  new  rail  out  of  face  on  important  high  speed  passenger 
divisions  and  those  carrying  heavy  traffic,  renewing  the  worn 
rail,  which  is  often  of  lighter  weight,  and  relaying  the  repair  rail 
on  branch  lines  where  the  passenger  movement  is  less  fre- 
quent and  speed  considerably  lower,  or  on  such  branch  lines 
where  the  traffic  consists  almost  entirely  of  slow,  heavy, 
freight  trains.  In  relaying  the  four  different  weights  and 
sections,  each  has  been  assigned  to  some  one  branch  line, 
consideration  being  given  to  traffic  over  that  line.  In  relay- 
ing the  sawed  end  rail  on  branch  lines,  it  is  laid  with  new 
bolts  and  bars.  In  resawing  the  rail  15  in.  is  cut  off  each 
end  of  the  rail.  After  the  rail  is  resawed  it  is  30%  ft.  long 
and  is  redrilled.  When  this  sawed-end  rail  is  laid  on  branch 
lines,  the  bad  features  of  worn  surface  and  line  bent  at  ends 
and  worn  angle  bars  are  entirely  eliminated.  The  following 
particulars  of  the  resawing  methods  are  taken  from  a  com- 
mittee report  submitted  at  the  32nd  annual  convention  of  the 
American  Railway  Engineering  Association: 

When  the  relay  rail  arrives  at  the  saw  loaded  in  cars,  the 
cars  are  placed  on  a  siding  back  of  the  saw  from  which  the 
rail  is  handled  from  the  cars  by  a  stiff  leg  derrick  onto  the 
skids.  As  the  cafs  are  emptied  they  are  shitted  to  the  sid- 
ing in  front  of  the  saw,  where  they  are  loaded  with  finished 
rail. 

After  the  rail  is  unloaded  on  the  skids,  it  is  handled  by 
the  stiff  leg  derrick,  with  the  assistance  of  four  laborers,  to 
the  saw  table.  The  rail  is  then  sawed  by  friction  saw,  one 
end  at  a  time.  After  both  ends  are  sawed  it  is  moved  on 
rollers  by  hand  to  the  double  drill  presses,  where  it  is  drilled. 
In  drilling,  the  ends  of  four  rails  are  drilled  at  one  opera- 
tion. The  burrs  are  knocked  off  by  the  men  handling  the  rail 
from  the  saw  to  the  drill  presses  and  at  the  drill  presses. 

The  organization  used  at  the  rail  saw  is  as  follows: 

1  Foreman,  in  general  charge  of  all  work. 
1  Engineer. 
1  Fireman. 

1  Sawraan. 

4  Laborers,  handling  rail  from  the  skids  to  the  saw.  Of  these  four 
laborers  one  runs  the  air  hoist,  one  handles  either  end  of  the 
rail,  and  the  fourth  handles  the  hooks, 

2  Laborers,  handling  rail  from  the  saw  to  the  drill  press  skids. 
4  Laborers,  handling  rail  to  drill  press. 

4  Laborers,  handling  rati  to  drill  press. 
1  Laborer,  straightening  sawed  rail  in  car. 
Total,  19  men. 

During  1920  there  were  sawed  a  total  of  499,137  ft.  of  the 
four  different  sections,  namely,  85  A.S.C.E.,  90  R.B.,  100  R.B., 
100  A.S.C.E.  This  represents  the  total  number  of  feet  of  rail 
after  it  is  sawed  and  drilled  and  is  equivalent  to  a  tonnage 
of  7,192  tons.  In  the  sawing  of  the  rail  there  was  about  8 
per  cent  lost  which  will  be  sold  as  scrap. 

The  average  cost  of  sawing  this  rail  during  1920  was  $1.27 
per  ton.  This  cost  includes  all  labor  for  unloading  the  rail 
at  the  saw;  the  labor  and  other  direct  costs  incident  to  the 
actual  operation  of  sawing  the  rail,  and  the  labor  cost  of 
loading  the  rail  onto  cars.  This  cost  does  not  include  the 
labor  costs  of  loading  the  rail  for  shipment  to  the  saw  or 
the  unloading  of  the  sawedend  rail  on  the  ground  for  laying. 
The  loss  on  account  of  sawing  off  the  ends  of  the  rail  or  its 
credit  when  sold  as  scrap  is  not  considered  in  the  average 
cost. 


The  Hudson  River  Vehicular 
Tunnel 

An  engineering  project  of  great  importance  to  New  York 
and  New  Jersey  was  officially  started  last  October  by  a  cere- 
mony of  breaking  ground,  and  the  work  is  now  in  progress  to- 
ward the  building  of  a  vehicular  tunnel  under  the  Hudson 
River,  in  order  to  provide  an  improvement  over  the  existing 
ferry-boat  service,  and  to  relieve  the  cities  from  the  danger 
of  being  prevented  from  crossing  the  river  on  account  of 
boatmen's  strikes. 

nie  following  is  taken  from  an  account  of  this  proposed 
work  in  the  Railway  Review: 

The  program  outlined  for  the  construction  of  the  tunnel 
divides  the  work  into  several  contracts,  so  that  advantage 
may  be  taken  of  any  future  decline  in  the  cost  of  materials 
and  labor,  and  also  that  the  entire  project  may  be  completed 
at  the  earliest  possible  date. 

On  October  1,  1920,  Contract  No.  1  was  awarded  to  the  Hol- 
brook,  Cabot  &  Rollins  Corporation,  for  $650,802.  This  con- 
tract includes  the  construction  of  two  shafts  in  New  York 
City,  one  in  Canal  St.,  near  Washington  St.,  and  the  other  In 
Spring  St,,  near  Washington  St.;  also  the  care  and  support  of 
the  adjacent  buildings,  the  by-passing  of  subsurface  struc- 
tures and  the  relocation  of  the  New  York  Central  R.  R.  tracks 
in  Canal  St.  The  shafts  are  to  be  structural  steel  caissons 
sunk  by  the  compressed  air  method  to  approximately  60  ft. 
below  the  street  surface. 

The  plans  for  the  construction  of  the  land  shafts  in  New 
Jersey  have  been  prepared,  and  it  is  expected  that  this  work 
will  be  placed  under  contract  soon.  It  is  planned  to  place 
the  river  section  under  contract  during  the  coming  summer, 
and  the  construction  of  the  approaches  are  to  follow  so  as  to 
insure  the  completion  of  the  entire  project  by  December,  1924. 
The  plans  for  building  the  tunnel  have  been  prepared  under 
the  direction  of  Mr.  Clifford  M.  Holland,  chief  engineer  for  the 
New  York  State  Bridge  and  Tunnel  Commission  and  the  New 
Jersey  Interstate  Bridge  and  Tunnel  Commission.  The  cost 
of  the  work  is  to  be  met  jointly  by  appropriations  of  the  leg- 
islatures of  the  states  of  New  York  and  New  Jersey.  The 
estimated  cost  of  the  tunnel  structure  above  is  $22,262,000. 
divided  equally  between  the  two  states,  and  the  time  required 
for  completion  is  3%  years. 

The  plan  of  construction  adopted  provides  for  twin  cast-iron 
tubes,  each  29  ft.  external  diameter,  to  accommodate  two  lines 
of  traffic  in  each  direction  with  a  20  ft.  roadway  and  a  2  ft. 
sidewalk  in  each  tube.  A  typical  cross  section  of  this  tunnel 
is  shown  in  the  cut. 

The  design  follows  closely  that  of  the  usual  shield-driven 
subaqueous  tunnel,  in  that  it  consists  of  successive  cast-iron 
rings  bolted  together  with  an  inner  lining  of  concrete.  The 
experience  obtained  in  driving  other  tunnels  is  applicable  to 
this  tunnel,  and  it  is  felt  that  the  methods  heretofore  used 
insure  the  successful  completion  of  this  plan  of  constructing. 
The  southerly  tube  for  east-bound  traffic  extends  from  Pro- 
vost St.  and  12th  St.,  Jersey  City,  under  the  Erie  Railroad 
yards,  the  Hudson  River  and  Canal  St.  to  Varick  St.,  New 
York;  and  the  northerly  tube  tor  west-bound  traffic  extends 
from  Broome  St.,  midway  between  Varick  and  Hudson  St., 
in  New  York,  curving  to  the  west  under  private  property  to 
Spring  and  Hudson  St.,  and  under  Spring  St.  and  the  Hudson 
River,  the  Erie  and  the  Delaware,  Lackawanna  &  Western 
Railroad  yards  to  14th  St.  at  Provost  St.,  Jersey  City. 

The  maximum  adverse  grade  for  west-bound  traffic  is  3.5 
per  cent,  for  east-bound  traffic  3.53  per  cent.  These  grades 
are  comparatively  short,  extending  only  from  the  portal  to 
the  point  where  the  tunnel  roadway  meets  the  street  grade. 
To  reduce  congestion  and  to  facilitate  the  movement  of  traffic 
at  these  points  the  width  of  roadway  has  been  increased  so 
as  to  accommodate  three  lines  of  traffic.  The  long  adverse 
grade  from  the  pierhead  line  to  the  portal  on  the  New  York 
side  is  3.13  per  cent,  but  on  the  New  Jersey  side  it  does  not 
exceed  2.S3  per  cent. 

The  cast-iron  tubes  are  constructed  by  bolting  together  suc- 
cessive rings  of  cast  iron  2  ft.  6  in.  wide.  Each  ring  is  made 
up  ot  14  segments  approximately  6  ft.  long  and  a  key  1  ft. 
long.  In  each  ring  there  are  85  bolts  on  the  circumferential 
joints  and  75  bolts  on  the  horizontal  joints.  The  diameter 
of  the  bolts  is  1%  in.  The  weight  of  the  cast-iron  lining 
through  sand  and  part  earth  and  part  rock  excavation  is  8 
tons  per  linear  toot,  while  through  the  silt,  in  order  to  in- 
crease the  weight  of  the  tunnels,  it  is  S%  tons  per  linear  foot. 
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Inside  the  cast-iron  lining  there  is  an  inner  lining  ot  concrete 
19  in.  thicli,  extending  to  a  point  7  in.  beyond  the  flanges  of 
the  rings.  The  surface  ot  the  concrete  is  to  be  rubbed  and 
painted  so  as  to  provide  a  smooth  surface  which  can  be  kept 
clean.  The  use  ot  glazed  tile  was  considered,  but  it  was  not 
adopted  on  account  of  its  cost. 

Why  the  Trench  Method  of  Construction  Was  Not  Adopted. 
The  trench  method  of  tunnel  construction  has  been  carefully 
studied  as  an  alternative  plan,  but  its  success  and  cost  de- 
pend largely  upon  several  unknown  factors  which  have  been 
discussed  as  follows: 

A  consideration  of  the  greatest  importance  is  the  interfer- 
ence with  river  traffic.  The  floating  plant  required  for  this 
method  of  construction  would  be  continuously  endangered  by 
the  great  volume  of  river  traffic  due  to  the  possibility  ot  col- 
lisions under  ordinary  conditions  which  would  be  greatly  in- 
creased by  storms,  fog  and  ice.  From  the  records  of  the 
United  States  Engineer's  office  in  charge  of  dredging  opera- 


a  depth  of  45  ft.  for  a  width  ot  2,000  ft.,  so  that  this  condition 
will  be  somewhat  relieved.  During  the  construction  of  the 
Detroit  River  tunnel  it  was  possible  to  divert  traffic  much 
more  readily  than  would  be  the  case  in  the  Hudson  River. 

The  depth  of  water  required  by  the  War  Department  in  the 
Hudson  River  necessitates  dredging  operations  to  a  depth  of 
approximately  90  ft.  below  mean  high  water  in  order  to  locate 
the  top  of  the  tunnel  below  the  dredging  plane.  This  will 
require  a  maximum  cut  in  the  river  bed  63  ft.  deep  where  the 
softness  of  the  Hudson  River  silt  makes  the  question  of  the 
slope  at  which  the  sides  of  the  trench  will  stand  problematical. 
There  is  a  considerable  difference  of  opinion  as  to  the  prob- 
able slopes  which  can  be  maintained  and  the  uncertainty  as 
to  this  question  makes  the  estimate  of  cost  of  excavation  un- 
reliable. The  engineering  department  has  been  unable  to 
find  any  data  which  it  considers  would  justify  a  decision  in 
this  matter  and  believes  that  before  this  method  of  construc- 
tion is  undertaken,  investigations  should  be  carried  out  upon 
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tions  in  the  irver  in  the  New  York  City  district  it  is  found 
that  during  1918  and  1919  two  dredging  outfits,  working  under 
the  direction  of  that  office,  in  the  East  River,  suffered  62  ac- 
cidents, five  of  which  caused  delays  varying  from  5%  to  46 
days. 

The  plant  required  for  tunnel  operations  would  occupy 
considerable  more  space  than  any  of  the  work  above  de- 
scribed, as  it  would  not  only  include  several  dredges  and 
scows  but,  also,  equipment  for  driving  and  cutting  off  piles 
and  for  handling  and  sinking  tunnel  sections,  which  plans 
would  occupy  at  least  600  ft.  across  the  channel  at  one  time. 
Any  accident  resulting  in  the  loss  ot  any  part  of  the  plant  or 
section  of  the  tunnel  while  it  is  being  transported  or  sunk 
into  position  would  add  very  much  to  the  cost  and  also  to 
the  time  required  for  completion,  so  that  accidents  might 
wipe  out  the  saving  which  this  method  of  construction  is  es- 
timated to  have  over  the  shield-driven  tunnel. 

The  Detroit  River  tunnel  most  nearly  approaches  in  mag- 
nitude the  work  ot  the  proposed  tunnel,  but  the  width  and 
depth  of  that  river  are  considerably  less  than  of  the  Hudson 
River.  Further,  consideration  must  be  given  to  the  differ- 
ence between  the  movement  of  traffic  in  the  two  rivers. 
In  the  Detroit  River  practically  all  of  it  is  through  traf- 
fic and  the  vessels  are  operating  under  their  own  power 
with  full  steerage  headway,  while  in  the  Hudson  River  op- 
posite Canal  street  the  largest  ocean-going  vessels  are 
moving  either  under  reduced  steerage  headway  or  under  the 
control  of  tugs,  while  the  large  volume  of  cross  river 
traffic  between  the  New  York  and  the  New  Jersey  shores 
offers  more  or  less  interference.  "Vessels  operating  under 
these  conditions  are  much  more  difficult  to  control  and 
require  much  more  room  than  when  operating  under  full  head- 
way without  any  considerable  interference  due  to  cross  traf- 
fic. The  present  channel  in  the  Hudson  River  is  about  1,000 
ft.  in  width,  and  located  on  the  New  York  side  of  the  river, 
so  that  the  full  distance  of  3,200  ft.  between  pierhead  lines 
fa  not  available  for  the  diversion  of  deep-draft  vessels.  How- 
ever, work  is  about  to  begin  toward  widening  this  channel  to 


which  a  definite  conclusion  could  be  reached.  These  investiga- 
tions would  require  a  considerable  expenditure  of  money,  for 
it  would  necessitate  dredging  operations  on  a  large  scale. 
With  an  e.xperimental  trench  dredged,  it  would  be  possible 
to  make  observations  over  a  period  of  time  comparable  with 
that  which  would  be  necessary  for  the  preparation  of  the 
trench  and  for  the  sinking  of  the  tunnel  section,  and  In  this 
way  information  would  be  obtained  as  to  the  probable  vol- 
ume of  material  to  be  excavated. 

A  further  consideration  affecting  the  adoption  of  the  trench 
method  is  that  at  the  New  York  pierhead  line  a  large  mass 
of  ledge  rock  will  be  encountered  requiring  from  50,000  to 
80,000  cu.  yd.  of  under  water  rock  excavation,  depending  upon 
the  depth  of  the  tunnel. 

The  estimated  cost  of  constructing  the  tunnel  by  this 
method  indicates  a  possible  saving,  depending  upon  whether 
the  assumed  conditions  are  realized  during  the  work  such  as 
the  slope  at  which  the  Hudson  River  silt  will  stand  and  freedom 
from  accidents,  allowance  for  which  would  have  to  be  made 
under  the  head  of  contingencies. 


Building  Operations  In  February. — Building  activity  has 
proceeded  at  a  greater  rate  during  the  first  two  months  of 
this  year  than  during  the  first  two  months  of  1919,  according 
to  statistics  compiled  by  the  F.  W.  Dodge  Co.  Conditions  in 
the  opening  months  of  1919  w^ere  very  similar  to  those  pre- 
vailing at  present.  Total  contracts  awai-ded  from  .Ian.  1  to 
March  1,  1921,  in  the  25  Northeastern  States  of  the  country 
amounted  to  $212,437,000,  compared  with  $152,784,000  for  the 
first  two  months  of  1918.  The  total  contracts  awarded  in 
February,  1921,  was  slightly  less  than  in  the  preceding 
month,  but  in  view  of  the  fact  that  February  was  shorter  than 
January  by  three  business  days,  the  same  rate  of  activity 
has  been  maintained  during  the  two  months.  January  con- 
tracts amounted  to  $111,648,000;  February  contracts,  $100,789,- 
000.  Among  the  contracts  awarded  in  February,  residential 
building  took  the  lead,  representing  36  per  cent  of  the  total, 
or  $36,294,000.    Public  works  and  utilities  amounted   to  $18,- 
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i;09,0()U,  or  18  per  tent  of  the  total;  business  buildings,  $17,- 
070,000,  or  17  per  cent  of  the  total;  and  industrial  buildings, 
$9,037,000,  or  9  per  cent  of  the  total.  Contemplated  new  work 
was  reported  in  February  to  the  amount  of  $561,:542,000.  It 
should  be  explained  that  this  includes  $200,000,000  for  the 
proposed  bridge  over  the  Hudson  River,  a  project  which  will 
doubtless  take  a  long  time  to  mature.  Nevertheless,  even  if 
this  large  project  be  omitted,  the  remainder  of  the  contem- 
plated work  has  been  exceeded  in  only  one  month  since  last 
June.  

Creeping  of  Railroad  Rails* 

By  JAMES  E.  HOWARD, 
Engineer  Physicist,  Uurcau  of  Safety,  Interstate  Commerce  Com- 
mission. 
The  creeping  of  rails  is  recognized  as  a  matter  of  im- 
portance and  it  is  especially  interesting  to  have  the  opinions 
of  different  observers  brought  together.  From  one  point  of 
view  attention  may  be  directed  to  the  influence  which  creep- 
ing has  on  the  fracture  of  rails. 

Influence  of  Creeping  on  Fracture  of  Rails.  -It  is  noticeable 
in  the  records  that  u  considerable  number  of  rails  that  have 
failed,  have  been  in  service  for  long  periods,  escaping  other 
vicissitudes,  but  eventually  succumbing  by  the  development 
of  lines  of  rupture  across  the  bolt  holes.  Such  failures  dis- 
play no  appreciable  enlargement  of  the  holes  in  respect  to 
ductile  flow  of  the  metal,  although  some  abrasion  may  have 
taken  place,  perhaps  accompanied  with  upsetting  at  the  edges 
of  the  holes. 

Drifting  tests  of  adjacent  bolt  holes  have  shown  the  abil- 
ity to  endure  enlargement  in  diameter  without  material,  if 
any,  impairment  of  ductility.  This  difference  in  behavior 
between  metal  at  the  bolt  holes  across  which  rupture  has 
passed  and  neighboring  holes  calls  for  explanation.  The  de- 
struction of  ductility  in  steel  is  in  general  accomplished  in 
one  way,  and  without  recourse  to  heat,  in  one  way  only.  It 
is  the  result  of  repeated  stresses  of  some  kind. 

Considered  as  a  beam,  it  will  be  noted  that  longitudinal 
shearing  strains  reach  their  maximum  in  the  vicinity  of  the 
bolt  holes.  Due  to  position,  the  web  of  the  rail  in  this  part 
of  its  length  is  most  strained  by  longitudinal  shearing  forces. 
The  interruption  of  the  metal  of  the  web  by  the  presence 
of  the  bolt  holes  must  be  an  intensifying  factor.  These  forces, 
although  not  in  themselves,  or  probably  not,  competent  to 
cause  rupture,  may  aid  in  promoting  it  in  conjunction  with 
other  conditions  which  affect  this  part  of  the  rail. 

The  more  pronounced  influence  is  believed  to  be  the  ham- 
mering action  between  the  web  of  the  rail  and  the  shank 
of  a  track  bolt  which  embrittles  the  metal  at  the  sides  of 
the  bolt  holes.  When  clearance  is  exhausted  at  the  sides  of 
the  bolt  holes  by  creeping  of  the  rails  or  otherwise,  this  ham- 
mering takes  place.  Anchoring  the  rails  by  spiking  the 
splice  bars  to  the  ties  necessarily  brings  the  web  of  the  rail 
into  contact  with  the  shanks  of  the  bolts,  causing  this  ham- 
mering action. 

The  wave  motions  of  the  rails  are  interrupted  at  the  joints, 
accentuating  the  functions  of  the  splice  bars,  which  reach  a 
maximum  degree  of  efficiency  only  in  providing  resistance 
against  vertical  shear  between  the  rail  ends.  In  other  re- 
spects, the  efficiency  of  the  splice  bars  is  doubtless  some- 
what less  in  degree. 

The  forward  impulses  given  the  rails  which  result  in  creep- 
ing probably  bear  a  relation  to  the  longitudinal  strains  in 
the  base.  The  driving  wheels  of  the  engine  tend  to  force 
the  rail  bodily  backward  while  the  wheels  of  the  train  have 
the  opposite  tendency  to  crowd  the  rails  bodily  forward.  Just 
what  takes  place  in  different  parts  of  the  length  of  a  rail 
with  the  wheels  in  different  positions  is  a  matter  of  much 
interest,  and  one  difficult  to  ascertain  accurately.  The  major 
movement  of  the  rail  is  downward  and  has  been  measured 
from  time  to  time.  The  horizontal  components  and  how  dis- 
tributed with  reference  to  a  fixed  point  on  the  roadway  as 
far  as  is  known  have  not  received  attention. 

Anti-Creeping  Devices. — In  respect  to  the  magnitude  of  the 
forces  with  which  an  efficient  anti-creeping  device  must  con- 
tend, it  might  be  said  that  it  would  depend  on  the  rigidity 
of  the  device.  The  intensity  of  the  forces  which  prevail  in 
the  longitudinal  extension  and  compression  of  the  »ail  are 
measured  In  thousands  of  pounds  per  square   inch  in   the 


•Discussion  of  a  paper  presented  Nov.  3  by  Dr.  J.  A.  Ij.  ■n'addell 
before  the  American  Society  of  Civil  Engineers.  An  abstract  of 
the  paper  appeared  in  the  Nov.  17  issue  of  EnRineerine  and  Con- 
tracting. Notes  from  its  discussion  were  printed  in  the  Jan.  19 
issue. 


steel.  However,  these  strains  are  exhausted  within  short 
distances.  It  is  hardly  conceivable  that  a  close  approach 
to  the  total  arrest  of  longitudinal  strains  would  be  attempted 
or  considered  feasible  to  accomplish. 

The  place  and  manner  of  attachment  of  anti-creeping  de- 
vices may  be  referred  to.  Possibly  a  distributed  effort  is  the 
most  satisfactory  one  and  experience  with  anchors  attached 
to  the  rail  flanges  by  frictional  contact  has  not  developed 
serious  disadvantages,  considering  the  safety  of  the  rail.  In- 
dentations or  incisions  in  the  flanges  ultimately  lead  to  rup- 
ture and  present  elements  of  danger.  In  a  comparative  sense 
the  cushioning  effect  of  a  rail  anchor  against  the  side  of  a 
tie  is  a  mild  affair.  The  modulus  of  elasticity  of  soft  wood, 
particularly  when  taken  crosswise  of  the  grain,  is  only  a 
fraction  of  that  of  steel,  therefore  anchors  which  are  used 
against  the  sides  of  the  ties  individually  add  only  a  limited 
longitudinal  restraint  when  acting  within  short  distances. 
Each  train  disturbs  the  ballast  in  some  degree  and  the  resist- 
ance of  the  tie  itself  thereby  is  reduced. 

Ties  would  be  expected  to  yield  to  individual  impulses 
within  the  range  of  elastic  longitudinal  strains  in  the  rail 
without  interposing  much  resistance.  Cumulative  impulses 
would  eventually  move  the  tie,  but  the  resistance  of  the  tie 
against  movement  parallel  to  the  track  depends  in  a  measure 
on  the  wheel  load  on  the  rail  at  the  time.  The  firmness  of 
the  ballast  below  the  rail  is  doubtless  a  factor  in  the  case. 
It  will  be  remembered,  however,  that  longitudinal  strains  in 
both  the  base  and  the  head  of  the  rail  are  alternately  tension 
and  compression,  hence  impulses  having  to  do  with  creeping, 
as  far  as  the  relations  between  longitudinal  strains  and  ad- 
vance of  the  rail  are  concerned,  are  the  resultant  effects  of 
opposite  strains. 

Test.?  made  by  the  writer  in  1895  on  the  strains  in  rails 
in  the  track,  including  observations  on  the  depression  of 
the  track  on  different  kinds  of  ballast,  showed  the  deepest 
depressions  with  cinder  ballast,  less  depression  on  stone, 
and  least  on  gravel.  Frozen  gravel  ballast  showed  less  de- 
pression than  unfrozen  gravel.  These  results  were  obtained 
on  representative  sections,  in  order  to  determine  the  rela- 
tive depression  of  the  rails  laid  on  these  three  kinds  of  bal- 
last. 

It  will  be  recognized  that  permanence  of  position  of  the 
rails  in  space  depends  largely  on  frictional  resistance.  Rails 
with  or  without  anchors  or  anti-creeping  devices  remain 
nearly  stationary  by  reason  of  the  preponderance  «f  frictional 
resistance  between  the  rails  and  the  ties,  in  excess  of  that 
between  the  rails  and  the  wheels.  The  track  partakes  in  a 
slight  degree  of  the  characteristics  of  a  tread-mill.  If  the 
rails  rested  on  anti-friction  bearings  the  fonvard  movement 
of  an  engine  taken  alone  would  be  attended  with  a  backward 
movement  of  the  rails,  accelerating  forces,  positive  and  nega- 
tive, maintaining  an  equilibrium,  the  rate  of  speed  of  the 
engine  in  one  direction  and  of  the  rails  in  the  other  depend- 
ing on  the  laws  of  the  engine  in  one  direction  and  of  the 
rails  in  the  other  depending  on  the  laws  of  mathematics 
which  govern  accelerating  forces.  Of  course,  such  hypothetical 
conditions  could  not  prevail,  but  it  will  be  recognized  that 
the  tendency  of  the  motive  power  is  to  crowd  the  rails  back- 
ward, while  the  wheels  of  the  train  tend  to  force  them  for- 
ward. The  weight  of  the  engines,  the  weight  on  the  drivers, 
the  distribution  of  these  weights,  and  the  effect  of  the  wheels 
on  the  pilot  truck,  in  a  strict  analytical  sense,  all  appear  to 
be  of  some  importance. 

A  depression  in  the  track  which  involves  an  almost  equal 
depression  of  the  adjacent  roadbed  necessarily  draws  the 
rails  downward  into  the  depressed  area.  The  absence  of 
tensile  resistance  in  the  ballast  results  in  its  separation,  fol- 
lowed by  recovery  when  the  weight  of  the  train  is  removed. 
The  writer  has  found  the  area  of  depression  under  some 
conditions  to  be  of  measurable  degree  at  a  distance  of  30 
ft.  from  the  engine. 

In  respect  to  the  bodily  movement  of  the  rail,  observations 
appear  to  be  needed  to  judge  of  the  relative  displacements 
and  the  resiliencies  which  occur  when  a  forward  impulse  Ifl 
given  the  rail  by  the  train  and  the  elastic  reaction  which 
comes  from  the  ties.  Elastic  recovery  in  compression  is  a 
factor  of  the  case.  In  vertical  recovery,  ballast  and  ties  act 
to  the  best  advantage  in  respect  to  resilience.  In  a  horizontal 
direction  it  is  not  clear  what  efficiency  the  ballast  shows  In 
recovery  against  slight  longitudinal  displacements  or  a  suc- 
cession of  displacements,  each  of  limited  extent.  Only  in  the 
case  of  frozen  gravel  ballast  would  horizontal  resistance  and 
resilience  seem  to  be  of  marked  degree. 
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Rail  Laying  With  Locomotive 
Cranes 

For  several  years  it  lias  been  the  practice  on  the  Lehigh 
Valley  R.  R.  to  lay  -all  rail  with  locomotive  cranes.  This 
method,  developed  by  the  maintenance  of  vi^ay  forces,  has 
proved  a  decided  success  both  from  a  labor  standpoint  and 
also  from  the  standpoint  of  trinsportation  delays  incident 
to  rail  laying.  The  Lehigh  Valley  method  was  described  in 
our  Jan.  19  issue.  Further  particulars  are  given  by  Mr.  W.  C. 
Barrett,  Trainmaster,  Lehigh  Valley  R.  R.,  in  the  March  Bul- 
letin of  the  American  Railway  Engineering  Association,  from 
which  the  notes  following  are  taken. 

By  the  use  of  locomotive  cranes  several  track  miles  of  rail 
can  be  laid  in  one  day  and  the  total  delay  to  trains  will  be 
less  than  if  several  days  were  used  tor  the  same  work  and 
all  trains  stopped  and  more  or  less  delayed  each  day.  With 
the  heavy   sections   of  rail  in  use  at  the  present  time,  the 


Method  of   Placing   New   Rail. 

labor  required  to  handle  it  by  hand  is  almost  prohibitive. 
The  locomotive  crane  does  the  heavy  lifting  and  thereby  re- 
lieves the  laborers  for  other  lighter  work. 

A  typical  outline  of  the  organization  used  for  rail  laying 
with  a  locomotive  crane  is  given  below: 

1   .Supervisor  of  track — in  general  charge. 
1  Foreman — 20  men — pulling  spikes. 

1  Foreman — 10  men — adzing',     drivmg     tie     plugs    and     placing     tie 
plates. 

1  Foreman  6  men — throwing  out  old  rail  and  laying  new   rail   with 

crane. 

2  Foremen — 15  men — gaging  and  driving  quarter  spikes. 

3  Foremen — 30  men — putting  on  joint  bars. 
3  Foremen — 30  men — driving   spikes. 

2  Foremen — 15  men — putting  on  anti-creepers  and  shimming  where 
necessary. 

1  Foreman — 7  men — drilling  for   bond  wires  with   pneumatic   drills. 

1  Signal  supervisor  or  assistant  in  charge  of  signals  and  bonding. 

1  Signal  maintainer  and  one  helper  renewing  signal  wires  and  con- 
nections. 

1  Foreman — 4  Signalmen — bonding. 
Total— IS  Foremen— 138  men. 

This  organization  and  number  of  men  will  keep  the  loco- 
motive crane  working  practically  continuously,  and  will  en- 
able it  to  lay  from  100  to  150  rails  per  hour.  The  crane  can 
be  worked  with  any  number  of  men  from  10  up.  as  it  requires 
but  si.x  besides  the  operator  to  place  the  new  rail.  Very  good 
progress  can  be  made  with  50  men,  and  more  rail  can  be  laid 
with  this  number  of  men,  using  the  locomotive  crane,  than 
can  be  laid  by  hand  with  the  same  force. 

It  is  desirable  to  have  two  cranes  laying  when  there  is 
any  number  of  miles  of  track  to  lay,  having  two  organiza- 
tions and  each  crane  and  organization  laying  one  rail — the 
second  crane  working  far  enough  behind  the  first  so  as  not 
to  interfere  with  each  other.  When  only  one  crane  is  used, 
one  rail  is  laid  and  the  crane  backs  up  to  the  beginning  point 
and  then  lays  the  second  rail  in  the  same  way  as  the  first. 
The  work  of  placing  the  joint  bars,  full  spiking,  lining,  placing 
anti-creepers,  bonding,  etc.,  is  done  behind  the  crane.  The 
organization  outlined  will  keep  this  work  up  so  closely  that 
in  from  15  to  30  minutes  after  the  crane  has  finished  laying 
the  rail,  the  track  is  ready  for  service.  On  a  busy  single 
track,  main  passenger  line,  of  the  Lehigh  Valley,  two  cranes 
laid  565  rails  in  two  hours  and  30  minutes,  from  the  time  the 
track  was  broken  until  it  was  connected,  and  the  automatic 
signals  were  in  service  again. 

A  recent  development  has  been  the  use  of  pneumatic  tie 
tampers  to  operate  pneumatic  drilling  machines  tor  bond- 
ing. One  tie  tamper  operates  four  machines  and  one  outfit 
will  usually  keep  up  with  two  locomotive  cranes.  However, 
where  the  cranes  have  a  .good  opportunity  to  lay  rapidly,  it  is 


desirable  to  have  two  drilling  outfits,  so  as  to  avoid  the  possi- 
bility of  delay  when  closing  up  at  the  end  of  the  job.  It  has 
been  found  possible  to  operate  the  air  compressor  contin- 
uously and  at  the  same  time  move  the  car  under  its  own 
power  from  joint  to  joint,  thereby  eliminating  the  necessity 
of  pushing  the  car  by  hand. 

By  the  use  of  the  locomotive  crane  tor  laying  and  the  pneu- 
matic drilling  machine  for  bonding,  the  heavy  work  is  taken 
off  the  men,  and  rail  laying  is  no  longer  the  hard  task  it 
formerly  was.  The  men  like  the  new  scheme  and  it  means 
better  working  conditions,  better  satisfied  men,  and  at  the 
same  time  greater  efficiency  and  decreased  cost. 


Co-operative  Investigations  on 
Tunnel  Ventilation 

The  United  States  Bureau  of  Mines  and  the  New  York 
and  New  Jersey  State  Bridge  and  Tunnel  Commissions  have 
entered  into  an  agreement  to  conduct  co-operative  investiga- 
tions in  connection  with  the  ventilation  of  the  projected 
Hudson  River  vehicular  tunnel.  The  co-operative  investiga- 
tions have  to  do  with  the  best  method  of  supplying  the  requi- 
site amount  of  fresh  air  to  remove  the  poisonous  products 
of  combustion  from  motor  vehicles. 

Last  November,  under  a  similar  co-operative  agreement, 
the  Bureau  of  Mines  made  a  report  to  the  Commissions  relat- 
ing to  the  amount  and  composition  of  exhaust  gases  from 
motor  vehicles  and  the  necessary  dilution  of  such  gases  with 
fresh  air  to  render  it  absolutely  harmless.  The  answer  to  tha 
first  problem  was  obtained  by  making  road  tests  on  101  auto- 
mobiles and  trucks  at  the  bureau's  experiment  station  at 
Pittsburgh,  Pa.  These  tests  were  made  under  the  direction 
of  A.  C.  Fieldner,  supervising  chemist.  The  answer  to  the 
second  problem  was  obtained  by  a  series  of  comprehensive 
tests  on  a  large  number  of  students  in  the  physiological  lab- 
oratory at  Yale  University.  New  Haven.  Conn.,  conducted  by 
Ur.  Yandell  Henderson,  consulting  physiologist  of  the  Bureau 
of  Mines.  Dr.  Henderson  found  that  no  noticeable  symptoms 
of  discomfort  appeared  after  one  hour's  exposure  to  concen- 
trations of  carbon  monoxide  in  air  not  exceeding  four  parts 
in  10,000. 

Having  found  the  answers  to  these  two  problems,  there 
yet  remain  the  important  question  of  the  best  method  for 
moving  the  required  quantity  of  air  through  the  tunnel  and 
finally  the  checking  up  all  the  results  of  these  various  inves- 
tigations by  building  a  model  of  the  proposed  tunnel  in 
which  final  observations  of  the  efficiency  of  the  proposed 
system  of  ventilation  can  be  made.  This  is  the  purpose  of 
the  investigations  now  to  be  conducted  by  the  bureau  in  co- 
operation with  the  Tunnel  Commissions. 

Ascertaining  the  best  methods  of  supplying  the  requisite 
amount  of  fresh  air  depends  largely  on  the  determinations 
of  certain  factors  with  reference  to  the  flow  of  air  in  ducts 
and  bends,  such  as  will  be  used  in  the  tunnel.  The  investi- 
gation on  this  problem  is  to  be  carried  on  at  the  University 
of  Illinois,  Urbana,  111.,  where  the  Bureau  of  Mines  has  its 
Central  District  Experiment  Station.  The  investigation  will 
be  directed  by  Prof.  A.  C.  Willard,  head  of  the  Department 
of  Mechanical  Engineering,  who  is  one  of  the  leading  authori- 
ties on  heatin.g  and  ventilation  in  this  country.  Prof.  Wil- 
lard is  also  a  consulting  engineer  of  the  United  States  Bu- 
reau of  Mines  in  connection  with  the  study  of  ventilating 
problems  in  mining  practice.  An  experimental  duct  3(0  ft. 
long,  similar  to  the  proposed  ducts  in  the  tunnel,  is  being  con- 
structed at  Urbana.  The  Bureau  of  Mines  is  installing  spe- 
cial 300-HP.  motors  and  tans  tor  making  these  experiments. 
The  data  obtained  will  be  of  fundamental  importance,  not 
merely  to  the  ventilation  of  the  Hudson  River  tunnel,  but 
jiarticularly  in  the  metal-mining  industry  where  air  is  han- 
dled at  high  velocities.  The  determination  of  friction  of  the 
flow  of  air  in  concrete  ducts  is  urgently  needed  in  view  of 
the  growing  use  of  concrete  construction  in  modern  metal 
mining. 

The  final  check  on  the  solution  of  the  three  previous  prob- 
lems will  be  obtained  in  an  experimental  tunnel  that  is  now 
being  constructed  in  the  Experimental  Mine  of  the  Bureau  of 
Mines,  at  Brureton,  Pa,,  just  outside  of  Pittsburgh.  An  oval- 
shaped  tunnel  having  similar  construction  of  ducts  to  those 
proposed  in  the  Hudson  River  tunnel  and  an  axial  length  of 
400  ft.  is  being  constructed  underground.  The  cross-section 
is  large  enough  to  run  a   single  line  of  automobiles  through 
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this  tunnel  with  the  usual  space.    Studies  will  be  made  with 
respect  to  the  following  features: 

(a)  The  diffusion  of  exhaust  gases  in  the  cross-section  of 
the  tunnel. 

(b)  Temperature  conditions  as  affected  by  the  operation 
of  internal-combustion  motors. 

(c)  Physiological  effects  of  temperature,  exhaust  gases, 
and  smoke  under  operating  conditions. 

(d)  Final  check  on  all  previous  investigations. 

The  investigation  at  Pittsburgh  is  under  the  direction  of 
A.  C.  Fieldner,  supervising  chemist,  and  J.  W.  Paul,  mining 
engineer.  George  S.  Rice,  chief  mining  engineer,  and  Prof. 
A.  C.  Willard,  consulting  ventilating  engineer,  are  consultants 
on  the  ventilation  experiments.  Dr.  R.  R.  Sayers.  chief 
surgeon  of  the  Bureau  of  Mines,  and  Dr.  Yandell  Henderson, 
consulting  physiologist,  are  cav-i-M'  on  the  plt>siological 
studies   in   the  experimental   tin 


A  New  Outfit  for  Welding  Rail  Bonds 

A  new  arc  rail  bond  welder  brought  out  the  past  year  by 
the  Wilson  Welder  &  Metals  Co.,  New  York,  is  illustrated. 
As  shown  in  the  photograph,  the  unit  is  furnished  mounted 
complete,  ready  to  go  to  work,  as  a  portable  unit  with  flanged 
wheels  suitable  for  standard  gage  track  unless  otherwise  speci- 
fied. It  has  a  fish  pole  with  proper  attachments  for  connect- 
ing to  the  overhead  line  wires. 

The  unit  is  so  constructed  that  it  is  easily  handled  by  two 
men.  The  dynamotor  and  starting  box  weigh  about  390  lb. 
and  in  clearing  the  track  are  tirst  lifted  from  the  machine  and 
placed  upon  the  ground  at  the  side  of  the  track.  The  truck 
and  automatic  control  panel,  weighing  about  275  lb.,  are  then 
readily  lifted  from  the  track. 

The  unit  is  made  only  in  one  arc  capacity  with  motors  for 
different  voltages.  The  units  tor  normal  line  voltage  of  25ii 
volts,   n.   C     for   mine  work  will  take  care  of  a  line  voltage 
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volts  and  (I-3IIIJ  amps;  1  carbon  pile;  1  solenoid;  1  pressure 
spring;    1  dashpot. 

Welding  range,  75-175  amperes.  Maximum  capacity  continu- 
ous welding,  150  amperes  at  37.5  volts  at  panel  terminals.  A 
standard  C.  &  H.  starting  box  with  no  voltage  release  is  fur- 
nished. 

The  unit  is  light  in  weight,  compatible  with  high  efficiency 
and  continuous  output.  It  is  not  designed  to  run  only  a  few 
minutes  at  a  time,  for  its  temperature  rise  is  the  same  as  the 
standard  Wilson  machine,  and  it  will  therefore  work  continu- 
ously at  full  rated  load. 


Wilson    Plastic    Arc    Rail     Bond    Welder. 

range  of  from  173  to  350  volts.  The  unit  for  normal  line  volt- 
age of  500  volts  D.  C.  for  mine,  trolley  and  third  rail  work 
will  take  care  of  a  line  voltage  range  of  from  350  to  700  volts. 
Both  units  will  weld  satisfactorily  at  the  lower  limit  of  voltage 
and  will  automatically  take  care  of  any  sudden  surge  up  to 
the  higher  limit  of  voltage. 

Great  care  has  been  taken  in  the  magnetic  design,  so  that 
all  troubles  caused  by  sudden  surges  of  high  voltage  are 
avoided.  A  flash  over  caused  by  heavy  surge  is  next  to  im- 
possible. The  rail  bond  welder  is  of  the  enclosed  type,  so 
that  the  windings  cannot  be  damaged  by  anything  dropping  in 
the  machine;  at  the  same  time  water  from  a  sudden  rain- 
storm will  not  get  into  the  windings. 

A  modified  standard  Wilson  controlling  panel  is  used  in 
conjunction  with  the  dynamotor  and  will  keep  the  current 
constant  at  any  predetermined  current  it  is  set  for.  This 
modified  panel  is  known  as  the  type  K-5;  it  is  compact  and  of 
light  weight  and  consists  of  the  following  parts  mounted  on 
Ebonite  non-fragile  board:  1  main  switch,  two  pole;  1  voltage 
switch,    single   pole;    1    combined   volt   ammeter,   range   0-75 


Cost  of  Operating  6-Ton  Truck  in  Moving 

Coal 

The  Youghiogheny  Coal  Co.,  the  largest  retail  coal  dealer  in 
the  Pittsburgh  district,  moves  over  60,000  tons  of  coal  monthly 
by  motor  truck.  The  company  has  a  fleet  of  15  6-ton  trucks. 
Some  interesting  figures  on  the  operation  of  these  trucks  are 
given  in  The  Coal  Age,  from  which  the  note  following  is 
taken. 

It  has  been  found  that  these  C-ton  trucks  will  cover  2.15 
miles  on  a  gallon  of  gasoline  and  that  an  equal  measure  of 
lubrication  oil  furnishes  sufficient  lubricant  to  the  motor  for 
130  miles  of  travel.  In  computing  truck-operation  costs,  noth- 
ing is  overlooked  by  the  Youghiogheny  officials.  Table  I 
shows  the  costs  of  operation  of  a  single  6-ton  truck  for  one 
year. 

TABLE  I— COST  OF  OPERATING  COAl>  TRUCK  FOR  OXR  YEAR 
Wages    $4,064.46        Tires %    164.35 


Repairs  and  supplies —  692. 2S 

License    25.00 

Superintendence    179. 3S 

■Workmen's    compensiition  59. TS 


Depreciation     1,365.45 

Gasoline    1.196.11 

Lubricants    119. S3 

Garage   700.20 

In.surance    :j6!t,.", . 

Total   expenses    $8,936.41 

TABLE  n— AVERAGE  YEARLY  RECORD  OF  .MACHINES  IN 
SERVICE. 

Total  hours  2,529 

Total  miles   9,103 

Tons  hauled    17.681 

Total  expenses   $8,936.41 

Cost  of  operating  one  hour $3.53 

Cost  of  hauling  one  ton  one  mile *"" JI 

Average  tona  to  a  load 5.87 

In  figuring  the  cost  of  hauling  one  ton  one  mile  the  mile- 
age figured  is  that  made  by  the  truck  in  running  under  load. 
The  wages  may  appear  high  but  this  expenditure  is  for  two 
men,  for  to  each  truck  a  driver  and  a  helper  are  assigned. 
The  company  owns  its  own  garage,  but  this  expense  is 
charged  up  to  the  trucks  as  if  space  of  equal  area  were  be- 
ing ;-?nted.  This  illustrates  how  closely  operating  costs  are 
calculated. 

This  expense,  shown  as  $3.53  in  Table  II.  is  rather  high  be- 
cause a  company  using  trucks  from  its  tipple  over  a  compara- 
tively long  haul  probably  would  not  have  need  of  two  men  on 
the  machine. 


Long-Lived  Track  and  Wood  Preservation 

There  has  been  some  disagreement  among  track  engineers 
on  the  question  of  the  value  and  the  need  for  preservative 
treatment  of  wood  ties  when  laid  in  conjunction  with  well- 
paved  track.  Not  a  little  light  is  thrown  on  the  subject 
through  the  article  by  W.  L.  WTiitlock  in  the  issue  of  this 
paper  for  Jan.  22;  wherein  the  statement  is  made  that  treated 
hemlock  ties  were  found  to  be  in  a  good  state  of  preserva- 
tion after  22  years  of  service  in  the  tracks  of  the  Denver 
Tramway. 

Hemlock  ties,  untreated,  have  an  average  life  of  five  years 
in  open  track,  according  to  estimates  on  tie  life  given  in  H. 
F.  Weiss'  book  on  timber  preservation.  On  this  basis  the 
results  reported  for  the  Denver  installation  indicate  that  the 
treatment  has  increased  the  life  of  the  tie  more  than  four 
times  the  estimated  untreated  life.  Mr.  W'eiss  gives  the  esti- 
mated life  ot  treated  hemlock  ties  in  open  track  as  15  years. 
Hence,  it  may  reasonably  be  argued  that  the  track  pave- 
ment under  which  the  ties  in  question  have  been  in  service, 
by  keeping  the  ties  in  a  fixed  state  of  moisture  content,  has 
added  seven  years  to  the  estimated  treated  life  of  hemlock 
ties. 

Mr.  Whitlock  also  states  his  belief  that  the  good  water- 
proof pavement,  which  was  wisely  installed  when  the  tracks 
were  built,  proved  to  be  a  prominent  factor  in  preserving 
the  other  parts  of  the  track  structure  and  accounts  for  the 
remarkably   small    amount   of   deterioration   found    in   all   de- 
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tails  of  the  track.  This  statement  fits  in  with  the  observa- 
tions of  the  editors  of  this  paper  to  the  effect  that  good  pave- 
ments are  essential  to  good  tracks  and  that  when  the  water 
is  kept  out  of  the  substructure  the  pavement  acts  as  a  real 
track  lite  preserver.  "Keep  the  water  out"  has  become  an 
axiom  in  the  track  engineer's  manual. — Editorial  In  Electric 
Railway  Journal. 


Method  of  Sheeting  Trench   in  Running 

Sand 

The  illustration  shows  a  method  of  putting  in  cribbing  after 
a  ditching  machine  trenching  in-  caving  and  running  sand. 
The  ditch  ran  from  S  ft.  to  14  ft.  in  depth.  The  drawing  shows 
the  angle  at  which  the  stretchers  were  run.  After  stretcher 
"G"  was  in  place,  "F"  was  put  on  it,  and  a  jack  placed  at 
"D"  and  another  at  "E."  When  "B"  was  put  in  position,  the 
jacks  "I"  and  "C"  also  were  put  in,  and  jack  "D"  removed. 


Sketcn    Shewing    Method    of    Sheeting    After    Ditching    Machine    in 
Running    Sand. 

The  length  of  stretchers  used  was  8  ft.,  and  they  were  lapped 
over  each  other  about  3  ft.  The  sheathing  followed  the  dig- 
ger "K"  as  closely  as  possible,  even  up  the  slopes  as  shown 
at  1,  2,  3,  4-7.  The  lower  stretchers  were  placed  in  the  same 
manner  as  the  top  stretchers.  The  arrangement  was  de- 
vised by  W.  E.  Donner  of  Houston,  Tex.  By  means  of  it  an 
average  of  300  ft.  of  12-in.  tile  was  laid  per  10-hour  day. 


Chemistry.  Geologists  stick  to  their  profession^  with  the 
greatest  tenacity.  There  are  M.  E.'s  in  the  wholesale  gro- 
cery business,  piano  manufacture  and  building  construction; 
farming  and  general  contracting  have  attracted  a  large  num- 
ber. Civil  Engineers  are  practicing  electrical  and  mechan- 
ical work,  are  in  the  clothing  and  laundry  business,  are  found 
amongst  the  clergy,  and  some  are  certified  public  accountants. 
Banking,  insurance,  and  brokerage  have  attracted  electrical 
men  more  than  others.  One  architect  has  become  a  genealo- 
gist, chemists  have  become  physicians,  and  General  Engineers 
have  become  dentists.  Many  patent  lawyers  have  graduated 
from  the  course  in  Chemical  Engineering;  forestry  is  another 
profession  taken  up  by  the  Chemical  Engineers. 


Average  Street  Railway  Fare  Increased  Only 
48%  Since  1913 

The  average  rates  of  street  car  fare  in  effect  from  1913  to 
January,  1921,  in  cities  of  the  United  States  of  50,000  popu- 
lation or  more,  are  shown  in  the  accompanying  tabuVation 
taken  from  the  February  Aera.  The  figures,  which  were  com- 
piled by  Prof.  Albert  S.  Richey,  consulting  electric  railway 
engineer,  show  the  average  rates  in  effect  during  the  past 
eight  years  in  all  cities  in  the  United  States  having  50,000 
or  more  population,  with  the  exception  of  New  York  City, 
weighted  according  to  population.  Where  charges  are  made 
for  transfers  and  reduced  rate  tickets  sold,  these  facts  have 
been  taken  into  consideration  in  making  the  calculations. 
From  the  table  it  will  be  noted  that  the  average  rate  of  fare 
for  this  group  of  cities  has  increased  from  4.8425  ct.  in  1913 
to  7.1762  ct.  in  January,  1921,  or  approximately  48  per  cent. 
A  glance  at  the  figures  also  shows  that  the  increase  from 
month  to  month  has  been  gradual  with  no  marked  rises.  In 
June,  1918,  the  average  fare  touched  5  ct.  and  it  was  not 
until  August,  1919,  that  it  passed  the  6  ct.  mark,  and  Novem- 
ber last  that  it  reached  7  ct.  Professor  Richey's  table  in  full 
follows : 


Occupations  of  Technical  Graduates.— The  following  table, 
compiled  from  the  "Register  of  Former  Students"  of  Massa- 
chusetts Institute  of  Technology  and  printed  in  the  February 
Tech.  Engineering  News,  gives  an  approximate  idea  of  the 
graduates  of  the  Institute  who  are  not  working  within  the 
scope  of  their  professional  course: 

Per  cent 
of  graduates 
Course.  in  their  course. 

I       — Civil    Engineering "-J^ 

n     ^Mechanical  Engineering   |5 

in   — Mining  Engineering  75 

IV  — Arcliitecture   *2 

V  —Chemistry    5? 

VI  — Electrical  Engineering   70 

VII  —Biology  and  Public  Health 80 

Vni— Physics   60 

IX  —General  Science  or  General  Engineering fo 

X  — Chemical  Engineering  80 

XI  — Sanitary  Engineering  66 

XII  —Geology «0 

Xin — Naval    Architecture    TO 

XIV  — Electrochemical  Engineering lO 

XV  — Engineering  Administration 85 

Most  of  those  who  are  not  following  their  professional  course 
have  forsaken  engineering  and  science,  but  some  have  re- 
mained in  a  branch  of  engineering  or  science  quite  different 
from  that  part  of  their  preparation.  In  compiling  the  table, 
men  at  work  in  branches  closely  allied  to  their  course  have 
been  considered  as  at  work  in  it.  Commenting  on  the  facts 
brought  out  in  the  table  the  Tech.  Engineering  New^s  says: 
Course  VIII  men  show  the  greatest  tendency  to  leave  their 
professional  course,  largely  because  they  may  enter  various 
branches  of  engineering  with  comparative  ease.  Then  come 
Course  IX  men  for  the  same  reason.  Course  XI  men  show 
the  same  percentage  of  changes,  many  of  these  men  going 
into  straight  "Civil"  work.  The  large  variety  of  changes  en- 
tirely away  from  engineering  and  allied  occupations  come 
Irom  the  men  who  have  taken  the  older  and  more  popular 
courses,  namely.  Civil   Mechanical,  Electrical  Engineering  and 
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AVERAGE    STREET    RAILWAY  FARE 

LATION. 

1913 4.8425  April, 

Sept.,      1914 4.8483  May, 

Jan.,       1917 4.8474  June, 

March,  1917 4.849G  July, 

April,      1917 4.8507  Aug., 

July,       1917 4.8722  Sept., 

Oct..       1917 4.8978  Oct., 

Dec.       1917 4.9096  Nov., 

Jan.,       191S 4.9244  Dec, 

Feb.,       1918 4.9259  Jan., 

March,  1918 4.9326  Feb., 

.\pril,      1918 4.9477  March 

May,       1918 4.9792  April, 

June,      1918 5.0625  May, 

Julv.       1918 -. 5.0870  June, 

Aug.,      1918 5.2047  July. 

Sept.,      1918 5.2412  Aug., 

Oct.,       1918 5.4238  Sept., 

Nov.,      1918 5.4368  Oct.. 

Dec,       1918 5.5383  Nov., 

.Tan.,       1919 5.5675  Dec, 

Feb.,       1919 5.570?  Jan.. 

March,  1919 5.5731 


Vi^EIGHTED    BY    POPU- 

Cents. 

1919 5.5483 

1919 5.5964 

1919 5.6431 

1919 5.7902 

1919 6.0593 

1919.: 6.1123 

1919 6.1471 

1919 6.2920 

1919 6.2475 

1920 6.2893 

1920 6.2912 

,  1920 6.3048 

1920 6.3505 

1920 .- 6.3884 

1920 6.4S66 

1920 6.6820 

1920 6.8511 

1920 6.9033 

1920 6.9441 

1920 7.1167 

1920 : 7.1420 

1921 7.1762 


Illinois  Leads  Nation  in  Electric  Railways. — Illinois  ranks 
first  in  the  amount  of  money  and  development  of  its  electric 
utilities,  second  in  wealth  and  railway  mileage,  second  in 
electric  railway  trackage  and  investment,  second  in  telephone 
investment  and  development  and  third  in  manufactures  in  the 
48  states  of  the  Union,  according  to  the  annual  reports  of  the 
Illinois  State  Electric  Association,  Illinois  Gas  Association 
and  Illinois  Electric  Railway  Association.  In  1906  the  reports 
show  the  investment  in  electricity,  gas,  electric  railways  and 
telephones  in  Illinois  was  but  $375,000,000,  or  about  $75  an  in- 
habitant. On  Dec.  31,  1920,  the  investment  hal  reached  more 
than  $1,300,000,  or  $192.20  per  man,  woman  and  child  in  the 
state.  The  demand  for  service  has  increased  at  such  rapid 
rate  that  $125,000,000  a  year  is  needed  from  investors  for 
additional  plants  and  equipment,  the  reports  declare,  while 
the  number  of  employes  is  in  excess  ot  180,000.  Owners  of 
securities  of  the  utilities  number  close  to  450,000. 


Subways  for  Capital  City  of  Japan. — Plans  for  30 
miles  of  subway  lines  to  bo  built  in  Tokio,  capital 
city  of  Japan,  are  now  under  consideration,  according  to 
a  press  dispatch.  Ever  since  the  plan  for  the  underground 
lines  as  a  means  of  relieving  the  badly  congested  traffic  of 
Tokio  was  suggested  in  1918,  there  has  been  skepticism  be- 
cause of  the  fact  that  Tokio  is  built  on  ground  that  was  once 
part  of  the  sea,  or  "made  ground."     The  new  engineering 
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company,  agents  for  the  Tokio  Underground  Railways  Co., 
Ltd.,  claims  to  have  made  tests  and  announces  that  there  is 
no  doubt  of  the  ability  ot  the  land  to  stand  the  construction 
of  the  subway.  The  company  received  its  charter  in  1918 
from  the  government.  It  has  recently  voted  to  increase  its 
capital  stock  from  Y10,000,000  (|5,O0O,O00J  to  Y80,000,000 
($40,(100,000).  If  the  plans  as  submitted  are  carried  out 
Tokio  will  have  the  first  underground  railway  line  ever  built 
in  the  Orient.  While  the  company's  plans  are  still  in  the 
formation  stage,  it  has  gone  as  far  as  to  establish  headquar- 
ters in  the  Kaijo  Bldg.,  Tokio,  and  arrange  for  calling  into 
consultation  prominent  engineering  men  from  France  and 
America. 


Breaking  Up  Old  Masonry  with  Quicklime.— According  to 
a  bulletin  of  the  National  Mme  Association  the  expansive 
force  developed  by  slaking  quicklime  affords  an  easy  way 
of  breaking  up  an  old  stone  wall  or  other  masonry  or  knock- 
ing out  a  brick  pier.  The  suggested  method  of  using  this 
quicklime  is  as  follows:  Drill  a  good-sized  hole  in  the  wall — 
making  this  bottle  shaped  with  as  small  an  opening  as  possi- 
ble. Put  in  quicklime  until  this  hole  is  almost  full  and  make 
a  tight-fitting  wooden  plug  that  can  be  driven  firmly  into  the 
opening.  Quickly  pour  in  enough  water  to  slake  the  lime 
and  drive  home  the  plug.  The  expansion  of  the  lime  as  it 
slakes  will  exert  a  tremendous  pressure  that  will  easily  break 
up  any  ordinary  piece  of  masonry. 


News  Letter 

ST.    LOUIS    ITEMS. 
By  A.   B.   Koenig. 

The  L..  J.  Smith  Construction  Co.  will  finish  tracklaying  on  the 
Uvalde  &  Northern  R.  K.  in  Texas  in  a  tew  days.  They  «hippea 
another  steara  shovel  .and  a  number  of  cars  to  their  briage-hiling 
job  on  the  While  River  branch  of  the  ilissouri  Pacific  R.  R.  in 
southwestern  Missouri  ,ind  northwestern  Arkansas. 

The  Ucard  of  Supervisors  of  the  L.ittle  River  Drainag-:  District 
of  Cape  Girardeau,  Mo.,  lias  let  the  contract  for  the  bale  Creek 
diversion  channel  and  for  clearing  out  of  Castor  River  from  Zeta 
to  the  head  of  Uitch  >.o.  3S  in  Stoddard  County  to  W.  E.  Calla- 
han Construction  Co.  ot  Dallas,  Te.\.,  for  $1U5,U75.  One  bid  was 
cheaper  than  the  Dallas  lirm,  but  it  was  based  on  work  by  one 
machine.  The  Callahan  Company,  besides  getting  the  contract 
from  the  Little  River  commissioners,  lias  a  S2,OU0,OU0  contract  tor 
ditcning  in  iiutler  County  for  the  Interriver  Drainage  District. 

Johnston,  Austin  &  Mautz  of  iienlon.  111.,  are  low  bidders  on 
129, uUO  yards  of  Illinois  state  road  work,  also  660  yards  of  small 
culvert  (concrete;  work.  They  e.xpect  to  open  an  office  in  Ashley. 
111.,  when  contract  has  been  signed.  James  Austin  will  be  in 
charge. 

Plans  arc  to  be  made  immediately  for  a  new  viaduct  over  the 
Santa  Fe  tracks  at  26tli  street,  in  Kansas  City,  Kans.,  according 
to  information  given  to  J.  L..  Beggs,  street  commissioner,  by  H.  D. 
Wagner,  chief  engineer  for  the  eastern  lines  of  the  Santa  t'e.  The 
new  viaduct  will  replace  an  outworn  wooden  structure.  The 
2(lth  street  viaduct  is  part  of  an  important  thoroughfare  from  the 
north  side  of  Kansas  City,  Kan.,  to  the  .Santa  Fe  station  in  Ar- 
gentine. 

George  Peterson,  another  one  of  the  good  old-time  contractors. 
has  passed  away.  Peterson  died  at  the  home  of  his  son,  W.  J.,  in 
Omana,  at  the  age  of  6U  years  after  a  brief  illness.  Four  sons, 
Martin,  W.  J.,  Edward  and  Charles  Peterson,  survive. 

Contract  for  designing  the  14-story  Tristale  Hotel  for  Meipnhis 
was  let  to  Barnett,  Haynes  &  Barnett.  St.  I.>ouiS  architects.  The 
building  is  to  cost  $1,500,000  and  will  have  400  guest  rooms. 

Harrington  Bros,  are  back  in  the  contracting  game  with  both 
feet.  The  boys  have  been  quiet  for  the  past  year  or  so.  but  went 
to  SpringrtelQ  at  the  big  state  road  letting  on  Feb.  19  and  copped 
oft  a  190.000  yards  ot  grading.   Route  25,  Section  3A,  at  Efflngham. 

More  than  $300,000  worth  ot  securities  of  the  Decatur  Water 
Supply  Co.,  organized  with  a  capital  of  $1,000,000  to  assist  in 
financing  the  impounding  of  an  adequate  water  supply  for  the  city, 
were  sold  to  the  Decatur  citizens  the  first  week  in  Match.  The 
dam  now  under  construction  is  financed  by  a  bond  issue.  The 
money  raised  by  the  water  supply  company  will  be  used  to  buy  the 
4,000  acres  of  land  that  will  be  Hooded. 

Buis  &  Ol.^on,  St.  Joseph,  Mo.,  are  low  bidders  on  grading  a 
couple  of  sections  of  the  new  Illinois  state  roads. 

Approximately  $500,000  will  be  spent  on  improvements  bv  the 
East  St.  Ixiuis  &  Interurban  Water  Co.  C.  M.  Horner,  superin- 
tendent of  the  company,  said  on  his  r-.nurn  from  the  east,  where 
he  has  been  inspecting  water  plants.  Among  the  improve- 
ments will  be  a  new  reservoir  and  a  new  outlet  sewer  to  the  river 
at  the  high  service  station,  N  and  Front  streets,  East  St.  Louis. 
Belleville,  Venice,  Brooklyn  and  Madison,  as  well  as  East  St.  Louis 
are  served   from  the  plant. 

T.  L.  Aldridge  &  Co.,  Wolf  Lake,  III.,  secured  a  piece  ot  grading 
in  the  new  Illinois  state  roads. 

Ira  J.  Printy  is  finishing  his  state  road  job  in  southern  Illinois. 
E.xpects  to  move  on  to  another  in  central  Illinois  as  soon  as 
through. 

M.  L.  W'indham  is  repairing  two  steam  shovels  at  Centralia  III. 
getting  them  ready  for  spring. 

J.  H.  McFarlin  is  laying  some  industrial  tracks  in  Springfield 
ni.     Bought  some  rails  here  last  week. 

Springfield,  111.,  looked  like  a  contractors'  convention  or  nicnic 
on  Feb.  18  when  bids  were  opened  for  constructing  125  miles  ot 
hard  roads  in  the  state  this  year.  Over  400  bids  were  submitted 
The  compilation  of  figures  by  the  State  Department  shows  the 
following  low  bidders  on  the  various  sections  throughout  the  state: 
Jackson  County,  Section  1,  Schmidt  Bros."  Constr.  Co.,  Chicago  or 
Hamilton  Construction  Co.,  Carliondale;  Perry  County,  Sections  5 
and  C.  H.  Pftzmeyer,  Jr.,  Terre  Haute.  Ind.:  Livingston  County 
Section  8,  Pred  Lorenz,  Oak  Glenn:  Livingston  County,  Section  9! 
Andrew  Ward,   Oak  Glenn;  Livingston  County,  Section  10,   Hedges 


Construction  Co.,  CMiicago;  Kane  County,  Sections  8.  9  and  10.  Mo- 
Call  Construction  Co.,  Chicago;  Henry  County,  Section  2.  Schmidt 
Bros.'  Coi  sliuction  Co.;  Heniy  County,  Section  4,  J.  J.  Dunnegan, 
Shenandoah,  la.;  Knox- Warren  Counties,  Section  1,  Schmidt  Bros." 
Construction  Co.;  Knox  County,  Sections  1  and  2.  J.  J.  Dunnegan; 
Champaign  County,  Sections  1,  2  and  3,  William  Menley,  I'Yankfort, 
Ind.;  Macon  County,  Sections  \Z  and  14,  Hedges  Construction  Co.; 
St.  (;iair  and  Clinton  Counties,  Sections  2  and  3,  Frazer-Davis  Co., 
.St.  J^uis;  WashinRton  County,  Sections  9  and  10,  Cameron-Joyce 
Co.,  Keokuk,  la.;  Kankakee  County.  .Shidler  Construction  Co.,  Kan- 
kakee; Efflngham  County,  Section  1,  Mantz  &  Orrcn,  St.  Elmo. 

10.  A.  Mi<hall  has  eight  teams,  wheelers  and  fresno  outfit  idle 
at   Gcneseo,  III. 

W.  A.  Gierke  has  finished  his  work  at  Roodhouse,  111.  Looking 
for  a  job  suitable  for  a  10-tcam  outfit. 

L.  I.  Viall  is  about  through  with  his  steam  shovel  work  at 
Sleeper,  JIo.  Has  two  shovels  that  he  can  place  on  work  imme- 
diately. Sleeper,  Mo.,  or  3936  Euclid  Ave.,  Kansas  City,  .Mo.,  will 
catch  him. 

I'he  city  of  Moberly,  Mo.,  is  receiving  bids  for  construction  of  a 
new    reservoir. 

P.  v..  Houck,  secretary-treasurer  of  the  Fred  R.  Jones  Co., 
Chicago,  wa.i  in  town  the  other  day  looking  over  this  part  ot  the 
country.    Nothing  new. 

Contractors,  when  in  want  of  labor  or  work  for  their  outfits  get 
in  touch  with  the  Koenig  Labor  Agencies,  612  Walnut  St.,  St. 
Louis,   or  501  Delaware  St.,   Kansas  City,  Mo. 

Gov.  Len  Small  of  Illinois  on  March  5  instructed  Col.  C.  R. 
Miller,  director  of  public  works  and  buildings,  to  reject  all  road 
bids  leceived  on  Feb.  18. 

Mike  Walsh  was  awarded  contract  for  the  excavation  and  foun- 
dation work  for  the  new  city  hall  addition  in  Kansas  City,  Mo. 
Wal.sh's  bid  was  the  lowest  of  eight  bids  and  $400  under  the  city 
engineer's  estimate. 

B.  F.  Brooks  Construction  Co.,  Eastland,  Tex.,  have  a  20-tpam 
machine  anc  fresno  outfit  idle. 


Personals 

W.  N.  Grambling,  formerly  city  engineer  of  Brunswick,  Ga.,  has 

been  elected  i-it.\-  ni.anager. 

Frank  Aydelotte,  American  secretary  to  the  Rhodes  Scholarship 
trustees  and  professor  of  English  at  Massachusetts  Institute  of 
T.jcanology,  has  been  chosen  president  of  Swarthmore  College, 
Swarthmore,  Pa.  He  succeeds  Dr.  Joseph  Swain,  who  retires  in 
June. 

C.  T.  Jackson,  heretofore  district  engineer  Chicago,  Milwaukee 
&  St.  Paul  Ry.,  has  been  appointed  principal  assistant  engineer. 
He  will  be  located  in  Chicago  and  will  handle  such  matters  as  may 
be  assigned  by  the  chief  engineer.  The  two  offices  of  district  en- 
gineer on  the  Southern  District  have  been  consolidated. 

Capt.  Charles  F.  Healey,  a  member  of  the  staff  of  the  director- 
general  of  transportation  of  the  A.  E.  F.,  has  been  appointed  as- 
sistant lily  engineer  of  Chicago  by  City  Engineer  Alexander  .viur- 
doch.  Victor  S.  Patterson,  the  present  assistant  engineer,  will  re- 
turn to  his  old  position  of  chief  efflciency  engineer  in-  the  office  of 
the  City  Controller. 

G.  W.  Abbott,  division  engineer,  Boston  Division,  Boston  & 
Albany  R.  R.,  has  been  appointed  principal  assistant  engineer,  with- 
headquarters  at  South  Station,  Boston,  succeeding  E.  S.  Draper, 
deceased.  W.  B.  Knight,  division  engineer,  Albany  Division,  has 
been  transferred  to  Boston  Division,  with  headquarters  at  South 
Station.  Boston,  succeeding  Mr.  Abbott.  E.  K.  Mentzer.  supervisor 
of  track,  sub-division  1,  has  been  appointed  division  engineer, 
.4Ibany  Division,  with  headquarters  at  Springfield,  succeeding  Mr. 
Knight.  F.  A.  Jones,  office  engineer.  South  Station.  Boston,  has 
been  appointed  supervisor  ot  track,  sub-division  1.  with  head- 
quarters at  South  Station,  Boston,  succeeding  Mr.  Mentzer.  E.  G. 
Hartford,  assistant  engineer,  has  been  appointed  office  engineer, 
with  headquarters  at  South  Station,  Boston,  succeeding  Mr.  Jones. 


Industrial  Notes 

Henry  Hoeltge,  until  recently  western  advertising  manager  for 
The  Pluuibers'  Trade  Journal,  Steam  and  Hot  Water  Fitters'  Re- 
view, has  been  appointed  advertising  manager  of  The  Central 
Foundry  Co.,  90  West  St..  Xew  York.  Mr.  Hoeltge  is  an  o.ld  Cen- 
tral Foundry  man,  having  rounded  out  several  years  with  this 
company  prior  to  entering  the  arnij-  back  in  1917. 

A.  M.  Castle  &  Co.  of  Washington,  Seattle,  W'ash.,  dealers  in 
steel  and  hardware,  have  recently  purchased  a  large  portion  ot  the 
real  estate  and  buildings  owned  by  the  Skinner  &  Eddy  Shipbuild- 
ing Corporation  at  Seattle,  Wash.  The  cost  value  of  the  property 
was  appi oximately  $625,000.  The  property  thus  acquired  will  per- 
mit t'le  A.  M.  Castle  &  Co.  of  Washington  to  carry  out  its  plans 
for  expansion  into  carrying  a  larger  stock  of  materials,  including 
all  sizes  and  shapes  of  structural  steel. 

The  Conveyors  Corporation  of  America,  formerly  The  American 
Steam  Conveyor  C.irporation,  Chicago,  announces  that  the  Power 
Equipment  Co.,  1:^1  State  St..  Boston,  has  tieen  appointed  as  New 
England  representative  for  the  sale  of  its  American  trolley  car- 
rier, monorail  equipment  for  handling  coal,  ashes,  sand,  gravel  and 
other  loose  bulky  materials.  Colwell  &  McMullin,  79  Milk  St., 
Boston,  are  the  New  England  representatives  for  the  company's 
American  steam  ash  conveyor. 

The  Plymouth  Cordage  Co.,  of  Plymouth,  Mass.,  has  undertaKen 
an  unusual  and  interesting  activity  in  connection  with  the  celebra- 
tion to  be  held  next  summer  at  Plymouth  to  celebrate  the  300th 
anniversary  of  the  establishment  of  the  Plymouth  colony.  Thou- 
sands of  new  people  will  visit  the  famous  watering  place  during 
the  summer  months  while  many  other  thousands  while  interested 
in  the  activities  tiiere,  will  be  unable  to  attend.  The  Plymouth 
Cordage  Co.  is  preparing  to  welcome  those  who  come  and  to 
furnish  those  who  cannot  come  with  interesting  information  £is  to 
the  activities.  To  do  this  properly,  the  Plymouth  Cordage  Hos- 
pitality Club  has  been  formed.  It  is  not  a  commercial  organization. 
A  new  brick  clubhouse  is  being  built.  Information  Bureaus  will  bo 
established  and  special  recreational  facilities  have  been  decided  I 
upon.  All  this  has  been  done  for  those  who  come.  But  the  club 
officers  realize  that  but  very  few  of  the  people  who  are  interested 
in  the  celebration  will  be  able  to  attend  and  for  these  members  who 
cannot  come  they  are  preparing  a  series  of  souvenir  booklets.  The 
first  of  this  series  is  now  ready  for  distribution.  Furthermore,  the 
Information  Bureau  of  the  Plymouth  Cordage  Hospitality  Club  is 
always  open  to  all  of  its  members  whether  they  are  coming  to 
Plymouth  or  not.  This  Bureau  vv'ill  give  any  information  required 
about  New  England — its  motor  routes,  train  schedules,  every  activ- 
ity \n  which  the  average  vacationist  is  interested.  There  are  no 
dues  nor  obligations  connected  with  this  club.  Everything  is  free. 
It  is  founded  in  the  spirit  of  good-fellowship.  The  very  unusual 
object  and  activities  ot  this  club  have  caused  thousands  to  become 
members. 
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Roads  and  Streets— 1st  Wednesday 


(a)  Roads 

(b)  Streets 


ic)    Street    Cleaning 

(d)    Municipal    Miscellaniea 


(e )    Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers   and   Sani 

tation 

\ei    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

( a)  Excavation  (c)    Quarries    and    Pits 

(b)  Management    and        (d)   Steam    Railways.   Con- 
Offlce    System  struct  ion   and   Maintenance 

( ej    Electric    Railway    Construction 
and    JIainte nance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


( d)    Misce-llaneous    Structures 

ie>    Properties     of     Materials 

(f)    Management     and     Office 

System 
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Should  the  PubUc  Regulate  Rents? 

In  many  cities  rents  have  risen  so  greatly  that  public  reg- 
ulation of  rents  is  not  only  being  discussed  but  steps  are 
actually  being  taken  to  place  city  real  estate  in  the  cate- 
gory of  a  public  utility  subject  to  the  control  of  a  rate-regulat- 
ing body.  For  example,  the  city  of  Los  Angeles  recently 
passed  an  ordinance  limiting  annual  rents  to  11  per  cent 
gross  on  the  cost  of  the  land  and  building.  New  York  State 
has  a  new  law  controlling  rentals  and  the  Illinois  Legisla- 
ture is  considering  a  bill  of  similar  nature., 

The  U.  S,  Supreme  Court  will  doubtless  declare  void  any 
law  that  limits  rents  to  a  fixed  per  cent  upon  the  cost  of 
land,  for  the  14th  amendment  prohibits  the  confiscation  of 
property  value.     Moreover,  what  is  the  "cost"  of  land? 

If  it  is  its  "original  cost,"  then  it  is  nothing.  If  it  is  the 
price  paid  by  the  last  purchaser,  it  can  change  in  the  time 
that  it  takes  to  sign  a  deed. 

Henry  George  advocated  the  confiscation  of  all  land  values 
by  the  Government,  his  device  for  effecting  the  confiscation 
being  a  tax  equal  to  the  land  rental.  But  the  present  advo- 
cates of  public  control  of  land  rentals  stop  short  of  so  ex- 
treme a  measiire,  and  in  doing  so  show  less  knowledge  of 
economic  principles  than  even  Henry  George  showed.  They 
would  base  land  rentals  upon  cost,  but  they  fail  to  show 
how  the  cost  ol  land  can  be  regulated. 

As  tor  the  rental  of  buildings  alone,  it  would  not  be  diffi- 
cult to  base  a  rental  upon  the  cost  of  the  building,  for  the 
original  cost  would  be  estimated  closely  even  where  no 
record  of  the  tost  exists.  But  here  we  confront  an  economic 
difficulty  of  another  sort.  A  building  erected  in  1920  has 
cost  twice  as  much  as  a  building  of  the  same  size  and  type 
erected  in  1914.  Shall  the  tenants  of  the  1920  building  be 
required  to  pay  twice  as  much  rental  as  the  tenants  of  the 
1914  building?  That  is  what  the  cost  theory  would  lead  to. 
Consequently  nearly  all  tenants  would  seek  the  older  build- 
ings. Who  would  decide  as  to  the  conflicting  claims  among 
tenants  for  leaseholds?  Would  not  the  public  rental  com- 
mission be  obliged  either  to  resort  to  casting  of  lots  or  else 
show  favoritism?     And   what  of  the  investors  in  buildings? 


Would  they  not  also  seek  to  buy  old  buildings  and  refrain 
from  erecting  new  ones,  knowing  that  tenants  would  prefer 
the  old  buildings? 

Among  public  utility  rate  experts  it  has'  long  been  a  moot 
question  as  to  how  the  cost  theory  of  rate  regulation  could 
be  successfully  applied  to  two  parallel  railways  whose  cost 
of  construction  had  differed  considerably.  If  freight  rates 
were  made  high  for  one  and  low  for  the  other,  as  they  would 
have  to  be  if  their  respective  costs  differed,  then  the  low 
cost  road  would  secure  nearly  all  the  traffic  and  the  high 
cost  road  would  be  ruined.  If  freight  rates  were  made  the 
.?ame  for  both,  and  based  On  the  cost  of  the  high  cost  road, 
then  the  low  cost  road  would  have  freight  rates  not  based 
on  its  cost,  thus  upsetting  the  cost  theory  of  regulation,  to 
say  nothing  of  the  enormous  profits  that  the  low  cost  road 
would  be  allowed  to  secure.  If  the  cost  theory  of  price 
regulation  encounters  great  objections  even  in  the  case  of 
two  competing  railways,  consider  the  much  greater  difficul- 
ties that  beset  the  application  of  a  cost  theory  applied  to 
rentals  of  numerous  buildings. 

Probably  the  greatest  of  all  objections  to  any  cost  theory 
of  price  regulation  is  the  premium  that  it  puts  upon  ineflS- 
ciency  and  the  brake  that  it  applies  to  the  wheels  of  progress. 
To  be  held  down  to  a  fixed  annual  percentage  of  the  cost  of 
property  is  tantamount  to  being  told  that  economy  of  loca- 
tion or  design  shall  receive  no  reward.  X'nder  such  a  scheme 
the  "skyscraper"  would  probably  not  have  been  invented  for 
many  years  after  it  was  invented.  Indeed,  it  might  yet  be 
unknown.  Under  such  a  scheme  the  reinforced  concrete 
building  might  not  have  been  invented,  for  what  object 
would  there  have  been  in  designing  a  fireproof  building  lower 
in  cost  than  one  of  brick? 

Engineers  and  architects  exercise  their  ingenuity  for  the 
purpose  of  reducing  costs  to  their  clients,  in  order  that  those 
clients  may  increase  their  profits.  But  if  the  public  were  to 
base  rentals  upon  costs,  engineers  and  architects  would  have 
no  adequate  incentive  to  reduce  building  costs. 

The  cost  theory  of  price  regulation  is  economically  unsound, 
whether  applied  to  public  utilities  or  to  buildings.  Its  appli- 
cation to  railways  and  other  public  utilities  for  the  past  15 
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years  is  mainly  responsible  for  the  steadily  decrease  in  prog- 
ress in  those  fields.  Shall  a  theory  that  has  shown  such  poor 
economic  results  when  applied  to  railways,  traction  lines. 
gas  plants,  etc.,  be  applied  to  city  real  estate?  And  if  applied 
to  city  real  estate  shall  it  not  be  extended  to  include  country 
real  estate — farms? 

The  advocates  of  rental  regulation  in  cities  have  apparently 
no  knowledge  at  all  of  what  the  cost  theory  of  price  regula- 
tion logically  leads  to.  They  feel  the  pinch  of  rising  rents 
and  cry  to  legislative  bodies  tor  relief.  The  very  persons 
whose  wages  Lave  been  doubled  in  six  years  denounce  their 
landlords  as  "rent  hogs"  because  they  also  seek  a  doubling 
ot  their  income.  With  equal  logic  the  landlords  might  call 
their  tenants  "wage  hogs."  It  is  the  old  story  ot  microscopic 
vision  for  one's  own  fortune  and  myopic  vision  for  the  for- 
tune of  others. 


Secretary  Wallace  Advocates  New 

Price  Level  70%  Above  Old 

Level 

Secretary  of  Agriculture  Wallace  declares  his  belief  in  the 
wisdom  ot  maintaining  a  price  level  70  per  cent  above  the 
prewar  level.     He   says: 

We  cannot  hope  to  re.'ich  normal  condition.s  until  we  arrive  on 
a  price  level  which  will  be  fair  to  all  our  people  and  all  products. 
Farm  products  must  increase  in  price  and  other  products  must 
come  down  until  the  normal  relation  between  the  tv.'o  has  been 
restored.  This  talk  of  bringing  prices,  whether  farm  prices  or 
other  prices,  back  to  the  pre-war  normal  is  morally  wrong  and 
economically  impossible. 

We  incurred  a  heavy  national  debt  on  the  inflated  prices.  It  we 
could  loice  all  prices  back  to  the  pre-war  normal — which  we  can- 
not— it  would  be  equivalent  to  just  about  doubling  that  debt. 

We  can  pay  oft  our  debts  much  easier  if  we  maintain  a  price 
level  more  neaily  that  at  which  the  debts  were  incurred.  Of 
course,  the  excessively  high  prices  which  prevailed  during  the  war 
cannot  continue,  but  it  we  should  try  to  bring  about  a  level,  say, 
70  per  cent  above  the  pre-war  level  everybody  would  be  better  off. 

During  our  Civil  War  our  per  capita  currency  was  increased 
50  per  cent,  rising  from  $14  per  capita  in  1861  to  $20.60  in 
1S65.  It  fell  to  $19  in  1866,  and  to  %\^M  in  1867— a  drop  ot  10 
per  cent  in  two  years.  It  then  remained  at  practically  that 
level  till  1874,  when  it  began  to  fall  slowly,  reaching  a  level 
of  $1.5.30  in  1878.  But  three  years  later  it  was  up  to  $21.70, 
from  which  level  it  rose  steadily  thereafter. 

In  January  ot  1921  our  per  capita  currency  in  circulation 
was  $59.10  as  compared  with  $34.35  in  July,  1914,  or  a  72  per 
cent  increase.  It  was  probably  this  percentage  increase  in 
currency  that  led  Secretary  Wallace  to  suggest  a  new  price 
level  70  per  cent  above  the  prewar  level.  He  is  entirely  right 
in  arguing  that  our  national  debt  would  virtually  be  enor- 
mously increased  were  we  to  return  to  the  prewar  level  ot 
prices.  This  argument  has  been  used  with  effect  after  every 
great  war  of  modern  times.  It  was  this  argument  that  pre- 
vented the  early  retirement  of  greenback  currency  after  our 
Civil  War. 


Changes  in  Commodity  Prices 

We  give  in  this  issue  the  wholesale  price  indexes  of  com- 
modities by  months  for  the  past  seven  years.  It  will  be  seen 
that  the  average  of  all  commodities  was  167  for  February, 
as  compared  with  an  average  of  100  for  the  entire  year  of 
1913.  It  should  be  noted  that  farm  and  food  products  have 
declined  more  than  any  other  class  ot  commodities.  The 
decline  in  farm  products  has  been  so  great  that  we  may  look 
tor  a  rebound  from  the  low  levels  that  now  exist.  In  seeking 
reasons  for  the  differences  in  relative  price  declines,  it  is  note- 
worthy that  the  declines  have  been  greatest  for  those  classes 
of  commodities  that  are  produced  by  the  greatest  number  of 
individuals  or  companies.  In  such  cases  not  only  is  the  com- 
petition apt  to  be  ot  a  cut-throat  nature,  but  the  producers 
usually  live  from  hand  to  mouth,  being  dependent  largely 
upon  banking  credit.  This  is  particularly  the  case  with  farm- 
ers. Hence  the  prices  ot  farm  products  are  apt  to  swing 
violently  up  or  down,  entirely  apart  from  fluctuations  in  crop 
yields. 

Of  special  interest  to  the  economist  should  be  the  difference 
in  price  variations  of  copper  and  aluminum.  Copper  has  al- 
ways been  very  sensitive  to  business  conditions,  whereas 
aluminum  has  been  far  less  sensitive.    Copper  is  produced  by 


a  great  number  of  mining  companies.  Aluminum  is  produced 
by  very  few  companies.  Such  facts  indicate  thnt  excessive 
competition  among  financially  weak  companies  is  one  ot  the 
fireat  causoK  of  rapid  and  wide  changes  in  the  prices  ot  their 
products. 

It  will  be  seen  that  the  price  index  for  building  materials 
was  223  tor  February,  as  compared  with  341  for  last  May,  a 
decline  ot  33  per  cent  from  the  peak.  Building  materials  will 
probably  recede  still  more  in  price,  possibly  to  a  level  ot  170. 
On  the  other  hand,  many  other  commodities  will  probably 
rise,  lor,  in  the  long  run,  the  tendency  ot  each  class  ot  com- 
modities is  to  follow  the  general  price  level. 

The  weekly  price  indexes  that  are  published  by  the  two 
great  mercantile  agencies  (Dun  and  Bradstreet)  indicate  a 
decided  slackening  in  the  general  decline  during  March.  This 
was  to  be  expected,  tor  the  general  level  of  commodity  prices 
(167)  is  now  on  a  parity  with  the  per  capita  increase  in  cur- 
rency in  circulation.  There  will  be  a  temporary  fall  of  aver- 
age prices  bolow  this  level,  because  the  velocity  of  money 
turnover,  which  has  been  declining  very  rapidly  tor  nearly  a 
year,  will  decline  below  its  normal  before  it  swings  back  to 
normal;  but,  judging  from  past  experience,  further  decline  in 
the  rate  of  money  turnover  will  not  be  much  below  the  present 
rate. 


A  Formula  for  Predicting  Average 
Wage  Rates 

In  our  issue  ot  April  7,  1920,  we  published  Mr.  Gillette's 
deduction  of  a  formula  for  determining  wholesale  commodity 
price  levels.    It  was 

M  X  V 

W  = 

2  X  P  X  E 

W^  Wholesale  price  index 

V^  velocity  ot  money  circulation 

P  =  population 

E=Efflciency  of  production  per  capita. 

In  a  forthcoming  issue  Mr.  Gillette  will  deduce  a  formula 
for  determining  wage  levels. 

The  wage  formula  is — • 

0.8  X  M  X  V 

w^ 

P 
in  which  W  is  the  average  or  index  wage  (or  relative  wage), 
the  average  daily  wage  for  the  year  1860  being  taken  at  100 
per  cent.  This  wage  is  measured  in  currency  and  not  in 
commodities.  For  a  wage  (w')  measured  in  wholesale  com- 
modities, we  have — 

w'  =  w  -4-  W 
Hence 

wi  =  1.6  E 

This  means  that  the  average  wage  measured  in  commodi- 
ties is  proportional  to  the  per  capita  efficiency  of  production. 

The  formula  for  the  index  agrees  very  closely  with  the 
actual  index  wage  throughout  the  last  60-year  period.  Hence 
it  may  be  inferred  that  the  average  wage  will  drop  to  a  level 
as  much  above  the  prewar  level  as  the  per  capita  currency 
is  above  its  prewar  level.  Commodity  price  level  will  also 
settle  to  the  same  level,  as  indicated  by  the  formula  tor  com- 
modity prices. 

Per  capita  currency  is  now  about  70  per  cent  above  the 
prewar  level.  There  is  apt  to  be  some  further  shrinkage 
in  the  currency,  probably  not  below  60  per  cent  above  the  pre- 
war level.  If  the  new  per  capita  currency  level  settles  at  65 
per  cent  above  the  prewar  level,  then  both  wages  and  com- 
modity prices  will  settle  to  that  level  also. 

It  will  be  noted  that  average  wages  pleasured  in  money 
are  not  affected  by  efficiency  ot  production  (Ei.  whereas 
average  commodity  prices  vacy  inversely  as  the  efficiency  ot 
production.  Average  wages  measured  in  commodities  are 
directly  proportional  to  efficiency  of  production.  The  truth 
of  this  last  statement  had  long  been  recognized  by  econo- 
mists, but  the  first  verification  of  it  by  statistical  analysis  was 
given  in  our  issue  of  April  7,  1920. 


Bricklayers  and  Plasterers  Cut  Wages. — Organized  brick- 
layers and  plasterers  of  Mobile,  Ala.,  have  voluntarily  reduced 
their  wages  from  $10  to  $8  a  day,  giving  as  the  reason  the 
reduction  in  cost  ot  living. 
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Book  Review 


Masonry  Strottures. — By  Frederick  P.  Spalding,  Professor  of  Civil 
Engineering,  University  of  Missouri.  404  pages;  129  figures 
John  Wiley  &  Sons,  New  York.    1921.    $3.50  net. 

A  book  covering  as  wide  a  field  as  "Masonry  Structures" 
must  necessarily  be  bulky,  if  it  is  to  treat  its  subject  with  any 
completeness.  Even  the  branches  of  this  field  have  grown 
to  such  dimensions  as  to  require  large  volumes  for  their  own 
treatment. 

Yet  the  author  tries  to  encompass  this  field  in  a  volume  of 
4114  pages.  The  subject  matter  is,  as  a  result,  treated  in  a 
short,  concise  and  almost  encylopdaeic  manner.  Discussions, 
examples  and  details  so  necessary  in  the  treatment  of  various 
types  of  retaining  walls,  dams  and  arches,  where  the  design 
has  not  completely  outgrown  the  empirical  stage,  are  alto- 
gether absent.  No  amount  of  formula  and  numerical  exam- 
ples will  make  up  for  the  absence  of  details  of  actual  engi- 
neering practice  in  these  structures. 

The  arrangement  of  the  chapters  is  systematic.  The  chap- 
ter headings  are:  I.  Development  of  Masonry  Construction. 
II.  Cementing  Materials.  III.  Stone  Masonry.  IV.  Brick  and 
Block  Masonry.  V.  Plain  Concrete.  VI.  Reinforced  Con- 
crete. VII.  Retaining  Walls.  VIII.  Masonry  Dams.  IX. 
Slab  and  Girder  Bridges.  X.  Masonry  Arches.  XI.  Culverts 
and  Conduits.     XII,  Foundations. 

The  presentation  is  clear  and  distinct.  Advantage  is  taken 
of  new  developments  to  make  the  book  up-to-date;  such,  for 
Instance,  is  the  inclusion  of  terra-cotta  construction  (in  Chap- 
ter IV)  and  the  discussion  of  the  contributions  of  Messrs. 
Abrams,  Edwards  and  Young  to  the  science  of  proportioning 
concrete   (in  Chap.  V). 


»  Three  Great  Monopolies 

There  are  three  great  monopolies  in  the  United  States, 
the  United  Mine  Workers,  supported  by  the  check-off,  the 
railroad  unions,  supported  by  conditions  created  by  the 
United  States  Government,  and  the  various  building  trades 
unions,  supported  by  the  fact  that  the  building  owner  is  a 
different  man  each  time  and  does  not  care  to  make  a  contest 
for  the  benefit  of  the  next  man. 

The  worst  of  the  three  is  the  last  named  because  it  pre- 
sents a  condition  that  will  not  work  out  its  own  remedy 
but  causes  continued  hardship  to  the  entire  population.  The 
cost  of  coal  being  too  high,  the  users  of  coal,  constituting 
in  essence  practically  the  whole  population,  can  inquire  into 
the  cause  and  eventually  work  out  a  remedy.  The  facts  in 
the  railrpad  situation  are  so  big  that  they  will  attract  atten- 
tion, particularly  when  the  chief  business  of  railroad  offi- 
cials today  is  to  bring  the  situation  into  the  limelight.  As 
pointed  out  in  The  Iron  Age,  the  railroad  payroll,  which  is 
altogether  too  high,  is  38  times  the  special  one-half  per  cent 
in  expected  revenue  against  railroad  valuation,  the  percent- 
age the  Interstate  Commerce  Commission  accorded  the  rail- 
roads with  a  view  to  encouraging  the  making  of  better- 
ments. 

In  the  case  of  the  monopoly  of  the  unions  in  the  building 
trades,  there  is  no  general  corrective  force.  It  is  really  every- 
body's business  and  perhaps  it  is  on  that  account  that  it 
develops  into  nobody's  business.  For  years  apprenticing 
has  been  restricted  and  the  amount  of  work  done  per  man 
has  been  reduced.  High  initiation  fees  are  charged  for  ad- 
mission into  the  unions.  If  everything  is  not  absolutely 
"right"  on  a  building  job,  and  sometimes  when  it  is,  a  gen- 
eral strike  is  called.  The  owner  does  not  want  to  contest  for 
the  good  of  humanity,  his  interest  being  to  get  the  job  done. 
He  hopes  he  will  have  no  occasion  to  put  up  another  build- 

!    ins- 

I  The  propaganda  about  there  being  'a  shortage  of  houses" 
!  makes  the  matter  worse,  as  equine  sense,  not  to  call  it  prac- 
tical psychology,  would  indicate.  Does  the  propaganda  in- 
fluence the  carpenters  to  work  harder  or  the  plumbers  to 
avoid  "jurisdictional  disputes"?  Sometimes  a  civic  body 
takes  up  "the  housing  situation,"  and  invariably  in  the  case 
of  there  being  a  deadlock  between  seller  and  buyer  because 
the  seller's  price  is  too  high,  it  tries  to  induce  the  buyer  to 
come  to  terms.  In  Pennsylvania  they  have  a  law  holding 
down  the  interest  rate  to  6  per  cent,  and  they  are  trying  to 
get  the  law  changed  so  as  to  permit  the  buyer  to  pay  a  higher 
toll  for  money  to  be  distributed  to  bricklayers  for.  laying 
700  common  brick  or  300  face  brick  a  day  at  $1.50  an  hour. 
In  various  communities  tens  of  thousands  of  men  will  be 
idle   during   the    next    few    months,    but    beware    of    employ- 


ing any  of  them  in  building  construction!  There' must  be 
unanimous  consent  of  all  the  unions  in  the  building  trades, 
or  work  stops.  A  few  building  jobs  in  each  community  will 
give  positions  to  the  handfuls  of  men  that  have  their  union 
cards. 

The  so-called  shortage  of  dwelling  houses  represents 
chiefly  a  desire  on  the  part  of  the  people  to  'live  better.  From 
1910  to  1920  the  population  of  the  United  States  increased 
H.9  per  cent.  Many  houses  vacant  in  1910  are  now  occu- 
pied. Few  houses  have  been  torn  down.  Many  have  been 
bdilt.  by  the  individual  and  by  large  employers  of  labor. 
The  actual  accommodations,  in  proportion  to  population,  can- 
not have  greatly  decreased  in  the  10  years,  but  men  want 
to  live  better.  They  could  afford  to  live  better  if  construc- 
tioa  costs  were  not  so  inordinately  high  on  account  of  this 
peculiar  monopoly.  If  the  problem  is  not  solved  in  the 
right  way,  the  situation  will  be  met  in  the  wrong  way,  by 
people  being  forced  to  live  in  cramped  quarters  simply 
because  when  it  comes  to  building  one  is  not'free  to  employ 
whom  he  chooses  and  work  for  whom  he  chooses.  If  there 
ere  not  enough  artisans,  they  can  quickly  be  produced  in 
trade  schools.— Editorial  in  The  Iron  Age. 


The   Building   Guilds  as  an  Architect 
Sees  Them 

Mr.  Vv'alker,  writing  in  the  Architectural  Review,  dismisses 
the  Building  Trades  Guilds  of  England  with  the  somewhat 
contemptuous  remark  that  they  give  no  "guarantee."  This 
is  quite  true.  On  the  other  hand,  for  purposes  of  accuracy, 
it  should  be  mentioned  that  their  faithful  perforniance  is 
insured,  in  part,  at  least  to  the  satisfaction  of  the  Ministry 
of  Health,  and  it  seems  undeniable  that  they  are  building 
cheaper  and  better  than  in  the  old  way.  However,  consid- 
erations of  a  financial  "guarantee"  aside,  is  not  architecture, 
for  example,  quite  as  likely  to  prosper  under  the  influence  of 
a  moral  concept,  as  under  the  handcuffs  of  a  legalized  guar- 
antee? If  any  industry  in  the  world  is  today  in  a  more  de- 
plorable situation,  under  the  guarantee  system,  than  the 
building  business,  it  would  be  hard  to  find  it. 

*     •     * 

The  English  Building  Trades  Guilds  have  adventured  under 
a  new  principle.  They  will  not  work  for  a  profit.  One  may 
ridicule  them  and  seek  to  laugh  them  out  of  court,  if  one 
wills,  but  the  fact  remains  that  they  have  adopted  the  one 
principle  which  is  likely  to  give  any  essential  promise  of 
good  workmanship  and  an  honest  result.  In  spite  of  all 
obstacles,  natural  and  contrived,  they  seem  to  be  building 
at  less  cost  than  under  private  contract,  and  so  far.  none 
of  them  have  defaulted,  nor  have  there  been  complaints 
that  their  work  was  not  up  to  the  agreed  standard.  It  is 
even  reported  by  impartial  authorities  that  they  are  build- 
ing better,  but  the  test  of  that  statement  lies  in  the  future. 

Perhaps  it  is  not  wise — and  certainly  it  is  not  iair — to 
speak  contemptuously  of  a  group  of  men  actuated  by  the  very 
highest  motives — the  motives  of  the  professional  man,  who 
puts  service  ahead  of  the  reward.  The  Institute's  Canons 
of  Ethics  say  that  "It  is  unprofessional  for  an  architect  to 
guarantee  an  estimate  or  contract  by  bond  or  other."  If 
the  Guildsmen  conceive  their  work  as  a  professional  service 
to  be  discharged  in  the  best  interest  of  the  common  welfare, 
why  should  they  give  a  guarantee  other  than  (hiit  r-orally 
implied  in  their  own  canons  of  ethics?  Is  it  not  about  time 
to  imagine  that  perhaps  the  moral  concept  is  the  best  one, 
when  all  is  said  and  done?  Is  it  not  upon  the  morality  of 
the  architect  that  the  client  must  rely?  And  who  shall  say- 
that  the  morals  of  Guildsmen  are  not  as  trustworlliy  as  tliose 
of  architects?  And  last  of  all,  why  does  the  American  In- 
stitute of  Architects  tell  its  members  that  it  is  unprofes- 
sional to  giiArantee  costs?  Because  it  knows  that  the  pro- 
fessional spirit  cannot  survive  when  men  become  interested 
in  protecting  their  own  guarantee  rather  than  in  truly  serv- 
ing those  who  trust  them.  For  my  part,  I  say  God  speed  to 
^he  Guildsmen,  whatever  may  be  the  end  of  their  adventure, 
for  they  carry,  to  my  mind,  the  one  banner  which  points  the 
way  to  anything  worth  while  in  this  sorry  world  of  ceaseless 
combat  over  prices  and  profits,  with  its  endless  and  fruit- 
less efforts  to  legalize  and  guarantee  that  which  can  never 
come  to  rest  except  upon  the  plain  and  simple  base  of  indl 
vidual  morality— or,  in  the  building  industry,  the  honor  of  the 
craft.— From  Editorials  in  the  March  number  of  The  Journal 
of  the  American   Institute  of  Architects. 
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Einstein's  Theory  of  Relativity 

By  HALBEUT  P.  GILLETTE.  Editor. 
Discussions  of  Prof.  Albert  Einstein's  theory  of  relativity 
may  be  classiflec^  as  physical  and  metaphysical.  To  the  lat- 
ter belong  the  p.seudo-philosophical  attempts  to  show  that 
space  is  'warped,"  that  time  is  a  fourth  dimension  of  space, 
and  the  like.  Puzzled  by  the  mathematical  expre.s.sion  "four- 
dimensional  continuum,"  many  non-inathematical  writers 
have  confused  themselves  and  their  readers  by  vainly  at- 
tempting to  portray  four-dimensional  space.  Equally  con- 
fusing and  equally  futile  have  been  their  attmepts  to  depict 
a  "warped  space." 

I  shall  confine  my  discussion,  first,  to  the  mathematical 
results  of  the  theory  of  relativity,  and  then  to  an  explana- 
tion of  the  physical  significance  thereof. 

When  Prof.  A.  A.  Michelson  (an  American)  showed  (1887) 
that  light  from  an  earthly  source  travels  as  rapidly  in  one 
direction  as  another,  physicists  were  puzzled.  The  earth  is 
moNing  about  the  sun  at  18.6  miles  a  second,  and  it  was  ex- 
pected that  an  ethereal  "wind"  would  retard  the  light  waves 
in  one  direction  and  accelerate  them  in  the  opposite  direction. 
but  the  ethereal  "wind"  apparently  had  no  effect. 

G.    F.    Fitzgerald    (an    Englishman)    suggested    (1892)    that 
the  null  effect  of  Michelson's  experiment  might  be  attributed 
to  a   shortening  of   the   earth's   dimensions   and   those   of  all 
bodies  upon  the  earth  in  the  direction  of  the  earth's  orbital 
motion,  as  a   result  of  that  motion.     Fantastic   though   this 
suggestion  seemed,   Prof.  H.   A.   Lorentz    (a   Hollander)    was 
able  to  prove  that  it  accorded  perfectly  with  the  principles 
of  electromagnetisni.     He  deduced  the  following  formula: 
L'  =  L  V  1  — vVc= 
L'  is  the  length   of  a  body  in  the  direction  of  its  motion, 
measured  in  terms  of  its  length   (L)   when  at  rest; 
V  is  its  velocity, 

c  is  the  velocity  of  light  (]SG,:;oo  miles  a  second). 
This  formula  shows  that  as  a  body's  velocity  increases,  its 
length  decreases.  If  the  velocity  (v)  were  ever  to  equal  that 
of  light  (c),  its  length  would  become  zero,  or  the  body  would 
shrink  to  nothing,  in  the  direction  of  its  motion.  In  short. 
the  dimensions  of  bodies  in  the  direction  of  motion  depena 
upon  their  velocities.  If  bodies  are  moving  together  in  a 
group  at  the  same  velocity,  they  are  all  correspondingly 
shoitened,  so  that  there  is  no  means  of  detecting  the  shrink- 
age of  any  one  of  them  by  laying  any  other  of  the  group 
alongside.  But  to  an  observer  not  moving  with  the  group 
the  shrinkage  of  the  bodies  would  be  evident  if  he  possessed 
suitable   measuring  devices. 

The  formula  shows  that  if  the  velocity  were  to  exceed  that 
of  light,  the  length  (L)  would  have  an  imaginary  value  (since 
it  is  impossible  to  extract  the  square  root  of  a  minus  quan- 
tity), from  which  it  is  evident  that  the  velocity  of  light  is  a 
limiting  velocity  which  can  not  be  exceeded  by  any  body. 
Lorentz  also  deduced  the  following  formula: 
t  =  T  -=-  VI—  V'/c"- 
t  is  the  time  between  two  ticks  of  a  clock  moving  with  ve- 
locity v,  measured  in   terms  of  the  corresponding  time    (T) 
of  the  same  clock  at  rest.     This  formula  shows  that  as  the 
velocity    (v)    of   the   clock    increases,   the   time    (t)    between 
ticks  increases;   that  is,  the  clock  runs  slower;   and  were  its 
velocity  to  become   equal  to  that   of  light,  the  clock  would 
cease  running.     Time,  as  measured  by  clocks,  therefore,   is 
dependent  upon  the  velocity  of  the  clocks. 

If  an  observer  on  the  earth  could  see  the  precise  position 
of  the  hands  of  giant  clocks  on  Mars,  and  if  two  clocks  on 
Mars  were  set  to  run  together  at  one  of  the  poles  of  that 
planet,  and  then  one  of  the  clocks  were  moved  to  the  equator 
of  Mars,  the  earthly  observer  would  see  that  the  clocks  at 
the  equator  were  running  slower  than  at  the  pole.  Time  is 
therefore  not  independent  of  matter,  and  varies  with  the 
velocity  of  the  time-piece. 

Pondering  the  deductions  of  Lorentz,  Einstein  conceived 
his  basic  principle  of;  relativity,  which  may  be  stated  thus: 
Natural  phenomena  run  their  course  with  respect  to  one  ob- 
server precisely  as  with  respect  to  any  other  observer,  re- 
gardless of  relative  velocities,  so  that  natural  laws  are  uni- 
versally transformable. 

Having  reached  this  important  generalization,  Einstein 
proceeded  to  apply  the  relativity   formulas  of  Lorentz   with 


remarkable   results.     He  deduced  the   following  formula   for 
the  kinetic  energy  (K)  of  a  mass  (m) : 

K  =  m  c=  -^  VI  —  v7c= 

This  formula  shows  that  kinetic  energy  increases  mora 
rapidly  than  as  the  square  of  the  velocity  (which  is  at  vari- 
ance with  elder  ideas),  and  that  as  the  velocity  approachea 
that  of  light  the  kinetic  energy  approches  infinity.  In  other 
words,  it  would  take  infinitely  great  force  to  impart  to  the 
smallest  atom  the  velocity  of  light,  which  is  the  greatest 
velocity  attainable. 

The  old   fornaila  for  kinetic  energy  is: 
K  =  y,  m  v= 
Einstein's  formula  reduces  exactly  to  this  old  formula   when 
v  is  infinitesimal  compared  with  c. 

Einstein  has  shown  that  gravitation  is  not  an  "isolated 
force";  i.  e.,  unrelated  to  light,  magnetism,  etc.  He  says: 
"The  gravitational  mass  of  a  body  is  the  same  as  its  inertia! 
mass.  The  same  quality  of  a  body  manifests  itself,  according 
to  circumstances,  as  'inertia,'  or  as  weight.'  "  Light  waves 
are  known  to  exert  pressure  (have  inertia);  hence,  reasoned 
Einstein,  light  waves  must  be  altected  by  gravitation.  Ac- 
cordingly he  calculated  the  amount  that  a  ray  of  light  from  a 
star  to  the  earth  would  be  deflected  by  the  gravitational 
pull  of  the  sun;  and  his  estimate  was  almost  exactly  con- 
firmed (1919)  by  English  astronomers.  Moreover,  his  energy 
formula  gives  twice  as  great  a  deflection  of  a  light  ray  as  is 
given  by  using  the  old  energy  formula.  This  confirmation 
of  Einstein's  prediction  is  striking  proof  of  the  svibstantial 
truth  of  his  relativity  theory. 

Another  proof  was  had  when  he  accounted  precisely  for 
the  fact  that  the  major  axis  of  the  ellipse  that  Mercury  de- 
cribes  about  the  sun  turns  42  seconds  of  arc  more  in  a  cen- 
tury than  could  be  accounted  for  by  Newton's  law. 

Newton  conceived  the  existence  of  a  universal  ether  to  ex- 
plain the  action  of  gravitation  across  space.  Einstein  states 
that  since  the  theory  of  relativity  does  not  involve  the  assump- 
tion of  ether,  the  etherial  hypothesis  is  unnecessary.  How- 
ever, he  curiously  admits  that  "we  have  come  to  regard  action 
as  a  distance  as  a  process  impossible  without  the  interven- 
tion of  some  intermediary  medium."  In  the  case  of  magnetic 
attraction,  the  "intermediary"  is  the  "magnetic  field."  In 
the  case  of  gravitation  the  "intermediary"  is  the  "gravita- 
tional field."  But  what,  may  we  ask.  is  ether  but  an  "inter- 
mediary medium?"  And  what  is  gained  by  substituting  the 
word  ''field"  for  the  word  "ether"? 

Einstein  reasons  that  any  accelerating  force  produces  the 
same  effect  as  gravitation,  and  this  leads  him  to  treat  gravi- 
tation as  if  it  were  purely  an  acceleration  phenomenon.  He 
illustrates  his  idea  by  assuming  an  observer  standing  inside 
a  closed  box  in  space  so  far  removed  from  all  other  bodies 
that  gravitation  would  be  negligible.  Then  if  the  box  were 
pulled  rapidly  "upward"  the  observer  would  feel  a  pressure 
upon  his  feet  analogous  to  the  pull  of  gravitation.  If  he 
were  to  let  go  an  object  in  his  hand  it  would  "fall"  to  the 
floor  of  the  box,  exactly  as  if  earthly  gravitation  were  pull- 
ing it.  Hence  a  gravitational  "field"  is  purely  an  accelera- 
tional  field,  or  inertial  mass  and  gravitational  mass  are  iden- 
tical. Einstein  has  accomplished  much  by  thus  regarding 
gravitation.  May  it  not  be  possible  that  still  more  may  be 
discovered  if.  assuming  the  underlying  identity  of  inertia  and 
gravitation,  we  seek  the  reason  for  it?  Einstein  rests  with 
the  fact  of  identity  of  effect,  but  other  physicists  will  seek 
to  explain  the  fact;  and  the  moment  of  explanations  begin, 
that  moment  the  ether  that  Einstein  has  banished  will  return 
for  reconsideration.  Indeed,  as  above  indicated.  Einstein 
has  banished  "ether"  only  to  substitute  "field."  and  all  fields 
(gravitational  or  magnetic)  may  be  merely  names  for  etherial 
motions. 

An  Explanation  of  Relativity. — Having  briefly  outlined  the 
leading  principles  of  relativity,  let  us  attempt  to  explain  why 
there  is  relativity.  To  do  so  let  us  assume  the  existence  of 
an  ether  consisting  of  particles  moving  heterogenously  with 
a  mean  velocity  equal  to  that  of  light.  Let  us  admit  that 
our  ignorance  about  ultimate  mechanism  of  phenomena  does 
not  warrant  the  rejection  of  such  an  etherial  hypothesis,  be- 
cause it  seems  to  conflict  with  known  laws  relative  to  some 
phenomena,  such  as  the  aberration  of  light. 

It  was  such  an  ether  as  this  that  La  Sage  conceived,  a 
century  ago,  in  his  attempt  to  explain  gravitation.  He  con- 
ceived that  it  is  the  impact  of  ethereal  particles  on  bodies  that 
drive  them  toward  each  other:  there  being  fewer  ethereal  im- 
pacts on  the  faces  between  two  bodies  than  on  their  'outside" 


(52) 


Enginvcriny    and    Contracting    for   March    :i>3,    1921. 


273 


faces,  due  to  the  tact  that  each  body  "shades"  the  other  from 
such  impacts.  This  hypothesis  was  rejected  because  it  was 
assumed  that  such  ethereal  impacts  would  heat  the  bodies, 
but  in  the  absence  of  knowledge  as  to  just  how  the  ultimate 
particles  of  bodies  move  when  heated,  the  rejection  of  La 
Sage's  hypothesis  on  that  score  was  not  philosophic.  If  heat 
is  a  rythmic  vibration  of  ultimate  particles,  it  is  conceiv- 
able that  a  bombardment  of  ethereal  particles  would  fail  to 
produce  such  rythmic  vibration,  even  as  intermittent,  oppos- 
ing pushes  fail  to  swing  a  pendulum. 

We  can  conceive  that  during  the  acceleration  of  a  body 
the  ether  in  front  of  it  is  compressed,  but  when  acceleration 
ceases  the  compression  speedily  ceases.  The  ethereal  pres- 
sure thus  produced  during  acceleration  is,  I  conceive,  the  in- 
ertial  resistance  commonly  regarded  as  being  inherent  in  the 
body  itself.  Although  the  ethereal  particles  in  the  compressed 
"zone"  flow  away  with  a  velocity  equal  to  that  of  light,  ap- 
preciable time  is  required  for  this  flow  to  result  in  normal 
ethereal  pressure  in  front  of  the  moving  body.  As  the  velocity 
of  an  accelerating  body  approaches  that  of  the  ethereal  par- 
ticles themselves,  the  ethereal  pressure  that  causes  inertia  in- 
creases faster  than  the  square  of  the  velocity  of  the  body, 
and  the  "zone"  of  ethereal  pressure  extends  to  a  correspond- 
ingly greater  distance.  Were  a  body  accelerated  to  a  veloc- 
ity equal  to  that  of  the  ethereal  particles,  the  zone  of  ethereal 
pressure  would  extend  to  the  limits  of  the  ethereal  universe. 
This  is  my  explantion  of  Einstein's  formula  for  energy,  and 
indicates  why  the  limiting  velocity  is  that  of  light. 

When  a  body  is  retarded,  the  converse  phenomenon  occurs. 
The  ether  becomes  compressed  behind  the  body  during  the 
period  of  its  decreasing  velocity,  and  it  is  this  ethereal  com- 
pression at  the  rear  that  produces  the  inertial  push  of. a  mov- 
ing body  when  it  strikes  another.  Both  acceleration  and 
retardation  are  therefore  the  consequences  of  ethereal  pres- 
sure, that  is,  impact  of  ethereal  particles. 

During  the  period  of  acceleration  when  the  ethereal  pressure 
in  front  of  a  body  is  increasing,  the  particles  of  the  body  are 
forced  closer  together  in  the  direction  of  bodily  motion,  much  as 
a  flexible  balloon  is  compressed  when  propelled  against  the 
air.  This  is  my  explanation  of  the  shortening  of  bodies  as 
their  velocity  increases,  and  makes  clear  the  reason  for  the 
Lorentz  and  Einstein  formula  for  decreased  length  in  the 
direction  of  motion. 

The  ultimate  particles  of  a  body  either  move  in  orbits  or 
vibrate,  or  both.  In  any  case,  the  ethereal  pressure  in  front 
of  an  accelerating  body  retards  the  velocity  of  motion  of  the 
ultimate  particles  in  the  direction  of  bodily  motion,  and  in- 
creases their  velocity  in  the  opposite  direction.  The  effect 
of  this  is  to  make  the  velocity  (V)  of  a  bodily  particle  plus 
the  velocity  (v)  of  the  body  always  a  constant  and  equal  to 
the  velocity  (c)  of  the  ethereal  particles.  This  means  that 
the  velocity  of  an  ultimate  particle  of  a  body  is  always  equal 
to  that  of  a  particle  of  ether.  Hence  it  follows  that  light 
waves  in  the  ether  originate  with  a  velocity  that  is  constant. 
The  same  reasoning  holds  true  for  reflected  light. 

1  have  deduced  from  a  well  known  formula  for  sound  and 
another  for  velocity  of  gas  molecules,  that  the  velocity  of 
sound  in  a  gas  is  0.7  of  the  velocity  of  the  molecules  of  the 
gas.  Experiments  confirm  this  deduction.  Similarly  I  have 
deduced  by  analogy  that  the  velocity  of  light  is  0.5S  times 
the  velocity  of  the  ethereal  particles,  thus  leading  to  the  con- 
clusion that  the  latter  have  a  velocity  of  320,000  miles  a  sec- 
ond. This  is  mentioned  in  passing,  because  it  should  not  be 
inferred  that  the  velocity  of  light  is  the  same  as  that  of 
ethereal  particles,  but  only  that  it  bears  a  constant  ratio 
thereto. 

Einstein's  Formula  for  Energy. — In  seeking  the  greatest 
possible  generality  for  his  formula  for  energy,  Einstein  has 
deduced  the  following: 

K  =  (m  c=  +  E)  H-  VI  —  vVc= 

The  factor  E  is  the  radiant  energy  absorbed  by  a  body 
without  altering  its  velocity.  He  concludes  that  the  mass 
of  a  body  is  thus  increased  by  E/c%  and  that  a  body's  mass, 
therefore,  is  not  a  constant  as  hitherto  supposed.  This  also 
can  be  explained  by  the  ethereal  hypothesis  above  outlined, 
for  if  the  absorption  of  radiant  energy  involved  the  absorp- 
tion of  ethereal  particles  by  the  body,  and  it  the  ultimate 
particles  of  a  body  are  also  "bound"  ethereal  particles,  all 
moving  with  a  mean  velocity  equal  to  that  of  light  (or  a  con- 
stant multiple  thereof),  then  it  follows  that  the  internal 
energy  of  a  body   and   its   mass   are   interchangeable   terms. 


Thus,  reasoning  deductively  from  our  ethereal  hypothesis,  we 
come  to  the  same  conclusion  that  Einstein  reaches. 

Einstein  says:  "The  general  theory  of  relativity  renders 
it  likely  that  the  electrical  masses  of  an  electron  are  held  to- 
gether by  gravitational  forces."  But  if  our  ethereal  hypothe- 
sis is  sound,  we  may  carry  this  generalization  even  farther, 
by  stating  that  every  condition  of  equilibrium  is  one  of  bal- 
ancing ethereal  impacts,  gravitation  being  merely  one  species 
of  ethereal  impact  phenomena. 

If  all  transfers  of  energy  are  merely  transfers'  of  ethereal  im- 
pacts from  one  "system"  (body  or  ethereal  wave)  to  another, 
not  only  are  the  principles  of  Einstein's  relativity  explained, 
but  many  of  the  elementary  principles  of  mechanics  cease  to 
be  mere  statements  of  fact,  and  become  picturable.  Thus 
'■action  and  reaction  are  equal  and  opposite"  because  bodies 
act  upon  one  another  through  the  medium  of  an  ether  in 
which  they  are  immersed,  and  of  which,  indeed,  they  are  a 
part. 

Time  as  a  Fourth  Dimension  of  Space. — Probably  no  part  of 
Einstein's  theoi-y  has  aroused  more  discussion  among  laymen 
than  the  relationship  between  space  (distance  or  dimension) 
and  time.  Among  most  physicists,  however,  this  relationship 
is  accepted  as  a  matter  of  course.  Time  is  measurable  only  by 
counting  the  number  of  recurrences  of  some  rhythmic  motion. 
Time  can  be  roughly  measured  by  counting  pulse  beats,  and  ac- 
curately measured  by  counting  the  swings  of  a  pendulum.  Al- 
though it  is  possible  to  ignore  the  time  factor  when  it  is  a  con- 
stant, time  is  never  a  thing  apart  from  matter.  Matter  is  always 
in  motion  of  some  sort,  and  motion  involves  both  time  and  dis- 
tance. Hence  time  and  distance  are  really  inseparable  fac- 
tors. Where  the  time  element  of  two  "events"  is  equal,  the 
reasoning  about  them  may  be  confined  to  their  spatial  char- 
acteristics. We  do  this  in  geometry.  Where  the  dimensional 
factors  of  two  "events"  are  equal,  we  may  confine  our  ob- 
servation and  reasoning  to  the  relation  of  time  factors  only. 
We  do  this  when  we  compare  times.  But  ignoring  a  con- 
stant element  in  making  comparisons  is  not  equivalent  to 
eliminating  it  from  existence,  nor  is  it  equivalent  to  tacitly 
aflirming  that  the  given  element  can  exist  apait  from  all 
other  things.  This  distinction  is  important  in  philosophising 
about  any  abstract  idea,  and  particularly  so  where  space  and 
time  are  being  considered.  There  are  no  such  things  as 
absolute  ("pure")  space  or  absolute  time.  This  was  clear  to 
many  reasoners  long  before  Einstein's  theory  of  relativity 
was  announced.  Although  this  theory  gives  mathematical 
relationships  between  time  and  spatial  factors  that  appear  to 
be  quite  novel,  yet  careful  consideration  will  disclose  that  the 
time  and  distance  factors  in  his  time  transformation  formula 

t=(T  — vd/c=)  -i-  VI  —  vVc= 
are  necessarily  there  because  it  requires  time  for  light  to 
travel  the  distance  (d)  between  two  clocks  that  are  moving 
relatively  with  the  velocity  (v),  a  light  signal  being  the 
means  adapted  to  synchronize  the  clocks.  There  is  nothing 
mystic  in  such  a  formula,  except  to  men  who  are  not  accus- 
tomed to  applying  mathematics  to  physical  problems. 

Similarly,  the  use  by  Einstein  of  a  geometrical  device  called 
Gaussian  co-ordinates,  and  of  Minkowski's  application  of  the 
Gaussian  system,  have  served  still  more  to  confuse  non- 
mathematicians.  Examples  of  this  confusion  abound  in  most 
of  the  books  and  articles  written  to  "explain"  Einstein's 
theory  in  a  popular  manner. 

The  expounding  of  a  profoundly  mathematical  theory 
can  not  be  satisfactorily  accomplished  in  non-mathematical 
terms.  The  best  that  can  be  done  is  to  outline  the  premises 
and  the  conclusions,  giving  in  addition,  if  possible,  a  pictur- 
able account  of  how  the  co-acting  forces  operate  to  produce 
the  results.  In  a  theory  so  far-reaching  as  Einstein's,  only  a 
selected  part  could  be  thus  presented  in  this  article.  Ein- 
stein's book  on  "Relativity"  is  now  available  in  English, 
which,  with  Eddington's  "Space,  Time  and  Gravitation,"  will 
serve  as  an  introduction  to  Einstein's  epochal  theories. 


Endurance  Tests  of  Concrete  Floor  Treatments.— A  mimeo- 
graphed circular  has  been  issued  by  the  U.  S.  Bureau  of  Stand- 
ards,  Washington,  D.  C,  describing  endurance  tests  of  various 
treatments  for  concrete'  floors.  In  addition  to  this  work, 
experiments  have  been  started  to  determine  the  effect  of 
various  methods  of  applying  a  few  of  the  common  treatments 
used  for  preventing  dust  and  excess  wear  on  floors  of  this 
type.  The  object  of  the  work  is  to  determine  if  simpler 
or  more  efTective  methods  can  be  discovered  for  applying 
these  treatments. 
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Types  of  Foundations 

By  CHARLES  EVAN  FOWXER, 
Consulting  Kngineer,   New  York  City. 

The  discussion  in  the  preceding  article  in  the  March  16 
Issue  ot  Engineering  and  Contracting  of  the  various  ele- 
ments that  influence  the  selection  of  the  type  ot  founda- 
tions, has  especial  reference  to  the  methods  to  be  used  in 
constructing  bridge  foundations,  but  the  same  general  fea- 
tures are  common  to  this  portion  of  all  structures  to  be 
designed  by  either  the  engineer  or  the  architect.  There- 
fore the  following  detailed  discussion  of  the  types  of  foun- 
dations will  be  found  to  comprise  the  fundamental  princi- 
ples that  must  be  considered  in  deciding  upon  the  type  of 
foundations  not  only  for  bridges  but  for  the  great  variety 
of  other  ensrinoering  structures,  and  also  for  buildings  and 
structures  of  any  class,  where  water  must  be  the  principal 
thing  to  be  contonded  with  and  the  consequent  troubles  sur- 
mounted. When  the  proper  solution  has  been  found,  the 
possibility  of  ensuing  troubles  will,  within  reasonable  limits, 
have  been  fully  discounted.  The  principal  types  for  obtain- 
ing a  foundation  are:  (1)  the  earth  bank  cofferdam;  (2)  the 
log  crib  cofferdam;  (3)  the  sheet  pile  cofferdam;  (4)  the 
removable  box  cofferdam;  (.5)  the  crib  cofferdam  or  tubular 
pier;  (6)  the  open  dredged  caisson;  (7)  the  diving  bell  cais- 
son; (8)  the  pneumatic  caisson;  (9)  the  combined  open 
dredged  and  pneumatic  caisson;  (10)  the  ballmatic  caisson; 
(11)  the  freezing  process;   and   (12)  the  grouting  process. 

Class  of  Construction. — The  class  of  construction  to  be 
employed  is  not  necessarily  the  first  feature  to  be  decided, 
nor  is  it  often  possible  to  decide  it  first  hand,  as  it  may 
prove  necessary  to  make  several  designs  and  comparative 
cost  estimates  before  a  decision  can  be  made  as  to  whether 
to  use  timber,  metal,  or  concrete  in  constructing  the  coffer- 
dams, cribs,  or  caissons.  However,  it  may  be  possible  at  this 
point  to  indicate  the  basis  for  determining  what  investiga- 
tions in  this  respect  are  advisable. 

The  use  ot  timber  sheet  piles  in  a  timber  country  is 
usually  the  cheapest,  unless  the  steel  sheet  piles  are  already 
at  hand,  in  which  case  they  would  probably  be  cheaper,  as 
they  can  usually  be  salvaged  and  used  again  or  sold,  whereas 
if  timber  is  used  it  is  usually  of  little  value  after  removal, 
although  in  the  case  of  heavy  10  or  12-in.  sheet  piles  with 
dove-tailed  tongue  and  groove  spiked  on,  the  writer  has 
used  them  a  second  time  with  good  results.  However,  there 
are  frequently  cases  of  hard  driving  or  where  absolute 
strength  and  water-tightness  are  necessary,  in  which  it  is 
advisable  to  use  steel  sheet  piles,  even  if  the  net  cost  will 
be  greater. 

The  case  is  quite  different  in  other  than  a  timber  country 
or  where  steel  is  cheap;  and  usually  in  such  a  location  the 
steel  piles  are  cheaper  and  also  much  better  than  the  second 
grade  timber  that  must  often  be  accepted.  Many  contrac- 
tors now  carry  steel  sheet  piling  as  part  of  their  plant,  or 
else  it  can  be  bought  second  hand  and  sold  again  at  little 
net  cost  or  at  times  with  a  profit.  The  engineer  should,  how- 
ever, never  allow  the  use  of  old  steel  sheet  piling  of  doubt- 
ful quality  or  of  too  short  length,  as  the  owner  in  such  cases 
will  surely  be  the  one  to  suiter  loss,  either  directly  or  by 
reason  of  having  to  accept  inferior  work  that  may  result. 

The  use  of  reinforced  concrete  sheet  piles  will  seldom  if 
ever  be  found  cheaper  or  desirable  in  any  class  of  coffer- 
dams unless  they  can  economically  or  must  necessarily  be 
made  a  part  of  the  permanent  construction.  They  might 
prove  economical,  for  example,  in  sea  wall  construction 
where  they  would  form  the  face  of  the  wall,  or  they  might 
prove  necessary  in  cases  where  the  pulling  of  the  sheet  piles 
would  damage  the  permanent  construction. 


LIMITS  FOR  FOUNDATION 

AfETHODS. 

Economic 

Max. 

Mln. 

max. 

possible 

depth. 

depth. 

depth. 

Ft. 

Ft. 

Ft. 

1 — Earth  bank  cofferdam . . . 

1 

6  to    7 

8  to  10 

2 — Log  crib  cofferdam 

4 

14  to  16 

20  to  25 

3 — Sheet  pile  cofferdam 

5 

Xi  to  16 

25  to  .10 

4 — Removable  box  cofferdam 

5 

10  to  12 

15  to  20 

B — Cribs  and  tubes 

5 

18  to  20 

20  to  30 

6 — Open  dredge  caisson 

20 

SO  to  90 

250 

7— Dlvinp  bell  caisson 

to 

40  to  60 

SO 

t — Pneumatic  caisson 

20 

70  to  SO 

110 

9 — Comb.  dr.  and  pn.  caisson 

20 

90  to  ino 

110-f 

10 — Ballm.itlc   caisson 

SO 

SO  to  90 

250 

25 

125 
125 

12 — Grouting  process 

10 

30  to  60 

The  decision  as  to  the  kind  of  material  to  use  in  construct- 
ing caissons  can  not  usually  be  arrived  at  without  some  pre^ 
liminary  designs  and  estimates  having  been  made,  and  this 
is  particularly  true  for  large  caissons,  or  for  those  that  must 
be  sunk  to  great  depths  and  that  must  withstand  great  pres- 
sures. However,  the  designer  need  have  no  fears,  nor  feel 
that  he  is  out  of  date,  in  using  timber  when  it  is  the  cheap- 
est as  well  as  the  quickest  obtainable  material,  and  if  it  will 
give  the  proper  strength. 

Single  walled  cribs  or  open  caissons  must  usually  be  made 
of  limber;  and  for  small  caissons  its  use  will  prove  per- 
fectly satisfactory,  or  even  for  medium  sized  ones  up  to 
about  20  ft.  by  SO  ft.  Yet  the  fact  must  not  be  lost  sight 
of  that  such  construction  must  be  even  more  carefully 
designed  than  when  using  concrete  or  steel.  The  use  of 
reinforced  concrete  for  caissons  is  steadily  increa'sing,  be- 
cause the  materials  are  usually  easily  and  cheaply  obtain- 
able in  almost  any  locality.  Therefore  the  question  of  using 
it  depends  very  largely  upon  its  comparative  cost,  and  its 
adaptability  to  the  type  of  caisson.  Greater  economy  may 
often  be  obtained  by  using  it  for  circular,  oval,  or  elliptical 
caissons,  the  ease  of  sinking  them  being  thus  greatly  in- 
creased, and  the  maximum  allowable  pier  weight  not  ex- 
ceeded. 

There  will  still  be  found  cases  where  steel  may  prove 
desirable  for  small  cylindrical  piers,  although  reinforced  con- 
crete is  well  suited  to  such  use  if  it  proves  to  be  no  more 
expensive. 

The  use  of  steel  at  ordinary  prices  will  often  be  found 
desirable  when  timber  is  not  very  cheap  or  close  at  hand 
for  ordinary  rectanguar  caissons;  and  particularly  so  for 
large  rectangular  ones  when  the  strength  must  he  surely 
known.  This  is  shown  in  the  Antwerp  quay  wall  caissons, 
which  were  undoubtedly  the  cheapest  type  for  that  work 
and  which  enabled  the  construction  work  to  proceed  with- 
out  any   particular   troubles  or   delays.     Where   very   large 
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caissons  are  to  be  employed,  similar  to  those  of  the  Forth 
Bridge  piers,  which  were  cylindrical  of  70  ft.  in  diameter, 
from  50  ft.  to  60  ft.  in  height,  and  were  sunk  by  the  pnen- 
matic  process  to  depths  as  great  as  89  ft.  below  water,  then 
steel  is  the  only  material  that  should  likely  be  used,  as  It 
can  be  used  in  forms  and  details  of  construction  that  will 
safely  stand  great  pressures,  and  large  stresses  of  distor- 
tion; as  was  proven  by  one  caisson  of  the  Forth  Bridge 
tipping  partly  over  without  eventual  damage.  The  use  of 
steel  is  also  desirable  for  constructing  caissons  which  are  to 
be  sunk  to  great  depths;  such  as  the  Hawkesbury.  Australia 
piers,  which  were  of  oval  section  20  ft.  wide  by  48  ft.  long, 
and  were  sunk  to  a  depth  of  155  ft.  below  water  by  open 
dredging. 

Earth    Bank    Cofferdams. — The    earth    bank    cofferdam,   as 
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f^hown  in  Fig.  4  o£  Vol.  I  of  Engineering  and  Building  Foun- 
dations, is  the  simplest  method  of  excluding  water  from  a 
foundation  or  by  which  the  water  to  be  pumped  may  be 
reduced  to  a  very  small  quantity.  The  earth  bank  should 
consist  of  clay,  sand,  and  gravel,  with  enough  clay  to  make 
the  bank  v^ater  tight,  and  enough  gi'avel  to  give  the  weight 
necessary  to  assist  in  closing  leaks.  This  method  can  be 
successfully  used  for  heads  of  a  few  feet,  up  to  a  maximum 
of  S  or  10  ft.,  when  the  material  for  banking  up  is  very  good, 
when  the  water  outside  has  little  current  and  is  still,  and 
when  the  seepage  is  not  great.  After  the  bottom  has  been 
bared  of  water,  and  the  excavation  carried  to  the  proper 
depth,  which  should  be  below  any  possible  scour,  then  the 
foundation  courses  can  be  placed,  if  the  bottom  will  carry 
the  required  load  per  square  foot.  Should  the  bottom  be  too 
soft  for  carrying  the  load  directly,  a  grillage  of  timber  is 
often  placed  below  low  water  mark  to  spread  the  load:  a 
reinforced  concrete  spread  base  may  be  placed;  or  else 
enough  piles  must  be  driven  to  carry  the  load,  without  con- 
sidering usually  the  bearing  capacity  of  the  intervening 
material  or  bottom  soil.  Should  it  be  considered  possible 
for  scour  to  ever  reach  down  to  the  piles,  then  rip-rap  pro- 
tection must  be  placed. 

The  writer  has  used  a  modification  of  the  earth  bank  cof- 
ferdam in  a  stream  where  there  was  considerable  fail  or  a 
small  rapids,  by  forming  a  semi-circular  bank  or  dam  out 
in  the  stream  with  sand  bags,  leaving  the  down-stream  side 
open.  Due  to  the  slope  of  the  bottom,  the  area  inside  was 
naturally  freed  from  water  so  that  work  could  readily  pro- 
ceed. 

Log  Crib  Cofferdam.— The  log  crib  cofferdam  is  next  to  the 
simplest  type,  and  should  be  used  when  there  is  a  greater 
depth  of  water  than  8  or  10  ft.,  or  where  there  is  consid- 
erable current  or  rough  water;  but  for  a  depth  usually  of 
not  more  than  IG  ft.,  or  possibly  some  greater  when  all  the 
conditions  are  of  the  best.  The  log  crib  may  be  built  up 
of  rough  logs  or  old  bridge  timbers,  and  drift  bolted  together 
so  as  to  resist  the  current  and  static  pressures,  and  to  bind 
the  earth  filling  together,  as  well  as  to  prevent  its  being 
washed  out  by  the  current.  The  filling  should  be  of  clay  and 
gravel  mixed,  as  described  for  the  simpler  earth  bank  coffer- 
dam. 

The  cofferdam  of  this  type  used  for  the  I'Canawha  River 
dams,  and  that  used  by  the  writer  in  the  Green  River  work 
are  described  in  Chapter  II  of  Vol.  I  of  Engineering  and 
Building  Foundations.  The  ones  on  the  Kanawha  were  of 
very  strong  construction  and  the  excavation  was  carried 
down  to  a  depth  of  from  20  ft.  to  24  ft.  below  low  water; 
but  this  must  be  considered  as  an  exceptional  case,  and  not 
economical  except  in  a  case  where  the  logs  could  be  readily 
obtained  and  for  a  very  low  cost.  The  one  at  Green  River 
was  built  of  small  logs  which  were  cut  at  the  site,  and  most 
of  the  filling  was  clay  and  shale  ti'om  the  mucking  of  a 
tunnel  adjoining.  The  excavation  was  carried  to  a  depth  of 
about  15  ft.,  and  considerable  leakage  resulted.  Some  short 
sheet  piles  were  driven  inside  to  retain  the  fill,  and  the 
leakage  near  the   top   was  carried   away   by  a   ditch   on  the 


inside  slope,  which  discharged  the  water  at  the  down-stream 
side;  as  the  large  fall  in  the  river  for  the  length  of  the  cof- 
ferdam allowed  sufficient  grade   in  the  ditch. 

The  method  is  more  or  less  a  rough  and  ready  one,  that 
can  be  employed  in  new  country  or  as  an  emergency  method 
where  timber  can  be  cheaply  obtained,  but  it  is  not  advisa- 
ble to  consider  it  in  ordinary  cases  for  depths  greater  than 
16  ft.,  unless,  as  has  been  stated,  the  conditions  are  all 
favorable  and  great  care  is  used  in  the  construction.    When 
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the  excavation  is  to  be  carried  a  considerable  depth  below 
the  bed  of  the  stream  a  wide  enough  bench  or  berm  on  the 
Inside  must  be  allowed  for  stability. 

Sheet  Pile  Cofferdam.— The  use  of  sheet  piles  of  wood  and 
steel  fur  constructing  cofferdams  has  been  covered  compre- 
hensively in  several  of  the  writer's  books  on  foundations. 
Sheet  pile  cofferdams  without  puddle,  formed  of  a  single 
wall  of  some  approved  form  of  sheet  piles,  of  proper  thick- 
ness or  strength  and  properly  braced,  should  not  generally 
bo  used  for  a  depth  below  water  greater  than  15  ft.  Where 
they  can  be  driven  some  distance  into  reasonably  impervious 
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material,  or  good  material  can  be  banked  up  around  the  out- 
side, they  can  be  used  for  depths  up  to  about  30  ft.,  but 
unless  the  material  at  the  bottom  is  reasonably  watertight 
and  non-water  bearing,  or  unless  a  seal  of  concrete  can  be 
used,  it  will  usually  bo  found  very  difficult  to  pump  out  such 
a  cofferdam;  and  if  it  can  be  done  the  cost  may  prove  to  be 
very  great,  thus  indicating  that  an  open  dredged  or  pneu- 
matic caisson  should  have  been  used.  The  use  of  double  or 
triple  walled  sheet  pile  cofferdams,  with  a  puddle  of  clay  and 
gravel  between,  has  in  years  gone  by  been  extended  to  40 
ft.  depth  below  water,  but  with  the  modern  caisson  methods 
now  available,  they  would  prove  uneconomical  and  unsatis- 
factory: so  that  the  maximum  limit  should  iisually  be  placed 
at  20  ft.,  and  in  particular  instances  at  24  ft.  depth.  The 
decision  to  use  one  being  arrived  at  only  after  careful  esti- 
mates covering  all  probable  difficulties.  Should  it  ever  be 
found  desirable  to  use  a  puddled  cofferdam  for  a  depth 
greater  than  20  ft.  and  where  three  rows  of  sheet  piles 
would  seem  desirable,  the  outside  row  need  not  be  extended 
to  the  full  height.  The  final  caution  would  be  that  sheet 
pile  cofferdams  are  never  as  simple  a  method  of  obtaining 
foundations  as  they  seem. 

Removable  Box  Cofferdam. — The  use  of  removable  box 
cofferdams  is  not  very  general,  but  frequently  they  can  be 
employed  to  advantage,  as  described  in  Chapter  II  of  Vol. 
I  of  EngineeHng  and  Building  Foundations,  and  which  is 
particularly  applicable  where  foundation  piles  have  been 
driven  and  cut  off  to  a  level  for  receiving  a  grillage.  The 
grillage  can  be  made  as  the  bottom  of  the  box,  which  is  sunk 
onto  the  piles,  and  after  pumping  out,  the  grillage  can  be 
drift  bolted  to  the  piles  and  the  masonry  laid.  Then  the 
bolts  are  loosened,  the  sides  floated  loose  and  can  be  used 
again.  Similar  construction  can  be  carried  out  with  steel 
cylinders  having  the  grillage  as  a  bottom:  which  when  sunk 
onto  level  piling  can  be  pumped  out  and  filled  with  con- 
crete. 

Crib  Cofferdams. — The  use  of  crib  cofferdams  is  seldom 
advisable  for  depths  greater  than  20  ft.,  and  in  any  case 
they  frequently  should  be  replaced  by  open  dredged  cribs. 
The  construction  of  a  crib  cofferdam  is  usually  similar  to 
a  log  crib  except  that  it  is  made  of  sawed  timber  laid  close, 
and  sheeted  or  calked  so  as  to  be  water  light.  They  are 
frequently  made  double  walled  and  not  calked,  but  made 
water  tight  by  the  use  of  a  puddle  of  clay  and 
gravel  between  the  walls.    The  use  of  them  may  be  extended 


to  depths  of  25  to  30  ft.  below  water,  but  seldom  with  econ- 
omy. 

The  use  of  steel  tubular  or  cylinder  piers  is  a  method 
analogous  to  using  crib  cofferdams,  and  they  were  very  much 
in  vogue  some  years  ago,  but  now  it  is  only  in  exceptional 
cases  where  some  modern  type  of  reinforced  concrete  con- 
struction will  not  be  found   better  and   more  economical. 

Cylinder  piers  are  usually  very  cheap  to  construct,  very 
easily  placed,  and  with  piles  driven  inside  they  have  been 
known  to  stand  after  the  material  has  scoured  out  below 
the  bottoms  of  the  tubes.  The  piles  may  first  be  driven 
and  the  cylinders  set  over  them,  but  if  a  really  good  foun- 
dation is  desired,  the  tubes  shoald  first  be  sunk  by  dredging 
out  the  material  from  inside  to  below  scour,  with  an  orange 
peel  bucket  or  hydraulic  elevator  as  the  sinking  proceeds 
and  the  piles  then  driven  and  cut  off:  or  else  driven  with 
a  follower  to  the  allowable  elevation  within  the  pier.  The 
writer  considers  the  patent  reinforced  concrete  cylinder 
pier  vastly  superior,  and  it  can  now  be  constructed  free  of 
any  royalty  jiaymeut. 

Open  Dredged  Caissons. — The  use  of  open  dredged  cais- 
sons has  developed  rapidly  with  the  increase  in  cost  of 
pneumatic  caissons,  due  largely  to  the  increase  in  wages. 
Where  the  material  through  which  a  caisson  is  to  be  sunk 
is  not  too  hard  to  be  dug  economically  by  means  of  modern 
self  closing  clam  shell  buckets,  the  sinking  can  be  done 
rapidly  and  economically.  When  it  is  comparatively  soft, 
much  of  the  excavation  can  be  done  economically  with  hy- 
draulic elevators,  which  are  particularly  valuable  in  cleaning 
up  or  reaching  loose  material  that  does  not  readily  flow  to 
a  dredging  bucket.  The  type  of  bucket  referred  to  will  dig 
through  sunken  logs  if  they  are  not  too  firm,  and  only  occa- 
sionally is  it  necessary  to  apply  air  to  an  open  dredged 
caisson. 

The  single  walled  type  such  as  were  sunk  by  the  writer 
at  Tacoma,  are  in  reality  dredged  cribs  and  they  must  be 
built   strong  enough   to  withstand  the  pressures  and  racking 
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Stressed,  as  well  as  the  loading  on  top  to  overcome  skin 
friction.  This  type  is  applicable  to  depths  of  from  50  to  60 
ft.  oelow  water  level,  but  beyond  this  depth  they  should  be 
of  the  double  walled  type,  and  filled  between  the  walls  with 
concrete  to  give  them  weight  for  sinking,  or  else  be  built 
of  reinforced  concrete  with  enough  wall  thickness  to  give 
the   necessary   weight. 

The  pivot  pier  of  the  Frazer  River  bridge  at  New  West- 
minster, B.  C  was  landed  in  70  ft.  of  water  and  sunk  to  a 
total  depth  of  1:;5  ft.  below  water.    The  piers  of  the  Hawkes- 
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bury,  Australia,  bridge  were  built  with  metal  caissons  and 
sunk  to  depths  up  to  185  ft.  below  high  water.  Thus  the 
method  of  open  dredging  is  found  to  be  suitable  tor  any 
depth  from  20/  ft.  up  to  such  a  maximum  depth  as  is  neces- 
sary to  reach  below  scour,  and  to  reach  to  a  depth  where 
the  confined  bearing  capacity  of  the  soil,  assisted  by  a  con- 
servative allowance  for  skin  friction,  will  support  the  load 
and  resist  the  eccentric  pressures  with  a  proper  factor  of 
safety.  The  real  maximum  limit  for  depth  of  sinking  by  the 
use  of  the  open  dredging  process  would  be  that  depth  at 
which  the  weight  of  the  pier  and  possibly  loading  would 
no  longer  overcome  the  skin  friction,  and  the  pier  refuse  to 
sink  further.  The  greatest  depth  recorded  is  256  ft.  tor  a 
coal  shaft  sunk  in  Germany.  The  reasons  for  substituting 
the  pneumatic  process  for  that  of  open  dredging  will  be 
given  in  the  section  on  pneumatic  caissons. 

Diving  Bell  Caissons. — The  use  of  diving  bell  caissons  is 
usually  restricted  to  special  cases  where  a  submerged  foun- 
dation must  be  built  without  regard  to  incorporating  in  the 
method  the  construction  of  the  pier  shaft  or  other  masonry 
superstructure.  The  diving  bell  was  one  of  the  earliest 
means  employed  by  engineers  for  foundations  under  water, 
as  described  by  the  writer  in  several  publications,  where 
they  were  found  to  have  been  used  by  Smeaton  nearly  150 
years  ago,  and  by  Renni©  over  110  years  ago.  The  most  re- 
cent use  of  this  method  was  in  the  reconstruction  of  the 
B.  &  O.  R.  R.  bridge  over  the  Allegheny  River,  where  the 
design  was  a  composite  of  a  diving  bell  and  a  pneumatic  cais- 
son. The  greatest  difficulty  in  its  use  will  usually  be  found 
in  sinking  it  evenly,  or  in  other  words  keeping  it  plumb. 

Pneumatic  Caissons. — The  pneumatic  caisson  may  be  con- 
sidered as  covering  the  same  range  of  depths  as  the  open 
dredged  caisson,  up  to  its  maximum  practicable  limit  of  110 
ft.  This  maximum  depth  being  fixed  by  reason  of  the  large 
consequent  air  pressure  at  this  depth  of  about  50  lb.  per 
square  inch,  being  the  greatest  under  which  men  can  do  ef- 
fective work;  and  then  the  working  periods  must  be  reduced 
to  less  than  two  hours  for  each  shift.  The  reasons  tor  the 
adoption  of  the  pneumatic  process  as  against  other  methods, 
are  first,  the  more  sure  and  positive  character  of  sinking: 
second,  the  possibility  of  workmen  within  the  caisson  cut- 
ting through  obstructions  and  hard  strata  which  could  not 
easily  be  removed  by  dredging;  third,  the  reduction  of  the 
opposing  skin  friction  by  reason  of  the  compressed  air  which 
escapes  under  the  cutting  edge  reducing  the  friction  as  it 
comes  up  around  the  sides  of  the  caisson;  fourth,  the  pos- 
sibility of  actually  seeing,  testing,  and  preparing  the  bed  on 
which  the  pier  will  rest.  Although  air  can  be  applied  to 
open  dredged  caissons  near  the  landing  depth,  so  long  as 
this  does  not  exceed  110  feet  below  water,  and  this  same 
purpose  accomplished.  Frequently  under  normal  conditions 
as  to  the  cost  of  labor  and  material,  when  contractors  have 
all  of  the  plant  for  pneumatic  work,  including  air  locks  and 
shafts,  they  are  able  with  especially  skilled  workmen  to  con- 
struct foundations  as  cheaply  by  the  pneumatic  as  by  the 
open  dredged  process,  providing  of  course  that  the  material 
is  such  that  it  can  be  largely  removed  by  sand  pumps. 

Combined  Pneumatic  and  Open  Dredging. — The  designs 
for  the  construction  of  foundations  by  the  open  dredging 
process,  should  provide  for  applying,  compressed  air  if  there 
is  a  probability  of  encountering  obstructions  or  very  hard 
strata,  or  it  the  unit  loads  are  so  great  as  to  make  it  de- 
sirable to  see,  to  test,  and  to  especially  prepare  the  founda- 
tion bed. 

The  need  for  overcoming  and  removing  obstructions  was 
the  cause  for  applying  air  to  the  cast  iron  cylinders  of  the 
Merrimac  River  bridge.  The  tour  fixed  span  piers  consisted 
of  pairs  of  cast  iron  cylinders  8  ft.  in  diameter  by  1%  inches 
thick.  They  were  sunk  through  sand  and  gravel  by  open 
dredging  with  an  orange  peel  tor  depths  up  to  45  ft.;  but 
when  boulders  were  encountered,  the  cylinders  were  fitted 
■with  air  locks,  loaded  down  with  pig  iron,  and  the  sinking 
completed   by  the  pneumatic  process. 

The  sinking  of  the  piers  for  the  Beaver  Cantilever  pro- 
ceeded very  slowly  with  an  orange  peel  bucket,  so  that 
stone  was  piled  on  to  overcome  skin  friction  and  jets  were 
Used  under  the  cutting  edge.  When  within  less  than  2  feet 
ot  the  rock,  it  was  decided  to  complete  the  work  and  pre- 
pare the  foundation  bed  by  the  pneumatic  process.  The 
■water  was  pumped  down  in  the  dredging  wells  to  within 
10  or  12  ft.  of  the  bottom,  and  t>  ber  decks  built  across  the 
wells.     Air  shafts  carrying  locks  were  fitted  to  these  decks. 


concreted  in.  and  the  work  completed  under  air  pressure. 
The  use  of  similar  methods  will  frequently  make  it  possible 
to  use  the  open  dredging  process  for  the  greater  part  of  the 
work  when  it  will  be  the  cheaper  process  to  employ. 

Ballmatic  Caissons. — The  combination  of  ballast  and  air 
tanks  in  connection  ■with  open  dredged  caissons,  has  been 
termed  by  the  writer  ballmatic  caissons.  These  tanks  are 
constructed  in  the  side  walls  of  the  caisson  proper,  spaced 
equally  around  the  four  walls  or  the  circumference;  they 
are  connected  by  air  and  water  pipes  with  the  top,  and  have 
Outside  valves  which  are  also  operated  from  the  top.  The 
purpose  of  the  tanks  is  to  aid  in  keeping  the  caissons  plumb. 
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liy  either  filling  the  tanks  on  one  side  with  water;  or  if  all 
the  tanks  are  filled,  by  forcing  the  water  out  of  the  tanks 
en  one  side  by  turning  in  compressed  air  after  the  outside 
valves  are  opened.  The  same  idea  can  be  used  in  connec- 
tion with  large  pneumatic  caissons,  but  the  tanks  are  par- 
ticularly applicable  to  caissons  constructed  of  steel  or  re- 
inforced concrete.  The  air  and  water  pipes  can  also  be 
connected  with  the  side  and  cutting  edges  to  assist  in  the 
sinking,  but  it  is  well  to  observe  that  many  attempts  to  em- 
ploy water  jets  in  cutting  edges  have  failed  because  of  lack 
of  enough  pressure.  The  pumps  used  for  this  purpose  must 
be  of  special  type,  capable  of  delivering  water  at  a  pressure 
of  from  200  to  500  lb.,  depending  upon  the  firmness  of  the 
material   through   which   the  caissons   are   being   sunk. 

Freezing  Process. — The  freezing  process  is  a  method  of 
constructing  a  foundation,  which  was  invented  and  patented 
by  Poetch  in  18S3,  and  consists  in  sinking  a  series  of  spe- 
cially arranged  refrigerating  pipes  around  the  foundation 
area  and  freezing  a  shell  ot  material  to  the  required  depth, 
within  which  the  excavation  can  be  made  and  the  foundation 
built.  The  method  has  been  used  principally  tor  sinking 
shafts  through  quicksand  or  other  water  bearing  strata. 
"While  it  has  been  used  in  many  cases  to  depths  of  about  300 
feet,  and  in  one  case  to  a  depth  of  816  feet,  it  is  believed 
that  it  could  be  used  practically  in  particular  cases  tor  bridge 
and  building  foundations  to  depths  up  to  SO  feet  deep  and 
probably  to  maximum  depths  of  125  feet. 

Grouting  Process. — The  grouting  process  may  be  consid- 
ered analagous  to  the  freezing  process,  and  consists  in  forc- 
ing cement  grout  into  loose  foundation  soil,  loose  rock,  or 
boulders.  The  method  can  be  used  to  enclose  an  area  which 
is  to  be  excavated,  or  else  the  entire  foundation  area  can  be 
grouted  to  sufficient  depth  to  form  the  foundation  bed 
proper.  The  method  can  be  used  for  depths  up  to  00  teet 
without  particular  trouble  or  expense.  Init  can  be  used  prac- 
tically to  depths  ot  125  teet  or  more.  Neither  this  nor  the 
I)receding  method  should  be  used  instead  of  the  usual  meth- 
ods, without  careful  study  and  consideration. 
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Recommended  Practice  for  Con- 
crete House  Construction 

At  the  convention  of  the  American  Concrete  Institute  last 
month  the  Committee  on  Conbrete  Houses,  of  which  Emlle 
G.  Perrot  is  chairman,  submitted  as  its  report  a  tentative 
draft  of  recommended  practice  for  concrete  house  construc- 
tion. The  report  is  confined  to  a  consideration  of  the  mono- 
lithic, unit  constructed  and  plastered  or  gunite  types.  It 
probably  will  be  revised  before  its  final  presentation  and 
adoption  by  the  Institute.  The  main  features  of  the  report 
follow. 

This  recommended  practice  shall  apply  to  the  construction 
of  houses  not  over  three  stories  in  height  and  not  exceeding 
30  ft.  in  height  between  top  of  first  floor  and  under  side  of 
third  floor  ceiling. 

(a)  Basement  and  foundation  walls  of  monolithic  concrete 
shall  be  not  less  than  6  in.  in  thickness  and  shall  be  supported 
on  a  concrete  footing  or  basement  floor  sufficient  to  prevent 
settlement  of  the  building.  The  design  of  these  footings 
shall  be  based  on  the  ability  of  the  foundation  soil  to  carry 
loads  and  the  monolithic  character  of  the  concrete  wall  and 
footing  or  basement  floor  shall  be  considered  in  determining 
the  required  bearing  area  on  the  soil.  Basement  walls  shall 
be  designed  to  resist  the  horizontal  pressure  of  the  earth" 
In  contact  with  the  exterior  of  the  wall. 

(bl  Basement  walls  of  precast  units  bonded  together  by 
registering  or  interlocking  projections  or  depressions,  grouted 
in  place,  or  by  reinforcing  bars  across  joints  embedded  in 
cement  mortar,  shall  have  a  minimum  thickness  of  7  in.,  or 
not  less  than  the  minimum  thickness  of  exterior  hearing  wall 
of  superstructure.  The  precast  units  shall  conform  in 
strength,  quality  and  absorption  to  the  requirements  of  Rec- 
ommended Specifications  and  Building  Regulations  pre- 
sented by  the  Committee  on  Concrete  Products  of  the  Ameri- 
can Concrete  Institute. 

Note  1. — Allowing  a  total  of  ."lO  lb.  per  square  foot  roof 
load,  75  lb.  per  square  foot  for  second  and  third  floors,  and 
100  lb.  per  square  foot  for  first  floor,  including  weight  of 
walls,  the  unit  compressive  stress  per  square  inch  on  a  6- 
in.  basement  wall  would  be  slightly  in  excess  of  100  lb.  The 
unit  stress  produced  by  the  overturning  effect  of  the  wind  on 
the  side  of  the  house  would  not  materially  increase  this.  The 
effect  of  the  pressure  on  earth  filling  against  the  house  is 
in  a  majority  of  cases  small  as  compared  with  the  vertical 
load  of  the  superstructure  and  cannot  materially  affect  the 
stability  of  a  monolithic  or  properly  bonded  precast  unit  wall. 

Walls. 

(a)  The  thickness  of  single  exterior  bearing  walls  of  plain 
concrete  shall  be  not  less  than  4  in.  thick,  but  when  rein- 
forcing in  excess  of  2  to  1  per  cent  is  used,  the  thickness 
shall  be  determined  by  the  usual  methods  of  reinforced  con- 
crete design  for  vertical  loads  and  for  a  uniform  wind  load 
of  30  lb.  per  square  foot  on  exposed  surface. 

(b)  The  thickness  of  the  bearing  wall,  of  double  or  triple 
concrete  walls  shall  conform  to  paragraph  (a),  this  section, 
except  that  the  thickness  required  to  carry  the  loads  may 
be  reduced  by  the  actual  working  shear  value  of  ties  between 
the  walls. 

(c)  Exterior  walls  which  act  merely  as  curtain  walls  be- 
tween reinforced  concrete  columns  or  studs  shall  be  designed 
to  withstand  a  wind  pressure  of  30  lb.  per  square  foot  on  the 
exposed  surface.  Reinforced  concrete  curtain  walls  may  be 
constructed  by  plastering  and  back  plastering  on  expanded 
metal  or  wire  mesh  reinforcement,  or  shot  with  a  cement  Run 
or  by  other  mechanical  means  of  placing  concrete  or  stucco. 

(d)  Exterior  walls  of  precast  units  bonded  together  by  reg- 
istering or  interlocking  projections  and  depressions,  grouted 
in  place  shall  conform  in  thickness  to  the  schedule  of  wall 
thicknesses  provided  for  concrete  block,  brick,  tile  and  archi- 
tectural trimstone  of  the  Recommended  Building  Regulations 
presented  by  the  Committee  on  Concrete  Products  of  the 
American  Concrete  Institute,  except  that  large  or  small  rein- 
forced concrete  units  connected  on  two  opposite  ends  to 
structural  members  designed  to  carry  all  loads  to  foundations 
originating  from  the  weight  of  the  building  or  from  wind 
pressure  or  which  in  themselves  act  as  structural  members 
may  have  a  thickness  determined  by  the  bending  stresses 
produced  by  wind  pressure  of  30  lb.  per  square  foot  on  the 
exposed  surface. 

(e)  Solid  concrete  exterior  walls  shall  be  furnished  with 
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furring  on  the  inside  so  as  to  produce  an  insulating  air  space 
between  the  interior  finish  and  the  concrete  wall.  Double 
exterior  concrete  walls,  providing  a  dead  air  space  between, 
may  be  finished  without  further  provision  for  insulation. 

Floors. 
Reinforced  concrete  floors  shall  be  designed  to  carry  a 
live  load  of  40  lb.  per  square  foot  uniformly  distributed.  The 
advantage  of  continuity  in  reinforced  concrete  floors  shall 
not  be  assumed  unless  the  concrete  is  placed  continuously 
over  intermediate  supports  for  the  entire  length  of  the  floor, 
with  appropriate  reinforcing  to  take  care  of  negative  mo- 
ments. 

Roofs. 

(a)  Flat  concrete  roofs  shall  be  designed  to  carry  the  dead 
weight  of  the  roof  and  20  lb.  per  square  foot  additional  for 
houses  constructed  in  climates  subject  to  heavy  snowfall 
Sloping  roofs  sliall  be  designed  for  30  lb.  per  square  foot  on 
the  vertical  projections  of  the  roof  surface  exposed  to  the 
wind. 

(b)  Concrete  roofs  without  other  covering  shall  be  con- 
structed of  non-porous  aggregates  so  graded  as  to  produce  a 
dense,  impervious  concrete.  For  additional  assurance  of 
watertight  construction,  waterproofing  compounds  may  tie 
used.  Reinforcement  to  the  amount  of  .2  of  1  per  cent  shall 
be  placed  in  the  top  portion  of  the  roof  slab  to  resist  tempera- 
ture stresses. 

Materials. 

(a)  Only  standard  Portland  cement,  which  meets  the  re- 
quirements of  the  Standard  Specifications  for  Cement  of  the 
American  Society  for  Testing  Materials,  in  effect  as  of  Jan. 
1,  1921,  shall  be  used  in  the  construction  of  houses. 

(b)  All  aggregates  shall  be  clean  material,  free  from  dust, 
ashes,  lumps  of  coal,  vegetable  loam  and  organic  matter. 

(c)  Cinders  may  be  used  as  coarse  aggregate  for  partitions 
and  for  exterior  walls,  providing  tests  show  the  resulting  con- 
crete will  average  a  compressive  strength  of  10  times  the 
loads  to  which  it  will  be  subjected.  Cinders  shall  be  com- 
posed of  hard,  clean,  vitreous  clinker,  free  from  sulphides, 
unburned  coal  or  ashes. 

(d)  Slag  used  for  coarse  aggregate  shall  be  clean,  dense, 
air-cooled  blast  furnace  slag  containing  not  more  than  1.3 
per  cent  of  sulphur  and  shall  weigh  not  less  than  70  lb.  per 
cubic  foot  when  loosely  jiacked. 

(e)  Rods  and  bars  used  for  reinforcing  shall  conform  to  the 
requirements  of  the  Specifications  of  the  American  Society 
for  Testing  Materials  for  Concrete  Reinforcing  Bars  in  effect 
Jan.  1,  1921.  Cold  drawn  steel  wire,  made  from  billets,  may 
be  used  in  floor  and  roof  slabs,  column  hooping  and  for  tem- 
perature and  shrinkage  stresses.  Wire  mesh  or  expanded 
metal  may  be  used  for  its  full  cross-sectional  value  to  resist 
stresses,  providing  its  component  parts  meet  the  require- 
ments for  tests  for  concrete  enforcement  bars  of  the  A  ner- 
ican  Society  for  Testing  Materials.  . 

(f)  The  water  used  in  mixing  concrete  shall  be  fre=  from 
oil,  acid,  alkalies  or  organic  matter. 

Design. 
The  design  of  floors,  roofs,  beams,  girders  and  columns  shall 
be  governed  by  Section  4.  "Design,"  of  the  American  Concrete 
llnstitute  Standard  Specification  No.  23. 
Construction. 

(a)  Reinforcement  shall  be  properly  located  and  secured 
against  displacement  during  the  placing  of  the  concrete. 

(b)  Machine  mixing  is  to  be  preferred,  but  where  it  is  nec- 
essary to  mix  by  hand,  all  ingredients  shall  be  turned  together 
until  the  mass  is  homogeneous  in  appearance  and  color.  Hand- 
mixing  shall  be  done  without  losing  an  appreciable  amount  of 
mortar.     A  small  batch  mixer  is  most  satisfactory. 

fc)  Only  enough  water  shall  be  used  to  produce  a  consist- 
ency such  that  the  concrete  will  flow  sluggishly  into  the  forms 
and  around  the  reinforcement  without  separation  of  aggre- 
.eatos  from  mortar.  Concrete  shall  be  protected  against  rapid 
drying  out  and  shall  be  protected  against  freezing  until  it  has 
hardened  for  at  least  10  days  in  a  temperature  not  less  than 
3.5°  F.  Concrete  shall  be  deposited  in  the  forms  not  more  than 
30  minutes  after  mixing. 

(d)  Forms  shall  be  substantial  and  sufliciently  tight  to  pre- 
vent leakage  of  more  than  1  per  cent  of  the  mortar.  They 
shall  not  be  removed  until  the  concrete  has  hardened  suffi- 
ciently to  sustain  without  injury  to  the  concrete  the  loads 
that  will  come  upon  it.  Window  and  door  frames  may  be  set 
in  the  forms  and  the  concrete  cast  around  them.     Wooden 
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frames  should  be  well  primed  and  should  be  anchored  to  the  the   past  six  years   by  the  U.   S.   Bureau  of  Standards.    The 

concrete  bv  meanp  of  long  spikes  or  bolts.     They  should  be  National    Board    of    Fire    Underwriters,    and    the    Associated 

braced  against  distortion  from  the  pressure  of  fresh  concrete.  Factory    Mutual   Fire   Insurance    Companies.     An    edition    of 

5,000   copies  of  this  report  has   now   been   published   by   the 

c      ^^„^*:^-.^   ^^   rx^r^:^^:^^  ^-fr? ,.-..„„  t'^o   last-named   co-operating  agencies   and   copies  are   avail- 

SuggeStlOnS  on  Designing  of  l^OrmS  able  at  what  is  practically  the  cost  of  publication.    The  report 

■f^|.  r^onrTPtP  A^Trirt  contains   3S9   pages  and   numerous   illustrations,   curves,  and 

lUl    V>HJ11«-1CIC     VVlJllV  tables.      Copies    may    be   obtained  iitor    $2    per   copy    for   the 

Better  designing  of  forms  was  the  subject  of  a  paper  pre-  paper  cover  and  $2.50  for  cloth  cover  from  the  Underwriters 

sented  February  17  by  Mr.  T.  Trueman  Black,  Construction  En-  Laboratories,  207  E.  Ohio  St.,  Chicago,  111.,  or  from  the  Asso- 

gincer,  Toronto.  Ont.,  before  the  Toronto  branch  of  the  Engi-  cjatpd    Factory    Mutual    Fire   Insurance    Companies.    31    Milk 

neering  Institute  of  Canada.     An  abstract  of  the   paper   fol-  gj     Boston,  Mass. 

lows:  

Forms  are  to  be  designed  so  as  to   (1)   keep  the  semifluid  x      .        »t          t               r  \-ni      i          t      n    •            mi  ->  <- 

concrete  in  position:   (2)  give  the  concrete  such  surface  as  is  IlldeX  Numbers  Ot  Wholesale  FriCeS    1V14  tO 

required  by  the  specifications;    (3)   support  the  steel  reinforc-  FebruarV      1921 
ing:    (4)   be  easilv  removable  without  destroving  or  injuring 

the  concrete  surfaces;    (5)   be  cheaply  built,  erected  and  re-  The  accompanying  tabulation  shows  the  index  numbers  of 

moved  and  (6)  be  in  shape  for  reuse.  wholesale  prices  by  groups  of  commodities,  as  computed  by 

There  are  certain  well  known  theories  and  principles  un-  the  U.  S.  Bureau  of  Labor  Statistics.  The  group  of  niiscel- 
derlying  the  design  of  forms;  but  there  is  a  number  of  other  janeous  commodities  includes  such  important  articles  as  cot- 
factors  deprnding  upon  local  conditions  which  v.-ill  determine  ,.,,,...  .,  ■  .  i,,,  •  » 
...  i  ■■,  c  ^-u  I  T-,  •  i  1  tonseed  meal  and  oil.  lubricating  oil.  jute,  rubber,  newsprint 
the  success  or  failure  of  the  work.     For  instance,  concrete  luu^ccu  mcai  cuu  uu.                    =,       .  j       , 

will  at  one  time  flow  easily,  filling  the  forms  completely.     At  and  wrapping  paper,  rope,  soap,  laundry  starch,  tobacco,  Ma- 

another  time,  however,  due  to  changes  in  humidity  or  tern-  nilla  hemp,  sisal,  phosphate  rock  and  wood  pulp.     The  com- 

perature,  or  to  slight  changes  in  the  aggregate,  the  concrete  modifies,  including  the  other  groups,  are  as  indicated  by  the 

seems    to    have    developed    a    large    internal    friction,    flows  ftip- 

through  the  chutes  very   sluggishly  at  the     same  time  sets 

soon  after  leavine  the  mixer      In  this  case  the  tamDin°-  and  INDEX   NUMBERS   OF  -WTIOLESALE   PRICES   IN    SPECIFIED 

soon   aiiei    leaxing   iiie   mixei.      in    uiis   case   lue    iduipiu^   ami  YE.'RS   AND   MONTHS,    1913    TO   SEPTEMBER,    1920, 

spading   required   to   fill   the   forms   brings   on   them   stresses  BY  GROUPS  OP  COMMODITIES. 

which  can  only  be  guessed  at.     The  concrete  not  being  spread  (1913 — 100.)      ^                      ^ 

evenly  throughout  the  forms,  brings  uneven  loading  on  them.  ^                  _                  rc-i       3           .       .■  o                i 

To  mget  some  ot  these  conditions  the  engineer  has  to  make  -a          9         E       B  ■      "^  ■    ^°       Z.      3^      B^               - 

a  study  of:                  ■  '^■^       "           .       ".S       "*  £    --       -.2    '^^       •^■^    c  ==       §  oi 

Type  of  structure,  whether  mass  work  or  other  walls.     In  ^c       fx      "%      £5       ■72    SS^    §.£    1,^       ?2    jS       "■- 

mass  work  the  forms  are  heavy,  coarser  aggregate  is  used  re-  ^g      ^g      ^      ^%      S.S   SEs    SS    6§       Jfic    i,S       <S 

quiring  fewer  cross-ties.     In  thin  walls,  beams,  etc..  cross-ties  1913    ..."....  100      100      100      100      100      100      100      100      100      100 

can  be  placed  frequently,  great  strength  in  the  forms  is  not  J^'J-jr::::    97       96      100      "s      102      loi      101     loo      "s      "g 

required  on  account  of  the  small  unsupported  spans.  July  ..'.'.'.'  lOi      162      100       99        98      101       99      100      lOl      100 

Surfaces.     Contractors  concede  that  it  is  cheaper  to  make         Oct 103      102      100      100        99       98      100      100      lOO      101 

,  „  ,  ■         c  -i,     c    •   1      1  1914    103       103         98         9G         87         97       101         99         !'9       100 

smooth   exposed   surfaces  by  usmg  forms  with   finished  sur-  jan           .  101      102       98       99       92       98      100       99       99      100 

faces,   than   bv   smoothing  the  concrete  after  the  forms  are  April' .■'.' ."  103       95       99       98        91       99      100       99      101       98 

,„ ,.„,  ■  '  July    104       104         89         95         85         97         99         99         97       100 

remo\ed.  qp^ 103      1Q7        97        93        33        ge      105        99        96        99 

Advisability  of  designing  forms  so  as  to  be  able  to  re-use  1015                105      104      loO       93        97       94      114       99       99      101 

them  Jan 102       106         96         93         S3         94       103         99       100         99 

X,"           ,.           ,                 i        ,.,...        ,                     •    ,         ,,    xu  April    ....   107       105         99         89         91         94       102         99         99       100 

The  action  ot  cement,  whether  it  is  slow  or  quick,  whether  j^iy            io8      104       99       90      102       93      los       99       9S      lOl 

it  throws  the  surplus  water  quickly  or  not.  will  make  a  dif-  Oct.   '.'...'.  105      103      103       96      100       93      124       99       99      101 

tereuce  in  the  pressure  against  the  forms.     A  quick  setting  l^Jl^  ■;•;;•.  \||     \ll      \f^     ^J?      \ll      ^^l      ito      III      lo?      no 

cement  has  a  tendency  to  produce   water  streaks   upon   the  April"!!!.'  114      117      119      los      147      loi      172      lOS      no      117 

surface  of  the  concrete.     If  the  form  is  tight  this  effect  will         -i^ulv  lis      121      1||     "S      "^      ^99      156      121     120      119 

be  more  marked.     This  is  especially  evident  in  steel  forms  ^gJ-   '      '"  jg9      j^g      jg^      jY5      jos      124      198'    144      155      176 

A  slight  leakage  in  the  form  will  improve  this  defect.  Jan!'.'.'.'.'!  148      150      I6i      176      is.3      ins      159      132      138      151 

In   warm   weather  the   tendency  for  the   cement   is  to  set  -^S^\:;;:  lU      \ll      \f,     51|      Ifv     \\t      lis     111     ils     Is'e 

quicker,  causing  more  streaks  upon   the  surface.     The  atmo-  Oct.   !!...  208      183      193      146      ![S'2      114      252      152      163      181 

spheric  conditions  ma V  change  the  flowability  of  the  concrete.      1918    220      189      239      163      181      151      221      196      193      196 

~-,     ,   .     J,     i   -  1   i?    ^       •  11,   +K.,  „,,,«      .Ian 207   187   211   157    1(4   l.jn   232   161   l.o   185 

The  choice  of  materials  for  forms  is  governed  by  the  num-         pgj, 208      1S6      216      157      176      138      232      161      isi      186 

ber  of  times  it  is  possible  to  use  them.     Timber  forms  are  March".'!!  212      177      223      15S      176      144      2;)2      165.     184      187 

,       ^  ,    .  .       ^.  .  ,  t  fn „   „„„    ho  ■■^Pril    217       17S       232       157        177       146       229       172       191        190 

best  used  in  a  structure  where  only  a  few  repetitions  can  be         j^j^y  214      177      237      16O      17S      14S      223      173      194      190 

made.     Steel   forms   are   economical   when    there   is   a   large  June'!!!!  217      179      245      159      178      150      219      198      196      193 

,  .  ,.,.  •      *u        *        *  July    224       184       249       166       184       154       216       199       190       198 

number  of  repetitions  in  the  Structure.  Aug 230      I9i      252      ifiG      185      l.i7      222      221      191      £02 

Some  designers  give  plans  of  forms.     This  is  of  advanta.ge         Sept 237      199      255      ir,7      184      159      220      226      194      207 

,  .4.'  ■    ■    i        ■        u    ■i.T„rr^     whor-o     li  i  <,>.  Oct 224        201       257       167        187       158       218       226       196       204 

m    arranging    construction    joints    m    buildings    where    high         ^^^ 221      206      256      171      188      164      215      226      203      206 

stresses  are  used.     The  designer  has  many  chances  of  sav-         Dec 222      210      £50      I7i      184      164      195      227      204      206 

ing  in  cost  of  formwork  by  slight  modifications  in  his  design.  ^^^■■■■■■^      210      261      173      m      192      179      236      217      212 

A  careful  study  of  formwork  will  have  the  tendency  to  elimi-  pgj,             218      196      223      169      ifis      ifi3      1S5      218      208      197 

nate  expensive  and  diflicult  form  building.  March  ...  22s     203      216      les      162      165      is.3      218      217      201 

,  .        ^,       .  .,  ,  ,  ,  I  n     »   ,„    „,]„„  .\pril    235       211       217       167       152       162       178       217       216       203 

In  removing  the  forms  it  must  be  remembered  that  wooden  ^j.^^,   240      214      23<:      167      152      164      179      217      213      207 

forms  have  a  tendencv  to  swell,  while  the  concrete  shrinks  in  June    !!!!  231       204      258      170       154      175      174      233      212      207 

.,  ,       ,^.      ■       _       ,,  „,   „.  , ^„  „,„^„  July   246       216       282       171       158       ISfi       171       245       221       218 

the  process  of  setting.     For  the  easy  removal  of  torms  wedg-  ^^^            243      227      304      175      165      2ns      172      259      225      226 

ing  strips  are  necessary.     It  is  best  to  allow  a  drawing  piece  Sept'.  .'.!!!  226      211      .306      is'l       160      227      173      26'2      217      220 

for  each  10  or  12  ft.  ot  form  not  free  to  move  longitudinally,  Sov. '!!!!240     219      325      ifn      164      236      176      299      220      230 

if  the  forms  are  to  be  removed  in  sections.  Dec 244      234      335       Isi       169       253      179      303      229      238 

The  question  of  forms  is  a  building  question  and  the  method      19.|0    218      236      302      23s      1S6      30S      210      366      236      243 

is  optional  with  the  builder  as  long  as  the  forms  tullnl  their         ^pj, 237      244      35fi      1S7      189      300      197      329      227      249 

purpose  and  maintain  the  structure  true  to  line  and  free  from  March  ...239      246      356      192      192      .324      205      329      230      253 

construction  stresses.     It  is  best,  however,  to  give  more  com-  M.,y      '■'  244      287      347      235      193      341      215      329      '46      27' 

plete  specifications  for  formwork  to  relieve  the  builder  from  .turie    . . . .  243      279      .335      246      190      337      218     362      247      269 

responsibility  after  the  concrete  is  placed.  Aug.  '.'.'!!  2'22      235      299      268      193      32's      216      363      240      250 

Sept 210       223       278       284       192       318       222       371       2.!9       242 

Fire  Tests  of  Building  Columns.— A  detailed  report  of  fire  °ov. '.'.'.!!  ill      195      234      258      170      274      207      369      Im      io7 

tests  and   fire-and-water  tests   on   over   100   building  columns         Dec 144      172      220      236      157      266      188      346      205      189 

has  recently  come  from  press.     This  report  contains  results  j^-^^ ,3g      .,g2      208      228      1""      ''"t      !«•'      'rs      190      177 

of  an  investigation  which  has  been  conducted  jointly  during         Feb 129      150      198      218      146      222      17s      277      I'so      167 
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Construction  Features  of  Black  St. 
Bridge  Piers,  Hamilton,  O. 

Somewliiil  unusual  methods  ;iri'  lieiiig  employed  by  the 
Miami  Conservancy  District  in  constructing  the  piers  for  the 
Black  St.  bridge  at  Hamilton.  O.  The  chief  departure  from 
ordinary  procedure  is  the^excavation  of  the  pier  foundations 
in  the  open  by  means  of  a  drag  line  excavator.  An  interesting 
account  of  the  substructure  worlc  is  given  in  the  Miami  Con- 


The  pile  driver  was  a  No.  :;  Vulcan,  with  l,SOO-lb.  tup. 
cylinder  8  in.  by  ;!0  in.  and  total  weight  of  3,800  lb.  Includ- 
ing the  leads  the  total  weight  was  2'/^  to  3  tons.  The  pier 
lootings  vary  from  21  ft.  by  G2  ft.  to  24  ft.  by  02  ft.,  accord- 
ing to  the  conditions  encoimtered.  They  are  reinforced 
transversely  to  distribute  the  heavy  loads  on  the  pier  shafts 
evenly  over  the  material  below  the  footings.  Bending  effects 
in  the  shaft  (due  to  unequal  loading  of  the  arches  on  each 
side)  are  resisted  by  light  reinforcement  near  the  shaft  sur- 
faces,   this    reinforcement    also    acting    to    prevent    surface 


Elevation  of  Black  Street   Bridge  at 

servancy   Bulletin,   from   which   I  he   matter   in   this   article   is 
taken. 

The  foundations  are  on  sand  and  gravel,  more  or  less 
cemented  with  clay.  Where  in  one  or  two  cases  clay  strata 
were  encountered,  this  material  was  removed  and  the  founda- 
tions carried  deeper.  The  maximum  pressure  below  any  pier 
occurs  at  one  edge  of  the  footing  when  one  adjacent  arch  is 
loaded  with  the  maximum  live  load.  At  Black  St.  this  pres- 
sure is  314  tons  per  square  foot.  With  the  entire  bridge 
loaded  this  reduces  to  2%  tons.  To  provide  ample  resist- 
ance to  these  pressures  130  to  150  piles  are  driven  under  each 
pier  footing,  spaced  3  ft.  each  way,  the  number  depending  on 
the  width  of  footing  and  this  in  turn  on  the  conditions  at 
the  particular  pier.  The  piles  are  of  20-ft.  length,  driven  18 
ft.  into  the  sand  and  gravel  and  imbedded  at  the  top  2  ft. 
in  the  concrete  of  the   pier  footing.     The  piers  are   carried 


Hamilton,  O.,  Showing   Foundations. 

cracks.  Horizontal  grooves  or  rustications"  are  carried 
around  the  surfaces  of  the  shafts  at  regular  intervals,  to 
break  up  the  monotony  of  appearance,  acting  in  this  respect 
like  the  courses  in  stone  masonry. 

The  method  of  open  excavation  for  the  piers  has  been  used 
throughout,  having  been  found  so  efficient  on  pier  3,  the  first 
pier  excavated,  that  its  use  was  immediately  extended  to 
pier  4,  then  to  pier  2.  then  to  piers  5  and  6.  Pier  1  remains 
to  be  done.  To  save  moving  the  pump  outfit,  the  excava- 
tion for  pier  3  was  extended  to  Include  pier  4,  and  later  pier 
2.  all  in  one  large  cofferdam.  Seepage  did  not  increase  with 
these  extensions,  due  to  the  silting  up  of  the  gravel  of  the 
cofferdam  by  river  mud  brought  down  in  suspension  during 
a  rise  in  the  river.  The  seepage  with  all  three  piers  included 
was  indeed  scarcely  greater  than  with  pier  3  alone.  The  maxi- 
mum was  about   4,1)00.000  gal.  per  day.  kept  up  for  about  a 
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down  12  to  16  ft.  below  the  improved  channel  grade,  so  that 
the  danger  of  scour  reaching  the  pier  bottom  is  remote. 
However,  if  it  occurs,  the  penetration  and  spacing  of  the 
piles  is  such  that  the  entire  material  immediately  underly- 
ing a  pier  might  be  washed  away,  and  the  pier  would  still 
stand,  supported  by  the  piling.  This  supporting  power  was 
determined  by  actual  test,  as  well  as  by  observations  on 
the  piles  under  the  last  blows  of  the  pile  driver. 


General   Plan   Showing   Layout  of   Work   on   Jan.  20,   1921. 

week.  The  excavation  for  piers  .5  and  6  was  also  thrown 
into  one.  In  this  double  excavation  the  seepage  was  not 
measured,  but  was  probably  not  more  than  1.500,000  gal. 
per  day. 

After  the  concreting  had  been  completed  for  piers  3  and  4 
to  above  w^ater  level,  a  cross  dam  was  thrown  between  piers 
2  and  3.  The  levees  of  the  cofferdam  between  piers  3  and 
4  were  then  cut  and  the  river  turned  through.     The  dragline. 
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which  did  the  work,  was  so  maneuvered  that  while  finishing 
it  the  machine  stood  on  the  west  levee  of  the  cofferdam  and 
was  thus  able  to  proceed  at  once  with  the  excavation  tor 
the  next  piers,  5  and  6,  concrete  work  on  pier  2  proceeding 
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r  V'O' Omtr  P,ers  ^ 


SECTIONAL  HALF  PLAN 
OF  PIER   FOUNDATION 


Details    of    Black    Street    Bridge    Pier. 

simultaneously.  The  seepage  into  the  excavation  at  pier 
2,  after  this  had  been  isolated  by  the  cross  dam,  was  so  slight 
that  it  was  easily  handled  by  a  6-in.  pump  working  part  time. 
The  pumps  in  the  triple  excavation  for  piers  2,  3  and  4 
were  an  S-in.  running  constantly,  and  an  8-in.  and  6-in.  run- 
ning  part   time.      They   handled    the    4.000.000   gal.   maximum 


viithout  difficulty.  The  6-in.  pump  had  an  S-in.  suction,  one 
8-;n.  had  a  10-in.  suction,  the  other  a  12-ln.  All  were  elec- 
trically driven,  with  30.  40  and  -SO-HP.  motors,  respectively. 
For  piers  5  and  6  two  of  the  above  pumps  were  first  used, 
superseded  later  by  one  12-in.  pump  with  1.5-in.  suction,  driven 
by  a  75-HP.  motor.  All  the  pumps  were  of  the  centrifugal 
type. 

The  pumps  were  set  with  a  normal  lift  of  20  ft.,  increased 
at  times  to  22  or  23  ft.  This,  of  course,  was  in  the  face  of 
"conventional  good  form,"  which  is  to  reduce  the  lift  by 
setting  the  pumps  as  low  as  possible  in  the  excavation,  in 
order  to  avoid  air  leaks  and  loss  of  time  in  priming.  The 
reason  for  the  high  setting  was  to  avoid  flooding  the  elec- 
tric motors  by  the  water  rising  in  the  excavation  when  the 
electric  power  shut  down,  a  contingency  occurring  quite  fre- 
quently. To  meet  this  condition  the  pumps  were  set  as  high 
as  possible  and  still  lift  the  water.  They  worked  well  at 
the  lift  mentioned. 

The  dragline  excavator  used  was  a  Class  14  Bucyrus,  with 
70-ft.  boom  and  1%-yd.  bucket.  It  weighed  85  tons  with  the 
caterpillars,  the  latter  with  its  drive  mechanism  weighing 
about  29  tons.  The  weight  gave  no  trouble  on  the  levees, 
the  latter  standing  up  perfectly  under  the  load.  The  cater- 
pillars were  a  distinct  aid  in  maneuvering  the  machine 
around  the  cofferdams,  and  also  have  an  advantage  in  en- 
abling a  quick  "getaway"  in  case  of  high  water.  The  ma- 
chine was  bought  at  second  hand   for  $18,000. 

The  chief  risk  in  using  the  method  of  open  excavation  is, 
of  course,  that  high  water  may  wash  away  the  earth  of  the 
cofferdam  levees.  At  Hamilton,  on  Nov.  22  and  23,  this  hap- 
pened. The  river  rose  9  ft.,  and  flowing  mostly  in  a  rather 
narrow  channel  between  piers  3  and  4,  acquired  a  high  ve- 
locity. As  a  result  first  one  corner  and  then  all  of  the  east 
side  of  the  cofferdam  enclosing  piers  5  and  6  was  washed 
away,  including  also  about  half  of  the  north  and  south  sides. 
Only  the  upper  10  ft.  of  the  levees  was  affected,  the  material 
below  remaining  in  place.  Fortunately,  the  eroded  material 
was  not  deposited  within  the  cofferdam,  so  that  after  the 
levees  had  been  rebuilt  by  the  dragline  and  the  water  pumped 
out,  it  required  only  about  two  hours'  hand  work  to  clean 
up  the  excavation.  The  pump  motors  and  loose  material 
and  equipment  had  been  removed  by  the  cableway  before  the 
break  occurred.  The  delay  due  to  the  accident  was  just  two 
weeks. 

Gravel  for  the  concrete   is  dug  from   the  river  bed   by  the 


Excavation  for  Piers  5  and  6,  Showing   Levee  Built  Up  From  IVIaterial    Taken    Out   by   the    Dragline. 
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dragline,  and  piled  in  a  stock  pile  on  the  east  bank  a  little 
north  of  the  bridge  site.  An  electrically  operated  stiffleg 
derrick,  running  on  a  28-ft.  gage  railway,  and  equipped  with 
a  :j4-ft.  boom  and  a  %  cu.  yd.  Owens  clamshell  bucket,  loads 
this  material  into  1  %-yd.  Western  rocker  dump  cars.  These 
are  transported  to  a  storage  hopper  at  the  mixing  plant  by 
a  ;;-ton  Plymouth  gasoline  locomotive  on  a  2-ft.  gage  track. 
The  storage  hopper,  of  34  cu.  yd.  capacity,  feeds  the  material 
in  turn  through  chutes  into  the  batch  hopper  of  the  mixer 
on  I  he  charging  floor.  The  mixing  plant  is  on  the  east  bridge 
abutment.  The  oversize  rock  (above  G  in.),  is  screened  out 
by  a  gridiron  steel  screen  over  the  mouth  of  the  storage 
hopper.  The  cement  is  wheeled  from  the  cement  house  to 
the  charging  hopper  by  hand  trucks.  The  mixer,  a  1-yd. 
Smith,  discharges  directly  into  a  bottom  dump  bucket,  which 
stands  in  a  pit  directly  below  the  cableway.  The  latter  trans- 
ports the  bucket  from  the  mixer  to  the  work,  where  the  con- 
crete is  discharged  into  a  hopper,  whence  a  chute  takes  it 
to  the  forms. 

The  cableway  is  a  Lidgerwood  of  5  tons  capacity.  The 
towers  are  80  ft.  high  and  800  ft.  apart,  the  hoist  engines 
being  housed  on  the  east  bank,  with  the  60  HP.  boiler  which 
feeds  them.  The  cables  comprise  the  main  suspension  cable. 
the  fall  line,  the  button  line,  and  the  endless  cable  which 
pulls  the  carriage.  No  trip  line  is  used,  the  bucket  being 
dumped  by  hand. 

Tests  made  on  the  bank  run  gravel  which  is  used  show 
that  the  ratio  of  sand  to  gravel  is  about  1  to  2  at  all  times. 
For  the  mass  concrete  of  the  piers  and  abutments,  therefore, 
no  screening  is  necessary  except  to  reject  the  oversize  men- 
tioned. The  gravel  is  so  clean  that  it  requires  no  washing. 
For  the  bridge,  arches,  floors,  etc.,  the  gravel  will  be  screened 
and   proportioned  as  required. 

The  mix  employed  in  the  piers  varies  with  the  location. 
In  the  footings  an  approximate  1:3:6  ratio  is  used.  4  bags  of 
cement  being  charged  into  a  batch  of  concrete.  The  measur- 
ing is  virtually  done  in  the  concrete  bucket  which  transports 
the  material  to  the  forms,  enough  of  the  bank  run  gravel  being 
run  into  the  charging  hopper,  with  the  4  bags  of  cement,  to 
just  fill  the  bucket  after  being  mixed  and  discharged.  For 
the  stems  of  the  piers  5  bags  of  cement  are  employed  per 
bucket;  and  for  the  pier  tops  and  for  the  last  8  or  10  ft.  of 
the  upstream  pier  nose,  6  bags  are  used. 

Five  of  the  six  piers,  the  east  abutment,  and  about  half  the 
west  abutment,  had  been  completed  in  January.  Pier  1  still 
remained  to  be  built. 


Payment  for  Use  of  Small  Tools  on  Cost 
Plus  Work 

In  its  annual  report  submitted  at  tlie  recent  meeting  of  the 
Associated  General  Contractors  of  America,  the  Committee 
on  Methods  recommended  that  payment  for  the  use  of  small 
tools  and  appliances  on  cost  plus  work  be  fixed  by  either 
one  of  the  following  methods: 

First  Method:  All  tools,  when  brought  upon  the  work, 
shall  be  listed,  and,  according  to  their  condition,  classed  as 
follows: 

New  :=  N  :=r  100  per  cent  new 

Good  =  G  =    75  per  cent  new 

Fair  ==  F  =    50  per  cent  new 

Poor  =  P  =    20  per  cent  new 

Valueless  i=  V  =      0  per  cent  new 

Tpon  completion  of  the  work  all  tools  should  be  listed 
a  id  reclassified  according  to  their  condition.  The  decrease 
in  percentage  value  multiplied  by  the  market  price  of  the 
respective  tools,  plus  the  value  of  lost  tools,  will  then  con- 
stitute the  amount  of  payment  due  for  small  tools  and  appli- 
ances. This  is  developed  as  the  tool  charge  in  the  A.  G.  C, 
cost  plus  contract. 

Second  Method;  The  expense  of  small  tools  and  appliances 
has  been  found  to  vary  from  '/4  of  1  per  cent  to  l'/^  of  1  per 
cent  of  the  total  cost  of  the  work.  Therefore,  when  it  is 
necessary  to  predetermine  a  tool  charge  the  amount  may 
be  fixed  between  these  limits  according  to  the  character  of 
the  work. 


Fabricating  Shop  Contracts  in  February. — The  records  ot 
the  Bridge  Builders  &  Structural  Society,  from  reports  col- 
lected by  its  secretary,  show  that  during  the  month  of  Feb- 
ruary, 1921.  25,600  tons  of  fabricated  structural  steel  were 
contracted  for  throughout  the  United  States,  equivalent  to 
14  per  cent  of  the  entire  capacity  of  the  bridge  and  structural 
shops  of  the  country. 


An  Engineer  at  the  Architectural 
Exhibit 

Notorious  is  the  divergence  ul  view  between  architect  and 
engineer,  but  the  desirability  of  a  better  understanding  will 
be  denied  only  by  such  extremists  as  the  esthete  who  feels 
that  the  practicalities  are  unworthy  the  consideration  of  an 
artist,  and  the  extreme  utilitarian  who  would  measure  the 
universe  in  terms  of  feet  and  kilowatts  and  dollars.  We 
recommend,  therefore,  that  our  readers  who  are  in  Chicago 
visit  the  exhibit  now  in  progress  at  the  Art  Institute,  and 
which  will  continue  until  April  5th.  with  the  definite  purpose 
of  trying  to  get  somewhat  of  the  architect's  point  of  view. 

Admitting  that  there  may  be  fundamental  differences  be- 
tween the  mental  types  that  are  attracted  to  the  two  pro- 
fessions, and  still  more  differences  between  those  who  attain 
pre-eminence  in  each,  we  believe  that  the  greater  part  of  the 
existing  differences  are  due  to  the  specialization  of  activities 
rather  than  to  any  natal  endowment  of  individuals.  But  be 
these  differences  what  or  how  they  may,  the  facts  remain 
that  engineer  and  architect  work  in  inseparable  fields,  that 
each  is  at  times  required  to  enter  to  some  extent  the  field  of 
the  other,  and  that  very  often  they  must  co-operate  for  a 
given  end.  They  work  for  the  same  client — the  man  who  is 
neither  architect  nor  engineer — and  this  client  demands  struc- 
tures that  are  efficient,  safe,  of  reasonable  cost,  and  beau- 
tiful. All  four  requirements  cannot  be  fulfilled  without  a  ■ 
conjunction  of  the  professions.  " 

It  will  not  do  to  say  that  so  few  people  appreciate  beauty 
that  it  is  not  worth  while,  for  though  a  few  only  can  analyze 
it,  the  majority  feel  it  even  when  they  cannot  tell  why  they         i 
find  this  thing  beautiful  and  that  ugly. 

Certainly  the  services  of  each  of  our  building  professions 
would  be  enhanced  in  value  by  a  broadened  view  and  an  un- 
derstanding and  appreciation  of  each  other's  work. 

There  follow  an  engineering  editor's  observations  and 
thoughts  at  the  exhibition. 

Some  Deficiencies. — First  as  to  what  appears  lacking: 
Considering  the  present  housing  shortage,  the  meagerness  of 
the  exhibits  of  small  homes  and  apartment  buildings  is  pa- 
thetic. Are  the  architects  not  sufficiently  concerned  to  make 
an  effort  toward  the  stimulation  of  interest  in  this  matter? 
We  think  that  they  have  missed  an  opportunity. 

The  second  lack  to  be  noted  is  very  different.  We  had  ex- 
pected to  see  many  plans  and  details  but  comparatively  few 
of  either  are  shown,  and  so  far  as  we  observed  no  structural 
details  whatever.  Among  the  architects  it  was  doubtless  con- 
sidered that  the  elevations,  perspectives  and  photographs  pre- 
sented the  subjects  of  greatest  interest  and  importance;  but 
we  believe  that  the  interest  of  the  many  non-architectural 
visitors  to  the  exhibition  would  have  been  increased  by  the 
introduction  of  more  floor  plans  and  details  both  of  struc- 
tural and  ornamental  features. 

These  are  the  two  main  deficiencies  noted.  Of  minor  lacks, 
the  most  prominent  to  an  engineer  is  the  occasional  omission 
of  any  statement  of  scale  from  a  drawing:  a  small  thing,  but 
one  not  unwoithy  of  remedy. 

Predominant  Style. — Only  a  few  of  the  general  impressions 
afforded  by  the  exhibition  can  be  mentioned.  One  of  these  is 
that  there  is  an  increase  in  the  formality  of  styles.  This  is 
particularly  noticeable  in  the  landscape  section,  where  almost  h 
all  of  the  drawings  depict  somewhat  formal  arrangements.  " 
While  being  furthest  from  considering  the  beauty  of  art  as 
superior  to  that  of  manure  where  the  two  are  compared  in 
their  broader  aspects,  we  believe  that  the  formalism  here  ob- 
served is  desirable  because  it  is  applied  very  largely  to  small 
grounds  where  there  is  insufficient  space  for  any  really  nat- 
ural appearance,  and  where  attempts  to  that  end  are  usually 
childish.  Furthermore,  the  formalism  in  most  of  the  exhibits 
is  not  extreme.  In  fact,  we  believe  that  it  reaches  a  very 
happy  stage  in  which  the  natural  objects  constituting  the  de- 
tail are  arranged  within  a  strictly  limited  area  in  a  fashion 
orderly  but  not  rigid. 

Characteristics  of  the  Drawings. — .\nother  feature  to  be 
noted  is  the  variety  and  beauty  of  style  in  which  the  draw- 
ings are  rendered.  Some  are  done  in  minute  detail — others 
in  a  more  or  less  impressionistic  style.  Some  are  in  black  or 
sepia — others  in  full  color — and  we  may  as  well  confess  that 
it  was  the  colored  pictures  which  pleased  the  most.  The 
titles,  too,  are  frequently  works  of  art.  In  enginering  the 
ornate  titles  of  a  generation  ago  have  vanished,  and  well 
that  they  have,  but  in  architecture  the  desirability  of  the  sug- 
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gestion  of  beauty  in  all  features  of  the  plan  still  remains,  and 
probably  will  remain. 

Features  of  the  Exhibit. — Clearly  the  most  conspicuous  sin- 
gle feature  is  the  large  white  plaster  model  of  the  Bahal 
Temple — a  proposed  universal  house  of  worship  to  be  located 
at  some  point  not  far  north  of  Chicago.  In  spite  of  all  that 
has  been  claimed  for  this  design  as  a  worthy  departure  from 
previous  architectural  styles  and  as  a  possible  forerunner  of 
a  new  school,  we  are  unable  to  find  in  it  anything  really 
startling. 

To  the  architecturally  lay  mind  it  gives  the  impression  of 
being  wholly  oriental  in  spite  of  its  odd  polygonal  plan  and 
what  we  suspect  are  certain  departures  from  established 
principles.  Beauty  it  unquestionably  has.  Structurally  it 
presents  inconveniences  rather  than  great  difficulties. 

The  one  other  large  model  of  the  exhibition  is  that  of  the 
Wrigley  Building,  Chicago. 

House  Models. — Two  sets  of  smaller  models  are  sure  to 
catch  the  eye  of  every  visitor.  One  of  these  comprises  several 
residences  of  various  types.  Each  house  is  shown  in  full 
color  and  is  given  a  natural  setting  of  lawn,  trees,  and 
shrubs.  The  work  is  so  carefully  done,  and  is  carried  out  in 
so  much  detail  that  the  effects  are  exceedingly  pleasing. 
,  The  use  of  these  expensive  toys  will  probably  be  the  first 
question  of  engineers  and  many  others  who  see  them:  or 
they  may  even  be  condemned  as  not  worth  their  cost  without 
even  the  asking  of  the  question.  But  here  enters  the  necessity 
of  appreciating  another  point  of  view.  While  architects,  en- 
gineers, builders,  skilled  mechanics,  and  many  others  would 
have  little  need  for  them  as  supplements  to  paper  plans  and 
details,  there  are  other  people  to  whom  models  furnish  the 
only  means  of  understanding  approximately  how  the  finished 
structure  is  to  look.  The  writer  was  once  called  upon  by  a 
hard-headed  bank  president  to  assist  in  laying  out  the  grounds 
for  a  proposed  residence.  The  banker  stated  that  his  land 
was  nearly  level,  that  it  had  a  bank  about  4  feet  high  at  the 
rear,  and  that  he  thought  a  road  could  be  run  in  from  almost 
any  point  to  a  garage  at  the  rear  of  the  house.  On  visiting 
the  site  the  4-foot  bank  was  found  actually  to  be  9  feet,  while 
the  slope  of  the  ground  varied  from  1  in  10  to  1  in  6.  The 
owner  had  to  concede  that  the  bank  was  rather  worse  than 
he  had  thought,  but  he  quite  refused  to  admit  that  his  land 
had  any  important  slope;  and  he  refused  to  believe  the  state- 
ments of  both  engineer  and  architect  that  he  must  either 
make  a  heavy  cut  at  the  rear  of  the  propery  or  have  a  high 
and  unsightly  foundation  with  a  long  flight  of  steps  at  the 
front  of  his  house  until  a  level  was  run  out  from  the  proposed 
back  line  to  the  front,  and  a  board  nailed  on  a  tree  showing 
an  8-foot  difference  in  elevation.  He  was  never  able  to  un- 
derstand the  architect's  drawings,  but  finally  a  model  of 
the  house  gave  him  something  of  an  idea  of  how  it  was  to 
look.  Here  was  a  man  of  attainments,  clever  in  many  ways, 
but  so  completely  without  mechanical  sense  that  only  as 
elementary  a  thing  as  a  model  could  furnish  the  information 
he  wanted. 

The  other  set  of  models  referred  to  is  in  the  landscape  sec- 
tion, and  comprises  a  group  of  yards  and  gardens.  We  ques- 
tion whether  these  serve  any  very  useful  purpose.  In  the 
first  place  they  are  made  to  a  scale  so  small  that  the  presen- 
tation of  the  details  so  important  in  a  minor  landscape  is 
very  unsatisfactory  in  spite  of  some  rather  ingenious  at- 
tempts to  show  them.  One  of  the  difficulties  in  this  con- 
nection is  that  of  the  successful  representation  of  foliage  of 
different  sorts;  but  by  far  the  greatest  obstacle  is  that  land 
slopes  presented  in  miniature  do  not  appear  true  to  fact.  It 
would  be  too  much  to  say  that  no  landscape  model  is  worth 
while,  but  it  does  seem  that  the  opportunities  for  its  prac- 
tical use  are  rare. 

The  Importance  of  View.— Notable  among  the  architectural 
drawings  are  those  in  the  competition  of  the  Chicago  Archi- 
tectural Club  for  the  design  of  its  own  house.  All  of  these 
treat  of  the  environment  and  approach  to  the  building  as 
well  as  of  the  structure  itself,  thus  giving  conspicuous  rec- 
ognition to  the  frequently  overlooked  fact  that  it  is  useless 
to  place  a  beautiful  building  or  feature  of  a  building  where  It 
cannot  be  seen  to  advantage. 

Numerous  industrial  and  commercial  buildings  are  shown, 
and  some  of  these  we  think  show  admirably  how  such  struc- 
tures may  be  given  an  appropriate  beauty  and  dignity  with- 
out masquerading  or  belittling  their  true  purpose.  .A.s  useful 
structures  might  have  been  designed  by  engineers  alone,  but 
the  attractiveness  which  can  scarcely  be  missed  by  even  the 


common   workman,   can    only    come    from   true   architectural 
knowledge. 

Not  All  Is  Pleasing  or  Consistent.— A  general  Inspection  of 
the  exhibits  inevitably  raises  questions.  Why,  for  instance, 
make  a  public  library  look  like  a  tomb?  Or  why  put  a  set 
of  figures  in  medieval  costume  in  the  picture  of  a  structure 
for  twentieth  century  use?  We  believe  that  the  architects  as 
well  as  the  engineers  need  broadening. 


Surface  Treatment  of  Concrete  on  Bloor 
St.  Viaduct  Toronto,  Ont. 

Three  years'  exposure  has  brought  out  no  defects  in  the 
surface  finish  on  the  concrete  piers  and  hand  rail  of  the  Bloor 
St.  viaduct,  at  Toronto,  according  to  a  paper  presented  Feb. 
17  before  the  Toronto  Branch  of  the  Engineering  Institute  of 
Canada,  by  T.  Truman  Black,  Construction  Engineer,  Toronto. 
Mr.  Black  gives  the  following  details  regarding  the  surface 
treatment  methods: 

On  the  piers  as  soon  as  the  forms  were  removed  the  sur- 
face was  smoothed  up,  either  by  wooden  trowel  if  the  con- 
crete were  still  soft,  or  by  carborundum  brick  if  the  con- 
crete were  hard.  The  surface  was  then  thoroughly  washed 
with  a  hose.  While  wet  the  surface  was  floated  with  mortar 
with  a  wooden  trowel  and  left  for  a  short  time;  then  another 
man  followed  with  a  steel  trowel  and  scraped  all  the  mor- 
tar possible  from  the  surface.  This  left  the  concrete  sur- 
face clear  of  mortar,  while  the  small  holes  were  filled.  The 
surface  was  then  gone  over  with  a  white-wash  brush  dipped 
in  a  wash  of  cement  and  water,  and  a  clean  waterproof  sur- 
face was  the  result.  After  three  years  this  surface  is  free 
from  hair  cracks  or  other  defects. 

In  the  hand  rail  the  conditions  were  different.  The  specifi- 
cations stated  that  the  surface  should  be  so  treated  that  the 
larger  aggregate  should  be  exposed  but  not  disturbed.  This 
aggregate  was  1-in.  red  granite.  This  result  was  obtained  by 
the  following  means: 

The  forms  were  so  built  that  a  small  part  could  be  removed 
at  a  time.  The  time  for  removal  was  chosen  when  the  con- 
crete had  to  some  extent  taken  its  final  set,  though  still 
very  fragile.  A  small  portion  of  the  form  was  removed 
the  mass  of  the  hand  rail  being  supported  by  the  remainder 
of  the  form.  A  laborer  with  a  wire  brush  immediately  went 
over  the  surface  and  brushed  out  the  surface  mortar  for 
about  %  in.  from  between  the  stones.  If  the  concrete  were 
soft,  a  fine  brush  would  do  the  work:  and  as  the  concrete 
got  harder,  stitfer  brushes  were  used.  The  action  of  the 
brushing  seemed  to  speed  up  the  setting,  and  the  surface 
was  much  harder  when  the  brushing  was  completed,  though 
it  had  taken  only  a  few  minutes.  The  whole  surface  was 
treated  in  this  manner.  After  all  the  surface  had  been 
stripped  and  brushed,  men  went  over  it  again  with  water 
and  scrubbing  brushes.  This  removed  part  of  the  gray  mor- 
tar which  was  sticking  to  the  exposed  granite.  About  six 
hours  later  the  entire  surface  was  washed  with  a  dilute  solu- 
tion of  muriatic  acid,  which  removed  all  the  cement  from 
the  exposed  granite  and  left  the  surface  clean.  After  the 
acid  bath  the  surface  was  flushed  with  water  until  all  the 
acid  was  washed  away. 

In  the  surfacing  of  the  railing  it  was  noticed  that  the  brush- 
ing made  the  surface  concrete  much  harder  than  that  which 
was  allowed  to  take  its  usual  time  in  the  forms — a  sort  of 
case  hardening.  After  three  years  the  railing  does  not  show 
any  defects,  and  boys  have  not  been  able  to  pry  any  of  the 
exposed  granite  from  the  surface. 


Waterproofing  Materials  for  Building  Stones. — The  study 
of  colorless  waterproofing  materials  is  being  continued  by 
the  U.  S.  Bureau  of  Standards  to  determine  the  value  and 
relative  merits  of  different  compounds  recommended  for  the 
purpose  of  waterproofing  stone.  Specimens  of  Indiana  lime- 
stone treated  with  various  proprietary  materials  have  been 
exposed  to  the  weather  for  a  period  of  three  mouths.  Absorp- 
tion tests  lasting  for  30  minutes  conducted  at  the  end  of  each 
month  indicate  that  some  of  the  materials  are  more  effective 
than  others.  The  slight  increase  in  absorption  of  the  speci- 
mens as  the  period  of  exposure  lengthens  indicates  that  there 
is  a  gradual  deterioration  of  the  protection  afforded  by  the  treat- 
ment. By  continuing  the  exposure  over  a  considerable  length 
of  time,  it  is  believed  that  the  period  of  effectiveness  may 
be  ascertained. 
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Expansion  RollersUnderLarge  Con- 
crete Girders  in  Roosevelt 
Road  Viaduct,  Chicago 

By  M.  GRODSKY  and  F.  W.  SHAW. 
Ill  the  design  of  the  Roosevelt  Road  Viaduct  in  Chicago 
(east  of  the  Chicago  River)  a  number  of  unusual  features 
were  encountered.  The  viaduct  is  a  reinforced  concrete 
structure  consisting  of  four  lines  of  longitudinal  girders  car- 
ried on  columns.  The  structure  is  entirely  monolithic  be- 
tween expansion  joints  and  it  was  therefore  necessary  to  take 
careful  account  of  the  stresses  in  the  columns  due  to  changes 
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Front    and    End    Elevation    of    Roller    Bearings. 

in  the  lengths  of  the  girders  caused  by  variations  in  temper- 
ature. 

In  all  sections  of  the  viaduct  except  one  it  was  possible  to 
do  this  by  reinforcing  the  columns  with  vertical  steel.  The 
exception  was  the  section  between  the  expansion  joint  at 
South  Wells  St.  (bent  37)  and  the  east  abutment  of  the  bas- 
cule bridge  spanning  the  South  Branch  of  the  Chicago  River 
(bent  o9).  This  section  consists  of  two  spans  resting  on 
two  columns  and  on  a  pilaster  at  the  east  abutment.  The 
span  lengths  vary  from  55  ft.  to  75  ft.  on  the  south  girders 
and  from  64  ft.  to  65  ft.  on  the  north  girders. 

The  Chicago  Surface  Lines'  requirement  of  a  special  man- 
ganese steel  casting  to  connect  the  7  in.  rail  on  the  viaduct 
with  the  9-)n.  rail  on  the  bridge  made  it  necessary  to  use  a 
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Detail   of   Cast   Steel    Roller. 

deeper  trough  on  the  viaduct  in  this  section,  thereby  consid- 
erably increasing  the  dead  load.  The  live  load  on  this  section 
was  increased  due  to  a  provision  made  for  a  double  crossover 
for  street  cars  from  Wells  street  to  Roosevelt  road.  In  addi- 
tion to  this  there  is  an  increase  due  to  congestion  of  traffic 
on  this  section  when  the  bascule  bridge  across  the  river  is 
open. 

The  layout  of  railroad  tracks  under  the  viaduct  made  it 
necessary  that  the  columns  supporting  this  section  be  skewed 
with  respect  to  the  center  line  of  the  viaduct.  The  fact  that 
the  columns  are  skewed  causes  them  to  be  stiffer  and  there- 


for take  more  moment,  without  increasing  their  strength. 
This  combination  of  long  spans,  heavy  dead  and  live  loads 
and  stiffer  columns  made  the  stresses  in  those  columns  higher 
than  was  typical  in  other  sections  of  the  viaduct. 

The  west  ends  of  the  girders  resting  on  the  abutment  were 
practically  fixed  against  sliding.  All  movements  caused  by 
changes  in  the  lengths  of  girders  due  to  temperature  would 
originate  from  the  abutment.  This  would  bring  a  large  de- 
flection to  the  columns  at  the  expansion  joint  at  the  east  ends 
of  the  girders,  causing  heavy  stresses  on  the  columns,  espe- 
cially as  they  are  stiffer  than  usual.  The  stresses  due  to  di- 
rect loads  added  to  those  caused  by  changes  in  temperature 
would  overstress  the  column. 

This  condition  led  to  the  investigation  of  a  number  of 
means  by  which  the  ends  of  the  girders  resting  on  the  pilas- 
ters at  the  east  abutment  could  be  allowed  to  slide  as  the 
girders  changed  in  length  with  variations  of  temperature.  At 
first  pilasters  separated  by  expansion  joints  from  the  rest  of- 
the  abutment  were  tried.  By  this  means  a  two-span  bent 
with  three  columns  was  obtained.     But  the  maximum  avail- 
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Details  of  Base  and  Upper  Pin  Castings. 

able  thickness  of  the  separate  pilasters  was  18  in.,  and  the 
dead  and  live  load  bending  alone  would  overstress  these  col- 
umns. 

Then  a  means  to  provide  sliding  on  the  abutment  was  tried. 
In  investigating  the  possibility  of  sliding  and  a  method  of 
providing  for  it  the  following  difficulties  were  encountered. 
The  reaction  on  the  pilaster  due  to  live  and  dead  loads 
amounted  to  over  600.000  lb.  The  horizontal  force  developed 
by  the  temperature  changes  increased  by  the  force  due  to  the 
rigidity  of  the  columns  and  girders  under  dead  and  live  loads 
amounted  to  only  approximately  SO.OOO  lb.  In  other  words, 
the  horizontal  force  causing  or  tending  to  cause  sliding  is 
only  80,000  lb.  The  vertical  or  normal  pressure  is  600.000  lb. 
and  therefore  the  maximum  coefficient  of  friction  which  could 

80,000 

be  allowed  and   still  have  the   girder   slide  is  =  .133. 

600,000 
This  meant  that  more  than  ordinary  care  had  to  be  taken  in 
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the  choice  and  design  of  an  end  bearing  for  these  girders. 
Sliding  of  a  phosphor  bronze  plate  on  a  cast  iron  plate  was 
considered.  But  it  was  impossible  to  insure  a  coefficient  of 
friction  less  than  .133  without  more  than  the  usual  amount  of 
inspection  and  maintenance.  The  angular  deflection  of  the 
abutment  end  of  the  girders  would  cause  uneven  bearing  of 


rollers  with  a  small  amount  of  maintenance.  For  this  reason 
the  castings  were  set  in  pockets  at  the  ends  of  the  girders; 
the  sides  of  the  pockets  or  casting  houses  being  6-in.  concrete 
walls.  There  are  two  doors  in  each  casting  house,  one  on 
each  side  of  the  girder,  to  allow  for  inspection  and  cleaning  of 
castings  whenever  necessary. 
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Details   of    Lower   Pin    Casting    and    Roller    Nest. 

the  plates,  thereby  making  it  impossible  to  keep  them  prop 
erly  lubricated. 

After  a  careful  study  the  following  arrangement  was 
adopted.  The  concrete  girder  rests  on  an  upper  pin  casting 
and  is  fastened  to  it  by  four  IVa  in.  bolts.  The  bearing  is 
distributed  in  the  girders  by  a  gullage  of  two  layers  of  7  in. 
I-beams.  The  angular  defection  of  the  girders  is  taken  care 
of  by  the  upper  pin  casting  rotating  about  a  G-in.  steel  pin 
set  in  a  phosphor  bronze  split  bushing,  one-half  of  which  is 
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Details   of   Pin   and    Pin   Cap. 

in  the  upper  pin  casting  and  one-half  in  the  lower  pin  casting. 
The  lower  pin  castings  rest  on  the  roller.  Sliding  is  provided 
for  by  a  nest  of  three  12-in.  segmental  rollers  which  are 
geared  to  the  lower  pin  casting  above  and  the  bed  casting 
belov.-  by  means  of  a  tooth-bar.  The  bed  casting  transmits 
the  load  to  the  pilaster  through  a  grillage  of  7-in.  I-beams. 
The  bed  casting  is  held  in  place  by  four  IVi-in.  anchor  bolts_ 
Great  care  had  to  be  taken  to  insure  proper  action  of  the 
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Detail    of    One. half   of   Split   Bushing. 

The  estimated  cost  of  each  set  of  expansion  castings,  based 
on  prices  current  in  October,  1920,  was  $6,600. 


Labor's  Share  in  Building  Costs 

Of  each  $100  worth  of  building  work  normally  done  In  the 
Philadelphia  District,  labor  received  $44,  according  to  a  report 
of  the  subcommittee  on  Wages  and  Building  Costs,  submitted 
at  the  Housing  Conference  at  Philadelphia,  Feb.  15-18.  The 
above  figure  is  based  on  the  cost  of  an  imaginary  composite 
building  and  was  arrived  at  by  taking  actual  cost  figures  on 
seven  different  types  of  buildings,  including  ordinary  2-story 
brick  dwelling  (row  type),  detached  residence,  reinforced 
concrete  factory  building,  slow  burning  construction,  ware- 
house building,  steel  frame  office  building,  fireproof  and  wood 
floor  school  buildings  with  stone  walls,  and  brick  apartment 
house.  The  relative  importance  of  these  different  types  of 
building  in  determining  the  figures  for  the  composite  whole 
were  determined  by  reference  to  the  published  lists  of  build- 
ing permits  and  similar  statistics  as  furnished  by  the  F.  W. 
Dodge  Co.,  so  that  the  result  as  given  represents  as  nearly 
as  possible  the  exact  relative  importance  of  the  various  items 
in  the  make-up  of  the  total  volume  of  building  business  trans- 
acted in  this  territory,  the  Philadelphia  District.  The  analysis 
in  percentages  of  cost  of  a  composite  building,  showing  aver- 
age values  of  various  items  for  each  $100  worth  of  building 
work  normally  done  in  Philadelphia  District  follows:        ,       | 

Labor:  ~-r  ,-\ 

-Ml  skilled  labor  and  supervision  on  the  building,  includ-  i«rj 

ing  also  stone  cutting  and  shop  work  on  sheet  metal 

and  niiliwork  only   $27.55 

Unskilled  labor  as  above 9.44  1 

Office,   estimating,  general  supervision  and  engineering 

salaries    5.60 

Liability  ii.surance  1.41. 


Total  labor  (no  manufacturing  except  as  stated) ...  $  44.00 
Materials: 
Lumber  for  milhvork.  concrete  forms  and  structure  de- 
livered  at   site $  8.S6 

Bricks — delivered   at   site 6.10 

Steel — structural,   miscellaneous  and  reinforcement,   de- 
livered at  site 5.93 

Boilers,  heaters,  piping,  etc..  for  heating 3.05 

Plumbing   fixtures,    piping,    etc 2.76 

Cement,   f.  o.   b    cars 2.60 

Hardware,  nails  and  similar  miscellaneous  materials. . . .     1.7S 

Sand,   delivered  to   site 1.69 

Electric  fixtures,   conduit  wire,   etc l.SO 

Stone,  slag  and  pebbles  for  concrete 1.49 

Sprinklers  and  fire  protection  apparatus  and  minor  un- 
classified items  1.04 

Building  stone  90 

Paint  "6 

Roofing  and  sheet  meral  materials TO 

Plast.2ring  materials  (no  sand) 65 

Lathing  materials 65  I 

Steel  sash,  etc.,  delivered  to  site 50 

Lime  (no  plaster)   45 

Glass     40 

Cut  stone  (materials)   and  terra  cotta 38 

Elevators  (delivered  to  site) 28 

Mechanical  equipment,   cranes,   etc 21 

Tile  and  marble   (materials  only) 10 

Overhead  Expen.'^e  and  Profit: 

Office  rent,  taxes,  interest,  depreciation  of  equipment,  gen- 
eral expense  and  overhead    (not   watros) 

Net  .::ompensatIon  of  all  sub-contractors  (assumed  as  doing 
65  per  cent  of  the  work  direct) 

Net  compensation  of  ^^eneral  contractor  (assumed  as  doing 
35  per  cent  of  the  work  direct  and  supervising  the  balance) 


42.S8 

5.80 
3.90 
3.42 


$100.00 
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Proposed  Revised  Constitution  and 
By-Laws  of  Am.  Soc.  C.  E. 

The  special  committee  of  the  American  Society  of  Civil 
Engineers,  known  as  the  "Committee  on  Referred  Amend- 
ments," which  for  the  past  8  months  has  been  preparing  a 
new  constitution  and  by-laws  for  the  society,  has  sub- 
mitted a  revised  constitution  to  the  Board  of  Directors. 
This  document  will  be  in  order  for  discussion  at  the  busi- 
ness meeting  to  be  held  during  the  next  annual  convention 
which  occurs  at  Houston,  Tex.,  on  April  27. 

In  its  report,  dated  Feb.  IT,  which  accompanied  the  new 
constitution,  the  committee  states: 

We  have  felt  that  the  experience  ot  past  attempts  to 

reviao  the  constitution  has  demonstrated  the  necessity  tor  the 
presentation  of  a  complete  and  co-ordinated  draft  of  the  entire  in- 
strument and  a  division  or  separation  of  those  provisions  which 
may  be  called  fundamental  and  primary  in  a  clas-sification  called 
"Constitution,"  while  the  detailed  and  more  administrative  pro- 
visions have  been  assigned  to  a  classication  termed  "By-Laws," 
capable  of  amendment  and  revision  and  adaptation  to  changing 
clrcu.tistances  with  more  facility  than  is  necessary  or  desirable  in 
the  case  of  the  fundamental  elements  ot  the  society's  organization. 

The  committee,  while  it  has  redrafted  the  con.stitution  as  a 
whole,  has  endeavored  to  make  as  few  changes  in  the  substance 
of   the   document   as   was   consistent   with    the   attainment   of   the 

general  purposes  which  the  committee  considered  desirable 

Certain  changes  were  felt  to  be  necessary  in  order  to  conform  the 
regulations  of  the  society  to  the  requirements  of  the  statute  law. 

Under  the  provisions  of  the  present  constitution  it  would  not 
be  practicable  to  present  this  matter  to  the  vote  ot  the  society 
in  time  to  have  it  acted  upon  this  year  unless  the  procedure  was 
adopted  of  proposing  the  new  constitution  as  a  constitutional 
amendment  at  least  CO  days  prior  to  the  annual  convention  now 
set  for  April  27,  1921.  The  committee,  therefore,  as  individuals, 
have  taken  the  liberty  of  proposing  the  draft  of  the  constitution 
approved  by  them  as  an  amendment  to  the  constitution  to  be  pre- 
sented to  and  acted  upon  in  the  manner  provided  by  Article  IX 
of  the  constitution,  at  the  annual  convention,  for  the  reason  that 
the  next  regular  meeting  of  the  board  of  direction  taking  place  in 
March,  is  at  a  date  too  late  to  enable  any  action  ot  the  board  of 
direction  respecting  the  amendment  to  be  presented  by  way  of 
proposed  constitutional  amendment  at  the  annual  convention. 

The  committee  feels  that  the  result  attained  by  the  committee, 
while  of  course,  it  will  not  be  entirely  satisfactory  to  every  mem- 
ber of  the  society,  is.  nevertheless,  in  accord  with  and  a  step 
towards  the  realization  of  the  wishes  of  the  great  majority  of 
the  society's  membership  and  that  it  Is,  practically  speaking,  as 
close  an  approximation  to  a  harmonizing  of  the  many  divergent 
suggestions  and  opinions  as  can  be  realized  at  this  time.  In  ar- 
riving .at  this  result,  the  committee  has  given  most  thorough  con- 
sideration to  alternative  suggestions  with  regard  particularly  to 
the  nomination  and  selection  ot  the  officers  of  the  society  and  to 
subdivisions  of  the  society  for  that  purpose.  In  recommending  the 
plan  acopted  It  has,  after  a  consideration  extending  over  many 
months,  felt  that  the  disadvantages  ot  other  methods  that  have 
been  proposed,  some  of  which  were  originally  favored  by  mem- 
bers of  the  committee,  outweighed  their  advantages  as  compared 
with  the  plan  adopted  by  the  committee  and  herewith  presented. 

The  principal  reasons  for  the  several  changes  and  modifi- 
cations in  the  old  constitution,  as  well  as  an  outline  of  the 
scope  ot  the  proposed  new  draft,  are  indicated  briefly  in  a 
statement  submitted  by  the  committee  with  its  report.  In 
the  statement  the  committee  says: 

In  many  instances  the  committee  has  made  changes  in  the 
lauguage  of  provisions  of  the  constitution,  in  the  interest  ot  brevity 
or  simplicity.  These  changes,  except  where  indicated  hereafter. 
do  not  make  radical  changes  in  the  substance  of  the  society's 
organization  or  methods  of  administration.  It  has  been  the  com- 
mittee's aim  to  make  as  few  changes  as  possible  in  respect  to  com- 
paratively minor  features  of  the  organization  about  which  there 
might  be  difference  of  opinion,  with  the  hope  that  this  will  enable 
the  more  important  changes  to  tie  effected. 

These  important  changes  the  committee  considers  to  be  '.!)  a 
form  of  government  tliat  would  be  more  directly  representative  ot 
iho  membership  body  as  a  whole;  (2)  a  method  of  nomination  and 
election  ot  officers  that  would  bring  the  entire  membership  into 
participation  and  avoid  as  far  as  possible  the  probability  of  the 
preponderating  influence  of  any  locality;  and  (3)  by-laws  governing 
details  ot  administration  which  can  be  changed  and  adapted  to 
changing  conditions  with  comparative  facility. 

The  comments  of  the  committee  on  the  various  provisions 
of  the  proposed  new  constitution  and  by-laws  follow: 
Constitution. 

ARTICLE  I.  Name,  Location  and  Object. — The  matters 
set  forth  in  this  article  are  required  by  law  to  be  set  forth 
in  the  Certificate  ot  Incorporation  and  are  so  set  forth.  Their 


inclusion  here  is  simply  in  conformity  to  usage  and  not  be- 
cause of  any  legal  requiremnt.  The  statement  of  the  objects 
is  in  the  precise  language  of  the  Certificate  ot  Incorpora- 
tion, omitting  one  word. 

Many  excellent  suggestions  as  to  phraseology  ot  state- 
ment of  the  objects  ot  the  society  have  been  received  and 
considered  by  the  committee,  but  it  seemed  obvious  that  any 
language  differing  from  that  in  the  statement  in  the  Certifi- 
cate of  Incorporation,  could  only  limit  and  could  not  extend 
the  purposes  or  powers  of  the  society. 

ARTICLE  II.  Membership.— The  only  chai.^ge  in  Section 
1  is  the  substitution  of  the  title  "Affiliates"  tor  the  title 
"Associates."  This  is  to  obviate  confusion,  particularly  in 
the  mind  ot  the  public,  as  to  the  difference  between  "Asso- 
ciates" and  "Associate  Members."  The  title  "Affiliates"  has 
been  therefore  used  throughout  the  revision  in  i)lare  of  the 
title  "Associates." 

Section  2  is  unchanged  except  the  last  sentence.  The  last 
sentence  as  at  present  written  is  the  clause  recommended 
both  by  the  1917  Committee  on  Constitution  and  by  the 
Comraittee  on  Development.  [This  last  sentence  in  the  new 
constitution  is:  "Responsible  charge  in  enginefering  teach- 
ing may  be  construed  as  responsible  charge  of  work  as  re- 
quired by  the  constitution."] 

Section  9. — This  section  is  to  cover  the  recommendation 
made  by  the  Board  of  Direction  April  19,  1920,  pursuant  to 
a  report  of  the  committee  which  studied  and  reported  on  the 
subject.  [This  section  follows:  "Student  Chapters  with  a 
limited  use  of  privileges  or  facilities  ot  the  society  may  be 
authorized  by  the  Board  ot  Direction  as  provided  in  by-laws 
or  other  regulation  for  their  recognition  and  affiliation;  but 
the  members  of  such  chapters  shall  not  therefore  be  deemed 
for  any  purpose  to  be  members-ot  the  society,  and  no  perma- 
nent or  irrevocable   privilege  shall  thus  be  conferred."] 

ARTICLE  III.  Admissions  and  Expulsions. — This  has  been 
reduced  from  the  eight  sections  in  the  present  constitutUn 
to  three  sections  by  the  transfer  ot  details  to  by-laws  and 
by  slightly  changing  the  language  tn  what  is  now  Section 
1.     There  is  no  radical  change  in  the  result  thus  achieved. 

The  committee  believes  that  some  changes  in  the  procedure 
regarding  expulsion  should  be  made  at  an  early  date.  The 
suggestions  received  varied  so  much  and  the  matter  is  ot 
such  nature  that  wide  differences  ot  opinion  are  inevitable. 
It  seemed,  therefore,  that  for  the  present  it  would  be  better 
that  99  guilty  should  be  saved  rather  than  one  innocent 
should  be  punished,  and  that  any  change  in  this  article 
should  be  made  the  subject  of  a  separate  amendment  which 
could  be  voted  upon  independently  of  the  proposed  new  con- 
stitution and  by-laws. 

ARTICLE  IV.  Dues. — Sections  1.  2  and  3  are  in  substance 
unchanged  with  the  exception  that  it  is  now  clearly  pro- 
vided that  foreign  members,  to  wit,  members  outside  ot 
North  America,  shall  not  be  subjected  to  the  increased  dues 
of  members  resident  in  District  No.  1. 

The  substance  ot  the  provisions  respecting  the  times  tor 
the  payment  ot  dues  and  discipline  have  been  transferred  to 
the  by-laws. 

ARTICLE  V.  Officers. — As  proposed,  the  total  number  of 
members  ot  the  Board  of  Direction  will  be  reduced  from  30 
as  at  present  to  25,  consisting  ot  the  president,  tour  vice- 
presidents,  18  directors  and  2  past-presidents.  The  secretary 
is  not  made  ex-officio  a  member  ot  the  board,  but  may  be 
appointed  by  the  board  either  from  its  own  members  or  from 
other  corporate  members.  The  New  York  State  law  pre- 
scribes that  all  directors  must  be  elected  by  the  corporate 
members,  and  the  committee  has  telt  that  it  was  more  de- 
sirable to  have  a  secretary  appointed  by  the  Board  of  Direc- 
tion. The  elimination  of  the  treasurer  from  the  board  is  in 
the  interest  ot  equality  of  representation  of  the  different  geo- 
graphical districts,  it  being  telt  that  probably  the  treasurer 
would  be,  for  reasons  ot  efficiency,  a  resident  ot  District  No. 
1.  The  practice  ot  having  the  secretary  and  the  treasurer 
appointed  by  the  Board  ot  Direction  is,  as  tar  as  your  com- 
mittee can  ascertain,  followed  by  all  organizations  similar 
to  this  society. 

ARTICLE  VI.  Management.  Sec.  1  is  a  general  statement  of 
the  powers  and  duties  of  the  Board  of  Direction,  leaving  the 
details  to  the  by-laws  which,  how-ever,  do  not  make  any  sub- 
stantial change  in  the  duties  as  at  present  provided. 

The  number  required  for  a  quorum  of  the  Board  of  Direc- 
tion has  been  Increased,  both  because  it  was  deemed  better 
to  require  a  larger  attendance  and  also  to  comply  with  the 
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statutory  requirement  that   at   le^st   one-third   of  the   board 
should  be  recessary  to  constitute  a  quorum. 

Section  3  authorizes  an  Executive  Committee  such  as  has 
existed  for  the  past  several  years  without  express  consti- 
tutional authority.  The  Executive  Committee  is  the  creature 
of  the  entire  board,  and  is  subject  to  its  will  and  may  exercise 
only  such  authority  as  may  be  delegated  to  it  by  the  Board 
of  Direction.  It  therefore  continues  the  purpose  of  a  repre- 
sentative administration  of  the  society's  affairs,  as  com- 
pared with  a  condition  where  said  affairs  would  be  managed 
by  those  directors  more  likely  to  attend  meetings  because 
of  their  proximity  to  the  meeting  place,  which  of  course  has 
a  tendency  to  give  greater  control  of  the  management  to 
those  directors  residing  in  the  vicinity  of  the  place  of  meet- 
ing. 

ARTICLE  VII.  Nomination  and  Election  of  Officers.— 
This  article  provides  a  wholly  new  method  of  nominating  and 
electing  officers.  In  substance  it  provides  for  electing  official 
nominees  by  direct  primaries,  and  for  as  nearly  equal  a  rep- 
resentation of  the  different  geographical  districts  on  the 
Board  of  Direction  as  may  be,  in  proportion  to  their  cor- 
porate membership. 

A  great  number  of  suggestions  as  to  procedure  in  the  nom- 
ination and  election  of  officers  was  received  and  considered 
by  the  committee.  The  great  majority  had  in  view  the  same 
purposes  as  those  intended  by  the  amendment  now  proposed, 
but  differed  in  details  of  the  machinery  to  be  used  for  eifect- 
ing  those  purposes.  Among  others,  various  forms  of  the 
plan  of  using  local  sections  as  a  unit  for  nominations  and 
requiring  the  allocation  of  the  membership  to  the  existing 
local  sections  and  to  new  local  sections  to  be  formed,  was 
most  thoroughly  considered. 

Many  advantages  might  be  pointed  out  in  several  of  the 
plans  that  were  considered  by  the  committee,  but  as  to  each 
plan  there  were  counterbalancing  disadvantages  which  in 
the  opinion  of  your  committee  might  render  it  less  generally 
acceptable  to  the  corporate  membership  than  the  one  now 
proposed.  The  plan  proposed  is  democratic,  and  would  seem 
to  be  calculated  to  remove  the  possibility  of  any  undue  pre- 
ponderating influence  by  any  part  of  the  corporate  mem- 
bership, and  also  to  enable  each  corporate  member  more 
directly  than  by  any  other  method  to  express  his  wishes 
and  policy  with  respect  to  the  administration  of  the  society's 
affairs.  On  the  other  hand,  the  physical  machinery  by  which 
the  will  of  the  corporate  membership  is  ascertained  is  con- 
centrated at  one  point,  thus  avoiding  the  expense  and  the 
delays  and  mishaps  that  might  be  incident  to  appointing 
special  officers  over  various  districts  to  act  and  make  re- 
ports   to    headquarters. 

In  this  connection  attention  is  called  to  the  requirement  of 
the  New  York  State  law  that  each  member  of  the  society 
has  the  right  to  vote  for  all  of  the  directors,  so  that  mem- 
bers resident,  for  example,  in  California  have  the  legal  right, 
of  which  they  cannot  be  deprived,  to  vote  for  and  elect  who 
shall  be  their  trustees,  although  they  be  nominated  from 
Illinois  or  any  other  state. 

ARTICLE  IX.  Local  Sections. — The  present  constitution 
does  not  recognize  the  local  sections,  and  it  is  felt  that  they 
should  be  definitely  provided  for.  On  the  other  hand,  the 
committee  has  not  deemed  it  wise  to  establish  a  rigid  set 
of  regulations  or  constitutions  for  the  local  sections,  some 
of  which  have  been  functioning  under  their  own  rules  for  a 
considerable  period.  Different  sections  may  have  differing 
conditions  which  the  members  in  those  sections  are  in  a  posi- 
tion to  call  to  the  attention  of  the  Board  of  Direction,  and 
the  society  is  protected  by  the  requirement  that  their  consti- 
tution must  be  acceptable  to  the  Board  of  Direction. 

In  practice,  where  a  local  section  is  about  to  be  formed, 
someone  there  usually  writes  to  the  secretary  for  copies  of 
the  constitution  and  by-laws  of  other  local  sections.  The 
secretary  then  forwards  a  copy  of  some  constitution  and  by- 
laws for  local  sections  that  has  proven  satisfactory  in  prac- 
tice. The  proposed  local  section  then,  after  examination,  is 
in  a  position  to  suggest  modifications  to  meet  its  own  local 
needs  and  may  also  suggest  very  desirable  general  improve- 
ments. 

ARTICLE  X.  Amendments.— The  only  substantial  change 
is  that  requiring  30  corporate  members  to  propose  an 
amendment  to  the  constitution,  instead  of  five.  This  seems 
more  in  keeping  with  the  present  largo  membership  and 
prevents  the  presentation  of  amendments  which  will  have 


but  very  little  support  and  for  which  there  is  no  substantial 
request. 

By-Laws, 
ARTICLE   I.     Election   of   Members. — There   is   no   change 
made  in  the  present  method  of  electing  members. 

ARTICLE  III.  Management.— The  only  important  changes 
made  here  are:  (1)  the  transfer  of  the  duties  of  the  Finance 
Committee  to  the  Executive  Committee;  (2)  provision  for 
the  appointment  of  a  secretary  and  treasurer  by  the  Board  of 
Direction  without  the  requirement  in  the  constitution  that 
they  be  members  of  the  Board  of  Direction,  although  it  is 
within  the  power  of  the  Board  of  Direction  to  select  their 
own  members  for  these  offices.  The  reasons  for  the  sug- 
gestion as  to  the  secretary  and  treasurer  have  been  men- 
tioned in  the  comment  on  Article  V  of  the  constitution. 

ARTICLE  IV.  Committees.— The  substantial  changes  here 
are:  (1)  the  abolition  of  the  Finance  Committee  and  the 
formation  of  an  Executive  Committee  which  has  been  com- 
mented on  heretofore;  (2)  the  formation  of  a  Public  Rela- 
tions Committee;  and  (3)  the  abandonment  of  the  elaborate 
provisions  for  the  appointment  of  special  committees  by  a 
vote  of  the  membership,  and  giving  to  the  Board  of  Direc- 
tion general  authority  to  appoint  special  committees. 

Concerning  the  Public  Relations  Committee,  the  provisions 
suggested  in  Section  3  give  very  broad  general  powers  of 
investigation  and  recommendation  to  such  a  committee  and 
provide  for  a  distributed  representative  personnel.  The  elab- 
orate method  provided  in  the  constitution  for  the  election 
of  special  committees  by  the  membership  is  so  cumbersome 
that  in  practice  it  has  become  obsolete.  The  proposed  method 
is  in  accordance  with  that  usually  employed  in  other  socie- 
ties, and  that  in  fact  heretofore  used  by  this  society. 

ARTICLE  V.  Student  Chapters. — This  provision  is  in  ac- 
cordance with  the  recommendations  of  the  Committee  on 
Student  Branches  approved  by  the  Board  of  Direction,  April 
19,  1920. 

ARTICLE  VI.  Meetings.— The  new  matter  herein  provides 
an  order  of  business  which  is  that  customarily  used  at  the 
respective  meetings.  It  is  provided  in  the  constitution  that 
the  annual  convention  or  annual  meeting  may,  despite  this 
provision,  arrange  its  own  order  of  business  if  it  sees  fit. 

The  Committee  on  Referred  Amendments  consists  of  P. 
Junkersfeld,  chairman;  P.  H.  Norcross,  secretary;  A.  Stuart 
Baldwin,  A.  D.  Butler,  J.  F.  Coleman,  L.  R.  Ash,  L.  L.  Hidin- 
ger,  E.  J.  Schneider. 


Construction  Workers'  Severity  Rate  Reduced  75  Per  Cent. 

— A  comparison  of  the  accident  records  of  Fred  T.  Ley  &  ' 
Company,  Inc.,  general  contractors,  of  Springfield,  Mass.,  for 
the  year  July  1,  1919,  to  July  1,  1920,  and  the  four  months' 
period  from  July  1,  1920,  to  October  1,  1920,  shows  a  decrease 
of  75  per  cent  in  the  severity  rate,  and  more  than  one-third 
in  the  frequency  rate.  Included  in  the  total  number  of  davs 
lost  from  July  1,  1919,  to  July  1,  1920,  were  30,000  days  en- 
tered for  five  fatal  accidents.  There  were  no  fatal  accidents 
in  the  four  months'  period.  The  following  table  reprinted 
from  the  March  21st  National  Safety  News  gives  the  Ley 
Company's  report: 

Period  Period 

.Tulyl, 1019,  July  1,1920. 
to  July  1,      to  Oct.  1, 
,,,    .  ,.  1320.  1920. 

(1)  Average  number  of  employes   3,341  3  055 

(2)  Total    number   of   hours   actually   worked 

by   al'    employes    10,024.782  2,291,276 

(3)  Number    of    accidents    causing    lost    time 
beyond   day  or  shift   during:  which   injury 

was   received    .'Sig                     82    \ 

M)  Number  of  days  lost  because  of  accidents  33,057                 i  5-'!5!     ' 

(5)  Prequency  rate.     Number  of  accidents  per 
1.000.000   hours   worked    51. S 

(6)  Severity   rate.     Number   of  days   lost  per 
1,000  hours  worked    3.29                    .84 

(Decrease  75%) 


1.932 
35.8 


Food  Cost  Falls  9  Per  Cent  in  February. — Food  costs  of 
the  average  family  declined  9  per  cent  in  February  as  com- 
pared with  January,  the  Bureau  of  Labor  Statistics  announced 
on  March  18.  All  of  forty-four  articles  reported,  except  hens, 
decreased  in  price,  the  figures  showing  hens  having  increased 
less  than  five-tenths  of  1  per  cent.  The  greatest  decrease  in 
average  family  expenditure  was  in  Buffalo  and  Butte,  Mont., 
at  11  per  cent  for  the  month.  In  Detroit,  Louisville,  Mem- 
phis, Rochester  and  Savannah  the  decrease  was  10  per  cent. 
In  nineteen  other  cities,  including  Chicago  and  New  York, 
the  decrease  was  9  per  cent.  At  Springfield,  111.,  It  was  8 
per  cent.    The  lowest  was  at  Seattle — 4  per  cent. 
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Ingenious    Transverse    Expansion 
Joint  for  Reinforced  Con- 
crete Building 

Interfisting  structural  features,  encountered  in  an  addition 
built  for  the  Dunlap  Tire  Co.'s  plant  in  Toronto,  Ont.,  are  de- 
scribed in  the  Canadian  Engineer  of  March  3,  1921.  The 
building  is  a  four-story  reinforced  concrete,  skeleton  type,  82 
ft.  C  in.  by  402  ft.  0  in.  The  walls  are  9  in.  spandrel  carried 
on  concrete  wall  girders.  The  live  load  on  all  floors  is  250 
lb.  per  square  foot.  The  floor  construction  is  a  four  way  flat- 
.slab  with  20  ft.  by  20  ft.  panels,  designed  according  to  the  To- 
ronto code.  The  slab  is  9  in.  thick;  the  drop  panel  is  7  ft.  by  7  ft. 
by  5  in.  thick;  the  cap  is  4  ft.  C  in.  in  diameter.  The  interior 
columns  are  octagonal  reinforced  with  spirals.    The  exterior 


5  ft.  to  limit  the  separation  between  the  two  parts  of  the 
building.  The  accompanying  details  show  the  expansion  joint 
of  the  slab,  and  at  the  interior  and  exterior  columns. 

The  concrete  was  of  a  1:2:4  mix.  The  reinforcing  steel 
was  structural  grade  plain  bars.  Concreting  was  done  dur- 
ing freezing  weather.  The  materials  were  heated;  the  poured 
parts  covered  with  canvas  and  heated  with  salamanders. 


Circular  on  the  Physical  Properties  of  Materials. — During 
the  past  few  years,  the  U.  S.  Bureau  of  Standards  has  re- 
ceived numerous  requests  for  information  regarding  the 
physical  properties  of  materials,  principally  ferrous  and  non- 
ferrous  metals  and  alloys.  Some  time  ago,  the  compilation 
of  most  of  the  available  data  on  this  subject  was  undertaken. 
The  tables  which  were  compiled  as  a  result  of  this  work  were 
issued  to  a  limited  number  of  government  establishments 
in  mimeographed  form.     As  they  seemed  to  fill  a  very  real 
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Details   of    Expansion 

columns  are  rectangular.  They  have  %  in.  by  5%  In.  recesses 
to  hold  the  brick  spandrel  walls.  The  column  core  is  covered 
with  2  in.  flreproofiing.  The  foundation  is  of  the  spread 
type;  the  footings  are  reinforced  with  four  layers  of  steel; 
the  bottom  of  the  footing  is  6  ft.  below  grade. 

A  4  ft.  by  6  ft.  tunnel  carrying  piping  runs  part  way  under 
the  building.  It  also  carries  the  drainage  gutter,  having 
cross-troughs  discharge  into  it. 

Provision  for  future  extension  was  made  by  designing  the 
wall  girders  of  L-shape,  leaving  a  notch  in  the  girders  5  in. 
wide  and  14  in.  deep.  At  columns  the  reinforcing  steel  was 
left  projecting. 

An  expansion  joint  was  carried  across  the  building  160  ft. 
from  one  end,  making  two  independent  units.  Sliding  was 
provided  by  two  %  in.  steel  plates  greased.  The  joint  is 
%  in.  wide  and  filled  with  pitch.    Anchors  were  placed  every 


Joint  Across    Building. 

need,  it  was  deemed  advisable  to  issue  them  in  the  form 
of  a  Bureau  publication,  and  Circular  No.  101  is  the  outcome 
of  this  v.'ork.  The  circular  aims  to  present  in  readily  accessi- 
ble form  the  best  available  data  on  the  strength  and  related 
properties  of  materials.  Among  those  treated  are  iron,  car- 
bon steel,  alloy  steels,  jvire  and  wire  rope,  semi-steel,  alumi- 
num, copper,  miscellaneous  metals  and  other  alloys,  rope, 
rubber,  leather,  and  wood.  The  tensile  strength,  proportional 
limit,  percentage  elongation  in  2  in.,  percentage  reduction  of 
area.  Brinell  and  scleroscope  hardness  corresponding  to  a 
certain  composition,  density,  and  method  of  preparation  are 
shown  in  most  cases  for  the  metals  and  alloys.  In  addition, 
figures  are  given  in  many  instances  for  the  compressive  and 
shearing  strengths,  moduli  of  rupture,  and  Erichsen  values. 
The  circular  also  includes  definitions  of  the  properties  treated 
and  references  to  sources. 
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Experiences  with  Thin    Concrete 
Slabs* 

By  JOHN   V.   SCHAEFER, 
President,  Cement  Gun  Construction  Co. 

In  1916  the  Cement-Gun  Construction  Co.  was  doing  some 
work  for  the  Ford  Motor  Co.  at  Detroit.  One  day  the  archi- 
tect aslied  us  to  help  him  solve  this  problem. 

One  of  their  main  buildings,  known  as  Building  A,  is  about 
S5  ft.  wide  and  900  ft.  long.  The  building  adjoins  the  power 
house,  and  in  building  it  they  planned  to  use  the  root  for 
a  spray  pond  for  cooling  the  cooling  water  of  their  big  gas 
steam  engine.  To  that  end  they  built  the  roof  in  bays 
about  85  ft.  square.  Each  bay  was  dished  to  the  center 
about  IS  in.,  with  a  uniform  slope  from  all  edges  to  the  cen- 
ter, where  there  is  a  sump  about  20  in.  square,  from  which 
a  cast  iron  pipe  conducts  the  water  back  to  the  pumps. 

The  roof  has  a  6-in.  concrete  slab.  Along  one  edge  of  the 
roof  was  a  parapet  wall.  The  other  edge  was  flat.  The  sur- 
face was  not  all  even;  in  some  places  where  hangers  had 
been  required  in  the  room  below,  holes  had  been  cut  through 
the  roof  for  the  hangers  and  the  hose  patched  and  the  hang- 
ers mounded  over.  In  addition,  some  of  the  bays  had  pent 
houses  covering  heads  of  elevators,  and  the  brick  piers  for 
supporting  the  spray  pipe  had  been  placed  right  on  the  root. 
A  few  bays  of  this  roof  which  had  been  put  Into  service 
had  been  covered  with  a  membrane  roofing  many  plies  thick. 
In  some  places  the  total  thickness  was  as  much  as  %  in. 
This  membrane  was  made  continuous  over  the  ridges  between 
bays  and  flashed  along  parapet  and  around  piers  and  pent 
houses. 

The  sprays  were  in  use  pouring  hot  water  on  these  roofs 
from  Monday  morning  until  Saturday  night — over  Sunday 
they  were  shut  down,  so  that  through  the  week  they  were 
subjected  to  nearly  boiling  hot  water,  and  over  Sunday  they 
might  be  subjected  to  a  temperature  of  20"  below  zero.  Un- 
der these  conditions  the  membrane  had  gone  to  pieces  and 
the  matter  was  a  serious  one,  as  the  room  below  was  used 
for  such  purposes  as  pattern  shop,  dynamo  winding,  moving 
picture  laboratories,  etc..  and  of  course  any  leakage  through 
this  roof  was  a  serious  matter. 

We  were  asked  whether  we  could  shoot  a  waterproof  coat- 
ing of  gunite  on  these  roofs  and  make  them  tight.  Here 
was  a  problem.  The  underside  of  this  root  slab  was  at  a 
fairly  constant  temperature  the  year  round.  The  top  sur- 
face had  a  weekly  temperature  range  from  about  200°  above 
zero  to  20°  below  zero.  We  figured  that  any  concrete  coat- 
ing applied  to  the  top  surface  of  these  roof  slabs  would  have 
to  crack  on  account  of  contraction  and  expansion.  Our  sug- 
gestion was  to  place  on  the  roof  a  thin  gunite  slab  heavily 
reinforced,  and  so  placed  that  it  would  not  be  attached  to 
the  concrete  roof  slab  at  all. 

We  were  given  an  order  to  treat  two  of  the  sections  in 
accordance  with  our  theory.  We  first  mopped  the  surface 
■with  pitch.  We  then  placed  a  double  layer  of  No.  7-A  Ameri- 
can Steel  &  Wire  Co.'s  triangular  mesh,  with  main  wires 
at  right  angles  and  with  end  and  side  laps  securely  tied. 
Over  the  ridges  between  bays  we  built  curbs  S  in.  high  split 
through  the  center  so  as  to  make  an  expansion  joint,  and 
over  the  top  of  the  curbs  we  placed  a  galvanized  iron  cover 
with  the  edges  bent  down  about  2  in.  to  prevent  the  spray 
from  falling  into  the  open  joint.  This  gave  us  a  sort  of  a 
shallow  pan  or  basin,  8.5  ft.  square,  IS  ft.  lower  at  the  cen- 
ter than  around  the  edges,  and  with  free  ends  all  around  the 
edges.  Of  course,  along  one  side  we  flashed  into  the  para- 
pet wall. 

These  two  were  fairly  successful.  However,  some  small 
cracks  did  open  and  there  was  some  slight  leakage.  We  never 
found  out  exactly  where  the  leakage  came  from.  The  cracks 
seemed  to  be  surface  cracks  only  and  we  never  believed  that 
they  caused  the  leakage.  However,  the  work  was  so  satis- 
factory that  the  rest  of  this  roof  was  done  in  the  same  nian- 
I  ner  and  has  been  in  continuous  successful  use  for  several 
I    years. 

I        When  a  year  later  four  additional  bays  were  built  we  cov- 
ered these  in  the  same  way,  except  this  time  we  saw  to  it 
,    that  the  roofs  were  left  smooth,  without  any  obstructions, 


and  the  brick  piers  were  built  on  top  of  our  gunite  basin, 
instead  of  projecting  through  them.  Furthermore,  this  time 
we  supplied  more  reinforcement  and  we  were  more  particular 
about  preventing  a  bond  between  the  roof  slab  and  the 
gunite.  We  first  placed  a  %-in.  layer  of  dry  sand  all  over 
the  roof.  On  this,  to  prevent  blowing  it  away  with  our 
cement  guns,  we  placed  a  thin  layer  of  tarred  felt.  Over 
this,  with  suitable  spacers,  we  placed  our  double  layer  of 
wire  mesh,  and  in  addition  a  14,-in.  square  rod  18-in.  centers 
in  both  directions.  Through  this  we  shot  a  2%-ln.  layer  of 
gunite.  These  basins  never  even  showed  a  hair  crack,  and 
we  believe  that  we  successfully  accomplished  what  we  set 
out  to  do,  namely,  to  build  shallow  basins  floating  on  a  layer 
of  sand,  which  were  free  to  contract  and  expand  independent 
of  the  roof,  and  which  were  so  heavily  reinforced  that  they 
would  come  and  go  with  contraction  and  expansion  without 
cracking.     These  roofs  never  leaked. 

Now  a  word  as  to  the  theory  on  which  we  proceeded.  The 
co-efficient  of  expansion  of  concrete  and  of  steel  is  the  same 
to  Tvfithin  a  very  small  fraction — so  small  that  for  work  like 
the  above  the  difference  is  negligible.  If  a  slab  like  the 
above  is  free  to  move,  there  is  no  reason  why  expansion 
cracks  should  occur.  The  center  was  anchored  by  the  sump; 
the  edges  were  free  to  come  and  go,  except  for  the  friction, 
and  as  this  friction  on  a  large  area  would  be  very  great, 
a  sufficient  amount  of  steel  was  needed  to  actually  pull  and 
push  the  slab  as  it  contracted  and  expanded.  In  the  case  of 
a  slab  held  fast  at  the  ends  or  at  intervals  like  the  wall  of  a 
building,  such  a  slab  cannot  come  and  go  at  will.  When  con- 
traction occurs  there  is  a  shortening  of  the  structure,  and 
if  the  ends  cannot  move  toward  each  other  then  this  shorten- 
ing must  be  taken  care  of  by  a  crack,  as  concrete  will  not 
stretch,  and  somewhere  about  300  lb.  per  square  inch.  It 
suddenly  gives  way.  Such  a  slab  simply  cracks  in  one  or 
more  places  at  the  weakest  spots,  the  sum  total  of  the  width 
of  the  cracks  being  equal  to  the  total  amount  of  contraction. 
Steel,  on  the  contrary,  stretches  approximately  in  propor- 
tion to  its  stress  up  to  a  certain  point  called  its  elastic  limit. 
Now,  assuming  roughly  that  concrete  will  stand  300  lb.  and 
that  at  10,000  lb.  steel  is  stretched  but  a  very  little,  if  we 
give  a  slab  steel  reinforcement  equal  to  300 -=- 10,000  =  .003 
as  much  cross  section  in  steel  as  it  has  in  concrete,  we  have 
a  slab  which  when  it  contracts  will  not  crack  in  one  or  two 
places.  Every  fractional  inch  of  its  length  will  stretch  the 
exact  amount  of  that  fractional  inch  of  steel.  We  will  not 
have  a  few  vis'ble  and  dangerous  cracks;  we  will  have  mil- 
lions of  microscopic  cracks,  none  of  them  wide  enough  to 
ever  let  water  through.  It  is  upon  this  theory  that  we  have 
proceeded,  and  our  success  thus  far  has  been  gratifying. 


•From  a  paper  presented  at  the  annual  convention  of  the  Ameri- 
can Concrete  Institute,  Cliicago,  February,  1921. 


Equipment  for   Engineering   Repairs  to  Timber   Ore   Docks. 

—  On  docks  of  any  considerable  size,  some  equipment  is  nec- 
essary to  make  emergency  repairs.  Although  large  general 
repairs  are  frequently  let  out  to  a  contractor  who  furnishes 
his  own  crews  and  equipment,  there  are  many  accidents  on  a 
busy  dock  that  can  not  wait  the  delay  of  securing  a  contrac- 
tor to  do  the  work.  Depending  upon  the  character  and  ex- 
tent of  the  dock,  this  equipment  may  consist  of  cranes,  der- 
ricks, pile  drivers,  etc.,  mounted  on  trucks  or  skids  for  land 
work  and  on  scows  for  work  around  the  water  fronts  of  the 
dock.  Floating  drivers  and  derricks  should  be  equipped 
with  pumps,  hose  and  jet  for  use  in  driving  and  pulling  piles. 
A  very  good  arrangement,  according  to  a  1920  Committee 
Report  of  the  American  Railway  Bridge  and  Building  Asso- 
ciation, is  to  use  a  long  scow,  with  pile  driving  leads  on  one 
end  and  a  stiff-leg  derrick  on  the  other  end,  both  operating 
from  a  hoisting  engine  placed  at  the  center  of  the  scow  on 
a  reversible  platform  or  circular  track,  so  that  the  engine 
can  be  faced  in  either  direction  to  operate  either  the  pile 
driver  or  the  derrick  as  the  case  may  be.  A  swinging  en- 
gine may  bo  placed  upon  the  derrick  end  of  the  scow  to  be  used 
in  swinging  the  derrick  boom.  Such  a  scow  should  be  about 
32  ft.  by  100  ft.  in  size  and  5  or  6  ft.  in  depth.  This  will  handle 
I)ile-driving  leads  60  ft.  long  and  a  10-ton  derrick  with  a 
CO-ft.  boom.  The  great  advantage  of  this  outfit  is  that  a 
small  number  of  men  will  operate  it  and  it  is  quickly  adapta- 
ble to  either  pile  driving  or  derrick  work.  If  a  3-drum  engine 
is  used  and  a  clamshell  bucket  is  provided,  small  shoals 
can  be  dredged  and  at  times  save  the  use  of  an  expensive 
dredging  machine.  The  tools  required  with  an  outfit  of  this 
sort  include  axes,  saws,  chisels,  augers,  jacks,  blocks  and 
tackle,  wrenches,  etc. 
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Action  of  Sea  Water  on  Concrete     Expansion  Joints  for  Rouge  River   Bridge 


A  further  report  of  an  investigation  made  by  the  Aberthaw 
Construction  Co.,  of  Boston,  to  determine  the  effects,  both 
mechanical  and  chemical,  of  the  action  of  sea  water  and  vary- 
ing temperatures  upon  Concrete  piers  of  different  composition, 
has  been  issued  recently  in  pamphlet  form  by  the  Aberthaw 
Company. 

In  January,  1909,  24  concrete  piers  were  manufactured  in 
the  U.  S.  Navy  Yard  at  Charlestown,  Mass.  They  were  then 
hung  under  the  cap  log  of  a  wharf  at  the  Navy  Yard.  The 
length  of  each  pier  was  such  that  the  top  was  always 
above  high  water,  while  the  bottom  was  always  immersed  in 
water.  Thus  in  cold  weather  the  piers  were  alternately  sub- 
jected to  freezing  and  thawing. 

The  cement  used  in  the  piers  was  of  various  brands.  The 
sand  was  obtained  from  banks  at  South  Acton,  Mass.  It  was 
clean  and  sharp,  weighing  97  lb.  per  cubic  foot  when  dry. 
The  rock  was  broken  trap,  passing  through  a  1^-in.  ring, 
the  dust  being  screened  out. 

The  specimens  were  poured  in  a  horizontal  position,  a  %-in. 
square  twisted  steel  bar  being  imbedded  in  each  pier  to  give 
it  stiffness  for  handling.  The  piers  were  about  16  ft.  long 
and  had  an  average  cross  section  of  about  1.8  sq.  ft.  The  ma- 
terials were  carefully  measured  before  being  fed  to  the  mixer. 
Each  batch  was  dumped  from  the  mixer  two  minutes  after 
the  first  water  was  added  to  the  materials.  The  concrete  in 
the  forms  was  thoroughly  spaded  and  tamped. 

The  piers  remained  for  five  weeks  in  the  building  and  then 
were  hung  from  the  cap  log.  They  were  examined  from  time 
to  time,  photographs  being  taken  to  show  their  condition. 

In  1920  the  piers  were  lifted  off  the  log  and  were  found  cov- 
ered with  a  14-in.  thick  coat  of  oil  mixed  with  dfibris.  This 
coat  extended  to  within  5  or  6  ft.  from  the  bottom,  where  tie 
oil  formed  only  a  thin  covering.  The  bottom  of  the  piers 
were  covered  with  sea  growths;  no  barnacles,  however,  were 
found.  It  w-as  assumed  that  they  were  destroyed  by  the  crude 
oil  floating  on  the  water. 

The  make-up  of  the  piers  and  the  condition  in  which  they 
were  found  at  the  various  examinations  are  summarized  in 
Table  I. 


The  Rouge  River  Bridge,  a  651-ft.  deck  truss  steel  struc- 
ture, was  described  by  A.  B.  Crealock  in  the  Contract  Rec- 
ord, November  17,  1920.  The  new  structure  is  on  the  bound- 
ary line  between  Ontario  and  Quebec  and  replaces  an  obso- 
lete bridge.  The  old  bridge  had  steep  winding  approaches, 
being  barely  visible  from  them.  To  give  an  unobstructed 
view  of  the  new  bridge  from  both  approaches,  it  was  neces- 
sary to  place  the  bridge  on  a  5  per  cent  grade. 

The  new  bridge  consists  of  three  75-ft.  spans,  one  112-ft. 
river  span,  two  80-ft.  spans,  two  32-ft.  trestle  spans  and  three 
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Details  of    Expansion   Joint   Over   Column. 

;'0-ft.  trestle  spans.  The  roadway  is  24  ft.  wide;  there  is  one 
sidewalk  6  ft.  wide  cantilevered  from  the  truss.  The  live 
load  is  100  lb.  per  square  foot,  with  a  20-ton  truck  on  the  road- 
way in  addition.  The  two  trusses  were  made  alike  for  econ- 
ony  in  fabrication,  although  the  truss  not  carrying  the  side- 
walk has  less  load. 
■     One  abutment  and  the  tower  pedestals  rest  on  piles  driven 


TABLE  I— MAKEUP  OP  TEST  PIERS  AND  CONDITIONS  AT  VARIOUS  EXAMINATIONS. 


Sample 
No. 

1 

2 

3 

4 

5 

6 

7 

g 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


Con- 
Proportions,  .oistency. 
1-1-2,  248  lb.  water  Drj- 
1-1-2,  295  lb.  water  Plastic 
1-1-2,  425  lb.  water  A'ery  wet 
1-2^-4%,  165  lb.  water  Very  dry 
I-2H-414,  195  lb.  water  Plastic 
l-2H-4Vfe,  345  lb.  water  Very  wet 
1-3-6.  182  lb.  wader  Dry 
1-3-6,  240  lb.  water  Plastic 
1-3-6.  343  lb.  water  Wet 
1-1-2,  30t  lb.  water  Wet 
1-3-6,  353  lb.  water  Wet 
1-1-2.  325  lb.  water  Wet 
1-3-6,  345  lb.  water  Wet 
1-1-2,  330  lb.  water  Wet 
1-3-6.  335  lb.  water  Wet 
1-1-2.  315  lb.  water  Wet 
1-3-6.  293  lb.  water  W'et 
1-1-2,  330  lb.  water  Wet 
1-3-6,  370  lb.  water  Wet 
1-3-6.  275  lb.  water  Wet 
Lost  in  handlinp. 
1-3-S.  32=i  lb.  water  Wet 
1-3-6.  29S  lb.  water  Wet 
1-3-6.  275  lb.  water  W'et 


Date  of  ■ 
immersion. 
Feb.  27,  1909 
Mar.  1.  1909 
Mar.  1.  1909 
Mar  1,  1909 
Feb.  27.  1909 
Feb.  23.  1909 
Feb.  27,  1909 
Feb.  23,  1909 
Feb.  23.  1909 
Feb.  27,  1909 
Feb.  27.  1909 
Feb.  27,  1909 
Feb.  27,  1909 
Feb  23.  1909 
Feb.  27.  .909 
Feb.  23.  1909 
Feb.  27, 
Feb.  27, 
Feb.  23 
Feb.  23, 


1909 
1909 
1909 
1909 


Mar.  3,  1910. 

Slight  surface  erosion 

Good 

Good 

Pitted* 

Good 

Surface   soft 

Slightly  pitted 

Good 

Good 

Good 

Good 

Good 

Gocd 

Good 

Face  soft 

Gocd 

Good 

Good 

Good 

Good 


TMne  material  eroded.     'Specimen  in 


Feb    23.  1909 
Feb.  23,  1909 
Feb.  23.  1909 
very  g^ood  condition. 


— Condition  of  piers — 
Dec.    17,    1913. 
Badly  eroded 
Slightly  pitted 
Slightly  pitted 
Face  badly  eaten 
Slightly   pitted 
Slightly  pitted 
Entirely  eaten  through 
Slightly  pitted 
Slightly  pitted 

Gocd 

Slightly  pitted 

Slightly  pitted 

Face,  edgns  eaten 

Good 

Edges  eaten 

Good 

Slightlj'   eaten 

Slightly  oitted 

Badly   eaten 

Slightly  eaten 

Badly  e.aten 

Badly   eaten 

Slightly   eaten 


Little  change 
Cracked 
Face  soft 
'Top  half  i;oveied  with  oil. '  "A'ery  good  condition 


June  9,  1920. 
Cracks;  badly  rotted 

Slightly  pitted 

Very  slightly  pitted 

Same  as  in  1913 

Badly  pitted 

Badly  nitted 

Entirely  eaten 

Back  badly   eaten 

Corners  eaten 

Slightly  pitted 

Pitted;  hole  front  fact^ 

Slightly  pitted 

Badly  eaten;  rotten 

Face  slight'y  pitted 

Cone,    rotted    y^"   deep 

Slightly  pitted 

Badiv  pitted 

Slightly  nitted 

Disappeared 

Badly  pitted 

Entirely  gone,  middle 
Badly  rotted 
BadIv  pitted 


Remark.-- 
(') 
(») 


P) 


Sled-Mounted  Outfit  for  Driving  Test  Piles. — A  drop  ham- 
mer outfit  mounted  on  sleds  and  operating  on  the  frozen 
surface  of  the  river  was  used  in  putting  down  test  piles  at 
the  site  of  Bastican  River  bridge  at  Bastican.  Que.  A  2,200- 
lb.  drop-hammer  was  mounted  on  four  bobsleds  with  the 
boiler,  hoisting  cable  and  drums  on  a  "stone-boat."  thus  en- 
abling the  whole  outfit  to  move  from  one  spot  to  another 
over  the  frozen  surface  of  the  river  under  its  own  power, 
by  means  of  a  cable  made  fast  to  a  tie  driven  into  the  ice. 
Wooden  piles,  spliced  one  on  top  of  the  other,  were  driven 
at  the  approximate  location  of  piers  No.  1,  2,  4  and  5,  to  a 
depth  of  some  90  ft.  below  the  level  of  the  river  bed  in  the 
channel,  with  an  average  penetration  of  4  or  5  in.  for  the 
last  blow  under  a  drop  of  25  ft.  Borings  were  also  made  at 
piers  No.  2  and  5  with  a  hand-operated  auger  worked  inside 
a  small  pipe  which  was  driven  by  means  of  a  light  hand- 
operated  drop  hammer..  While  the  tests  were  being  car- 
ried out  the  water  began  to  rise  over  the  ice,  forcing  the 
contractor  to  haul  his  outfit  hurriedly  onto  the  bank  and 
hindering  any  further  operation. 


to  rock.     The  other  abutment  rests   on  hardpan.     The  floor 
is  concrete  reinforced  with  expanded  metal. 

The  expansion  joints  (see  sketch)  are  arranged  so  that  the 
end  of  one  truss  slides  on  the  column,  the  end  of  the  other  is 
fixed;  but  both  are  centered  on  the  column  cap. 


Employment  Conditions  Improve  in  February. — Reports  on 
employment  conditions  for  February,  as  compiled  by  the  U.  S. 
Bureau  of  Labor  Statistics  show  that  in  ten  out  of  fourteen 
groups  of  industries  there  were  increases  in  the  number  of 
persons  employed  in  February.  In  four  there  were  decreases. 
In  eight  groups  there  were  increases  in  money  paid  to  em- 
ployees; in  the  other  six  decreases.  Increases  in  the  number 
employed  in  February,  1921,  as  compared  with  January,  1921, 
included  42  per  cent  in  the  woolen  industry,  21.1  per  cent  in 
men's  ready-made  clothing,  20. S  per  cent  in  hosiery  and  un- 
derwear, 17  per  cent  in  cotton  manufacturing.  12.9  per  cent 
in  cotton  finishing.  8.4  per  cent  in  boots  and  shoes.  3.9  per 
cent  in  silk.  1.3  per  cent  in  automobiles,  8  per  cent  in  iron 
and  steel,  and  .2  per  cent  in  leather. 
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WholesalelPrices  1917-20  and 
AveragePrices  for  1913 

The  accompanying  tabulation  reprinted  from  the  February 
monthly  Labor  Review  shows  the  wholesale  prices  for  min- 
erals and  metal  products  and  building  materials  in  July,  1917 
to  1919,  and  by  months  for  1920,  as  compared  with  the  aver- 
age prices  in  191S.  The  figures  were  computed  by  the  l".  S. 
Bureau  of  Labor  Statistics: 
W  HOLESALi;  PRl 


Changes  in  Retail  Prices  of^  Food  in 
the^United  States 

The  retail  food  index  carried  by  the  Bureau  of  Labor  Sta- 
tistics of  the  United  States  Department  of  Labor  shows  that 
there  was  a  decline  of  9  per  cent  in  the  retail  cost  of  food  to 
the  average  family  in  February  as  compared  with  January. 

Prices  of  43  food  articles  are  reported  to  the  Bureau  of 
Labor  Statistics  each  month  by  retail  dealers  in  51  impor- 
tant cities.  From  these  prices  average  prices  are  made  for 
each  article.     These  average  prices  are  then  "weighted"  ac- 


A.rticle  and  Unit. 

Mineral  and  Metal 
Pioducts —  iai.i. 

roal    anthraclte.chest- 

nut.i.^Mlb J5.313  ?5.933 

roal     bitun'.,     run     of 

miie.  2.000  lb 2.200     5.000 

Coke,  furnace,  prompt 

shipment,    i.OOO  lb. .. 
Co  P  P  e  r,    electrolytic. 

lb • ■;•• 

Copper  wire,  bare,  rvo. 

S,  lb 

Pig     iron.      Bessemer, 

2.210  lb 

Steel  billets,  2.240  lb.. 
Tin    plate,      domestic, 

coke,  100  lb 3. 558 


ES  FOR  MINERAL  AND  ICBTAL  PRODUCTS  AND  BUILDING  JLVTERIALS  IN  JULY, 
BY  MONTHS,  AS  COMPARED  ^\^TH  AVERAGE  PRICES  IN   1913. 

-^   ' .    1920 


1917  TO  1919,   AND   1920, 


1917. 


2.538  15.000 
.157  .318 
.167       .33S 


-July- 

1918.  1919. 

$6,693  $8,304 

4.100  4.000 

6.000  4.172 

.255  .215 

.285  .244 


17.133  57.450  36.600  29.350 
25.7S91OO.000  47.500  38.500 


.449 
.044 
.058 


12.000 
.620 
.114 
.093 


7.750 
.932 
.080 
.087 


7.000 
.702 
.056 
.079 


2.450 
.934 


3.100 
1.700 


.123 
.168 


1.5S0 

1.078 

.318 

2.221 
4. 284 


.120 
.240 


4.000 
2.250 


.171 

.241 


Pig  tin,  lb 

Pig  lead,   lb 

Spelter,  lb 

Petroleum,    crude, 

Pennsylvaria,  bbl 

Petroleum,    crude. 

Kans.-Okla.,    bbl 

Petroleum,   lef.,   water 

white,    gal 

Gasoline,  motor,  gal... 

Building   Materials — 
Brick,    red,    domestic. 

building,   1  000 6.563 

Cement.   Poi  Hand,   do- 
mestic, bbl 

Lime,    common,    lump, 

bbl 

Glass,    plate,    polished. 

5  to  10  sq.  ft.,  sq.  ft. 
Glass,   window,   single, 

B,    50    sq.    ft 

Lath.  H4-in.slab,  1,000 
Douglas  fir.   No.  1,  1.- 

000  ft 9.208  18.500  19.500  2S.500 

Hemlock.  1,000  ft. 
Oak,  white,  nlain,  1,000 

ft 60.591  69.000 

Pine,    vellow,    flooring. 

1.000  ft 44.591  57.000  60.000  73.000 

Shingles,  red  cedar,  1.- 

000    1.967     3.000     J.OSO'    4.820 

Nails,     wire,    8-penny. 

100  lbs 1.819     4.100     3.600     3.350 

Pipe,    cast-iron,    6-in.. 

2.000    lb 23.371  65.525  61.750  50.920 

Steel,  structural,   lb. . .        .016       .062       .033       .027 
Lead,       carbonate       of 

(White),    lb 068       .128       .136       .130 

Linseed  oil.  raw.  gal. .        .462     1.120     J. 770     2.115 
Turpentine,    spirits   of. 

gal 428       .420        .700     1.176 


S.S 

2.120 

1.900 

.400 

3.420 
5.625 


12.750 

2.600 

?.500 

.'460 

5.700 
5.125 


4.000 
2.250 


.205 
.245 


15.000 

3.250 

2.700 

.580 

5.700 
5.750 


24.227  28.000  34.500  41.000 
75.500  97.500 


Jan. 

$8,518 

4.100 

6.000 

.193 

.228 

40.400 
48.000 

7.000 
.637 
.087 
.097 

5.063 

2.900 

.224 
.257 

24.000 
3.370 
3.525 

.750 

6.555 
17.000 

37.500 
53.000 


Feb. 

$8,513 

4.100 

6.000 

.191 

.230 

42.900 
55.250 

7.000 
.603 
.088 
.092 

0.513 

3.000 

.240 
.265 

23.000 

3.400 

3.800 

.780 

6.555 
17.000 

37.500 
57.000 


Mar. 

$8,514 

4.100 

6.000 

.186 

.230 

43.400 
60.000 

7.000 
.621 
.092 
.089 

6.100 

3.500 

.250 

.280 

25.000 

3.400 

3. 875 

.800 

6.555 
17.000 

37.500 
57.000 


Apr. 

$8,522 

5.500 

10.500 

.192 

.230 

43.650 
60.000 

7.000 
.623 
.090 
.086 

6.100 

3.500 

.260 
.285 

25.000 

3.560 

4.100 

.820 

6.555 
17.000 

37.500 
57.000 


May. 

$9,059 
6.000 

12.000 

.191 

.230 

44.025 
60.000 

7.000 
.556 
.086 
.081 

6.100 

3.500 

.260 
.294 

25.000 

4.325 

4.100 

.820 

6.555 
17.000 

37.500 
57.000 


June. 

$9,462 

6.000 

15.400 

.190 

.230 

44.800 
60.000 

7.000 
.490 
.085 
080 

6.100 

3.500 

.260 
.300 

25.000 

4.575 

4.225 

.820 

6.555 
16.000 

29.500 
57.000 


July. 

$9,551 
6.000 

17.250 

.190 

.230 

47.150 
62.500 

7.500 
.491 
.086 
.082 

6.100 

3.500 

.260 
.300 

25.000 

4.800 

4.600 

.820 

6.555 
16.000 

29.500 
57.000 


Dec. 


Aug.     Sept.       Oct.       Nov. 
$9,711  $10,541  $10,536  $10,543  $10,548 


6.000 

17.600 

.190 

.230 

49.112 
61.000 

9.000 
.472 
.090 
.083 

6.100 

3.500 

.260 
.300 

22.484 

5.100 

4.600 

.820 

6.555 
16.000 

29.500 
57.000 


7.100 

16.625 

.187 

.229 

30.460 
58.750 

9.000 
.444 
.082 
.078 

6.100 

3.500 

.275 
.310 

15.767 

5.063 

4.600 

.820 

6.555 
10.500 

25.500 
57.000 


7.100 

15.125 

.168 

.206 

49.210 
55.000 

8.625 
.406 
.073 
.075 

6.100 

3.500 

.290 
.310 

16.500 

4.980 

4.800 

.820 

6.555 
10.500 

24.500 
57.000 


7.100 

8.100 

.146 

.183 

41.260 
49.700 

7.500 
.368 
.063 
.068 

6.1O0 

3.500 

.290 
.310 

16.500 

5.100 

4.800 

.820 

6.555 
9.125 

16.500 
57.000 


7.100 

5.875 

.137 

.170 

36.960 
43.500 

7.000 
.335 
.048 
.060 

6.10C 

3.50C 

.290 
.31C 


17.000 

4.920 

4.80C 

.820 

6.55,'^ 
9.125 

16.500 
57.000 


186.000  186.000  230.000  230.000  230.000  228.500 
112.000  139.000  139.000  160.000  160.000  160.000 


228.500  217.000  185.000  185.000  175.000  175.000 
160.000  157.000  157.000  152.000  124.500  124.500 


6.570 
4.600 


1.300 
.027 


.146 
1.770 


1.8S5 


6.820 
4.600 


70.300 
.029 


.151 
1.770 


6.080 
4.100 


71.500 
.033 


.155 
1.803 


5.720 
4.100 


74.300 
.035 


.155 
1.5)28 


4.990 
4.100 


76.300 
.035 


.155 
1.690 


1.9S5       2.23S       2.575 


4.190 
4.100 


76.300 
.085 


.153 
1.653 


l.SOS 


4.570 
4.100 


76.300 
.032 


.155 
1.520 


4.960 
4.350 


76.484 
.031 


.155 
1.413 


3.880 
4.350 


77.220 
.032 


.155 
1.215 


3.220 
4.350 


77.220 
.032 


.155 
1.076 


3.090 
4.150 


77.220 
.031 


.149 
.893 


1.599       1.624       1.473 


1.230       1.098 


2.590 
3.350 


66.780 
.028 


.141 
.820 


.790 


Licensing  Professional  Engineers. — Two  of  the  license  bills 
now  being  advocated  by  the  American  Association  of  Engi- 
neers before  various  legislatures  have  succeeded.  In  Indiana 
the  bill  has  become  a  law;  in  North  Carolina,  the  bill  has 
passed  the  Senate  and  the  House  and  is  waiting  the  Gov- 
ernor's action.  There  are  21  other  states  considering  simi- 
lar bills.  The  Indiana  bill  has  some  of  the  features  of  the 
A.  A.  E.  Jlodel  Law  and  some  of  the  features  of  the  Engi- 
neering Council's  Bill.  The  Indiana  law  does  not  define  engi- 
neering and  omits  the  mentioning  of  society  membership  as 
a  qualification  for  licensees.  The  North  Carolina  bill  is  com- 
pulsory and  provides  licensing  for  engineers,  land  surveyors, 
and  architects;    and  also  provides  for  reciprocity. 


Settlement  of  Disputes  in  Building  Trades.— The  new  gen- 
eral agreement  completed  a  few  days  ago  between  the  St. 
Louis  (Mo.)  Building  Trades  Employers  and  the  Building 
Trades  Council  contains  the  following  clause: 

Article  5.  There  shall  be  no  stoppage  of  work  becau.se  of 
jurisdictional  disputes.  The  awards  made  by  the  National  Board 
of  Jurisdictional  Awards  shall  be  enforced  by  the  Building  Trades 
Council  of  St.  Louis.  Cases  not  covered  by  awards  of  the  National 
Board  are  to  be  adjusted  by  the  St.  Louis  Building  Trades  Council. 
A  Similar  clause  is  incorporated  in  the  new  Chicago  wage 
agreement  referring  all  jurisdictional  disputes  not  covered  by 
national  awards  to  the  local  Joint  Conference  Board  with  ap- 
peal to  the  National  Board  if  desired. 


cording  to  the  quantity  of  each  article  consumed  in  the  aver- 
age workingman's  family.  From  January,  1913,  to  December, 
1920,  22  articles  of  food  were  used  in  this  index,  but  from 
January,  1921,  43  articles  are  included  in  the  inde.x  number. 
The  index  number  for  1913  is  taken  at  100.  The  index  num- 
ber for  February,  1921,  was  158  or  58  per  cent  above  the  1913 
level. 

Tear  and  month. 
1920— 

Av.  for  year 

January ....!!.         . 

February    \\\\ .'..', 

March    '.'.'.'.'.'.*.' .' ." ." .' . 

April .r. 

May    '. . .'.'.'.'.' 

June  

July    

August    

September       

October    

November ._ , 

December    .' ' 

1921— 

Av.   for  year 

January   

February   •. 


All  articles 
combined. 

203 

201 

200 

200 

211 

215 

219 

219 

207 

203 

19S 

193 

178 


172 
158 


Reinforced  Concrete  Skyscrapers. — The  pioneer  reinforceed 
concrete  skyscraper  was  the  IG-story  Ingalls  Bldg.,  built  in 
Cincinnati  in  1903.  Since  then,  according  to  Concrete  in 
Architecture  and  Engineering,  some  300  reinforced  concrete 
buildings  over  10  stories  high  have  been  completed  or  under 
way.    In  Minneapolis  and  St.  Paul  alone  there  are  26  build- 
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ings  from  10  to  14  stories  high  with  reinforced  concrete  struc- 
tural frnraes. 


Adaptation  of  Self-Feeding  Bucket  Loader 
to  Steel  Erection 

Six  men  with  the  aid  of  the  machine  shown  in  picture, 
completed  a  nine-day  job  with  two  lean-to  trusses  and  one 
ai)ex  truss  in  less  than  a  week's  worlting  time  at  the  plant 
of  the  Barber-Greene  Co.,  Aurora,  III.  The  Barber-Greene 
Co.  previous  to  the  arrival  of  the  structural  iron  workers 
rigged  up  one  of  its  self-feeding  bucl<et  loaders  in  the  fash- 
ion shown  as  a  stiff-leg  crane.    The  bucket  elevator  was  re- 


Stesl    Erection    With    Self-Feeding    Bucket    Loader    Rigged    Up 
with   Power  Winch  and  A-Frame. 

moved  and  a  power  winch  installed  on  top  of  the  frame 
which  houses  the  gasoline  engine.  At  one  side  of  the  frame 
an  A-lrame  was  firmly  attached  with  a  platform  at  the  oppo- 
site side  weighted  with  sacks  of  sand  to  form  a  counter  bal- 
ance. This  measured  32  ft.  from  the  ground.  A  pole  was 
lashed  to  the  A-frame  to  give  the  boom  a  height  of  50  ft. 
ill  order  to  put  up  the  apex  trusses.  The  original  drive  by 
cniw'.ers  did  not  need  to  be  altered,  and  by  means  of  the 
accuiate  control  possible  with  the  crawlers,  no  difficulty 
in  maneuvering  was  experienced  even  though  it  was  not 
possible  to  raise  and  lower  the  boom.  Power  was  furnished 
as  with  the  bucket  loader  proper  by  a  Buda  25-HP.  gasoline 
engine. 


Tax  Exemption  Causes  Building  Increase. — The  first  pro- 
nounced increase  in  home  building  at  New  York  since  the  war 
was  shown  March  20  in  a  compilation  of  building  statistics 
for  the  last  two  weeks.  Plans  for  new  buildings  filed  during 
this  period  were  61  per  cent  greater  than  those  filed  during 
the  corresponding  period  last  year.  This  impetus  was  at- 
tributed by  Henry  H.  Curran,  president  of  the  Borough  of 
Manhattan,  to  the  tax  exemption  ordinance  recently  approved 
by  the  board  of  aldermen.  This  measure  provides  for  a  maxi- 
mum tax  exemption  for  ten  years  of  $5,000  annually  on  all 
dwellings  the  construction  of  which  is  begun  before  April, 
1922.  The  first  two  weeks  the  ordinance  has  been  in  effect 
have  produced  plans  of  homes  for  1,076  families,  as  compared 
with  606  in  1920. 


New  Commission-Manager  Cities. — Audubon,  N.  J.,  on 
.March  1.5  voted  in  favor  of  the  commission  form  of  govern- 
ment; the  vote  was  668  for  and  198  against.  Lake  City.  Fla.. 
on  March  9  by  a  vote  of  350  in  favor  and  fir>  opposed,  adopted 
the  commission-manager  form. 


Arizona  License  Bill  Passes. — The  bill  licensing  engineers 
apd  purveyors  in  Arizona  has  passed  both  the  Senate  and  the 
House  in  the  Arizona  Legislature.  This  bill  was  introduced 
in  the  Arizona  Legislature  through  the  efforts  of  the  American 
Association  of  Engineers. 


Building  Permits  Increase  32  Per  Cent  in  February. — The 
l-ebruary  building  returns  of  Bradstreet's  announced  March  11 
show  a  total  expenditure  in  14G  cities  for  the  second  month 
of  the  year  of  $77,840,102.  While  this  is  a  decrease  of  25  per 
cent  from  February,  1920,  it  is  a  gain  of  32  per  cent  over 
January  of  this  year. 


Personals 

r--.,?^'    '"V.'^'"'^  ^^^   ''«'^"   appointed   city   building:  commis.sioner  of 

Joseph  Wells,  C.  E.  Peterson  and  C.  A.  Norton  have  taken  out 
incorporation  papers  for  the  Valley  Contracting  Co.,  Yakima,  Wash, 
fi,  ^-r;  .^yers,  of  Pittsburgh,  Pa.,  has  been  appointed  manager  of 
i.  rf't;*^,  '"^'^  district  for  the  Foundation  Co.,  succeeding  the  late 
H.  B    Kelsey. 

RMf.'''rn"''  '"'•  ,n®'"'''"f'  .consulting  engineer.  First  National  Bank 
l.n'jh  Vi"^^"'  "'<!  '"^'A"'^,  ?"  ^''■■'^'^  "'h  for  Barranquilla.  Co  lorn  "a 
,,^i,  ,,'',""  "'^•^-  Z^!"'-  r^;-r'V"s  Boes  to  South  America  to  report  upon 
constructioi;  work  in  which  American  capital  is  interested 
c»  .  (Pv^"^"'*'  str'-'ctural  engineer,  formerly  with  the  Hoflus 
lif»  T:^,.f"TTH  '  ^?r  ^""^  opened  offices  at  Rooms  41C-17  Mutual 
hfiT„?  *^V-  S'^'^"'<=-  •Y'^^'''  ^"(^  ^^■'"  engage  in  the  designing,  de- 
ings        ^*""^''^'i"e  and  superintending  of  concrete  and  steel  build- 

Donald  G.  Coombs,  for  the  past  three  years  with  the  Braden 
-opper  Co..  Caletonss,  Chile,  as  assistant  division  engineer  and 
office  engineer,  on  the  construction  of  a  10.000  ton  smelter  has 
recently  returned  to  Seattle.  Wash.,  where  he  will  be  permanently 
located  m  the  construction  field.  Previous  to  his  Chile  engagement 
he  was  assistant  superintendent  of  construction  for  the  U  S 
Reclamation  Service  on  the  Meadow  Creek  and  Rimrock  Dame. 

James    Rowland    Bibblns,   of   the  Arnold  Co.,    Chicago     has   been 
appointed  manager  of  the  newly  created  Department  of^TVansnorU 
tion    and    Ccmmunication    of    the    Chamber    of    CommerS    of    th," 
United  States.     Mr.  Bibbins  brings  to  the  new  deprr?^ont  a  w      • 
experience  derived   in   consulting  work  dealing  with  transport'  p     , 
problems  of  some  twenty  cities   in   the  United   States  and'^Ca,     , 
He   has  had    to  do  with   rapid   transit  problems,    railroad  and   port 
terminal  activities,  and  civic  development.     He  has  studied  terminal 
problems    in    New    York.    Chicago.    Baltimore    and    New    Oriel", 
transit  plans  of  Chicago,  San  Francisco.  Pittsburgh  and  other  cities 
and    valuation    of    property    in    New    York,    Brooklyn    and    Chicago 
The   new   Department   of    Transportation    and    Communication    will 
have  a  wide  range  of  activities.    It  will  cover  shipping,  ocean  and 
inland:   steam   and  electric  railroad   transportation,  air  transporta 
tion.  cables  and  telegraphs,  postal  facilities  and  highways. 

Obituaries 

Albert  H.  Wolf,  a  retired  consulting  and  contracting  engineer,  of 
Chicago  died  March  13.  Mr.  Wolf  was  born  Aug.  16,  1S55,  at 
\Voo3ville,  Miss.,  and  with  his  parents  came  to  Chicago  in  1S63. 
After  passing  through  the  old  Scammon  School  and  the  Chicago 
(Central)  High  School  he  studied  civil  engineering  and  later  was 
first  as.-,istant  civil  engineer  of  the  Chicago,  Rock  Island  &  Pacific 
Ry.,  which  he  left  in  1875  to  enter  the  lighthouse  bureau,  where 
he  designed  and  had  charge  of  several  important  lighthouses  on 
the  Atlantic.  In  1877  he  resigned  from  the  government  service 
and  spent  the  next  four  years  abroad,  in  continuing  his  protes- 
.'ional  studies  at  the  Universities  of  Berlin  and  Strasbourg.  On  his 
return  to  the  United  States  he  practiced  as  consulting  engineer 
first  in  Montana  and  later  in  Philadelphia,  where  he  was  associated 
with  J.  H.  LinviUe,  one  of  the  most  eminent  engineers  of  his  time. 
In  1834  Mr.  Wolf  returned  to  Chicago  and  opened  his  office  as  con- 
sulting and  contracting  engineer.  Mr.  Wolf  at  once  took  an  out- 
standing part  in  the  design  and  development  and  construction  of 
skeleton  constructed  skyscrapers.  He  is  stated  to  have  used  for 
the  first  time  in  anv-  building  in  the  old  Chicago  Telephone  Building 
a  fabricated  column  made  up  of  wrought  iron  plates  instead  of  the 
round  cast  iron  colunins.  He  also  is  said  to  have  originated  the 
system  of  windbracing  now  generally  applied.  Mr.  Wolf  retired 
from  .active  practice  in  1911. 

Industrial  Notes 

The  Wood  Pipe  Export  Co.  has  opened  an  office  at  775  Monad- 
nock  Bldg..  San  Franci.sco.  Calif. 

The  Clyde  Iron  Works  Sales  Co.  of  Duluth,  Minn.,  has  placed 
its  Pittsburgh  agency  with  the  John  H.  Carlin  Machine  Co.  of 
that  city.  „       ,         .   , 

The  John  H.  Carlin  Machine  Co.  of  Pittsburgh.  Pa.,  has  taken 
the  agency  for  the  Wonder  line  of  concrete  mixers,  hoists,  pumps, 
back  fillers,  etc.,  in  the  Pittsburgh  territory. 

H.  S.  Greene  has  been  elected  vice  president  in  charge  of  sales 
for  the  Barber-Greene  Co.,  Aurora.  III.  Mr.  Greene  comes  from 
the  National  Carbon  Co.  of  Cleveland,  O..  where  for  several  years 
past  he  was  assistant  sales  manager.  He  is  a  brother  of  W.  B. 
Greene,  vice  president  and  treasurer  of  Barber-Greene  Co.,  and  has 
been  a  director  of  the  company  for  some  time. 

The  Blaw-Knox  Co.,  of  Blawnox  (Pittsburgh),  Pa.,  on  .\pril  1st 
opened  up  a  new  sales  territory  in  the  Southwest,  with  head- 
quarters in  Kansas  City.  Mo.  The  company  also  recently  estab- 
lished .a  district  sales  office  in  Birmingham,  Ala.  In  addition,  the 
Blaw-Knor,  Co.  has  sales  offices  in  New  York.  Chicago.  Detroit. 
Boston.  Baltimore,  San  Francisco  and  Sheffield.  Eng.  The  Kansas 
Citv  ofUce.  which  is  located  in  the  Interstate  Bldg.,  is  in  charge 
of  R  B-  Randall,  formerly  connected  with  the  company's  Chicago 
office    who  will  be  known  as  manager  of  the  southwestern  territory. 

The  Ensineering  Advertisers'  Association,  Chicago,  held  its 
annual  meeting  at  the  Great  Northern  Hotel,  on  March  8lh  and 
elected  the  following  officers  for  the  ensuing  year:  President,  Keith 
I  Evans  advertising  manager  Jos.  T.  Ryerson  &  Son;  vice  presi- 
dent Juliu"  Holl  advertising  manager  Link-Belt  Co.:  secretary-. 
D  T  Eastman,  advfrtising  manager  Eagle-Picher  Lead  Co.; 
treasurer  J  B  Patterson,  district  manager  P.  H.  &  F.  M.  Roots 
Q^     -VV    F    Leggett.  advertising  manager.  Webster  Mfg.  Co.. 


Ben- 


jamin' Brooks,  of  the   Clay  Products  .Vssociation.  Guy  S.  Harnilton. 

Jdlllin   _^/w^  ,^    , r-r^r^\'nvnr-K    Cnrni^ra  tinn     nf     America,     and     Kd- 


^■°'^:H^i  \dverUsers'  Assocratior  now  eniers  its  third  year  of 
?;mMt"  with  many  fnteresting  and  important  subjects  to  discuss 
and  with  real  co-operation  among  its  hundred  members. 
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Roads  and  Streets — -Ist  Wednesday 

(a)  Roads  (c)   Street   Cleaning 

(b)  Streets  (d)    Municipal   Mi.scellanieg 

(e>    Management   and    Office 
System 

Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)    Waterworks 
(bj   Sewers  and  Sani- 
tation 

(e)    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power   and   Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a>   Excavation  (c)   Quarries   and   Pits 

(b)   Management   and        td)   Steam   Railways.   Con- 
Office    System  struction   and   Maintenance 
(e)    Electric    Railway    Construction 
and   Maintenance 

Buildings  and  Structures— 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

<c)   Harbor   Structures 


(d)  Misce-Uaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management     and     Office 

System 
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The  Restriction  of  Output  by 
British  Labor  Unions 

British  engineering  periodicals  are  giving  much  space  to 
to  discussions  of  trade  union  restriction  of  output.  It  is  re- 
alized by  engineers  and  business  leaders  that  Great  Britain 
will  not  be  able  to  compete  with  America  for  the  world's 
markets  unless  British  trade  unions  change  their  present 
policy  of  opposition  to  labor  saving  devices,  "payment  by 
results,"  etc. 

The  Times  Engineering  Supplement  (London)  recently 
sent  a  questionnaire  to  representative  manufacturers  as  to 
the  effect  of  output  restrictions  by  labor  unions.    To  quote: 

As  mentioned  in  the  Engineering  Supplement  tor  November. 
Lord  Weir  has  stated  that  during  the  last  12  months  the  output  in 
his  firm's  works  had  been  40  per  cent  less  than  it  would  have 
been  had  all  workers  been  free  to  undertake  any  work  that  was 
available  and  to  produce  all  they  could.'  This  statement  has  been 
submitted  to  our  corresjpondents,  and  they  have  been  asked  to  say 
whether  in  their  own  works  they  had  observed  restrictions  on  free- 
dom of  employment  and  on  production  such  as  Lord  Weir  referred 
to,  and  if  they  had,  what  in  their  opinion  would  be  the  effect  on 
their  output,  and  on  the  number  of  workers  employed  in  their 
works,  it  the  restrictions  were  removed. 

Before  giving  individual  instances  it  may  be  useful  to  state  the 
general  effect  of  the  correspondence.  About  70  per  cent  of  all  who 
reply  to  the  question  ?ay  that  in  principle  their  experience  has 
been  the  same  as  Lord  Weir's.  Some  do  not  hazard  an  opinion 
as  to  the  extent  to  which  the  altered  conditions  would  enable  their 
"Utput  to  be  increased.  One  or  two  put  the  increase  as  low  as 
10  or  15  per  cent,  and  some  as  high  as  50  per  cent.  On  the  whole 
Lord  Weir's  figure  appears  to  be  somewhat  higher  than  the  average 
estimate  of  our  correspondents  for  their  own  works.  From  internal 
evidence,  however,  it  seems  questionable  whether  in  a  good  many 
instances  the  writers  have  taken  account  of  the  effect  on  their 
own  particular  industries  of  a  decrease  in  the  output  of  ancillary 
trades.  Having  regard,  moreover,  to  numerous  instances  that  are 
quoted  of  increases  of  output  amounting  even  to  hundreds  per  cent 
which  have  resulted   from   the  introduction   of  payment  by  results 


,iiiu  idmission  of  workers  not  committed  to  a  standard  of  slowness. 
tlu>  estimates  both  of  our  correspondents  and  of  Lord  Weir  appear 
to   he  well  within   the  facts. 

Few  Americans,  we  believe,  know  the  extent  to  which 
rjritish  labor  unions  have  gone  in  restricting  output.  To 
quote: 

A  few  examples  may  be  given  of  the  way  in  which  the  op- 
position to  intensive  production  is  exercised. 

A  Midland  firm  of  crane-makers  found  the  output  per  worker 
decreased  by  about  one-third,  and  at  the  pre-war  pace  men 
would  be  doing  50  per  cent  more  than  they  are  at  present.  In  this 
works  a  man  who  was  finishing  a  job  on  one  machine  involving  a 
long  final  cut  used  his  time  to  make  ready  another  machine  on 
which  he  was  going  to  start  and  was  promptly  fined  for  operating 
two  machines. 

A  Midland  firm  of  motor-car  makers  with  much  the  same  re- 
striction of  output  find  that  even  automatic  machine-tools  are  not 
allowed  to  pi-oduce  their  full  output,  and  any  man  who  makes 
himself  singular  by  producing  more  than  is  directed  by  the  shop 
steward  or  the  trade  union  local  committee  may  be  fined  or  ex- 
pell.^d,  in  addition  to  being  subjected  to  -such  unofScial  discourage- 
ment as  having  his  tools  iiidden  or  stolen. 

In  a  firm  manufacturing  special  oil-btirning  apparatus  no  re- 
striction of  employment  or  production  is  found  except  among  the 
tool-makers,  and  where  previou.sly  unskilled  men  were  trained  to 
do  this  work  the  existing  tool-makers  refuse  to  admit  them  into 
the   union. 

From  the  South  Coast  shipyard  it  is  reported  that  a  rivetter 
was  recently  fined  for  turning  out  as  much  as  he  could  when  he 
was  woi'king  piece-work. 

In  the  experience  of  a  road-locomotive  works  the  trade  union 
leaders  declined  to  sanction  an  output  bonus  offered  by  the  firm, 
which  was  accordingly  dropped.  The  men  affected  were  apparently 
unaw.aro  of  the  tr.ade  union  action,  and  after  some  waiting  In- 
quired as  to  the  progress  of  the  scheme.  %Vhen  they  learned  what 
had  occurred  they  overruled  all  the  trade  unions  except  the  Joiners'. 
%vhich  succeeded  in  persuading  the  men  to  refuse  the  output  bonus, 
tliough  at  a  cost  to  them  of  36s.  per  week. 

In  the  experience  of  some  works  tr.ade  unions  deny  that  re- 
strictions exist  but  enforce  them  secretly  or  indirectly.  In  others 
they  arise  from  agreements  made  openly  with  the  trade  unions  or 
from  provisions  enforced  by  law. 
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As  to  the  rea,sons  why  British  labor  unions  pursue  such 
an  economically  ruinous  policy  there  is  a  diversity  of  opin- 
ion, as  indicated  by  the  following  quotations: 

About  two-thirds  attribute  them  (output  restrictions)  to  the 
Influonco  of  trade  unlcnlst  groups  exerted  without  the  co-operation 
of  the  bullc  of  the  men.  Of  these  over  10  per  cent  say  that  the 
restrictions  are  enforced  In  the  teeth  of  the  opposition  of  the  rank 
and  file  by  extremists  who  have  control  of  the  union  mechanism. 
About  twice  as  many  also  attribute  the  action  of  the  unions  to 
the  influence  of  extremists,  but  say  that  it  becomes  operative 
owing  to  the  apathy  of  the  bulk  of  the  trade  union  members,  who 
could  prevent  the  trade  union  action  if  they  took  the  trouble  to 
attend  and  vote  at  the  meetings  and  would  stand  up  against  the 
inlluenco  and  coercion  of  the  minority  instead  of  yielding  to  a 
desire  for  a  quiet  life.  Another  10  per  cent  say  that  in  their  belief 
the  restrictions  are  due  to  the  influence  of  groups  in  the  trade 
unions  supported  by  the  wishes  of  the  bulk  of  the  members. 
Various  writers  attribute  some  part  of  the  restrictions  to  causes 
such  as  propaganda,  legislative  support,  and  the  desire  to  protect 
the  less  capable  workers.  Throughout  the  answers  great  stress  i.<- 
laid  on  the  ever-present  fear  of  unemployment  and  the  belief  that 
the  risk  of  unemployment  is  reduced  by  restricting  production. 

Note  particularly  the  last  sentence  just  quoted.     In   our 

opinion    it    states    the    great    underlying    reason    why    labor 

unions   restrict  output.     If  so,   a  remedy   tor   this   objection 

should  be  found  and  it  seems  to  devolve  upon  governments 

to  find  it,  or  at  least  to  see  that  the  remedy  is  applied  when 

discovered.     To  quote  again: 

A  number  of  writers  relate  cases  in  which  the  whole  of 
their  men  wished  to  have  payment  by  results,  and  in  this  wish 
were  supported  by  the  trade  union  officials,  members,  and  men  on 
the  works  committee,  but  were  overruled  by  the  union  decision. 

A  large  Tyneside  firm  of  engineers  and  shipbuilders  express  the 
opinion  that  the  root  of  the  matter  lies  in  the  systematic  propaga- 
tion of  false  economic  doctrines  at  certain  Liabor  Colleges  and 
Centers.  This  view  appears  from  various  parts  of  the  country 
and  in  many  industries.  Such  teachings  in  the  opinion  of  one 
writer,  often  come  from  some  forceful  leaders  of  thought  "who 
think  deeper  than  many  of  their  fellows,  but  not  deep  enough." 
Another  circumstance  on  which  stress  is  laid  in  a  variety  of  an- 
swers is  that  trade  union  restrictions  are  largely  possible  through 
the  artificial  legislative  and  executive  protection  that  trade  unions 
have  received  from  the  Government.  This  view  is  most  fully  ex- 
pressed by  a  Scottish  firm,  for  example,  employing  some  1,200 
hands  on  the  manufacture  of  chemical  plant  and  water  mains.  At 
present  they  say  trade  unions  are  backed  up  and  protected  by 
the  various  Government  Departments,  and  their  movement  is  safe- 
guarded by  a  variety  of  laws,  some  of  which  may  have  been 
necessary  and  useful  when  they  were  passed,  though  others  were 
"obviously  passed  for  the  purpose  of  purchasing  the  workmen's 
votes."  Having  now  served  their  purpose  they  ought  to  be 
abolished.  This  sort  of  protest  against  the  legislative  privileges 
In  favor  of  trade  unions  and  against  the  freedom  of  individual 
workers  occurp  in  replies  from  many  branches  of  trade  in  all  parts 
of  the  country.  One  or  two  add  that  the  di-sposition  to  restrict 
output  was  notably  increased  by  the  "Government's  use  of  time 
and  lime  contracts,"  which  taught  both  works  'and  workers  how 
to  make  more  profit  from  slow  and  costly  production  than  from 
rapid  and  cheap. 

Whenever  the  leadership  of  any  organization  is  deter- 
mined by  election  the  methods  o£  the  professional  politician 
are  likely  to  be  found.  Thus  labor  union  leaders  resort  to 
the  same  practices  as  are  common  among  politicians.  More- 
over, labor  union  leaders  are  usually  of  the  same  type  as 
politicians — extreme  in  opinion,  dogmatic,  pugnacious,  lo- 
quacious.   To  quote  In  illustration: 

A  view,  however,  which  is  commonly  and  variously  expressed 
may  be  illustrated  In  the  answer  sent  from  a  Tyneside  shipyard. 
It  attributes  restrictions  to  groups  of  trade  unions,  and  not  to 
the  .'-.pontaneous  wish  of  the  bulk  of  the  employes;  but  It  states  as 
a  well-known  fact  that  the  better-class  workman  never  attends 
trade  union  lodge  meetings,  knowing  that  if  at  such  meetings  he 
advocates  moderate  opinions,  he  will  be  threatened  with  violence 
by  extremists.  As  a  result  trade  union  lodges  are  run  by  the 
youni-';i-  and  more  irresponsible  members.  Much  the  same  view 
comes  from  a  south  coast  shipyard,  where,  in  the  writer's  opinion, 
"the  young  hot-headed  men  rule  the  roost,  and  the  steady  level- 
hrailcd  workman  does  not  attend  meetings."  The  writer  goes  on. 
however,  to  point  out  that  a  decision  in  favor  of  doing  less  work 
or  claiming  more  privilege  Is  always  likely  to  be  more  popular 
than  one  which  requires  increased  energy  or  some  apparent 
sa^rince. 

The  restriction  of  labor  union  membership  is  frequently 
mentioned  by  British  employers  as  being  a  bar  to  prosperity. 
The  editor  of  the  Times  Engineering  Supplement  says: 


Thire  is  evidence  that  in  many  of  these  trades  the  men  would 
be  willing  to  agree  to  cancel  these  monopolies  if  in  return  other 
trades  were  thrown  open  to  them,  but  their  trade  unions  and  those 
who  inspire  and  manipulate  them  will  not  allow  this.  Among  these 
trades  Is  the  trade  of  laying  brick,  which  for  ordinary  domestic 
purposes  and  similar  straightforward  work  is  a  simple  trade,  of 
which  any  man  could  be  taught  enough  in  a  few  weeks  to  earn 
his  money  better  than  most  bricklayers  are  earning  it  at  the 
present  time.  Because  of  the  monopoly  that  is  claimed  by  brick- 
layers, tens  or  hundreds  of  thousands  of  families  are  homeless,  or 
housed  in  uncomfortable,  unhealthy  and  extravagant  conditions,  and 
many  works  are  unable  to  accept  orders  and  are  compelled  to 
restrict  the  extent  of  their  employment,  because  they  have  not  the 
space  in  which  to  carry  the  orders  out.  What  new  houses  have 
been  built  have  cost  several  times  as  much  as  they  would  have 
cost  years  ago,  and  much  of  this  excessive  cost  comes  out  of  the 
rates  and  taxes,  which  are  a  burden  on  workmen  as  on  every 
one  else. 

It  seems  to  us,  however,  that  in  restricting  the  number 
of  members  of  a  labor  union  there  is  at  bottom  an  economic 
justification.  Excessive  competition,  whether  among  work- 
men for  employment  or  among  employers  for  business,  Is 
admittedly  an  economic  waste.  How  to  limit  such  competi- 
tion without  destroying  initiative  and  efficiency  is  a  problem, 
but  that  competition  should  be  limited  is  beyond  question. 
There  is  overproduction  and  violent  fluctuations  in  prices 
and  in  annual  incomes  as  a  result  of  excessive  competition. 
Why,  then,  should  labor  unions  be  blamed  for  attempting 
to  limit  the  number  of  members  in  each  trade?  We  see  no 
reason  for  decrying  in  them  a  policy  that  is  not  in  itself  an 
economically   wasteful   policy. 

The  grand  labor  problem  that  confronts  not  only  Europe 
but  America  is  how  to  bring  workmen  to  see  that  they  serve 
their  own  interests  best  when  they  best  serve  the  interests 
of  society  as  a  whole.  Society  as  a  whole  gains  when  per 
capita  productivity  increases,  but  a  sudden  great  increase 
in  productivity  in  a  given  trade  may  be  temporarily  disas- 
trous to  men  in  that  trade.  A  new  invention  may  benefit 
both  its  inventor  and  society  as  a  whole,  but  it  may  throw 
thousands  of  men  temporarily  out  of  a  job.  To  overcome 
the  resistance  of  such  men  to  the  introduction  of  labor- 
saving  devices,  whether  machines  or  methods  of  .payment, 
some  plan  must  be  devised  whereby  the  men  displaced  are 
not  deprived  of  any  income  even  temporarily.  This,  it  seems 
to  us,  is  not  a  difficult  problem  to  solve.  None  the  less  its 
solution  has  never  been  seriously  attempted. 


The  Socialistic  Labor  Party  in 
Great  Britain 

Editorial    in    London    Engineering. 

The  Labor  Party  may  fairly  he  said  to  stand  for  socialism, 
and  it  is  curious  what  a  complete  lack  there  appears  to  be 
of  any  constructive  method  in  their  ranks.  Socialism  in  the 
broad  sense  has  made  much  headway  in  this  country  in  the 
last  generation,  but  in  practically  all  cases  its  manifestations 
have  been  quite  unable  to  stand  on  their  own  feet  and  have 
had  to  be  supported  by  the  taxpayer,  or  the  ratepayer.  If 
labor  is  to  make  its  case  that  this,  that  and  the  other  indus- 
try should  be  run  by  the  state  or  the  municipality,  it  would 
surely  appear  a  logical  and  politic  procedure  to  attempt  tc 
make  a  financial  success  of  such  socialistic  organizations  as 
we  already  have  in  existence.  The  plain  fact  is  that  prac- 
tically all  the  socialistic  methods  which  we  have  at  present 
in  operation  are  parasitic  on  the  private  initiative  which  the 
socialist  would  tell  us  is  undesirable,  and  should  be  done 
away  with.  Experience  has  so  far  shown  that  when  the  state 
takes  over  an  industry,  that  industry  ceases  to  be  revenue- 
producing  and  becomes  revenue-consuming.  There  are  many 
examples  of  this,  and  apparently  at  least  one  speaker  for 
labor  would  add  the  coal  industry  to  the  list  of  revenue-con- 
sumers and  incidentally,  of  course,  eliminate  the  revenue 
which  it  has  hitherto  paid  in  taxes. 

The  socialist  case  well  put  make  a  not  unattractive  picturfr 
of  a  community  of  the  future,  but  the  plain  man  may  be  for- 
given for  wondering  where  the  revenue  is  coming  from  to- 
run  the  mulitifarious  state  and  municipal  activities  which  it 
postulates.  Past  experience  ^an  only  suggest  that  when  the 
state  has  taken  over  everything  then  everything  will  require 
subsidy  from  the  public  revenue,  and  yet  that  revenue  will 
have  no  source. 
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Economic  Science  as  a  Means  for 

Preventing  Cycles  of  Trade 

Depression 

From  an  editorial  in  The  Engineer,  London,  Jan.  7,  1921. 
There  is  probably  no  subject  over  wbich  the  historian  of 
•he  future  will  exercise  more  ingenuity  than  the  depression 
in  trade  which  began  in  the  middle  of  the  departed  year. 
A  dozen  good  reasons  can  be  given  why  trade  should  flourish, 
and  every  one  of  them  must  be  disposed  of  before  the  present 
"slump"  can  be  explained.  We  shall  not  attempt  that  exact- 
ing task;  we  shall  not  venture  to  evaluate  the  explanations  that 
have  been  put  forward ;  we  shall  not  venture  to  add  one  more 
to  the  over-lengthening  list  of  assumed  causes.  Let  future 
ecoDomisr.s  crack  that  polyhedral  nut.  Suffice  it  for  us  to 
say  that  a  more  striking  example  of  the  black  ignorance  which 
exists  in  the  world  of  the  true  science  of  economics  cannot 
be  found  than  this  simple  fact,  that  we  could  not  foresee  the 
coming  of  this  depression  12  months  ago;  that  we  cannot 
explain  it  now;  that  we  are  as  unable  to  dissipate  what  ought 
by  all  reason  to  be  no  more  than  a  phantom  as  we  should 
have  been,  had  we  foreseen  it,  powerless  to  prevent  its  ap- 
proach. In  a  future  generation  all  that  will  be  changed.  Men 
will  recognize  the  inexorable  laws  of  economics  and  bow  to 
them  as  they  bow  now  to  physical  laws.  They  will  know, 
they  will  analyze,  they  will  measure,  they  will  direct  eco- 
nomic forces,  and  they  will  laugh  at  our  absurd  world  of 
1S20,  that  was  actually  out  of  work  at  the  very  time  when  it 
stood  greatly  in  need  of  all  natural  and  manufactured  com- 
modities. 

We  have  said  that  we  would  not  offer  any  opinion  on  the 
causes  which  have  led  to   (he  condition  of  affairs  in  which 
the  new  year  opens,  but  we  may  be  allowed  to  make  one  gen- 
eral observation.     Cycles  of  trade  are   in  part  the  outcome 
of  events  over  which  man  has  as  yet  very  little  control — a 
wet  season,  for  example,  may  destroy  the  harvest  or  a  dry 
one  may  ruin  the  wool-clip — and  in  part  the  result  of  events 
of  a  human  kind,  events,  that  is,  which  man  may   in  some 
measure   modify   and   direct.     The   state   of  trade   in   Russia 
followed  naturally  upon  the  revolution  and  the  state  of  trade 
in   Ireland   upon  the   rebellion.     These,   fortunately,   are   ab- 
normal occurrences,  and  can  no  more  be  taken  into  general 
account  than  earthquakes  in  Europe.    There  remains  a  group 
of  constant  phenomena  directly  under  the  rule  of  man,  and 
it  is  them  that  the  economist  has  to  balance  in  his  calcula- 
tions.    That  there  is  a  definite  and  precise  science  of  these 
things  v.'e  persist  in  believing  as  firmly  as  we  believe  that 
the  world's  knowledge  of  that  science  is  but  little  removed 
from  crass  ignorance.     A  curious  but  striking  corroboration 
of  the  existence  of  this  ignorance  may  be  found  in  the  fact 
that  everyone,  from  the  member  of  a  village  debating  club  to 
the  member  of  a  House  of  Parliament,  believes  he  is  compe- 
tent to  discuss  and  to  dictate  economic  policy.     In  the  dark 
ages  of  natural  science  there  was  a  similar  general  assump- 
tion of  knowledge.    The  husbandman  told  by  the  moon  when 
to   sow    seeds,    the    housewife    treated    illness    by    empirical 
methods,    natural    philosophy   was    discussed    by    churchmen 
and  the  course  of  thought  was  directed  and  controlled  from 
the  pulpit  and  confessional.     Gradually,  as  step  by  step  men 
here    and    there  groped  their  way  through  the  mists  of  ig- 
norance and  prejudice  to  truth  and  independence,  scientists 
became  segregated  into  a  separate  caste  to  which  others  de- 
ferred, and  from  which  others  sought  that  knowledge  which, 
at  length,  they  had  been  forced  to  admit  was  not  the  com- 
mon property  of  all.     Economic  science  must  and  will  follow 
the  same  course.    When  it  is  established  on  a  firm  basis,  when 
we  shall  no  more  think   of   entrusting  the  direction   of  the 
currents  of  trade  to  inexperts  in   the   science  of  economics 
than  we  should  think  of  now  allowing  a  mixed  party  of  mem- 
bers of  Parliament   to   dictate   the   engineering  steps   to   be 
taken  for  the  training  of  a  river  or  for  the  erection  of  a  super- 
Power  station,  then,  and  not  till  then,   shall  we  find  means 
o£  preventing  cycles  of  trade  depression;   then,  and  not  till 
then,  shall    we   obviate   the    dislocation    of   industry   by    the 
quacks  in  economic  science  who  control,  too  frequently,  the 
course  of  labor  and  will  command,  if  they  can,  the  course  of 
capital.    We  must  seek  by  all  means  to  convince  the  laymen 
of  the  world  that  economics  is  a  science  as  profound  as  any 
natural  science,  and  that  it  must  be  left  to  those  who  have 


made  a  study  of  it.  The  ill  that  is  now  done  by  quack  reme- 
dies tor  economic  ills  is  incalculable.  By  constant  propa- 
ganda in  the  press,  on  the  platform,  by  books,  and  by  word 
of  mouth,  the  truth  must  be  driven  home,  and  just  as  by 
popular  exposition  of  natural  science  respect  for  its  difficul- 
ties is  won,  so  by  constantly  placing  before  all  people  the 
true  elements  of  economic  science  we  may  hope  to  check  the 
indiscriminate  and  uncontrolled  expansion  of  false  and  dan- 
gerous doctrines. 


Should  Road  Foundations  Be  Rigid 
or  Elastic? 

Editorial  in  Municipal   Engineering  and   The   Sanitary  Record, 
London.    Oct.   14,   1920. 

In  the  most  recent  of  the  pleasant  monthly  causeries  under 
the  title  of  "Roads  and  Roadmakers"  which  that  esteemed 
County  Surveyor,  Mr.  Alfred  Dryland,  regularly  contributes 
to  a  motoring  periodical,  we  observe  that  he  discusses — appar- 
ently after  closely  following  the  correspondence  on  the  sub- 
ject which  appeared  in  Municipal  Engineering — the  expedi- 
ency of  tearing  up  at  great  expense  concrete  foundations  6 
in.  to  9  in.  thick  in  London  thoroughfares  and  substituting 
new  concrete  9  in.  to  12  in.  thick.  "Some  critics,"  he  writes, 
"deem  such  work  an  absolute  necessity  of  the  time;  but 
there  are  others,"  he  goes  on  to  say,  "who  express  the  opin- 
ion that  this  process  is  very  largely  a  waste  of  time  and 
money;  that  if  settlements  were  made  good  and  poor  floating 
replaced  the  old  matured  concrete  is  better  suited  to  with- 
stand the  stress  of  traffic  than  similar  new  material,  it  may  be 
of  greater  thickness,  but  subjected  at  an  early  stage  in  its 
life  to  jars  and  stresses  likely  to  prevent  such  perfect  set- 
ting and  homogeneous  consistency  as  has  been  attained  under 
more  favorable  conditions  by  the  old  concrete."  Our  read- 
ers will  remember  that  both  these  aspects  of  the  subject 
have  been  fully  and  frequently  discussed  in  Municipal  Engi- 
neering, the  balance  of  opinion  being  adverse  to  the  destruc- 
tion of  the  old  concrete  foundations,  an  opinion  which  is  Bvi- 
dently  shared  by  this  experienced  and  capable  county  sur- 
veyor. 

But  it  is  apparent  that  Mr.  Dryland  is  not  convinced  that 
rigid  concrete  foundations  to  wood  and  asphalt  macadam  sur- 
facing are  really  obligatory,  for  "others  hold  the  opinion," 
he  says,  "that  they  are  a  mistake,  as  the  concrete  submits 
the  covering  surface  to  a  condition  comparable  to  the  inter- 
position of  the  horseshoe  'between  the  hammer  and  the  anvil,' 
and  the  surfacing  being  generally  more  pliable  than  the  ham- 
mer or  the  anvil,  is  bound  to  be  distorted  by  the  blows  rained 
upon  it  by  modern  heavy  units  of  traffic.  This  class  of  critic 
argues,"  he  states,  "for  instance,  that  corrugation  of  road  or 
rail  is  an  effect  of  rigidity,  and  that  the  way  to  resist  abrasion 
and  corrugation  is  to  give  to  your  road  bed  such  elasticity 
that  the  stresses  from  the  shocks  on  the  surfaces  are  dissi- 
pated and  taken  up  therein."  Mr.  Dryland  goes  on  to  say  that 
ho  recently  inspected  trials  in  a  metropolitan  suburb  where 
asphalt  macadam  has  been  laid  on  a  thick  bed  of  clinker  and 
is  standing  up  to  motor  omnibus  and  other  heavy  traffic  as 
well  as  the  adjacent  wood  paving  which  was  laid  at  the  same 
time  on  9  in.  of  reinforced  concrete,  and  in  another  case  is 
giving  more  favorable  results  than  similar  surfacing  founded 
on  strengthened  macadam  road  crust  of  equal  thickness.  .  .  . 

Mr.  Dryland  refers  to  the  destruction  of  granite  blocks  by 
steel-tired  wagons,  which  is  probably,  be  thinks,  the  result  of 
inelastic  construction  attacked  by  an  inelastic  wheel.  And 
he  concludes  with  the  very  pertinent  query:  "Is  elasticity- 
desirable  in  a  road  bed?  If  so,  to  what  extent,  and  how  can 
it  best  be  obtained?"  These  are  questions  to  which  road  engi- 
neers might  well  turn  their  attention.  We  are  convinced  that 
the  majority  of  engineers  will  agree  that  a  solution  of  the 
problem  should  be  found  as  to  whether  existing  concrete 
foundations  should  be  destroyed  and  replaced  by  new  con- 
crete whose  superiority  to  the  old  is  doubted,  and  whether 
elastic  or  rigid  foundations  are  best  suited  to  wood,  granite, 
or  asphalt  paving.  Inasmuch  as  the  Institution  of  Municipal 
and  County  Engineers  does  not  undertake  research  work,  as 
is  the  case  with  most  other  engineering  bodies,  we  think  that 
the  Roads  Department  of  the  Ministry  of  Transport  could  with 
great  economic  advantage  to  the  community  undertake  such 
an  investigation.  It  is  urgently  needed,  for  the  existing 
knowledge  on  the  subject  is  much  too  nebular  in  character. 
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The  Engineer  and  the  PubUc 

Editorial  In  Engineering,  London,  Nov.  19,  1920. 
Though  modern  tivilizatioii  rests  mainly  on  the  work  of  the 
engineer  who  furnishes  transportation  for  personnel  and  ma- 
terial, provides  us  with  water  and  light,  and  gets  rid  of  our 
wastes,  it  cannot  be  said  that  he  has  hitlierto  played  any  prom- 
inent part  in  the  conduct  of  public  affairs.  France,  it  is  true, 
elected  an  engineer  to  the  Presidency  in  the  person  of  Car- 
not,  but  this  example  constitutes  merely  the  exception  that 
proves  the  rule.  We  have  never  had  in  England  an  engineer 
in  the  position  of  Prime  Minister,  nor,  indeed,  in  any  minis- 
terial office  until  the  tangl.j  into  which  certain  departments 
of  Government  had  muddled  themselves  during  the  war  made 
it  imperative  to  call  for  the  services  of  men  of  "push  and  go." 
Af?  a  consequence  during  the  later  years  of  this  period  of 
stress  the  engineer  occupied  a  more  prominent  position  in 
the  public  estimation  than  he  had  ever  done  before.  It  can- 
not be  said  that  his  advent  was  enthusiastically  welcomed 
by  the  established  authorities  in  either  the  civil  or  the  mil- 
itary departments  of  state.  The  reluctance  of  the  War  Office 
to  recognize  that  the  trench  welfare  deadlock,  predicted 
years  ago  by  Mr.  Bloch,  could  only  be  overcome  by  the  aid 
of  the  engineer,  is  notorious,  but  it  is  also  true  that  even 
though  admitted  perforce  into  the  Ministry  of  Munitions  the 
engineer  was,  so  far  as  practicable,  precluded  from  dealing 
with  any  but  purely  technical  matters.  He  was,  for  example, 
excluded  from  the  negotiations  which  took  place  on  various 
occasions  between  the  Ministry  and  the  trades  unions,  and 
this  exclusion  of  experts  from  the  national  side  of  these  con- 
ferences was  responsible  for  not  a  few  of  the  labor  troubles 
which  aJTlicted  the  state  during  the  latter  half  of  the  war. 
Like  the  country  magistrate  in  the  well  known  anecdote,  the 
political  heads  of  the  departments  found  that  to  listen  to 
both  sides  of  a  case  had  a  confusing  effect  on  their  minds, 
and  that  it  was  simpler  to  accept  the  statements  of  the  union 
representatives  as  impartial  and  complete  presentations  of 
the  matters  at  issue. 

Simplicity  is  at  times  apt  to  prove  expensive  and  un- 
doubtedly did  so  here,  and  if  the  co-operation  of  the  engi- 
neer continues  in  the  future  to  be  as  distasteful  to  our  public 
authorities  as  has  commonly  been  the  case  in  the  past,  the 
liquidation  of  our  enormous  war  debt  will  prove  far  more 
onerous  than  it  need  be.  As  matters  stand  the  public  at- 
taches far  more  weight  to  the  utterances  of  the  non-technical 
politician  on  technical  matters  than  it  does  to  those  of  the 
engineer.  When  the  L.C.C.  gave  evidence  before  the  com- 
mittee on  London  traffic  its  principal  witnesses  were  not  the 
able  engineers  in  its  employ,  but  the  late  Sir  L.  Gomme  and 
the  leader  of  a  political  party,  both  of  whom  gave  completely 
erroneous  evidence  on  highly  technical  points.  The  former, 
indeed,  proposed  to  recast  Newton's  laws  of  motion,  maintain- 
ing seriously  that  the  heavier  a  body  in  motion  might  be  the 
easier  it  was  to  stop  it,  while  his  colleague  in  an  attempt  to 
disprove  that  the  tramcar  caused  more  obstruction  than  the 
motor  bus  gave  vent  to  views  which,  carried  to  their  logical 
conclusion,  implied  that  urban  traffic  would  be  best  handled 
by  long  trains  of  coupled  tramcars.  Of  course,  no  engineer 
could  have  been  found  to  back  either  of  these  suggestions. 
but  the  marvel  remains  that  such  evidence  was  accepted  as  of 
a  technical  character  by  the  Commission. 

During  the  war  much  more  weight  came  to  be  attached  to 
the  views  of  experts,  but  the  innovation  was  by  no  means 
welcomed  and  the  complaint  was  made  that  the  committee 
which  reported  on  electrical  power  distribution  in  this  coun- 
try did  not  include  among  its  members  aldermen  and  coun- 
cillors. In  America  matters  have  been  still  worse,  and  Mr. 
Waddell,  the  eminent  bridge  engineer,  records  a  case  in  which 
the  position  of  county  engineer  was  filled  by  a  lawyer  since 
it  was  hold  that  the  post  must  be  filled  by  a  politician  whose 
peculiar  qualifications  are  not  fostered  by  the  engineer's  call- 
ing. Nevertheless,  there  has  of  late  years  been  a  strong 
movement  in  America  to  take  certain  public  activities  "out 
of  politics."  One  method  of  doing  this  has  been  the  adop- 
tion of  the  commissioner  system,  in  which  the  direction  of 
public  works  is  entrusted  to  a  small  committee  of  experts 
appointed  under  conditions  which  render  it  difficult  to  over- 
rule or  dismiss  them.  We  believe  that  this  plan  was  first 
adopted  in  connection  with  the  State  Railways  in  Australia, 
and  proved  of  great  service  in  preventing  the  construction 
of  unremuneratlve  lines  under  political  pressure.    In  America 
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and  Canada  the  plan  has  also  often  proved  highly  advan- 
tageous, but  according  to  Mr.  Waddell  a  tendency  quickly 
developed  to  make  the  appointment  political,  with  the  result 
that  the  last  state  of  things  has  been  worse  than  the  first. 
Where  the  system  has  been  fairly  worked,  however,  excellent 
results  have  been  achieved,  and  in  some  American  cities  at 
any  rate,  it  is  frankly  acknowledged  that  the  control  of  many 
public  departments  by  engineers  has  been  of  very  great  ad- 
vantage to  the  community. 

A  serious  obstacle  to  the  engineer  playing  a  more  pro- 
nounced i)art  in  public  affairs  lies  in  the  little  interest  taken 
by  the  iiublic  in  the  details  of  his  work.  When  things  go 
smoothly  the  success  by  which  the  public  benefits  is  the  only 
recompense  of  months  or  years  of  hard  thinking.  When 
difficulties  arise  it  is  commonly  the  practice  to  suppress  all 
mention  of  them,  even  after  they  have  been  surmounted. 
Nevertheless,  many  dramatic  moments  arise  in  engineering 
operations  which,  if  skillfully  recorded,  might  help  to  raise 
the  profession  in  the  public  estimation  to  something  like  the 
prominence  now  accorded  to  that  of  the  law. 

The  general  public,  for  example,  is  wholly  oblivious  of  the 
devotion  and  co\irage  shown  in  the  earlier  days  of  electric 
lighting  by  the  engineers  in  charge  of  our  power  stations. 
Wellington  never  longed  more  earnestly  for  night  or  Blucher 
than  did  the  station  engineer  for  the  time  when  the  fall  in 
the  day's  demand  would  allow  him  to  cut  out  some  machine 
which  had  unexpectedly  developed  faults,  threatening  at  each 
moment  a  catastrophe,  but  kept  running  with  a  man  stationed 
at  the  stop  valve  in  the  hope  that  "she'd  last  out  over  the 
peak."  A  most  dramatic  tale  could  be  told  of  how  the  late 
Mr.  Bryan  fought  to  save  the  filters  of  the  East  London  Water- 
works Co.  from  a  sudden  flood  on  the  Lea.  Men  were  obtained 
anyhow  or  anywhere  to  build  up  a  protecting  dam  faster  than 
the  rising  water.  A  brick  yard  was  raided  to  supply  the  ma- 
terials, and  brick  by  brick  the  wall  was  raised.  It  was  only 
after  hours  of  anxiety  that  the  flood  began  to  fall  and  the  se- 
curity of  the  filter  beds  was  assured.  Had  they  been  flooded 
the  consequences  might  well  have  been  an  epidemic  of  ty- 
phoid. All  protective  measures  had  to  be  taken  on  the  sole 
responsibility  of  the  engineer,  who  incurred  expenses  run 
ring  into  hundreds  of  pounds  without  appeal  to  the  directors. 
It  is  a  curious  commentary  upon  the  public  appreciation  of 
the  standing  of  its  engineering  experts  that  when  appointed 
chief  engineer  to  the  Metropolitan  Water  Board  Mr.  Bryan 
was  prevented  by  the  regulations  from  expending  any  sum 
exceeding  £5  without  first  obtaining  the  sanction  of  the 
Board. 


Utilization  of  Sludge 


Editorial  in  The  .Surveyor.  London.  Feb.  11,  1921. 
Investigations  of  the  possibility  of  recovering  the  nitrogen 
in  sewage  for  the  benefit  of  agriculture  have  hitherto  been 
confined  to  this  part  of  the  world  and  America.  We  now 
learn  that  experimental  work  in  connection  with  this  subject  is 
being  carried  out  in  the  Far  East,  particularly  at  the  Indian 
Institute  of  Science,  Bangalore,  where  Dr.  G.  J.  Fowler,  F.I.C.. 
formerly  of  Manchester,  is  directing  oTJerations.  The  Decem- 
ber issue  of  the  Journal  of  this  institute  contains  a  paper  by 
Dr.  Fowler,  on  "The  Conservation  of  Nitrogen  with  Special 
Reference  to  Activated  Sludge,"  a  subject  upon  which,  as  our 
readers  are  aware,  he  is  specially  qualified  to  speak.  The 
main  part  of  the  paper  deals  in  considerable  detail  with  the 
sources  of  nitrogen,  methods  of  sewage  treatment,  chemical 
changes  in  nitrogenous  organic  matter,  nitrogen  fixation,  the 
nitrogen  in  activated  sludge,  and  green  manures.  Especially 
interesting  is  a  series  of  photographs  showing  the  methods 
employed  for  collecting  night  soil  in  Shanghai  and  applying 
it  to  agriculture.  Dr.  Fowler  points  out  that  this  process, 
though  sound  scientifically  and  economically,  is  of  a  very 
iinsavory  description,  and  the  problem  presented  is  to  attain 
the  same  economic  results  without  offensive  accompaniments. 
It  should  be  noted  that  in  stating  in  conclusion  that  the  acti- 
vated sludge  process  offers  the  possibility  of  the  recovers' 
for  agricultural  purposes  of  all  the  nitrogen  in  town  sew- 
age, Dr.  Fowler  assumes  that  the  nitrogen  in  the  effluent 
as  well  as  that  in  the  sludge  can  be  economically  utilized. 
This  would  mean  the  provision  of  large  areas  of  suitable 
land  for  the  irrigation  of  the  effluent  and  the  cultivation  of 
saleable  crops.  'While  this  would  be  difficult,  if  not  impossi- 
ble except  in  a  few  places  in  this  country,  it  may  be  quite 
feasible  in  India,  and  it  is  in  countries  of  this  character  that 
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the  greatest  benefit  from  the  utilization  of  the  uitrogen  in 
sewage  may  be  derived.  Dr.  Fowler's  paper  is  a  very  valuable 
contribution  to  the  literature  of  this  subject,  and  should  serve 
as  a  stimulus  to  further  research  work  iu  other  parts  of  the 
world. 


The  British   Government's  Severn 
Tidal  Power  Scheme 

Editorial  in  Engineering,  London,  Dec.  3.  1920. 
Strange  as  many  oflicial  actions  are  now-a-days,  few  have 
struck  us  as  so  singularly  out  of  place  as  the  manner  in  which, 
the  country  was  informed  last  week  of  the  proposal  to  embark 
upon  a  large  tidal  power  scheme  on  the  Severn.  We  are  not 
so  much  concerned  for  the  moment  with  the  scheme  itself, 
whatever  merits  it  may  ultimately  prove  to  possess,  as  with 
the  method  which  the  Ministry  of  Transport  has  seen  Jit  to 
adopt  in  connection  with  a  matter  of  great  weight  and  high 
technicality.  The  tone  of  the  curious  document  which  issued 
from  this  Ministry,  dilating  on  this  scheme,  made  us  turn 
over  its  pages  mechanically,  as  one  would  with  a  company 
promoter's  prospectus,  to  find  out  how  much  capital  it  was 
mtended  the  project  should  swallow  up.  Our  search  was  not 
attended  by  success.  Neither  could  we  discover  therein  a 
particle  of  technical  data,  nor  yet  the  name  of  any  respon- 
sible person  attached  to  it.  In  fact,  apparently  beneath  the 
notice  of  His  Majesty's  Printers,  the  notes  distributed  seem 
to  have  been  considered  by  the  Ministry  itself,  only  fit  for 
some  office  duplicator  in  Whitehall  Gardens. 

In  highly  speculative  circles,  the  subtle  creation,  in  advance, 
of  a  favorable  impression  is  not  infrequently  indulged  in,  but 
the  custom  has  been  so  often  associated  with  the  less  reputa- 
ble side  of  finance  that  it  is  seldom  countenanced  by  self-re- 
specting concerns,  and  its  use  is  therefore  almost  sure  to 
arouse  suspicion.  That  the  official  language  adopted  in  this 
extraordinary  case  is  also  likely  to  discredit  the  department 
concerned  may  be  gathered  from  a  few  quotations,  for  it  sug- 
gests that  someone  has  settled  in  Whitehall  whose  office 
should  properly  be  in  the  purlieus  of  the  city.  We  find,  for 
instance,  thid  composition  headed,  "The  World's  Greatest 
Water  Power  Scheme,"  "The  Gate  of  the  West,"  "A  Paying 
Proposition,"  while,  on  dipping  further  into  it  we  are  told 
that  this  is  "the  first  scheme  ...  to  utilize  the  rotating  forces 
of  the  eaith,"  and  "to  snatch  part  of  the  movement  of  the 
earth  and  put  it  into  gearing  to  turn  machinery."  It  is  said 
to  be  planned  on  a  "sound  economic  basis"  and  to  offer  "limit- 
less vistas,"  "bringing  the  blessings  of  Light,  Purity  and 
Power  within  the  reach  of  all  classes  of  the  community." 
Such  extravagance  of  language  is  altogether  at  variance  with 
what  one  would  expect  from  the  dignified  and  careful  delibera- 
tions of  a  responsible  Government  Department.  One  can  only 
conclude  that  this  clap-trap  is  designedly  intended  to  convey 
to  the  public  the  idea  that  the  Ministry  is  vastly  alive,  and 
immensely  busy  with  wonderful  and  original  reforms. 

The  careful  avoidance  of  all  technical  data  in  this  docu- 
ment, while  at  the  same  time  specious  reference  is  made  to 
engineering  points  in  a  manner  clearly  intended  to  clothe  the 
whole  with  an  air  of  verisimilitude  well  calculated  to  impress 
a  credulous  public,  indicates  the  standard  of  intellect  to 
which  this  Ministry  thinks  it  best  to  make  its  first  appeal. 
It  cannot,  however,  be  congratulated  on  having,  in  any  sense, 
added  luster  to   its  office  by  this   performance. 

It  will  be  time  enough  to  consider  the  scheme  itself  when 
the  promoters  see  fit  to  back  it  with  estimates  of  cost.  Sev- 
eral days  have  now  passed,  but  no  endeavor  has  been  made  to 
supply  even  a  rough  estimate  of  this.  At  present  it  is  only 
possible  to  surmise  that  the  project  requires  plaut  of  a  capac- 
ity of  about  four  times  the  normal  load  of  500,000  HP.  Every- 
thing cnnnected  with  it  is  described  as  either  "immense," 
"gigantic,"  or  "enormous,"  including  the  dams,  pumps,  etc., 
to  say  nothing  of  the  40-ft.  tunnel  for  the  water  for  the  "great 
inland  lake."  An  "army"  of  men  running  into  thousands  of 
all  grades,  for  many  years  would  be  employed,  and  so,  what- 
ever happens,  we  may  be  fairly  sure  that  the  cost,  too,  would 
he  colossal.  We  can  hardly  get  away  from  that  fact,  and 
it  is  very  doubtful  if  the  present  is  at  all  a  suitable  time  for 
further  national  expenditure.  It  looks  very  much  as  if  the 
whole  thing  were  intended  to  be  something  in  the  way  of 
a  poUtical  reply  to  the  oft-repeated  charge  made  against  the 
Ocvernment  of  extravagance  and  waste.  With  the  country 
becoming  weary  of  heavy  national  expenditure,  the  Ministry 


would,  we  believe,  be  well  advised  in  placing  their  facts,  what- 
ever they  may  be,  before  the  country,  when  we  are  inclined 
to  thuik  that  if  the  scheme  should  prove  attractive  after 
careful  scrutiny,  it  might  be  left  to  private  enterprise.  We 
believe  it  to  be  the  unfortunate  fact  that  such  projects  do 
actually  come  within  the  all-embracing  Ministry  of  Trans- 
port Act.  The  whole  affair  has  a  very  ominous  ring  about 
it,  suggesting  that  decisions  have  already  been  arrived  at. 
The  reiterated  use  of  the  definite  words  "is"  and  "will  be,''  in 
the  description  of  the  plans,  in  place  of  the  more  proble- 
matic "would"  or  "could,"  would  almost  indicate  that  the 
work  is  even  now  in  hand.  We  trust  that  the  Ministry  has 
not  abused  its  trust  so  far  as  that,  but  after  this  exhibition 
of  the  treatment  it  thinks  suited  to  national  questions  and 
responsibilities  we  are  almost  inclined  to  despair  of  it  alto- 
gether. 

Since  the  issue  of  the  unfortunate  document  which  we  have 
felt  it  our  duty  to  criticise  above,  the  Ministry  has  disclosed 
something  more  of  its  plans.  In  the  House  of  Commons,  Sir 
Eric  Geddes  has  stated  that  the  scheme  would  find  employ- 
ment for  10,000  men  for  seven  years.  We  leave  it  to  our 
readers  to  make  the  simple  calculation  what  the  cost  of  labor 
alone  would  therefore  be  at  present  rates  of  wages.  Further, 
yesterday  we  received  from  the  Ministry  a  document,  for 
some  reason  marked  "Unofficial,"  giving  a  few  details  of  the 
idea  in  a  considerably  modified  tone,  but  still  lacking  many 
of  the  main  technical  essentials,  and  especially  the  all-im- 
portant particulars  of  cost. 

From  this  document  we  learn  that  it  is  expected  to  utilize 
the  barrage  turbines  for  7  hours  with  heads  varying  from  5 
ft.  to  30  ft.,  the  latter  occurring  only,  of  course,  at  spring 
tides.  The  machines  would  generate  1.300  kw.  each,  which, 
for  the  normal  load,  and  without  the  surplus  plant  to  meet 
the  demand  for  pumping,  suggests  that  there  will  be  quite  a 
number  of  these  units  in  the  barrage  installation.  We  note 
also  that  the  suggestion  is  made  that  500,000  kw.  can  be 
transmitted  to  London;  at  the  same  time  it  can  all  be  con- 
sumed in  South  Wales,  or  in  the  Birmingham  district,  a  point 
on  which  clearly  some  decision  must  be  arrived  at  or  the 
cost  of  the  longer  transmissions  will  offset  any  object  in 
supplying  distant  markets.  The  dynamos  at  the  dam  will  be 
variable-speed  generators,  producing  direct  current  at  a  con- 
stant voltage  of  525  volts.  The  turbine  speeds  of  approxi- 
mately 40  r.p.m.  to  80  r.p.m.  will  be  geared  up  to  give  300 
r.p.m.  to  500  r.p.m.  for  the  generators.  The  direct  current  will 
be  converted  to  alternating  at  330  volts  by  rotary  converters. 
Static  transformers  would  step  this  up  to  60,000  volts  for 
transmission  to  the  industrial  centers,  etc.,  which  it  is  pro- 
posed to  supply.  When  excess  power  is  produced  at  the  dam 
it  will  be  transmitted  to  the  pumping  station  10  miles  dis- 
tant, where  it  will  be  consumed  in  pumping  water  up  to  the 
inland  lake.  At  this  pumping  station  the  plant  proposed  con- 
sists of  pumps,  turbines  and  motors  arranged  for  use  also 
as  generators,  in  order  to  reduce  the  installation  as  far  as 
may  be,  the  plant  being  capable  of  a  peak  output  of  1,000,000 
HP.  It  will  therefore  be  seen  that  the  amount  of  machinery 
will  be  very  considerable  indeed. 

It  is  claimed  that  in  the  scheme  the  only  machines  not 
running  always  at  full  load  will  be  the  dynamos  at  the  bar- 
rage, but  as  these  will  run  into  several  hundreds,  the  condi- 
tions under  which  they  work  will  constitute  an  important 
factor.  The  units  at  the  pumping  plant  are  planned  at  13,000- 
kw.  machines  working  at  2,200  volts  and  375  r.p.m.  The  head 
under  which  the  turbines  here  would  work,  and  against  which 
the  pumps  would  have  to  operate  is  not  given,  but  the  tunnel, 
40  ft.  in  diameter,  is  said  to  be  about  a  mile  in  length  through 
rock. 

It  will  be  clear  from  the  labor  cost,  the  multiplicity  of 
units  at  the  dam  and  duplication  of  the  plant  at  the  pumping 
station,  the  cost  of  tunnelling,  etc..  to  say  nothing  of  the  dam 
itself,  and  the  separate  railway  and  road  viaduct,  with  the 
locks  and  lock  machinery,  that  the  scheme  would  run  the 
nation  into  vast  expenditure  to  attain  results  which  are  by 
no  means  certain  to  secure  a  profitable  selling  price  for  the 
current  generated. 


English  Mason  Lays  1,555  Bricks  Per  Day. — John  Laing 
&  Son,  building  contractors,  of  Carlisle  and  London,  in  a 
letter  in  the  Builder  (London),  state  that  "on  a  building 
contract  we  have  in  hand  one  bricklayer  has  laid  28,000 
bricks  in  18  working  days— an  average  of  1,555  bricks  per 
day.    Further,  t^e  quality  of  the  work  is  excellent." 
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Some  Useful  Drawing  Implements 

From  The  EnRlneer.  London,  Dec.  31,   1920. 

There  is  a  considerable  body  of  men  working  at  the  draw- 
ing board  who  have  a  decided  aptitude  for  contriving  neu 
methods  of  facilitating  their  work,  such,  for  instance,  as 
specially  graduated  slide  rules,  detail  steincils  and  so  forth 
To  them  the  clevices  described  below,  which  have  been  de- 
signed by  Mr.  J.  St.  V.  Pletts,  of  Marconi  House,  Strand,  will 
appeal  strongly,  while  even  the  most  old-fashioned  drafts- 
man will  appreciate  the  merits  of  the  template  shown  in 
Fig.  2,  which,  with  the  assistance  of  a  piece  of  thread  and  -i 
few  pins,  will  replace  a  whole  set  of  French  curves  and  pro- 
duce a  more  workmanlike  result. 

Perhaps  the  most  tedious  part  of  an  engineering  drawing, 
and  the  one  in  which  any  little  inequalities  are  most  con- 
spicuous, is  the  hatching  of  sections.     A  very  simple  device 


Devices    for    Facilitating    Drafting. 


for  drawing  such  lines  rapidly  and  accurately  is  shown  in 
Fig.  1,  where  A  is  a  set-square  with  a  slot  of  length  X  in  one 
side,  B  a  straight-edge — or  another  set-square — with  a  slot 
of  length  Y  in  one  side,  and  P  a  rectangular  piece  of  shorter 
length  fitting  into  the  slots.  If  B  is  slid  along  A  and  then  A 
along  B  as  far  as  the  piece  P  will  allow,  the  spacing  of  the 
lines  ruled  against  the  diagonal  edge  of  the  set-square  will 
be  the  difference  in  the  lengths  of  the  slots  and  the  piece 
P  multiplied  by  the  sine  of  the  set-square  angle. 

The  piece  P  can,  of  course,  be  fixed  to  either  A  or  B,  in 
which  case  the  spacing  is  fixed;  but  the  former  arrangement 
has  the  advantage  that  the  piece  P  is  easily  changed,  so 
that  several  pieces  of  different  sizes  may  be  made  in  order 
to  give  different  widths  of  hatching,  and — if  the  same  ruling 
edge  is  always  used — may  be  marked  with   the  spacing. 

The  device  shown  in  Fig.  2  depends  on  the  principles  of 
the  logarithmic  spiral,  the  value  of  which  in  drawing  curves 
is  set  out  in  Legros  and  Grant's  book,  "Typographical  Sur- 
faces." It  comprises  a  template,  the  two  edges  C  and  D  of 
which  are  both  logarithmic  spirals,  but  one  is  turned  through 
a  right  angle  relatively  to  the  other,  so  that  C  becomes  the 
evolute.  or  locus  of  centers  of  curvature,  of  D.  The  result  is 
that  if  any  part  of  the  scale  D  be  fitted  to  a  portion  of  a 
curve,  the  same  part  of  the  scale  C  will  be  the  evolute  of 
that  portion,  and  may  be  ruled  off.  the  complete  evolute  of 
any  curve  being  thus  easily  and  quickly  dra^vn.  As  a  pencil 
tied  to  a  string  which  is  wrapped  on  the  evolute  will  de- 
scribe the  original  curve,  it  is  obvious  that,  with  the  aid  of  a 
few  pins  stuck  into  the  evolute — or  a  little  on  the  convex 
side  of  it — the  curve  may  be  drawn  in  a  single  sweep.  A  pen- 
oil  point  can,  of  course,  be  put  through  a  loop  in  the  end  of 
the  string,  but  an  ordinary  drawing  pen  can  be  used  if  a  lit- 
tle ring  for  the  attachment  of  the  string  is  fixed  on  close  to 
the  point.  Such  a  pen  may  also  be  used  for  drawing  elipses 
by  means  of  a  string  attached  to  the  two  foci  and  running 
through  the  ring. 


In  perspective  drawings  it  is  often  necessary  to  draw  radii 
from  a  distant  ct'nler,  and  a  centrolinead,  or  Y-shaped  ruler, 
slid  along  two  piii.s  placed  against  the  two  arms,  is  well  known 
for  Ihis  purpose.  If  p  is  the  distance  between  the  two  pins 
and  a  the  angle  between  the  two  arms  of  a  symmetrical  Y, 
then  the  perpendicular  distance  of  the  center  of  rotation  from 
the  middle  of  the  line  joining  the  two  pins  is: 

1  a 
0  =  —  p  tan  — 

2  2 

If,  therefore,  instead  of  the  usual  adjustable  arms,  a  fixed 
Y  is  employed,  the  distance  c  becomes  a  Kimple  multiple  of 
the  distance  p.  In  Fig.  3  such  a  ruler  is  shown  having  two 
values  of  a.  which  make  c  two  and  four  times  p,  respectively. 

For  drawing  the  graticules  of  some  kinds  of  maps,  area 
from  a  distant  center  are  ;omelimes  required  in  addition  to 
radii,  and  for  this  purpose  a  similar  instrument,  but  without 
the  ruler  extension  and  with  a  pen  or  pencil  fixed  at  the 
point  of  the  angle  a,  is  usef\il.  But  in  this  case  a  must  be 
determined  from  the  formula: 

1 
r  =  —  p  cosec  a 
2 
because  it  is  the  radius  of  the  arc — not  the  distance  of  the 
center  from  the  middle  of  the  chord — that  is  usually  wanted. 
Unless,  however,   this   instrument   is  to   be  used   for  a  very 
smal  range  of  radii  it  is  much  more  useful  with  an  adjusta- 
ble angle,  which  destroys  its  simplicity  and  therefore  takes 
it  outside  the  scope  of  this  article. 

Finally,  a  simple  little  instrument,  which,  for  many  pur- 
poses, is  to  be  preferred  to  the  ordinary,  small  semi-circular 
protractor,  is  shown  in  Fig.  4.  In  this  the  angle  in  degrees 
between  any  two  edges  on  opposite  sides  of  the  rule  is  the 
sum  of  the  numbers  with  which  they  are  marked,  so  that 
every  degree  from  0°  to  15"  can  be  obtained.  It  follows  that 
with  the  aid  of  an  ordinary  .30-60'  set-square  every  degree  of 
the  entire  circle  can  be  obtained  with  a  ruling  edge,  which 
the  ordinary   protractor  does   not  give. 


Disposal  of  Sludge  on  Lands  as  Fertilizer 

By  .lOHN  E.  FARMER. 
From  The  Surveyor,  London.   Dec.   17,   1920. 

1  give  the  following  in  the  hope  that  it  may  be  the  means 
of  giving  thought  to  the  possibilities  of  a  sludge  disposal  on 
land  as  a  cheap  nitrogenous  fertilizer.  When  sludge  is  ex- 
posed to  the  air  if  undergoe.^  oxidation,  and  from  results  of 
a  laboratory  experiment,  there  need  not  be  any  loss  of  nitro- 
gen, but  a  possible  increase. 

If  sludge  is  treated  as  sewage  is  treated  in  the  activated 
sludge  process,  I  find  from  laboratory  experiments  that  the 
Kludge  odor,  after  a  certain  degree  of  aeration,  is  altered 
to  an  earthy  smell,  and  without  loss  of  nitrogen.  Having  dis- 
posed of  30,000  tons  per  year  of  fresh  sludge,  6  per  cent 
solids,  for  some  years,  I  have  been  able  to  note  the  good  and 
the  had  points  of  such  a  method  of  disposal.  One  objection- 
able point  to  the  spreading  of  fresh  sludge  in  a  thin  layer 
over  the  surface  of  the  soil  is  the  sludge  odor.  To  overcome 
this  I  have  used  lime  with  some  beneiicial  result,  but  not  to 
the  extent  1  should  like.  I  believe  the  treating  of  the  sludge 
on  the  lines  as  mentioned  above  would  overcome  this  objec- 
tion, and  also  have  other  beneficial  effects.  Another  objection 
is  the  plowing  in  of  the  sludge  soon  after  application.  If  the 
method  was  taken  up  for  the  land  disposal  of  the  sludge 
after  aeration,  agricultural  engineers  would  soon  devise  a 
means  of  plowing  in  of  the  sludge  without  horses  or  a  man 
having  to  wade  through  it. 

Comparative  cost  of  nitrogen  units  delivered  onto  the  land 
must  be  taken  into  consideration  when  advocating  sludge  as 
a  manure.  Aerated  sludge  could  be  cheaply  pumped  some 
distance  to  land  requiring  :t.  and  the  weight  of  nitrogen  per 
acre  at  the  rate  of  7,'^  acre^i  sludged  per  year  for  160,000  per- 
sons, is  approximately  15  cwt..  or  equal  to  that  in  about  100 
loads  of  farmyard  manure.  The  sludge  from  the  population 
of  7.000,000  draining  to  the  London  County  Council  works,  at 
the  above  rates  would  give  to  4,300  acres,  each  year,  approxi- 
motely  15  cwt.  nitrogen.  Half  this  weight  with  the  aid  of 
mineral  manures,  would  be  manuring  on  intensive  lines. 
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Reconstruction  of  Lattice  Girder 
Bridge  in  Reinforced  Concrete 

From   The   Surveyor,   London.   Feb.    IS.    1921. 

Originally  designed  for  light  country  traffic,  the  bridge, 
■which  carries  the  highway  from  Rothbury  to  Harbottle. 
Northumberland.  England,  over  the  River  Coquet,  was  183 
ft.  long  with  a  roadway  15  ft.  wide,  and  was  formed  by  two 
wrought-iron  lattice  girders  carried  at  each  end  on  masonry 
abutments,  and  two  river  piers,  each  consisting  of  tour 
wrought-irou  screw  piles  with  suitable  bracing,  making  a 
center  span  of  73  ft.  and  two  end  spans  of  55  ft.  each.  The 
decking  was  of  timber  carried  on  wrought-iron  joists  and  sur- 
faced with  road  metal. 

Some  10  years  ago  one  of  the  two  iron  piers  was  broken 
and  carried  away  by  some  large  trees  which  came  down  with 
an  exceptionally  heavy  flood,  and  was  replaced  by  a  timber 
trestle.    During  the  late  war  the  Timber   Production  Depart- 


Method  of  Driving  River  Dee  Tun- 
nel Through  Water  Bearing 
Strata 

From  The  Times  Engineering  Supplement,  London,  February,   1921. 

In  the  course  of  a  paper  on  tunnelling  through  water-bear- 
ing strata,  read  before  the  Liverpool  Engineering  Society, 
Mr.  R.  F.  Baker  gave  an  account  of  the  construction  of  the 
tunnel  by  which  the  aqueduct  of  the  Birkenhead  Corpora- 
tion from  Cerrig-y-Druidion  passes  under  the  River  Dee  at  a 
point  nearly  %  mile  below  the  Hawarden  swing  bridge  on 
the  Great  Central  Ry. 

The  work  comprised  the  driving  of  a  tunnel  8  ft.  in  inter- 
nal diameter  between  two  cast-iron  shafts  13  ft.  in  internal 
diameter,  sunk  759  ft.  apart  from  center  to  center.  The  tun- 
nel is  on  a  gradient  of  1  in  107  falling  from  the  Welsh  to 
the  English  side,  and  its  top  is  about  12  ft.  below  the  deep- 


Sharpeston    Bridge,    Northumberland,    as    Reconstructed     in     Reinforced   Concrete. 


ment  of  the  Ministry  of  Munitions  felled  a  large  number  of 
trees  in  the  woods  around  the  village  of  Harbottle,  and,  in 
hauling  these  over  the  bridge,  did  considerable  damage  to 
the  structure,  which  was  quite  inadequate  for  the  heavy 
loads  thereby  involved. 

Being  faced  with  the  necessity  of  making  good  the  dam- 
age caused,  Mr.  J.  A.  Bean,  the  county  surveyor,  realized  that 
in  a  short  time  this  and  other  coimtry  bridges  in  Northum- 
berland would  be  called  upon  to  carry  much  heavier  loads  in 
the  future  than  in  the  past.  He  therefore  decided  to  have 
Sharpeston  bridge  rebuilt  sufficiently  strong  to  carry  a  load 
of  25  tons  on  four  wheels,  and  decided  to  adopt  the  re- 
inforced concrete  form  of  construction. 

The  bridge,  as  it  now  stands,  consists  of  a  reinforced  con- 
crete decking  7  in.  thick,  carried  on  two  longitudinal  beams 
10  in.  broad  by  20  in.  deep,  which  take  bearing  on  reinforced 
concrete  templates  let  into  the  old  masonry  abutments,  and 
are  connected  laterally  by  five  transverse  beams  12  in.  broad 
by  26  in  deep,  which  are  carried  on  10  ferroconcrete  piles, 
12  in.  square,  driven  to  a  batter  of  1  in  15  to  do  away  with 
the  necessity  of  bracings.  The  original  lattice  girders  were 
left  in  position  and  now  form  the  parapets — an  economical 
method  of  utilizing  the  old  ironwork.  There  is  now  no  road 
metal  on  the  bridge,  the  reinforced  concrete  decking  being 
covered  simply  with  a  thick  coat  of  tar  and  sand. 

The  new  bridge,  designed  by  Mr.  Bean,  was  constructed 
under  his  supervision  by  Purdie  Lumsden  &  James,  Ltd.,  of 
Newcastle-upon-Tyne,  in  accordance  with  the  Mouchel- 
Hennebique  system,  and  with  the  working  drawings  furnished 
by  L.  G.  Mouchel  &  Partners,  Ltd.,  of  Westminster,  England. 


est  part  of  the  channel.  It  was  designed  to  take  two  lines 
of  pipes,  25  in.  in  diameter,  one  of  which  has  been  laid. 

Shafts. — The  two  shafts  are  similar  in  construction  and 
differ  only  in  depth.  That  on  the  English  side  measures  69>/4 
ft.  from  the  top  to  the  cutting  edge,  and  that  on  the  Welsh 
side  60%  ft.,  the  actual  depth  of  the  cutting  edge  below  the 
ground  surface  being  57  ft.  on  the  English  side  and  45  ft.  on 
the  Welsh  side.  The  methods  employed  in  sinking  the  two 
were  identical.  In  the  shaft  on  the  English  side  a  timbered 
excavation  was  taken  down  to  about  6  ft.  below  the  surface 
of  the  ground  to  just  above  the  water  level.  The  amount  of 
water  soon  rendered  grabbing  necessary,  and  the  last  7%  ft. 
of  the  sinking  was  effected  by  compressed  air. 

Pressure  Regulation. — The  river  at  the  site  of  the  tunnel 
is  tidal,  the  water  level  varying  from  about  4  ft.  above  datum 
at  low  water  to  16  ft.  at  high  water  of  spring  tides.  The 
tide  rises  suddenly  in  the  form  of  a  bore  at  the  spring  tides, 
passing  up  the  river  at  about  eight  knots,  and  high  water 
is  attained  approximately  one  hour  after  the  bore  has  passed. 
Low  water  occurs  some  four  hours  after  high  water,  the  tide 
ebbing  at  the  rate  of  about  12  knots.  The  rise  and  fall  of 
the  tide  is  irregular  and  depends  upon  the  direction  and  force 
of  the  prevailing  winds. 

A  tide  gage,  marked  in  feet  above  ordnance  datum,  was 
erected,  and  a  board  was  fixed  in  the  engine  house  having 
parallel  columns  of  figures,  the  one  giving  the  level  of  the 
tide  in  feet  above  ordnancs  datum,  and  the  other  the  pres- 
sure required  to  balance  the  hydrostatic  head  calculated  to  a 
depth  of  2  ft.  below  the  axis  of  the  shield.  A  sliding  indica- 
tor attached  to  the  board  could  be  fixed  in  any  desired  posi- 
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tlon  to  correspond  with  the  height  of  the  tide  as  observed 
by  the  gage.  The  engine  drivers  had  to  maintain  the  air 
pressure  strictly  in  accordance  with  the  figures  showu  by 
the  indicator,  but  the  foreman  in  the  tunnel  was  permitted, 
if  necessary,  to  give  instructions  to  Increase  the  pressure  to 
a  maximum  amount  of  1  lb.  above  the  indicated  pressures. 
The  maintenance  of  the  air  pressures  at  the  proper  level  is 
a  very  important  point,  as  any  excess  pressure  would  be  very 
likely  to  cause  a  "blow"  at  the  face.  If  the  pressure  fell 
below  the  required  amount,  water  would  immediately  appear 
in  the  invert  of  the  tunnel.  When  tunnelling  was  started  it 
was  found  that  there  was  a  lag  of  about  one  hour  in  the  tidal 
effect  upon  required  pressures  in  the  tunnel,  and  the  indicator 
in  the  engine  room  had  to  be  altered  to  allow  for  this.  The 
lag  gradually  decreased  as  the  tunnel  advanced,  and  it  did 
not  exist  under  the  channel 

Shield.— The  strata  to  be  dealt  with  throughout  the  tun- 
nel consisted  of  very  fine  sand  charged  with  water  directly 
beneath  the  tidal  river  under  a  head  of  about  42  ft.  at  high 
water,  and  the  hooded  shield  was  therefore  adopted  as  the 
best  form  for  carrying  out  the  work.  The  cutting  edge  at  the 
top  extended  1  ft.  6^/2  in.  beyond  the  cutting  edge  at  the  lowest 
point  of  the  invert.  This  formed  a  projecting  hood  or  cham- 
ber in  which  the  miners  could  work  in  safety,  and  it  enabled 
the  material  to  be  entirely  removed  from  the  lowest  part 
of  the  invert,  so  that  the  shield  could  advance  easily,  and 
there  was  no  danger  of  the  cutting  edge  being  deformed  by 
contact  with  boulders  or  other  obstructions. 

The  diaphragm  was  formed  of  %-in.  steel  plate  with  an 
opening  4  ft.  8  in.  by  3  ft.,  the  upper  portion  of  which  was 
closed  by  a  steel  door  and  the  lower  portion  by  planks  fit- 
ting in  grooves;  there  were  also  four  holes  6  in.  in  diameter 
through  the  diaphragm  clear  of  the  opening,  to  enable  tubu- 
lar struts  to  be  used  to  support  the  face  when  shoving  with 
the  shield  entirely  closed.  The  shield  was  pushed  forward 
by  means  of  six  hydraulic  rams  7  in.  diameter  and  22  in. 
stroke;  the  pressure  was  supplied  by  a  hydraulic  pump  work- 
ing in  the  tunnel  connected  to  the  shield  and  driven  by  high- 
pressure  air.  The  tunnel  was  built  up  of  cast-iron  segments 
20  in.  wide,  seven  segments  and  one  key  forming  a  com- 
plete ring. 

The  clay-pocketing  system  was  adopted  throughout.  In  this 
system  pockets  22  in.  in  length  are  scraped  out  ahead  of  the 
cutting  edge  of  the  shield,  the  top  of  the  hole  being  about 
2  in.  above  the  level  of  the  cutting  edge  of  the  hood.  In 
open  material  the  pockets  are  usually  12  in.  to  15  in.  wide, 
but  in  the  sand  which  was  met  with  in  this  tunnel  it  was 
possible  to  make  them  considerably  wider.  As  soon  as  the 
hole  had  been  excavated,  it  was  at  once  filled  in  with  tem- 
pered clay;  another  hole  w-as  then  formed  on  one  side  of 
the  first  hole  and  clayed  up  in  a  similar  manner,  and  so  on 
until  the  ring  of  tempered  clay  had  been  formed  three  parts 
of  the  way  round  the  circumference.  When  the  shield  is 
pumped  forward  the  cutting  edge  of  the  hood  enters  the 
clay  pocket  and  a  skin  of  clay  is  left  over  the  top 
of  the  shield.  This  clay  remains  in  position  as  the  shield 
advances,  and  prevents  the  escape  of  air  at  the  tail  of  the 
shield;  the  compressed  air  supports  the  clay  until  the  grout 
is  put  in,  and  no  disturbance  of  the  ground  above  is  caused 
through  settlement. 

Progress  of  Tunnelling. — Tunnelling  was  begun  on  Nov. 
1:4,  1919.  The  working  week  started  at  10  p.  m.  on  Sunday 
night  and  finished  at  midday  on  Saturday,  and  was  divided 
into  10  shifts  of  12  hours  and  two  of  six  hours  each;  there 
were  two  intervals  of  one  hour  each  for  meals  in  each  12- 
hour  shift.  Once  the  tunnel  was  started  excellent  progress 
was  maintained  for  several  weeks.  It  was  always  realized 
that  there  was  a  possibility  of  a  "blow,"  but  as  the  tunnel 
was  being  driven  on  a  downward  grade,  it  was  decided  to 
lake  the  risk  rather  than  introduce  restrictions  which  would 
very  materially  reduce  the  rate  of  progress  and  Increase 
the  cost.  For  several  weeks  down  to  Feb.  10,  1920,  the  prog- 
ress averaged  33  rings  per  week,  equal  to  a  length  of  55  ft., 
but  on  that  date,  when  the  shield  had  just  started  to  be 
shoved  for  ring  No.  279,  a  "blow"  occurred  in  the  face  and 
the  tunnel  was  partially  flooded.  When  the  "blow"  occurred 
the  air  pressure  in  the  tunnel  was  15  lb.  per  square  inch, 
and  it  immediately  dropped  to  9  lb.  The  water  rose  in  the 
tunnel  to  the  level  of  the  top  of  the  opening  in  the  diaphragm, 
and  a  considerable  volume  of  sand  also  found  its  way  into 
the  tunnel  near  the  face. 


Soundings  taken  in  the  river  over  the  site  of  the  "blow" 
showed  that  a  crater  had  been  formed  measuring  about  12 
ft.  in  diameter  and  4%  ft.  deep.  This  hole  was  filled  with 
clay,  and  then  the  water  in  the  tunnel  was  carried  to  the 
surface  by  means  of  the  "snore"  pipe,  and  the  sand  was 
removed.  As  soon  as  the  sand  had  been  removed  up  to  the 
diaphragm  of  the  shield,  the  door  was  closed,  and  the  rams 
and  shield  pump  and  all  connections  were  overhauled  be- 
fore starting  work  again.  The  actual  work  of  filling  in  the 
crater  in  the  river  and  removing  the  sand  from  the  tunnel 
occupied  less  than  a  week,  but  a  further  delay  of  two  days 
occurred  owing  to  the  unreasonable  demands  made  by  the 
miners,  which  had  to  be  settled  before  they  returned  to  work. 

Work  was  resumed  on  Feb.  19,  and  it  was  decided  that 
until  the  channel  of  the  river  had  been  passed  the  diaphragm 
of  the  shield  should  be  closed  while  shoving.  Tabular  struts 
were  therefore  used,  passing  through  the  holes  previously 
mentioned,  in  place  of  the  raking  struts.  For  additional 
safety,  the  length  of  the  excavation  was  reduced  so  that  the 
vertical  face  was  always  kept  well  inside  the  hood  of  the 
shield,  and  two  shoves  were  made  for  each  ring  of  iron. 
This  procedure  was  carried  on  for  133  rings,  and  the  prog- 
ress during  this  time  averaged  just  over  16  rings  per  week. 
For  the  remaining  37  rings  the  method  of  shoving  for  the 
full  length  of  one  ring  at  a  time  was  adopted,  and  the  cut- 
ting edge  of  the  shield  reached  the  shaft  on  the  English 
side  of  the  river  on  April  27.  The  shaft  at  this 
time  was  standing  full  of  water,  and  by  drilling  two  holes 
through  the  bulkhead  plates  the  w-ater  was  drawn  out  of  the 
shaft  into  the  tunnel  and  passed  to  the  surface  through  the 
"snore"  pipes.  When  this  had  been  done  the  bulkhead  plates 
were  removed  and  the  shield  was  shoved  forward  into  the 
shaft,  the  rings  in  the  tunnel  being  built  as  it  advanced.  The 
shield  was  then  dismantled  and  the  cleaning  out  of  the  tunnel 
was  proceeded  with.  By  June  14  the  caulking  of  the  joints 
and  grummeting  of  the  bolts  had  been  completed,  and  the 
air  was  finally  released   from  the  tunnel  on  that  date. 

Cost. — The  men  employed  inside  the  tunnel  to  form  a  work- 
ing gang  consisted  of  one  ganger,  two  miners,  two  miner." 
laborers,  three  laborers  filling  in  and  running  out,  and  one 
hanger-on.  The  men  were  paid  the  ordinary  day-work  rates 
prevailing  at  the  time  plus  a  bonus  for  every  ring  erected 
over  an  agreed  number  per  week.  This  method  ensured  the 
maintenance  of  the  maximum  rate  of  progress. 

In  round  figures  the  cost  of  constructing  the  two  shafts  and 
tunnel,  not  including  the  laying  of  the  pipes,  was  £36,00li 
($179,000).  The  cast-iron  lining  for  the  shafts  and  tunnel 
cost  just  over  £7,000  (J34.000).  As  wages  and  prices  of 
materials  were  constantly  rising  during  the  construction  of 
the  works,  these  figures  cannot  be  taken  as  a  reliable  guide 
to  the  cost  of  similar  works  at  the  present  time.  The  pre- 
war price  for  the  construction  of  the  tunnel  alone  amounted 
to  £58  lis.  3d.  (?282)  per  lineal  yard,  so  that  the  cost  of  the 
tunnel  751  ft.  iong  would  have  been  £14,660.  The  sinking 
and  lining  of  the  shafts  would  have  cost  about  £3,400  at  pre- 
\v,Tr  rates,  making  a  total  of,  say,  £18,000,  compared  with 
the  figure  of  £36,000  which  the  work  actually  cost.  The 
works,  designed  by  Sir  Alexander  Binnie,  Son,  and  Deacon, 
of  Westminster,  were  carried  out  by  Messrs.  John  Cochrane 
&  Sons,  and  formed  part  of  contract  No.  3  of  the  Birkenheaii 
Corporation  Waterworks,  on  which  the  author  was  resident 
ensineer. 


Comparative  Labor  Figures  on  Road  Tarring. — In  an  article 
in  Municipal  Engineering  (London)  of  Sept.  20  last,  Julian 
Julian,  Borough  Surveyor,  of  Cambridge,  gives  the  following 
comparative  figures  on  tarring  roadways  in  1914  and  1919: 

1914.  1919. 

Prevailing  rate  per  day 3s.  Sd.  8s.  lOd. 

Equivalent  days  worked' 515  560 

Square  yards  of  tarring  280.729  317,736 

Square  yards  per  man  per  day 645  568 

Gallons  of  tar  used   37,357  64.180 

Gallons  per  man  per  day  72  115 

It  will  be  seen  that  the  area  of  tarring  done  for  a  day's 
work  in  1919  was  slightly  more  than  in  1914,  while  if  the 
work  is  to  be  measured  by  the  amount  of  tar  used  the  day's 
work  was  very  much  more.  The  manual  labor  depends 
mostly  on  the  area,  but  to  a  small  extent  on  the  quantity  of 
tar  and  other  materials  used. 

(8) 
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The  Conservation  of  Nitrogen  with 
Special  Reference  to  Acti- 
vated Sludge 

By  GILBERT  J.  FOWLER. 

c-.-,m  the  Journal   of   the   Indian   Institute    of   Science,   Bangalore, 
irom  ui«  India,  December,   1920. 

In  the  foregoing  pages  evidence  has  been  given  to  show 
(1)  that  by  the  scientific  and  economic  use  of  waste  nitrogen- 
ous material  and  also  of  green  manures  the  necessary  nitro- 
gen for  the  supply  of  the  world's  agriculture  can  readily  be 
obtained. 

(2)  That  very  large  populations  are  adequately  supported 
in  many  parts  of  the  world,  particularly  in  China,  without  the 
need  for  the  nitrogen  of  artificial  fertilizers. 

(3)  That  inorganic  nitrogen  in  the  form  of  nitrate,  sul- 
phate of  ammonia  or  calcium  cyanamide,  even  when  com- 
bined with  other  mineral  nutrients,  such  as  potash  and  phos 
phoric  acid,  is  not  alone  adequate  for  healthy  plant  develop- 
ment. 

(4)  That  minute  quantities  of  accessory  food  materials, 
elaborated  by  bacterial  action,  and  which  have  been  termed 
auximones  are  necessary  if  vigorous  plant  life  is  to  be  sus- 
tained. 

(5)  That  these  products  are  only  to  be  found  in  organic 
manures. 

(6)  That  among  organic  manures  activated  sludge  has  been 
found  to  give  the  most  striking  results. 

(7)  That,  provided  the  nitrogen  in  the  sludge  and  effluent 
can  be  economically  utilized,  the  activated  sludge  process  of 
sewage  purification  offers  the  possibility  of  the  recovery  for 
agricultural  purposes  of  all  the  nitrogen  in  town  sewage,  as 
not  only  is  there  no  loss  of  nitrogen  in  the  process,  but  an 
actual  gain  owing  to  the  occurrence  of  nitrogen  fixation. 

In  order  that  the  best  results  may  be  obtained  from  organic 
nitrogenous  manures,  further  research  is  required  in  numerous 
directions,  which  are  briefly  indicated  in  the  following  para- 
graphs. 

The  various  lines  of  investigation  may  be  classified  broadly 

under: 

(a)  Laboratory  experiments,  including  pot  or  water  cul- 
tures. 

(b)  Field  experiments. 

(c)  Technical  experiments. 

Laboratory  Experiments.— Experiments  on  the  purification 
of  special  trade  eflluents  by  activated  sludge  as  well  as  gen- 
eral experience  would  indicate  the  possibility  of  building  up 
activated  sludges  capable  of  bringing  about  specific  bio-chem- 
ical changes  at  a  gi-eater  velocity  than  is  possible  by  the 
usual  less  intensive  methods  of  bio-chemical  activity.  The 
acceleration  of  nitrogen  fixation  in  this  way  is  a  peculiarly 
attractive  problem,  it  being  now  unquestionable  that  fixation 
does  take  place. 

It  will  be  necessary  in  the  first  place  to  determine  what 
proportion  of  this  nitrogen  is  fixed  in  the  soluble  or  insoluble 
condition,  whether,  e.  g.,  complex  nitrogenous  slimes  are 
formed  directly,  or  whether  simpler  and  soluble  nitrogen  com- 
pounds are  first  formed  and  are  afterwards  built  up  into  more 
complex  bodies.  It  may  well  be  that  the  advantages  of  sym- 
biosis of  different  organisms,  pointed  out  by  Bottomley, 
Richards,  and  other  workers,  are  due  to  a  difference  of  func- 
tion in  this  respect. 

It  will  then  be  to  determine  whether  by  suitable  choice  of 
carbohydrate  food,  of  the  necessary  symbiotic  organisrns  and 
by  the  maintenance  of  proper  temperature  conditions,  it  may 
be  possible  to  build  up  a  special  activated  sludge  which  will 
Hx  nitrogen  in  quantity  and  at  a  rate  sufficient  to  make  the 
process  one  which  might  compete  with  electro  chemical  or 
thermo  chemical  plants. 

It  is  evident  that  the  biochemical  changes  brought  about 
in  organic  nitrogenous  matter  such  as  activated  sludge  by  the 
agency  of  the  bacteria  present  in  it  will  be  greatly  modified  by 
the  activity  of  the  roots  of  the  growing  plant. 

This  is  clearly  brought  out  in  Harrison  and  Subramania 
Aiyer's  work,  referred  to  in  the  section  on  green  manures.  It 
would  seem  likely  that  the  withdrawal  by  the  growing  plant 
of  the  products  of  bacterial  activity  in  the  nitrogenous  matter 
would  stimulate  further  production  of  these,  so  that  the 
maximum  rate  of  change  takes  place  under  conditions  when 
both  plant  and  bacteria  exert  their  maximum  efficiency. 


The  possibilities  of  loss  of  nitrogen  by  purely  chemical 
action  or  by  a  combination  of  bacteriological  activity  and 
chemical  change  afi'ord  an  extensive  field  for  inquiry.  The 
Interaction  of  complex  amino  compounds  and  nitrites  in 
presence  of  nascent  hydrogen  or  carbon  dioxide  can  be  studied 
in  almost  unlimited  permutations  and  combinations  of 
interest. 

A  further  problem  In  this  connection  will  be  to  find  how  far 
such  loss  is  diminished  or  inhibited  in  the  presence  of  the 
growing  plant  or  of  nitrogen-fixing  organisms.  The  fact  of 
there  being  no  loss  of  nitrogen  in  the  activated  sludge  process 
would  indicate  that  the  activity  of  the  nitrogen-fixing  organ 
isms  may  mask  a  certain  amount  of  denitrification  change, 
as  in  the  activated  sludge  tank  there  is  considerable  evolution 
of  carbon  dioxide  in  presence  of  the  products  of  the  breaking 
down  of  proteid  matter,  together  with  nitrites  and  nitrates,  a 
condition  of  things  under  which  loss  of  nitrogen  might  be 
expected. 

The  conditions  of  loss  of  nitrogen  from  green  manures  and 
from  ordinary  manure  heaps  are  still  somewhat  obscure  in 
spite  of  the  considerable  amount  of  study  which  they  have 
received.  The  experiments  with  amino  derivatives  of  known 
composition  just  referred  to  should  throw  some  light  on  the 
decomposition  of  the  complex  proteids  of  green  and  other 
manure. 

The  possibility  of  the  economic  conversion  of  ammonium 
salts  into  nitrates  through  the  agency  of  activated  sludge 
has  been  referred  to,  and  experiments  are  already  in  hand  by 
Mr.  M.  B.  Roy  under  the  writer's  direction  at  the  Indian 
Institute  of  Science. 

The  precise  conditions  for  the  most  advantageous  use  of 
nitrolim  are  not  fully  understood,  and  it  will  be  of  use  to 
make  a  careful  study  of  the  possible  transformations  which 
may  be  efi'ected  in  this  substance  by  bacteriological  agency. 
A  knowledge  of  the  changes  which  may  take  place  in  a  mix- 
ture of  this  substance  and  activated  sludge  may  lead  to  a 
useful  combination  of  the  artificial  nitrolim  and  the  different 
varieties   of   organic   manures. 

Field  Experiments. — The  trials  already  made  with  activated 
sludge  and  ordinary  crops  should  be  extended  and,  in  par- 
ticular, selection  made  of  such  plants  as  respond  most  readily 
to  the  stimulus  of  this  manure  with  a  view  to  discover  the 
possible  reasons  for  this  response.  The  effect  of  mixtures 
of  activated  sludge  with  other  manures  such  as  superphos- 
phate and  basic  phosphate  should  be  studied. 

Important  Indian  crops  which  respond  to  nitrogenous 
manure,  particularly  indigo,  sugar-cane,  and  paddy  should  be 
manured  with  activated  sludge  and  the  effect  noted. 

The  "availability"  of  the  nitrogen  in  the  sludge  when  the 
latter  is  put  on  the  ground  in  the  wet  state  as  compared  with 
the  results  when  the  sludge  is  dried  for  transport  should  be 
determined  both  by  laboratory  and  by  field  experim^ents. 
Experiments  by  Mrs.  Mumford  and  by  Mr.  Ernest  Gaul  have 
shown  that  the  lower  the  temperature  of  drying  the  more 
immediately  "available"  is  the  nitrogen,  while  the  nitrogen 
in  the  wet  sludge  is  the  most  quickly  "available"  of  all. 

Accounts  occasionally  appear  in  the  Press  of  extraordinary 
profits,  up  to,  e.g.,  iJ  1,000  per  annum  per  acre,  made  by  inten- 
sive culture  of  market  produce,  etc.  Experiments  on  these 
lines  might  well  be  made  with  activated  sludge.  Possibly  a 
kind  of  hanging  garden  could  be  constructed  over  an  activated 
sludge  tank  on  the  principle  of  the  laboratory  experiments 
described  to  produce  quick  growing  and  succulent  crops  for 
the  market,  such  as  lettuce,  onions  and  tomatoes,  peas  and 
beans,  as  well  perhaps  as  special  flowering  plants  which  have 
shown  themselves  responsive,  such  as  lilies  and  hydrangeas. 
The  Chinese  are  accustomed  to  produce  succulent  crops  by 
intensive  cultivation,  as  these  show  the  quickest  response  to 
manure,  are  easily  digestible,  and  may  have  a  relatively 
higher  nitrogen  content  than  fully-matured  crops.  Moreover, 
the  same  plot  will  produce  more  crops  in  a  given  time. 

The  scientific  study  of  fishponds  fed  with  the  effluent  from 
activated  sludge  installations  should  reveal  the  life  cycle  best 
suited  for  the  growth  of  fish  and  the  recovery  of  nitrogen 
thereby.  Thus  it  may  be  anticipated  that  aquatic  plants  will 
thrive  on  the  nitrates  and  other  salts  present,  infusoria  of 
various  kinds  will  feed  on  the  bacteria  and  will  afford  food  for 
fish,  and  both  fish  and  plants  will  be  a  source  of  nitrogen  for 
subsequent  return  to  the  soil. 

The  writer  in  the  past  once  made  some  attempts  with  an 
effluent  of  a  moderate  standard  of  purity  to  establish  a  small 
fishpond,    but    fungoid    growth    made    their   appearance,    and 
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the  conditions-  of  a  healtliy  life  cycle  were  evidently  not 
present. 

The  absence  of  colloids  in  an  effluent  properly  purified  by 
activated  sludge,  as  well  da  the  high  content  of  dissolved 
oxygen  either  present  or  readily  obtained,  should  greatly 
facilitate  the  possibility  of  maintaining  suitable  conditions 
for  fish  culture. 

Technical  Experiments. — The  most  important  technical 
problem  to  be  solved  in  connection  with  activated  sludge,  as 
distinguished  from  those  directly  connected  with  bio-chem- 
istry or  agriculture,  is  undoubtedly  the  drying  of  activated 
sludge  for  transport.  Activated  sludge  fresh  and  in  good  con- 
dition is  a  highly-flocculent  precipitate  which  readily  settles 
and  is  easily  drained  from  superfluous  water,  but  the  result- 
ing mass  is  very  gelatinous  and  contains  over  90  per  cent 
of  water.  The  problem  is  therefore  the  economic  "dew^ater- 
ing"  of  this  jelly.  In  view  of  the  results  published  and  the 
numerous  patents  taken  out  in  connection  with  the  dewater- 
ing  of  peat  and  of  kaolin,  etc.,  electric  endosmose  seems  a 
very  attractive  line  of  attack.  Recent  laboratory  trials  by 
the  writer  and  Mr.  Malandkar  with  gelatinous  precipitates  of 
alumina  would  tend  to  confirm  the  conclusion  arrived  at 
by  workers  in  Manchester  that  with  such  material  any  effect 
apparently  due  to  electric  endosmose  is.  in  large  measure 
at  any  rate,  produced  by  a  rise  of  temperature.  Even  if  this 
be  so,  it  would  indicate  that  a  very  moderate  rise  of  tem- 
perature will  tend  to  separate  water  from  the  jelly. 

Moderate  heating,  therefore,  combined  with  centrifugal 
action  in  one  of  the  several  continuous  centrifuges  described 
in  various  recent  papers  and  patent  abstracts,  e.g.,  in  the 
Journal  of  the  Society  of  Chemical  Industry,  is  likely  to 
reduce  the  water  content  of  the  gelatinous  activated  sludge  to 
such  a  point  that  it  can  be  economically  dried  by  direct 
methods. 

The  final  process  of  drying  will  need  to  be  scientifically 
conducted,  as  not  only  will  excessive  or  too  rapid  heating 
tend  to  harden  the  albuminoid  matter  present  and  render  the 
nitrogen  less  readily  "available,"  but  the  bacterial  life  present 
in  the  sludge  and  necessary  for  its  maximum  efliciency  will 
also  be  destroyed. 

It  is  probable  that  warm  air  in  large  volumes  will  be  the 
best  drying  agent.  Many  tons  of  humus  tank  sludge  have 
been  dried  in  this  way  at  the  Davyhulme  works  of  the  Man- 
chester Corporation,  and  the  method  is  being  used  at  a  re- 
cently established  factory  in  Madras  for  the  purpose  of  drying 
glue. 

During  the  hot  weather  in  Indian  and  other  tropical  coun- 
•tries  no  difficulty  should  arise  in  drying  the  material  in 
ordinary  well-constructed  sludge  drying  beds  in  the  open 
air  as  the  sludge  is  inoffensive  in  character. 

If  the  bacterial  factor  in  the  sludge  is  neglected  and  its 
value  ^simply  calculated  on  the  units  of  nitrogen  present, 
more  drastic  procedure  is  possible.  In  this  connection  the 
conclusions  so  far  reached  by  the  city  of  Milwaukee  are  of 
interest.  After  several  years  of  large-scale  experimental 
work,  in  the  earlier  stages  of  which  the  present  writer  was 
professionally  consulted,  a  complete  scheme  has  been  devised 
to  treat  the  whole  of  the  sewage  by  the  activated  sludge 
process  at  an  ultimate  cost  of  £1,000,000.  The  methods 
decided  upon  for  conversion  of  the  sludge  into  fertiliser  are 
briefly  as  follows:  The  sludge  is  somewhat  concentrated  in 
the  treatment  tanks  by  subsidence,  and  removal  by  means 
o?  special  sludge  ploughs  known  as  "thickeners."  As  it  leaves 
the  tanks  it  contains  97.5  per  cent  moisture,  4.5  cc.  of  sul- 
phuric acid  are  added  per  gallon  of  sludge,  which  is  then 
pressed  in  filter  presses  of  specially  selected  design  to  a 
moisture  content  of  80  per  cent.  This  pressed  sludge  is  then 
dried  in  mechanical  driers  of  normal  type.  It  is  estimated 
that  the  dried  sludge  containing  10  per  cent  of  moisture  will 
be  worth  at  least  £3  10s.  per  ton. 

If  this  sludge  is  to  be  used  in  soil  already  containing  a  full 
supply  of  the  necessary  bacteria,  its  complete  or  partial  steri- 
lization may  be  of  small  moment.  Where  it  is  to  be  applied 
to  poor  soil  the  admixture  of  a  certain  proportion  of  sludge 
dried  at  a  temperature  which  will  not  destroy  the  necessary 
bacteria  will  probably  greatly  enhance  the  value  of  the 
manure. 

In  many  cities  in  the  Eeast,  and  generally  in  towns  where 
the  rateable  value  is  low  compared  to  the  population,  a  large 
consumption  of  water  per  head  for  the  purpose  of  transporting 
sewage  is  not  available,  and  so  the  liquid  to  be  dealt  with  is 


likely  to  be  very  concentrated.  In  many  cases  it  is  necessary 
to  "dump"  excreta,  etc.,  removed  from  the  houses  in  pails  by 
h;ind  direct  to  the  sewers.  The  conditions  for  successful 
treatment  of  such  material  by  the  activated  sludge  process 
have  not  yet  been  fully  investigated. 

Among  the  many  lines  of  work  shortly  to  be  undertaken  in 
Shanghai,  this  question  will  receive  attention,  and  an  instal- 
lation is  to  bo  fitted  up  in  connection  with  a  latrine  which  can 
be  kept  under  exact  control.  It  may  well  be  found  that  the 
sewage  will  have  to  be  diluted  in  the  initial  stages  with  extra 
water,  and  afterwards  with  its  own  effluent  on  the  principle 
which  was  adopted  by  the  writer  several  years  ago  in  dealing 
with  highly  concentrated  and  germicidal  trade  effluents. 

It  is  evident  that  much  work  still  remains  to  be  done  in 
the  large  field  of  inquiry  which  forms  the  subject-matter  of 
the  present  paper.  Success  can  only  be  achieved  by  correlat- 
ing the  results  of  the  activity  of  many  workers,  investigating 
different  aspects  of  the  subject  in  different  parts  of  the  world. 
The  labors  of  the  bio-chemist,  the  bacteriologist,  the  botanist, 
the  agriculturist  and  the  engineer  will  all  be  needed.  Such 
work,  however,  will  be  well  worth  while  if  it  results,  as  there 
is  every  reason  to  hope  it  will,  in  an  increase  in  the  produc- 
tivity of  the  soil,  and  a  consequent  great  addition  to  the  real 
wealth  of  mankind. 


2-Compartment  Reinforced  Con- 
crete Water  Tower 

From   The    Survtyor.   London,   Feb.    25,    1921. 

Although  generally  resembling  some  of  the  numerous  ferro 
crncrete  structures  of  the  same  class  which  have  been  built 
all  o\er  the  United  Kingdom,  a  water  tower  which  was  com- 
pleted last  year  for  a  Gravesend  firm  embodies  one  or  two 
distinctive  features  that  are  worthy  of  notice. 

Rising  to  a  height  of  78  ft.  above  ground  level,  the  structure 
comprises  an  octagonal  framed  tower  with  three  series  of 
bracing  members  intermediate  between  the  ground  and  the 
bottom  of  the  reservoir,  the  latter  having  an  external  diameter 


Sections  of  Gravesend  Water  Tower,  Showing  Inner  and  Outer 
Tanks. 

of  26  ft.,  and  a  total  depth  of  18  ft.  6  in.  from  top  to  bottom. 
The  reservoir  comprises  two  compartments:  (1)  An  inner  tank 
of  20  ft.  diameter  with  a  conical  bottom,  the  cylindrical  part 
being  12  ft.  deep  and  the  conical  part  5  ft.  6  in.  deep;  (2)  an 
outer  tank  of  annular  form,  2  ft.  in  width  between  the  concen- 
tric walls  and  12  ft.  in  depth. 

This  outer  chamber  serves  the  useful  purpose  of  insulating 
the  inner  tank,  and  into  it  is  led  the  supply  pipe,  of  12-in. 
bore,  an  inlet  to  the  inner  tank  being  provided  at  a  height  of 
about  3  ft.  6  in.  above  the  bottom.  The  outlet  pipe,  14-in.  bore, 
from  the  inner  tank  is  provided  with  a  bell-mouth  top,  and 
projects  through  the  conical  bottom  up  to  the  cylindrical  por- 
tion of  the  tank.  Thus  clarified  water  alone  is  drawn  off,  the 
conical  portion  serving  the  purpose  of  collecting  sediment, 
which  can  be  removed  by  means  of  a  10-in.  bore  wash-out 
pipe,  a  manhole  with  cast-iron  cover,  24  in.  by  18  in.,  being 
also  provided.  Near  the  top  of  the  inner  tank  an  overflow, 
15  in.  by  6  in.,  is  formed  in  cement,  discharging  into  a  duct 
in  the  annular  tank  and  fitted  at  the  bottom  with  a  10-in.  bore 
flanged  cast-iron  outlet,  to  which  the  overflow  pipe  is  con- 
nected. 

The  water  tower  was  designed  by  and  constructed  under  the 
supervision  of  Mr.  W.  H.  Salmon,  in  accordance  with  working 
details  prepared  by  Messrs.  L.  G.  Mouchel  &  Partners,  Ltd., 
of  Westminster.  The  contractors  were  G.  E.  Wallis  &  Sons, 
Ltd.,  of  London  and  Maidstone. 
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Tunnel  Construction  on  Ne 
venage  Line  of  Great  Northern 
Railway  (England) 

From  The  Railway  Engineer,  London,  November,  VyHt. 
The  Stevenage  line,  of  which  the  first  section  from  Enfield 
to  Cufflpy  has  been  opened  since  1909,  was  delayed  in  its 
construction  by  the  war,  but  is  now  completed.  The  con- 
struction was  divided  into  three  sections,  the  first  commenc- 
ing by  a  junction  with  the  existing  Enfleld  branch  line 
of  the  old  Enfield  terminus,  and  extending  5  miles  to  Cuffley. 
The  second  extended  from  CuflSey  to  Hertford,  a  distance  of 
6  miles  13.88  chains,  and  the  third,  from  Hertford  to  the 
junction  with  the  Great  Northern  main  line  at  Laugley,  a 
length  of  8  miles  35.31  chains. 

On  the  second  section  of  the  railway — that  from  Cuffley  to 
Hertford,  are  two  viaducts,  three  underbridges,  one  over- 
bridge,  one  subway,  three  foot-bridges,  several  large  culverts 
and  the  tunnel  under  Ponsbourne  Park  which  is  the  out- 
standing feature  of  this  section.  The  tunnel  is  built  entirely 
in  the  London  clay  and  is  2,684  yd.  in  length,  of  which  2,420 
yd.  are  straight  and  the  remainder  on  1-mile  radius.  The 
maximum  internal  width  is  27  ft.  and  the  height  25  ft.  6  in. 
from  invert  to  soffit  of  arch,  giving  20  ft.  9  in.  from  rail 
level;  the  walls  and  arch  are  2  ft,  TVs  in.  thick  and  the  invert 

1  ft.  lOVo  in.,  the  former  being  lined  with  brindled  bricks. 
The  brickwork  is  built  in  4%-in.  rings,  except  where  12 
special  solid  brindled  brick-bonders  were  arranged  to  pass 
completely  through  the  tunnel  ring,  the  first  being  placed 
at  the  junction  of  the  invert  with  the  side  walls  and  the 
remainder  spaced  equidistant  from  each  other  to  within  12 
in.  of  the  center  of  the  tunnel,  the  opposite  side  being  simi- 
lar, a  brick-arched  drain  2  ft.  wide  by  2  ft.  in  height  at 
center  is  provided  on  the  invert  of  the  tunnel,  the  two  bot- 
tom courses  having  openings  about  every  18  in.  to  facilitate 
drainage  and  the  space  between  this  drain  and  the  forma- 
tion level  was  filled  with  suitable  hard  rubble.  The  excava- 
tion amounted  to  92  cu.  yd.  and  the  brickwork  to  26  cu.  yd. 
per  yard  forward  of  driven  tunnel. 

Six  working  shafts  with  an  internal  diameter  of  10  ft.  were 
provided  and  of  these  five  were  made  permanent.  They  are 
lined  throughout  with  brindled  bricks  and  vary  in  depth 
from  132  ft.  to  60  ft.  measured  from  the  natural  ground  sur- 
face, which  here  reaches  a  maximum  of  372  ft.  above  sea 
level,  to  rail  level;  the  foundation  rings  in  the  crown  of 
the  tunnel  are  carefully  bonded  to  form  solid  brindled  brick 
eyes,  the  thickness  of  the  brickwork  at  the  bottom  of  the 
shafts  being  2  ft.  7%  in.,  reduced  in  regular  steps  to  1  ft. 

2  in.  at  ground  level,  then  carried  up  8  ft.  in  height  above 
tbat  level  and  surmounted  by  ashlar  copings  and  wrought-iron 
gratings. 

The  tunnel  portals  call  for  no  special  description  and  it 
may  suffice  to  say  they  are  constructed  in  a  plain  solid  man- 
ner. They  were  built  in  open  cut,  4  yd.  of  tunnel  being  con- 
structed with  each  face  at  ihe  same  time.  The  pilasters  are 
battered  and  with  the  curved  wing  walls  are  of  concrete 
faced  with  brindled  bricks  and  finished  with  ashlar  caps 
and  copings. 

The  ordinary  sized  refuges  are  provided  throughout  the 
tunnel,  22  yd.  apart  on  each  side,  the  first  being  11  yd.  from 
the  end  on  one  side,  whilst  in  addition  larger  refuges  10 
ft.  by  10  ft.  by  10  ft.  high  in  center  are  provided  every  quarter 
mile,  these  being  sufficient  to  accommodate  an  average  gang 
of  track  men  and  a  certain  amount  of  permanent  way  ma- 
terial. ' 

Tunnel  Building  Methods.— The  average  length  of  driven 
tunnel  dealt  with  at  a  time  was  12  ft.  4  in.  and  it  may  be 
of  interest  here  to  generally  describe  the  procedure  and  con- 
struction of  one  length.  The  work  may  roughly  be  divided 
into  seven  stages  as  follows: 

Stage  1.— The  driving  of  a  top  heading,  the  insertion  of 
head  and  side  trees  with  footblocks.  Drawing  forward  of 
second  crown  bars  and  propping  them  on  stump  back  props. 

Stage  2.— Widening  the  top  heading  and  inserting  the  4th, 
6th,  8th,  10th  and  12th  taking-out  bars  and  necessary  poling 
boards  all  propped  on  top  heading  bed.  A  nipper  sill  was 
then  fixed  at  the  bottom  of  top  heading  on  which  to  prop 
the  crown  bars. 

Stage  3.— Long   back   props   were   then   put  in   resting   on 


footblocks  down  to  top  sill  bed  level,  the  14th  bar  was  inserted 
with  further  polings  and  the  excavation  cleared  out  to  top 
sill   level. 

Stage  4. — The  top  sill  and  all  props  were  then  put  in,  ex- 
cavation being  carried  on  downwards  and  four  back  props  to 
middle  sill  bed  level  inserted,  these  resting  on  footblocks. 
Tv/o  long  raking  props  were  then  fixed  from  the  top  sill  to  a 
housing  in  invert  of  completed  tunnel.  Judkin  rakers  were 
then  sometimes  fixed,  springing  from  the  side  walls  of  the 
preceding  length  laterally  to  the  center  of  the  top  sill. 

The  excavation  was  then  widened  out  and  four  more  back 
props  put  in  position  on  footblocks.  The  middle  sill  was 
then  fixed  and  interprops  placed  between  the  top  and  middle 
sills  and  lining  bars  put  in  propped  on  to  the  middle  sill 
with  such  additional  poling  boards  as  were  necessary.     Ex- 
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cavation  was  then  carried  down  another  stage  with  back 
propping  as  before  to  the  bottom  sill  level,  two  short  raking 
props  being  then  fixed  between  the  middle  sill  and  the  end 
of  the  finished  tunnel  invert  and  seven  or  eight  props  fixed 
between  the  middle  and  bottom  sills,  the  back  props  above- 
mentioned  raked  back  a  little  in  order  that  the  sills  might 
be  plumb  with  each  other.  The  excavation  was  then  finished 
and  dressed  out  to  profile  ready  for  bricklaying.  It  may 
here  be  stated  that  the  sills  were  usually  18-in.  by  18-in. 
timbers,  but  varied  with  the  nature  of  the  ground  met  with. 
The  long  rakers  were  similarly  14-in.  by  14-in.  timbers,  and 
timber  drawing  bars,  including  the  6th,  8th,  10th,  12th  and 
14th  bars,  from  12  in.  to  15  in.  in  diameter  and  spaced  about 
18  in.  apart,  the  Judkin  rakers  being  used  solely  as  a  pre- 
caution. 

Stage  5. — The  template  for  the  invert  was  then  carefully 
fixed  and  the  invert  bricked  in. 

Stage  6. — Side  walls  ware  built,  both  being  carried  up 
together  and  byots  placed  for  construction  of  roof. 

Stage  7. — The  erecting  of  root  centering  was  then  pro- 
ceeded with.  No.  4,  12-in.  by  6-in.  timbers  were  placed  ver- 
tically and  braced  on  each  side  of  the  timnel  and  standing 
on  brick  projections  previously  built  in  the  invert,  these 
carried  half-timber  runners  on  which  the  byots  rested;  after 
the  insertion  of  folding  wedges  between  the  byots  and  half- 
timbers,  similar  runners  were  placed  on  the  tops  of  the  byots 
which  in  turn  carried  four  arch  ribs  constructed  in  seven  seg- 
ments, each  out  of  12-in.  by  3-in.  timber  connected  with  iron 
straps  and  bolts.  The  leading  rib  was  in  duplicate  and  was 
marked  out  in  brick  courses  on  its  edge.  When  these  were 
adjusted,  laggings  were  laid  on  as  the  work  of  bricklaying 
proceeded  and  was  carried  on  until  a  space  of  about  2  ft. 
was  left,  then  a  rebated  lagging  was  placed  on  each  side 
of  the  center  line  and  short  cross  laggings  resting  in  the 
rebate  were  placed  in  position  at  right  angles  to  the  general 
lagging,  and  keying  up  was  completed  working  transversely. 

The  excavation  and  timbering  occupied  about  six  days,  the 
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brickwork  in  invert  and  sidp  walls  about  :;8  hours,  and  the 
brickwork  on  the  ;irch  about  32  hours,  making  about  8% 
flays  for  one  complete  length. 

Any  spaces  between  the  tunnel  ring  and  the  excavated 
face  was  filled  in  with  brick  and  grouted  as  the  brickwork 
was  carried  up  and  tlie  spaces  between  the  drawing  bars  built 
in  solid  brickwork,  the  spaces  vacated  by  the  drawing  bars 
being  packed  with  bricks. 

The  number  of  drawing  bars  varied  with  the  nature  of  the 
clay.  In  some  cases  six  timber  drawing  bars  were  used,  in 
others  four,  and  again  five  were  employed  and  latterly  four 
steel  drawing  bars  were  used,  each  made  up  of  two  old  steel 
rails  bolted  together  which  resulted  in  economy  inasmuch  as 
less  material  had  to  be  excavated  outside  the  extrados  ot  the 
arch.     These  were  built  in  at  the  junction  length. 

The  use  of  explosives  in  small  charges  was  allow'ed  by  the 
engineer  within  the  tunnel  profile,  Polarite  and  Gelignite 
being  the  agents,  but  great  care  was  exercised  so  that  none 
of  the  disturbed  material  should  be  outside  the  tunnel  ring. 

Bottom  headings,  large  enough  to  take  low-sided  wagons  of 
standard  gauge,  were  allowed  between  the  south  face  and 
the  nearest  working  face  of  shaft  No.  1  and  between  the 
fifth  shaft  and  the  northern  end,  but  only  w'hen  the  distance 
between  the  faces  did  not  exceed  .50  ft. 

Unfortunately,  the  war  broke  out  whilst  this  and  other  work 
on  the  contract  w-as  in  progress  and  operations  were  slowed 
down  so  that  the  time  occupied  in  completing  the  whole  tun- 
nel is  no  criterion  of  the  actual  time  occupied  in  a  unit 
length. 


General 'Principles  of  Sewage  Dis- 
posal in  South  Africa 

By   ALFRED  E.   SNAPE, 

Professor  of  Civil  Engineering  In  the  University  ot  Cape  Town. 

From  The  Surveyor,  London.  Oct.  29.  1S20. 

Eflicient  methods  of  sewage  disposal  are  of  comparatively 
recent  adoption  in  South  Africa.  They  have  all  been  applied 
within  the  past  20  years,  and  even  now  there  are  many 
town.s,  mostly  of  small  size,  where  there  is  nothing  but  the 
pail   system  of  stercus  removal. 

General  Considerations. — The  problem  is  inseparably 
wrapped  up  with  the  provision  of  a  sufficient  water  supply, 
and  both  are  dependent  upon  economic  conditions.  South 
African  municipalities  have  to  face  their  own  difficulties, 
which  vary  from  those  existing  in  the  Mother  Country.  Their 
white  population  is  small  compared  with  English  towns,  and 
it  is  spread  over  a  large  area.  Cape  Town,  the  second  largest 
town  in  the  Union,  has  a  total  population  of  about  170,000, 
and  ot  this  a  little  more  than  half  is  white.  But  the  area 
covered  is  very  big;  from  one  end  of  Cape  Town  to  the  other 
is  a  distance  of  22  miles.  Generally  the  white  population 
and  many  of  the  colored  population  live  in  detached  houses 
with  a  good  deal  of  ground  around  them,  the  roads  are  wide, 
and  there  are  many  vacant  plots  between  the  built-on  lands. 
All  this  means  that  the  expense  of  sewering  per  capita,  leav- 
ing out  of  account  increased  rates  of  wages  and  Increased 
costs  of  materials,  is  greater  relatively  than  In  Great  Britain. 

Again,  no  sewerage  system  is  of  use  without  an  adequate 
water  supply.  And  the  water  problem  is  one  which  is  domi- 
nant in  all  South  African  towns.  There  is  hardly  a  town  in 
the  Union  which  is  not  at  present  constructing  or  taking 
active  steps  to  construct  new  or  additional  waterworks.  It 
must  be  remembered  that  the  consumption  of  water  per  per- 
son in  South  Africa,  a  hot  and  dry  country,  is  greater  than 
here,  and  also  that  South  Africa  has  practically  no  rainfall 
for  six  or  more  months  in  the  year.  This  necessitates  larger 
storage  works  than  wo.uld  be  required  for  towns  of  similar 
size  in  Great  Britain.  And  the  problem  is  even  worse  in 
some  parts  of  the  Union,  where  droughts,  with  practically  no 
rainfall  to  cause  a  run-off,  have  lasted  for  two  or  three  years. 
It  may  be  interesting  to  state  that  in  most  places  in  South 
Africa,  after  so  many  months  ot  our  dry  and  parching  sun, 
a  rainfall  of  1  in.  will  give  no  run-off  and  only  a  succession 
ot  such  rains  or  one  of  greater  Intensity  will  cause  the  reser- 
voirs to  begin  to  fill.  Also,  water  is  required  for  irrigation, 
and  most  people  desire  water  for  their  gardens  during  the  dry 
season. 

A  sufficient  water  supply  Is  therefore  a  necessity  before 
sewerage  works  can  be  contemplated.  But  eflSclent  sewage 
disposal  on  the  water-carriage  system  is  recognized  as  the 


proper  method  from  the  standpoint  of  health  and  cleanliness, 
and  much  progress,  particularly  in  the  larger  towns,  has  been 
made  in  this  direction 

This  paper  only  attempts  to  deal  with  one  problem — the 
efficient  disposal  of  the  sewage  after  it  reaches  the  outfall 
works.  Nor  will  it  deal  with  those  towns  which  discharge 
directly  into  the  sea — the  old  city  of  Cape  Town,  Port  Eliza- 
beth and  Durban,  and,  after  tank  treatment,  the  proposed 
new  works  for  East  London.  It  will  touch  on  those  works 
where  artificial  treatment  is  adopted — Wynberg,  Bloemfon- 
tein,  Johannesburg,  Pretoria,  Piotermaritzburg,  Queenstown, 
and  the  Cape  Town  suburban  works  now  approaching  com- 
pletion. Outside  those  mentioned  there  are  no  other  munici- 
pal sewage  disposal  works  in  South  Africa. 

Differences  from  British  Practice. — A  general  review  of  the 
dilTerent  conditions  pertaining  in  South  Africa  from  those  in 
Great  Britain  will  first  be  given.  In  most  South  African 
towns  particularly  up  country,  the  object  of  sewage  disposal 
is  to  obtain  no  visible  effluent,  and  to  attain  this  without 
creating  a  nuisance.  The  reason  of  this  is  that  in  our  warm 
climate  for  the  greater  part  of  the  year  our  streams  are  dry 
courses,  or  contain  only  pools  of  water  at  intervals.  Also, 
our  Roman-Dutch  law  relating  to  the  riparian  rights  of  water 
is  very  stringent.  The  owner  of  a  farm  bordering  a  public 
stream  has  the  right  to  withdraw  water  from  that  stream 
for  domestic  and  irrigation  purposes,  and  has  the  right  to 
damages  and  an  interdict  if  he  can  prove  pollution  of  the 
stream  above  his  property.  No  definition  has  been  laid  down 
in  our  courts  of  what  is  pollution,  but  from  the  summing-up  of 
one  of  our  most  eminent  judges.  Sir  John  Kotze,  and  the 
verdict  of  the  jury  in  a  recent  lawsuit  against  the  Wynberg 
Municipality,  the  author  can  only  draw  the  conclusion  that 
water  is  polluted  except  it  be  a  pure  drinking  water.  The 
riparian  owner  is  entitled  to  withdraw  water  for  domestic 
purposes  from  a  public  stream;  and.  if  he  can  prove  that 
water  not  to  that  standard  is  being  discharged  into  this  stream 
above  him,  the  law  is  with  him. 

Apparently,  if  the  effluent  fulfils  standards  such  as  laid 
down  by  the  Mersey  and  Irwell  Joint  Board  or  by  the  Royal 
Commission  on  Sewage  Disposal,  this  will  not  avail  in  de- 
fense, as  English  law  is  different  and  English  conditions  are 
different.  This  will  not  apply,  of  course,  to  places  where 
tht?  eflSuent  is  discharged  into  a  stream  where  there  are  no 
lower  riparian  owners  who  are  independent  and  who  can 
claim  damages,  or  who  are  so  far  away  that  under  no  cir- 
cumstances could  it  be  said  that  the  water  reaching  them 
was  polluted.  South  African  designers  have  to  bear  this 
point  seriously  in  mind. 

Fortunately,  we  have  our  South  African  sun,  and,  with  it,  the 
ideal  is  no  effluent  and  the  works  carried  on  with  no  smell 
which  can  cause  a  nuisance  on  contiguous  property.  For 
this  purpose  a  large  area  of  land  is  required  for  treatment, 
with  buffer  lands  around  the  treatment  area. 

And  this  result  has  been  attained.  A  visit  to  the  Johan 
nesburg  sewage  disposal  works  at  Klipspruit.  or  to  the  Bloem- 
fontein  works  near  the  Bloemspruit,  will  show  that  at  both 
those  places  there  is  no  visible  effluent.  The  effluent  is 
treated  on  cultivated  land  and  there  is  no  run-off. 

Principles  for  Efficient  Sewage  Disposal. — The  principles 
underlying  efficient  sewage  disposal  in  South  Africa  are  the 
same  as  those  in  Great  Britain.  We  have  followed  closely 
the  work  done  by  British  towns  and  by  the  Royal  Commis- 
sion, and  we  acknowledge  our  indebtedness.  The  author  laid 
these  principles  down  in  a  paper  read  at  Cape  Town  in  1911 
at  a  congress  of  the  South  African  branch  ot  the  Royal 
Sanitary  Institute,  and  he  has  seen  no  reason  since  to  modify 
hiq  general  views. 

There  are  three  ways  by  which  solid  matter  may  be  carried 
by  liquids: 

(a)  In  suspension;  (b)  in  colloidal  solution;  (c)  in  crystal 
loidal  solution.  The  author  then  summarised  these  princi 
pies  as  follows: 

(1)  The  elimination  of  the  suspended  and  colloidal  solids 
from  the  sewage.  These  are  termed  sludge.  How  far  to  go 
in  the  elimination  of  colloidal  matter  will  depend  upon  the 
character  and  amount  of  the  land  to  be  subsequently  treated, 

(2)  The  proper  and  hygienic  disposal  of  the  sludge. 

(3)  The  oxidation  of  the  remaining  organic  matter  and 
ammonia  in  the  liquid  so  as  to  be  harmless. 

These  principles  are  generally  accepted,  and  the  extrava- 
gant claims  made  for  the  old  septic  tank  and  bacterial  bed 
treatment  are  no  longer  recognized. 
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The  author  may  be  allowed  to  quote  from  a  report  which  he 
made  in  conjunction  with  Mr.  F.  Walton  Jameson,  then  town 
engineer  of  Pretoria,  in  August,  1919,  to  the  Bloemfontein 
Corporation: 

Conditions  for  Good  Effluent. — "We  may  now  state  the  gen- 
eral principles  for  the  production  of  a  good  effluent.  The 
sewage  is  first  passed  through  a  .screen  to  remove  the  larger 
floating  matter.  Thence  it  is  passed  through  a  grit  chamber 
for  the  purpose  of  depositing  the  heavier  mineral  matter. 
Afterwards  it  passes  into  sedimentation  tanks,  which  are 
designed  to  bring  down  in  the  form  of  sludge  as  much  of  the 
solids  in  suspension  as  possible.  These  tanks  differ  in  toto 
from  septic  tanks.  Neither  the  sewage  nor  the  sludge  in 
them  is  allowed  to  become  septic.  The  sewage  issues  from 
them  fresh,  and  the  sludge  from  them  is  emptied  twice  a 
day  into  septic  tanks,  where  true  septic  action  occurs.  The 
process  in  the  sedimentation  tanks  is  simply  a  mechanical 
separation  of  the  solids  before  septic  action  takes  place.  This 
fresh  sewage  is  then  ready  for  oxidation,  which  may  be  ef- 
fected by  oxidizing  beds  or  by  land.  The  difference  between 
using  an  effluent  from  such  a  tank  and  one  of  a  septic  char- 
acter on  land  is  very  marked.  The  latter  absorbs  oxygen  on 
the  land,  thereby  minimizing  proper  at'ration  of  the  roots  of 
a  crop  and  thus  preventing  proper  growth.  Except  under 
special  restrictive  conditions,  it  is  generally  wrong  in  prin- 
ciple to  waste  any  water  which  may  be  beneficially  applied  to 
land.  There  is  no  doubt  that  such  an  effluent  has  considerable 
value  for  the  growth  of  crops. 

"A  particular  point  which  has  to  be  considered  where  the 
ground  is  of  a  colloidal  character  with  little  underdrainage 
is  the  minimizing  of  the  colloidal  matter  from  the  tank 
efP.uent  before  it  is  applied  to  the  beds  or  land.  This 
must  be  taken  into  account  in  the  design  of  the  tanks. 

Disposal  of  the  Sludge. — "Coming  back  to  the  disposal  of 
the  sludge,  which  is  brought  into  septic  tanks,  the  sludge 
separates  in  two  forms — scum  and  a  heavier  sediment  at 
the  bottom.  The  septic  liquor  is  very  foul,  and  is  run  off  on 
to  specially  prepared  land.  In  time  the  scum  and  heavy 
sediment  meet,  and  then  the  tank  is  'ripe.'  It  is  closed  down, 
and  the  sludge  is  dug  out  and  removed  to  a  suitable  site  to 
dry.  Under  our  warm  South  African  sun  it  becomes  dry  and 
friable  and  increased  in  'fixed  nitrogen'  content.  It  has  been 
found  that  such  dry  sludge,  when  ground  to  a  fine  powder  and 
mixed  with  phosphates  produced  from  bones  and  waste  prod- 
ucts from  the  abattoirs,  forms  a  splendid  fertilizer,  which  has 
a  high  economic  value." 

This  has  been  written  from  the  experience  of  the  Pretoria 
works.  A  way  has  been  found  which  is  not  expensive,  and 
which  gives  a  very  satisfactory  solution  to  our  sewage  prob- 
lem. The  author  has  given  this  rather  long  quotation  as  best 
expressing  the  general  idea. 

In  the  paper  cited  above,  the  author  stated,  with  reference 
to  the  treatment  of  the  effluent  from-  properly  designed  sedi- 
ment tanks: 

"Here,  again,  we  must  not  make  a  fetish  of  British  methods 
which  have  grown  up  as  a  result  of  the  shortage  of  land, 
the  very  large  quantities  of  sewage  to  be  dealt  with,  and  the 
large  amount  of  trades'  waste  with  the  domestic  sewage. 
Most  of  these  adverse  circumstances  to  the  use  of  land  arc 
absent  in  this  country  (South  Africa).  The  Royal  Commis- 
sion on  Sewage  Disposal  state  that  'there  can  be  no  doubt 
that,  where  the  soil  is  suitable  and  the  area  of  land  sufficient, 
the  organic  matters  in  sewage  can  be  thoroughly  oxidized 
by  land  treatment.  This  fact  is  well  established  not  only 
hy  investigations  made  by  earlier  Commissions,  but  also  by 
wide  general  experience.'  The  writer,  having  had  experi- 
erce  of  land  irrigation,  thoroughly  concurs,  and  he  also  thinks 
that  in  South  Africa,  where  water  is  scarce,  it  is  a  sanitary 
sin  to  waste  effluent  by  not  treating  it  on  land." 

Crops  for  Land  Treatment. — There  is  a  splendid  crop  which 
tan  generally  be  established  under  irrigation  in  South  Africa 
—the  South  American  alfalfa  grass,  or  lucerne,  as  it  is 
always  called  in  South  Africa.  Its  roots  are  deep,  it  grows 
liiickly.  and  it  forms  most  valuable  fodder;  it  can  be  cropped 
about  every  six  weeks.  Wynberg,  with  a  pure  sandy  soil 
•nought  into  cultivation  by  tank  effluent,  grows  lucerne  which 
returns  over  £60  per  acre  per  annum.  Root  crops,  such  as 
mangolds  and  swedes,  do  not  flourish  in  South  Africa.  Teff 
erass,  cattle-feeding  melons,  osier  beds  have  also  been  found 
satisfactory.  Cereal  crops  are  not  so  useful,  as  they  can 
only  take  a  restricted  amount. 
South  African   Sewages   Are   Very   Concentrated.— Another 


special  problem  which  has  to  be  remembered  in  laying  down 
a  sewage  scheme  is  that  South  African  sewages  are  more 
concentrated  than  those  in  Great  Britain.  All  sewerage 
reticulation  works  there  are  on  the  separate  system;  they 
are  modern,  and  admit  very  little  ground  water.  In  Johan- 
nesburg, particularly,  the  sewage  is  very  strong.  Only  the 
center  part  of  that  town  is  sewered,  and  the  night-soil  and 
slops  from  the  unsewered  areas  are  discharged  into  "intakes" 
connected  with  the  sewerage  system.  It  must  be  remembered 
that  water  there  is  5s  6d  a  thousand  gallons. 

Tho  following  figures  taken  from  the  medical  officer's  re- 
port show  the  comparison  between  Johannesburg  sewage  and 
that  of  Birmingham,  which  is  considered  a  strong  English 
sewage: 

Total       Dissolved  Total 

Town.  solid.s.  solids.  Chlorine,     nitrogen. 

Birmingham     196  129  20  7  7 

Johannesburg    480  151  26  38 

All   in  parts   per   100,000. 

This  concentration  means  that  great  care  is  necessary  in 
seeing  that  the  tank  treatment  is  suitable  and  efficient. 

Method  of  Sludge  Disposal. — The  method  of  disposing  of 
the  sludge  will  be  interesting,  and  that  in  use  at  Pretoria 
will  be  described.  Twice  daily  the  sludge  is  discharged  into 
open  septic  tanks.  After  24  hours'  settlement  there  is  the 
lighter  sludge  at  the  surface  and  the  heavier  sludge  at  the 
bottom.  The  intermediate  layer  of  septic  effluent  is  drawn 
off  and  treated  on  specially  prepared  land.  These  septic 
tanks  are  used  in  duplicate  on  alternate  days;  they  are  in 
use  for  twelve  months  and  have  twelve  months'  rest,  when 
they  are  emptied  and  the  sludge  run  for  further  drying  on 
land.  From  cbemical  investigation  it  is  found  that  this  dry 
sludge  contains  about  3  per  cent  of  fixed  nitrogen.  The  smell 
during  the  drying  and  emptying  is  not  appreciable  and  is 
entirely  local.  It  will  be  noticed  that  the  figure  above  for  the 
fixed  nitrogen  is  relatively  high.  This  ^eems  peculiar  to 
South  Africa,  and  no  doubt  to  other  warm  countries,  and  must 
be  the  result  of  the  action  of  the  hot  South  African  sun.  The 
final  report  of  the  Nitrogen  Products  Committee  on  p.  312 
states: 

"The  sludge  contains  the  organic  nitrogen  compounds  pre- 
viously referred  to,  and  when  dried  down  to  a  moisture  con- 
tent of  about  20  to  30  per  cent  may  contain  from  1  per  cent 
to  2  per  cent  of  combined  nitrogen.  This  nitrogen,  how- 
ever, appears  to  be  in  a  condition  in  which  it  is  not  readily 
assimilable  by  plants,  and  the  resistant  character  of  the 
nitrogen  compounds  is  probably  increased  by  the  consider- 
able amount  of  grease  that  is  always  present  in  domestic 
sewage." 

This  latter  difficulty,  from  some  years  of  practical  experi- 
ence, does  not  apply  to  the  Pretoria  method.  It  was  argued 
that  the  sludge  had  a  certain  fertilizing  value,  but  it  was 
deficient  in  phosphoric  oxide  and  potash.  Dr.  Juritz,  the 
well-known  South  African  chemist,  gave  this  analysis  of  one 
sample:  Nitrogen,  2.24  per  cent;  phosphoric  oxide,  1.65  per 
cent;   potash,  0.05  per  cen^. 

What  products  would  make  up  these  deficiencies?  At  the 
Pretoria  abattoirs  there  is  a  by-product  plant  which  pro- 
duces dried  blood,  meat  and  bone  from  the  condemned  car- 
casses. Analysis  gave:  Blood,  12.5  per  cent  of  nitrogen; 
meat,  8  per  cent  nitrogen,  6  per  cent  phosphoric  oxide;  bone, 
6  per  cent  nitrogen,  16  per  cent  phosphoric  oxide.  It  was  thus 
clear  that,  by  mixing  this  dried  blood,  meat  and  bone  in 
the  correct  proportions  with  the  dried  sludge,  a  very  valuable 
fertilizer  would  be  produced.  This  has  been  done  success- 
fully. When  the  drying  of  the  sludge  is  complete,  it  is 
removed  to  a  mill  and  ground  into  a  fine  powder.  It  is  then 
mixed  in  equal  proportions  with  dried  blood,  bone  and  meat, 
which  has  also  been  ground  into  a  fine  powder.  The  analysis 
of  the  resulting  fertilizer  is  about  4 ',4  per  cent  nitrogen  and 
about  9  per  cent  phosphoric  oxide.  The  difficulty  which  then 
faced  the  Pretoria  authorities  was  that  this  abattoir  by-prod- 
uct was  limited.  The  town  engineer  thought  of  all  the  dead 
animals — horses,  dogs,  cats,  etc. — which  he  had  been  burying. 
A  steam  digester  was  erected  and  all  these  carcasses  are 
put  into  it  and  the  product  is  also  mixed  with  the  dried  sludge. 
Thus,  instead  of  being  an  expense,  those  dead  animals  are 
now  of  economic  value. 

Pretoria  produces  350  tons  of  dried  sludge  per  annum, 
which,  after  mixing,  makes  700  tons  of  fertilizer.  This 
readily  sells  at  .£10  a  ton.  It  m,ust  be  remembered  that  the 
South  African  meat  export  tratfe  is  rapidly  expanding,  and 
large  abattoirs  have  been  erected  in  all  the  big  towns.    Other- 
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wise,  in  South  Africa,  the  dried  sludge  is  spread  over  lands 
whlcli  are  cultivated. 

Description  of  South  African  Works.— Only  a  general  sur- 
vey o£  these  works  will  be  given. 

Johannesburg. — The  Johannesburg  sewage  farm  at  Klips- 
pruit  has  a  total  area  of  2,642  acres,  of  which  about  1,000 
acres  are  available  tor  tank  eflluent  disposal  by  gravity. 
There  is  a  bell  of  land  600  ft.  in  width  bordering  and  below 
the  irrigable  area,  which  Is  continually  ploughed  to  prevent 
any  possible  overtlow.  This  belt  is  not  included  in  the  1,000 
acres.  Detritus  and  sedimentation  tanks  are  installed;  the 
latter  are  similar  to  the  hydrolytic  tanks  constructed  by  the 
author  when  he  was  resident  engineer  under  Mr.  A.  E. 
Collins,  M.  INST.  C.  E.,  city  engineer  of  Norwich.  The  ir- 
rigable area  is  divided  into  five  sections,  so  that  tank  efllueni 
is  applied  to  one  section  for  a  day,  after  which  the  land  has 
four  days'  rest.  The  amount  applied  is  between  9,000  and 
10,000  gal.  per  acre  in  one  day,  and  then  there  is  four 
days'  rest;  the  average  is  thus  about  2,000  gal.  per  acre  per 
day  with  continual  application.  About  a  mile  below  the  farm 
is  one  of  the  deep  pumping  stations  of  the  Rand  Water  Board. 
Continual  analyses  of  the  water  pumped  are  made,  but  there 
has  never  been  the  slightest  sisn  of  pollution.  As  before 
mentioned,  there  is  no  visible  effluent. 

Pretoria. — Pretoria  has  a  special  problem  for  South  Africa. 
It  had  only  26  acres  of  land  available,  of  which  14  acres  are 
needed  for  the  treatment  of  the  foul  liquor  from  the  septic 
tanks,  already  explained.  Oxidizing  beds  were  therefore  nec- 
essary. Sewage  enters  a  screening  chamber  and  then  flows 
Into  cone-shaped  tanks  which  are  similar  to  those  designed 
by  Dr.  Watson,  at  Birmingham,  on  the  Dortmund  principle. 
From  these  the  tank  effluent  passes  through  revolving 
sprinklers  on  to  filter  beds  in  efficient  doses,  each  discharge 
representing  1.68  gallons  per  sq.  yd.  of  filter.  The  material 
used  in  the  beds  is  granite,  and  the  average  depth  is  5  ft.  6  in. 
The  effluent  discharges  into  the  Aapies  river,  and.  as  illus- 
trating its  value,  the  market  gardeners  below  the  town  lead 
the  water  out  of  the  stream  again  and  find  that  it  possesses 
most  useful  irrigating  properties.  This  irrigable  land  fetches 
very  high  prices. 

Bloemfontein. — The  Bloemfontein  scheme  was  designed  in 
1901,  being  one  of  the  earliest  South  African  works.  It  was 
on  the  principle  of  septic  tanks,  primary  and  secondary  filter 
beds,  after  which  the  effluent  was  pumped  and  treated  over 
land.  Slight  modifications  have  been  made.  There  is  no 
visible  effluent. 

Pretermaritzburg. — This  town  possesses  sedimentation 
tanks  modeled  upon  those  at  Birmingham,  filter  beds  and  land. 

Cape  Town. — The  sewage  from  the  city  proper  passes  into 
the  sea.  New  works  are  now  being  constructed  to  treat  the 
sewage  from  the  suburban  area.  There  are  double-story  sedi- 
mentation tanks  on  the  Imhoff  principle.  The  effluent  will 
then  be  oxidized  in  rectangular  beds,  which  will  be  fed  by 
a  carrier  moving  backwards  and  forwards.  The  interesting 
feature  about  them  is  that  the  beds  will  contain  closely  packed 
bundles  of  brushwood,  of  which  there  is  a  considerable  quan- 
tity in  the  vicinity. 

Wynberg. — Wyuberg  is  the  municipality  which  has  been 
involved  in  the  lawsuit  mentioned  at  the  beginning  of  this 
paper.  Complete  new  works  on  the  Cape  Flats  have  now- 
been  authorized  and  will  be  commenced  immediately. 

Queenstown. — The  works  at  Queenstown  consist  of  septic 
tanks,  filter  beds  and  land.  They  have  proved  that  engine 
clinker,  which  was  used  in  the  bods,  is  unsatisfactory. 

Conclusion. — In  conclusion,  the  author  may  state  that  he 
has  not  gone  into  great  detail;  he  has  thought  that  it  would 
be  more  acceptable  to  state  general  principles  and  to  dwell  on 
differences   from   British   practice. 

Essentially,  the  general  solution  of  the  sewage  problem 
in  South  Africa  is  to  produce  an  effluent  without  nuisance, 
■which  can  be  beneficially  used  upon  and  absorbed  by  land. 
As  water  is  so  valuable  in  South  Africa,  the  author  is  of 
opinion  that  sewage  effluent  should  be  used  for  growing  crops. 
A  steady,  even  supply  of  water  which  can  be  used  for  irri- 
gation raises  the  value  of  the  irrigable  land  considerably. 
And  although  profits  from  a  sewage  farm  as  against  efficient 
administration  for  its  main  purpose  must  not  be  considered, 
it  is  possible  to  obtain  a  good  monetary  return. 

'Ills  experience  at  Pretoria  does  seem  to  imply  that  the 
sludge  difficulty  has  been  considerably  minimized.  The  fer- 
tilizer produced — and  South  Africa  is  very  much  in  need  of 
fertilizers — seems  to  be  satisfactory  after  being  used  for  years. 


Electrically    Welded    Steel  Frame 
Building 

From  Engineering,  L/>ndon,  Jan.  14,  1921. 
Electric  welding  is  now  used  to  a  fair  extent  in  commercial 
vehicle  building,  etc.,  while  its  employment  in  connection 
with  ship  construction  is  well  known.  There  is  a  further 
constructional  field,  however,  in  which  electric  welding  would 
appear  to  offer  many  points  of  advantage  and  in  which  it 
is  obtaining  a  sound  footing.  This  is  in  replacing  rivetiug 
for  joining  the  various  members  together  in  steel  building 
construction.  Most  of  the  joints  which  have  to  be  employed 
in  this  class  of  work  are  types  which  lend  themselves  con- 


/v^  '^FMTmsmiuirofat- 


,  Flit-  5  -  £L£VATIUN   OF   OOOfI 


Fuj.  6  .  CflOSS  S£CT/Ott 
^  Of  DOOfi 


^FlfJ.    7  -  PLAN  SHEWING  DOOfi  GU/OES    I  S£T  OFF 


3  9     i^$-i'.TieJ^'Sl^ 


i^~J.Ji-J^iUir::rjrA^. 


■«£  (Key-ail  KjiihifSecr- 


I  MlTtePUutshrOiujUs 


Fip.  8  .  DITAIL  SECTION  OfOKfieiFSHOWINC  WICKtT 

.T.I'i'VGiadrt  Oe.^U  €  (q  i 


'tUffit.'UMoTU-  -^ 


Fig.  1-8 — Details  of  Electrically  Welded  Steel  Frame  Building, 

veniently  to  welding  methods.  They  are  very  straightforward 
and  by  employing  a  series  of  simple  jigs  it  is  possible  to  build 
up  the  various  angles,  strips,  channels,  etc.,  into  roof  princi- 
pals, or  other  parts, very  rapidly. 

One  of  the  largest  steel  frame  buildings  which  has  been 
constructed  by  welding  methods  in  Great  Britain  is  illus- 
trated. This  constitutes  the  new  workshops  of  The  Double 
Arc  Electric  Welders,  Limited,  of  26  India  street.  Charing 
Cross,  Glasgow.  The  steelwork  throughout  was  welded  by 
the  company  on  their  system.  It  should  perhaps  be  said 
that  the  name  of  this  firm  is  derived  from  the  special  flux 
with  which  they  coat  their  welding  electrodes.  This  flux 
is  conducting,  and  it  is  claimed  that  an  independent  arc  is 
formed   between  the   flux  and   the   work  as  well   as  the  arc 
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between  the  electrode  and  the  work.  This  gives  the  double 
arc.  The  building  consists  of  a  single  bay  of  the  cross-sec- 
tion shown  in  Fig.  1.  It  will  be  clear  from  this  and  from 
the  other  figures  that  the  adoption  of  electrical  welding  has 
not  necessitated  any  departure  from  recognized  methods  in 
the  lay-out  and  general  design  of  the  structure.  The  welding 
was  carried  out  by  The  Double  Arc  Electric  Welders  them- 
selves. The  building  was  designed  by  William  Bain  &  Co., 
Limited,  of   Coatbridge. 

The  huikling  is  27  ft.  wide  by  50  ft.  long  and  the  ends  are 
closed  hy  brick  walls  forming  parts  of  other  structures  which 
were  in  existence  when  it  was  erected.    At  the  sides  there  are 
boundary   walls   about   5   ft.   high,   which   were   in    existence 
when  the  building  was  erected.     These  carry  copings,  as  can 
be  seen  in  Fig.  1,  and  they  have  been  connected  up  by  gal- 
vanized  flashing   to   the   corrugated   sheets   which   close    the 
sides  of  the  building.     There  are  five  roof  principals  of  the 
type  shown  in  Fig.  1.    They  are  spaced  11  ft.  6  in.  apart  and 
are  carried  on  columns,  which  consist  of  10-in.  by  5-in.  joists 
with  welded-on  bases.     As  shown  in  Figs.  1  and  4,  the  base 
of  each  column  sits  on  a  rectangular  %-in.  plate,  to  which  it 
is  welded.     Gusset  plates,  %  in.  thick,  are  then   welded   be- 
tween the  outer  edges  of  the  flanges  of  the  joists  and  the 
baseplate.    As  will  be  clear,  this  makes  an  easily  assembled 
and   stiff    construction.     Tiie    baseplate    is    anchored    to    the 
foundation   block   by   four   1%-in.   by   1%-in.   angles   set   ver- 
tically   in    the    block,    the    arrangement    being    indicated    in 
Figs.  1  and  4.    A  special  form  of  base  employed  where  space 
was  restricted  is  shown  in  Fig.  3.     A  single  gusset  plate.  12 
in.  by  9  in.,  in  this  case  replaces  two  of  the  gussets  in  the 
standard  construction.     The  arrangement  will  be  clear  from 
the  figure. 

The  roof  principals  are  built  up  of  two  3-in.  -by  3-in.  by 
%-m.  angles,  forming  the  main  rafters,  which  are  connected 
at  the  bottom  by  a  4-in.  by  2-in.  channel.  These  two  raern 
hers  are  welded  to  the  w^ebs  of  the  columns,  as  can  be  seen  in 
Fig.  2.  Angle  struts.  3  in. 'by  2  in.  and  2  in.  by  2  in.,  connect 
the  horizontal  member  with  the  rafters.  They  sit  on  and  are 
welded  to  the  top  flange  of  the  horizontal  channel.  The 
diagonal  ties  are  of  3-in.  by  3-in.  and  2%-in.  by  2%-in.  angle 
Their  connections  to  the  columns,  rafters  and  horizontal  tie 
"Will  be  seen  in  the  figures.  The  main  trusses  are  tied  to- 
gether by  a  2%-ln.  by  2%-in.  angle  welded  to  the  top  flange 
of  the  main  horizontal  members.  The  roof  is  of  corrugated 
galvanized  sheets,  with  a  row  of  lights  along  the  center  of 
each  slope.  All  purlins  are  of  3-in.  by  3-in.  angle  welded  to 
the  ratters.  Angle  brackets  are  in  turn  welded  to  the  purlins 
to  carry  the  sheets  or  the  frames  of  the  glass  lights.  The 
arrangements  for  securing  the  curved  ventilator  sheet  which 
forms  the  ridge  of  the  roof  are  shown  in  Fig.  1. 

Access  Is  obtained  to  the  building  by  a  sliding  door  at  one 
end.  This  also  is  built  up  entirely  by  electric  welding  and 
forms  an  interesting  example  of  the  type  of  work  which  may 
readily  be  carried  out  on  the  system.  It  is  illustrated  in 
Figs.  5  to  8.  As  will  be  seen,  the  door  consists  of  two  leaves. 
each  built  up  on  a  frame  consisting  of  2%-in.  by  2%-in.  by 
%-in.  angles,  with  gussets  welded  at  each  corner.  The  right- 
hand  leaf  is  stiffened  with  a  2-in.  by  1%-in.  angle  across  the 
center  of  the  panel,  one  flange  of  which  is  welded  flat  against 
the  flanges  of  the  uprights  at  each  end.  The  left-handed  leaf 
is  furnished  with  a  wicket  gate  and  a  simple  framework  is 
built  up  inside  the  main  panel  to  carry  it.  The  arrange- 
ment is  clearly  shown  in  Fig.  5.  The  method  of  carrying  the 
sliding  door  does  not  differ  from  ordinary  practice.  It  is 
illustrated  in  Figs.  5  to  7.  A  horizontal  cross-section  through 
the  left-hand  leaf  of  the  sliding  door  is  given  in  Fig.  8.  This 
shows  the  arrangement  of  the  wicket  and  indicates  that  the 
welding  system  lends  itself  to  a  neat  and  workmanlike  ar- 
rangement. The  frame  of  the  wicket  gate  itself  is  built  up 
of  2-in.  by  IVa-in.  by  %-in.  angles.  The  joints  are  butt- 
welded  at  the  corners  and  no  gusset  plates  are  used. 


Subways  for  Toklo,  Japan.— Plans  for  30  miles  of  subway 
lines  to  be  built  in  Tokio.  capital  city  of  Japan,  are  now  un- 
"er  consideration,  according  to  a  press  dispatch.  The  Tokio 
t'nderground  Railways  Co.,  Ltd.,  has  recently  voted  to  in- 
crease its  capital  stock  from  $5,000,000  to  $40,000,000.  If  the 
plans  as  submitted  are  carried  out  Tokio  will  have  the  first 
underground  railway  line  ever  built  in  the  Orient.  While 
the  company's  plans  are  still  in  the  formation  stage,  it  has 
gone  as  far  as  to  establish  headquarters  in  the  Kaijo  build- 
ing, Tokio. 


Strengthening  and  Reconstruction 
of  Railway  Bridges 

From  The  Times  Engineering  Supplement,  London,  February,  1920. 

Of  two  papers  dealing  with  the  strengthening  and  recon- 
struction of  railway  bridges,  read  before  the  Institution  of 
Civil  Engineers,  one,  by  Mr.  George  Ellson,  described  the 
work  carried  out  at  the  Cannon  St.  bridge  of  the  South-East- 
ern  &  Chatham  Railway,  and  the  other,  by  Mr.  F.  W.  A. 
Handman,  the  method  adopted  in  the  case  of  a  viaduct  on 
the  Sul  Esplrito  Santo  line  of  the  Leopoldina  Railway  in 
Brazil. 

South-Eastern  &  Chatham  Ry.  Bridge. — When  the  Cannon 
St.  bridge  was  built  by  Sir  John  Hawkshaw  in  1865-66  the 
heaviest  engine  employed  weighed  52%  tons,  and  had  a 
length  over  buffers  of  just  under  48  ft.,  so  that  the  weight 
per  lineal  foot  was  1.1  ton.  That  weight  has  since  become 
1.9  ton,  and  is  regularly  increasing,  and  If  the  girders  had 
been  loaded  to  the  maximum  the  stress  in  some  of  them 
would  have  amounted  to  about  8  tons  per  square  inch.  Re- 
strictions had.  therefore,  to  be  imposed  on  the  traffic  working 
over  the  bridge,  and  it  was  to  enable  these  to  be  removed 
that  strengthening  was  decided   upon. 

The  superstructure,  which  is  supported  by  four  piers  of 
cast-iron  columns,  consists  of  free  span  plate  girders,  each 
130  ft.  long,  over  the  two  shore  openings,  and  continuous 
plate  girders  442%  ft.  long  over  the  three  middle  spans, 
which  are  each  147%  ft.  The  plan  adopted  was  to  build 
new  sill  girders  at  the  piers  and  additional  girders  in  be- 
tween the  existing  girders,  the  old  and  new  girders  being 
connected  by  rows  of  diaphragms.  The  six  new.  continuous 
girders,  each  weighing  about  187%  tons  and  443  ft.  long, 
were  threaded  into  position  between  the  existing  girders 
from  the  south  end  of  the  bridge.  The  old  main  girders 
were  only  5  ft.  between  centers  and  their  booms  were  2  ft. 
2  in.  wide,  so  that  there  was  only  a  width  of  2  ft.  10  in.  in 
which  the  new  girders,  also  2  ft.  2  in.  wide,  could  be  fixed; 
and  as  the  latter  had  to  be  placed  at  the  same  level  as  the 
old  girders  the  space  in  which  the  necessary  riveting  had 
to  be  done  was  very  restricted.  The  sections  of  girder 
work,  each  about  40  ft.  long,  and  weighing  from  10  to  18  tons, 
were  delivered  by  barge  and  built  up  on  a  staging  erected  in 
the  river  under  the  south  span.  As  section  by  section  was 
riveted  to  the  preceding  length  the  forward  end  of  the 
girder  was  launched  out  over  the  waterway  in  the  Surrey 
intermediate  span,  and  as  soon  as  the  completed  length 
of  the  girder  permitted,  a  bearing  was  taken  on  a  rolling 
apparatus  on  a  staging  at  the  south  side  of  the  Surrey  In- 
termediate span.  When  the  girder  projected  70  ft.  in  the 
clear  over  the  rollers  a  launching-prow  25  ft.  long  was  fixed 
to  its  front  end.  to  preserve  the  balance,  thus  completing  its 
span  over  to  the  landing  stage  at  the  northern  end  of  the 
Surrey  intermediate  span.  The  launching  of  the  girder  was 
then  continued  on  rollers  until  a  length  of  262  ft.  had  b«en 
built  up;  this  was  then  moved  northwards  until  it  reached 
its  final  position,  the  launching-prow  being  removed  when 
the  staging  erected  in  the  Middlesex  intermediate  span  was 
reached.  The  remaining  length  of  181  ft.  was  built  up  and 
launched  forward  in  the  same  way,  until  its  front  end  abutted 
on  the  back  end  of  the  first  length,  when  the  junction  was 
riveted,  with  due  precautions  to  ensure  the  proper  continuity 
of  the  girder  without  initial  stress. 

Before  the  strengthening  the  deflection  in  the  middle  span 
of  the  continuous  girder  was  %  in.,  and  in  the  other  two 
spans  %  in.  under  ordinary  traffic  conditions;  but  after  it 
six  of  the  heaviest  engines,  coupled  together  and  giving  a 
total  live  load  of  525  tons,  caused  a  total  deflection  of  5/16  in. 
in  the  middle  span  and  %  in.  in  the  side  ones.  The  distrib- 
uting action  of  the  diaphragms  caused  the  adjacent  girders 
at  the  same  time  to  deflect  %  in. 

Espirito  Santo  Viaduct. — The  Sul  Espirito  Santo  viaduct 
consisted  of  a  continuous  197  ft.  steel  lattice  deck  span  sup- 
ported on  two  steel  trestles  68  ft.  8  in.  between  centers. 
When  it  was  desired  to  increase  the  live  load  on  the  line, 
both  the  trestles  and  the  girders  were  found  to  be  inade- 
quate for  the  stresses  to  be  resisted.  The  problem  was 
therefore  to  reconstruct  the  trestles  and  replace  the  con- 
tinuous span  by  three  whole  plate  dock  spans  weighing  38 
tons  each,  without  interrupting  the  passenger  traffic,  the 
interval  between  trains  being  24  hours. 

The  trestles  were  encased  in  concrete,  this  method  avoid- 
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ing  falsework  and  intftruptior.  of  the  traflic,  but  the  girders 
presented  greater  dilticullics.  Having  been  riveted  up  at  a 
siding  3  km.  away  (tltere  was  no  space  tor  a  temporary 
siding  at  the  site),  each  complete  span  was  run  into  position 
over  the  old  span  on  two  20-ton  bogie  trucks,  and  by  means 
of  wooden  cribs  and  four  50-ton  ship's  hydraulic  jacks  were 
lowered  to  rail  level.  The  end  sway  braces  and  laterals  of 
Ibe  old  girder  were  then  cut  away  by  oxy-acetylene,  and  the 
new  girder  was  supported  by  cribs  directly  on  the  abutments 
or  piers.  The  continuous  girder  was  next  cut  completely 
through  ovpr  the  pier,  the  two  sections  slid  outwards  on 
special  guides,  and  the  new  girder  lowered  into  place.  In 
the  case  of  the  first  girder  the  track  was  prepared  for  the 
train  and  the  work  completed  with  30  minutes  to  spare.  The 
other  two  girders  were  placed  in  position  in  a  similar  manner 
on  subsequent  days,  without  hitch. 


Work  of  the  Quantity   Surveyor 

By  F.  II.  A    HAUDCASTLE. 
lYom  The  Surveyor.   London.  Dec.  24.  1920. 

Bills  of  quantities  are  the  result  of  the  natural  desire  of 
men  proposing  to  build  to  be  informed  beforehand  of  the 
probable  cost  of  their  enterprise. 

The  Surveyor's  Liability. — The  somewhat  casual  manner  in 
which  the  profession  has  grown  up  has  led  to  uncertainty 
touching  the  nature  and  extent  of  the  surveyor's  liability. 
The  recognized  rule  of  law  is  that  any  man  undertaking  and 
receiving  pay  for  professional  work  must  bring  reasonable 
skill  and  care  to  the  discharge  of  his  duties,  failing  which  he 
is  guilty  of  negligence  and  liable  to  be  mulcted  in  damages 
for  any  loss  thus  caused  lo  the  person  who  has  employed 
him. 

The  uncertainty  as  to  the  surveyor's  liability  to  the  builder 
arose  from  the  circumstance  that  only  in  form  did  the  builder 
pay  the  surveyor,  the  cost  being  in  reality  borne  by  the  build- 
ing owner,  and  in  the  case  of  Priestly  and  Curney  vs.  Stone  it 
was  held  that  there  existed  no  "privity  of  contract"  between 
the  builder  and  the  surveyor,  and  therefore  no  legal  liability 
on  the  part  of  the  surveyor  to  the  builder.  The  effect  of  this 
.iiuignient  appeared  to  be  that  in  the  large  class  of  cases  in 
(iiiestion  the  surveyor  was  under  no  liability  to  anyone;  a 
manifestly  unsound  position,  unjust  to  the  public,  and  derog- 
atory to  the  profession.  Contractors  naturally  took  alarm, 
and  action  was  taken  by  builders'  associations.  An  attempt 
was  made  in  the  first  instance  to  go  to  the  other  extreme 
and  call  upon  the  surveyor  to  be  responsible  for  the  literal 
accuracy  of  his  work,  a  liability  such  as  assumed  by  no  other 
professional  man  in  the  kingdom.  After  some  discussion  this 
position  was  given  up.  and  in  the  end  it  was  arranged  that 
the  surveyor  should  undertake  to  be  responsible  to  the  build 
ers  tendering  on  his  quantities  in  the  same  manner  as  if 
direcly  employed  by  them,  which  brought  the  surveyor  at  once 
under  the  common  law  touching  negligence. 

The  imputation  that  surveyors  tried  to  evade  all  liability 
for  bad  work  was  naturally  galling  to  men  of  spirit,  and  an 
attempt  was  made  in  one  quarter  to  meet  it  by  establishing 
a  voluntary  professional  court  to  hear  and  adjudicate  on 
'^barges  of  negligence  by  quantity  surveyors  and  award  dam- 
ages and  costs.  I  do  not  know  to  what  extent  recourse  has 
been  had  to  this  tribunal  hy  building  owners  and  contrac 
tors. 

Quantities  as  Part  of  Contract. — A  question  a  good  deal 
discussed  formerly — not  so  much  of  late — is  whether,  the 
surveyor  being  appointed  by  the  employer  or  by  his  archi- 
tect, the  quantities  should  form  part  of  the  contract.  The 
great  preponderance  of  opinion  is  in  favor  of  that  course, 
and  to  my  mind  its  equity  is  incontestable.  What  in  prac- 
tice usually  happens?  The  builder  has  no  voice  whatever 
in  the  choice  of  the  surveyor.  Indeed,  until  he  receives  the 
bills  he  commonly  does  not  know  who  the  surveyor  is.  He 
Is  supplied  at  the  instance  of  the  employer,  or  his  agent,  the 
architect,  with  a  document  which  purports  to  be  a  detailed 
measurement  of  the  work  proposed  to  be  done,  the  accuracy 
of  which  he  has  no  adequate  means  of  testing,  and  which 
at  the  same  time  is,  and  indeed  must  be.  the  basis  of  his  cal- 
culations. 

In  addition,  he  is  usually  required  to  hand  over  a  copy  of 
the  bills  fully  priced  for  the  purpose  of  adjusting  variations. 
To  say.  after  all  this,  that  the  bills  of  quantities  are  no  con- 
i-pyn  ni   111.    i.iiiding  owner  is  manifestly  inequitable.    Great 


pains  have,  however,  been  taken  by  building  owners  to  avoid 
or  evade  all  responsibility  in  this  respect.  A  well-known  pub-  \ 
lie  authority,  for  many  years  after  they  had  adopted  thp 
practice  of  themselves  appointing  the  surveyor,  always  noti 
tied  him  that  he  was  "permitted"  by  the  board  to  prepare 
the  quantities  for  such  and  such  a  building,  and  in  the  con 
tract  the  following  clause  appeared: 

The  quantities  which  have  been  taken  out  by  (Messrs.  A  and  B) 
with  the  concurrcnct  of  the  board  and  the  contractor  shall  not 
in  any  respect  form  part  of  this  contract,  and  neither  the  board 
nor  the  contractor  shall  be  in  any  respect  bound  thereby,  or  be 
answerable  for  the  correctness  thereof,  although  the  said  (Messrs. 
A  and  B)  may  have  been  nominated  and  paid  by  the  board,  any 
agreement  between  the  architect  and  the  contractor  and  any 
custom  of  the  trade  to  the  contrary  notwithstanding. 

In  the  advertisement  inviting  tenders,  moreover,  the  tata- 
lizing  announcement  was  made  that  builders  tendering  were  to 
examine  the  bills  of  quantities  and  satisfy  themselves  of  their 
accuracy-  I  need  hardly  say  that  all  this  is  now  a  thing  of 
the  past.  The  simple  and  rational  course  is  to  make  tin 
quantities  part  of  the  contract,  and  the  surveyor,  like  tlw- 
architect,  an  agent  of  the  building  owner,  who  is  then  liabli 
to  the  contractor  for  the  acts  of  the  surveyor  as  he  is  for  the 
acts  of  the  architect,  and  both  professional  men  are  responsi- 
ulo  to  the  building  owner,  their  employer. 

Quantity  Surveyor  and  Architect. — Ought  the  two  profes 
sions  of  quantity  surveyor  and  architect  to  be  kept  separate 
or  united  in  the  same  person?  I  am  naturally  biased,  but  to 
my  mind  the  mental  qualities  proper  to  the  two  callings  are 
so  distinct,  even  diverse,  that  I  should  as  soon  expect  an  ac- 
complished architect  to  be  a  good  quantity  surveyor  as  to  ex- 
pect a  poet  to  be  a  senior  wrangler.  There  is  also  a  clear 
advantage  ih  the  bill  of  quantities  being  the  expression  of  the 
independent  and  unbiased  opinion  of  a  man  who  devotes  his 
whole  time  to  that  work,  and  whose  reputation  is  bound  up 
with  it. 

Uses  of  Quantities. — The  primary  use  of  quantities  is  the 
obtaining,  in  a  reasonable  time,  of  competitive  tenders  on 
an  identical  basis.  A  secondary,  though  important  one.  is 
the  furnishing  of  an  extensive  and  convenient  schedule  for 
valuing  variation.=  .  In  most  cases  the  surveyor  who  has  pre- 
pared the  quantities  adjusts  the  variations.  Some  discussion 
has  taken  place  touching  the  manner  in  which  this  work 
should  be  done.  I  think  it  is  generally  done  with  fairness, 
but  there  is  no  doubt  a  possibility  of  abuse.  I  remember 
a  case  in  which  an  educational  authority  by  acquiring  dur- 
ing the  progress  of  the  contract  an  adjacent  piece  of  land 
was  able  to  increase  the  size  of  the  playground.  The  sur- 
veyor, in  adjusting  the  variations,  omitted  all  the  work  in  con 
nection  with  the  playground  as  it  appeared  in  the  original 
estimate,  and  then  measured  the  whole  enlarged  playground 
as  executed.  He  need  only  have  measured  the  new  piece. 
That  was  no  doubt  an  extreme  and  exceptional  case.  It  is 
suggested,  as  a  rule,  that  if  an  item  is  altered  only  in  one 
dimension  or  in  description  the  difference  only  should  be 
measured;  if  altered  in  more  than  one  dimension,  the  item 
should  he  measured. 

While  surveyors  are  no  doubt  sometimes  open  to  criti- 
cism. I  think  that  they  often  get  less  than  justice  in  this 
matter.  It  is  forgotten  that  a  surveyor  will  frequently  spend 
much  time  in  measuring  whitewashing,  painting  or  inexpfii 
sive  fittings,  and  the  like,  his  commission  on  which  will  n.i 
pay  him  assistant's  wages;  often  also  he  will  occupy  many 
hours  in  arguing  in  opposition  to  claims  which  are  ultimately 
withdrawn. 

Another  signal  use  of  quantities  is  the  regularizing  of  work 
which  is  rendered  possible  by  subjecting  it  to  the  analy-- 
involved  in  bringing  it  into  a  measured  bill.     It  is  there  p 
duced  to  ordinary  terms  of  labor  and  material,  and  can   li" 
conveniently  compared  with  other  work. 

Quantities  are  also  useful  in  the  preparation  of  detail 
drawings.  In  most  cases  architects  do  not  prepare  all  their 
details  before  the  contract  is  signed.  No  set  of  drawings. 
and  no  specification  ever  yet  did.  or  could,  deal  with  every 
point,  and  much  information  is  usually  to  be  found  in  the 
dimensions  of  the  surveyor,  who,  with  his  mind  following 
every  process  of  every  trade,  has  necessarily  dealt  with  the 
whole  of  the  work  in  detail. 

Another  useful  function  of  quantities  is  in  making  valua- 
tions for  payments  on  account.  No  other  means  can  com- 
pare for  a  moment  with  the  use  of  the  priced  estimate  for  this 
purpose. 
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Misuse  of  Quantities. — An  instance  of  the  abuse,  or  i-nis- 
iise,  of  quantities  is  when  an  architect — alarmed  at  the  grow- 
ing cost  of  the  building — searches  the  deposited  bills  and 
orders  the  omission  of  work  to  which  a  high  price  is  attached 
so  as  to  reduce  his  expenditure.  This  abuse  has  been  met 
by  the  priced  bills  being  deposited  sealed  up  and  not  opened 
till  towards  the  end  of  the  contract.  When  this  is  done  they 
should  be  first  examined  by  the  surveyor.  I  have  known  a 
sealed-up  set  of  bills  which,  when  opened,  turned  out  to  be 
blank.  Apart  from  all  this,  there  is  the  disadvantage  that 
sealedup  bills  cannot  be  used  for  valuations  for  interim 
certificates. 

The  Proposed  Standard  of  IVIeasurement. — The  proposal  of 
a  standard  method  of  measurement  has,  I  am  aware,  been 
the  subject  of  sharp  controversy,  and  I  readily  admit  that  a 
good  deal  may  be  said  on  both  sides.  But  the  preponderat- 
ing weight  of  argument  is.  in  my  judgment,  in  favor  of  it. 
We  all  know  that  quantities  are  often  issued  which  entirely 
fail  to  give  the  information  fhey  purport  to  convey,  and  reflect 
little  credit  on  those  who  have  produced  them.  A  builder's 
estimating  clerk  once  showed  me  the  bill  of  quantities  for  a 
mansion  to  cost  about  £35,000  (pre-war).  One  item  in  the 
joiner's  bill  was  for  a  wainscot  oak  staircase.  4  ft.  6  in.  wide 
and  going  up  two  stories.  It  was  given  as  "No.  1  staircase," 
followed  by  about  a  page  of  description  of  the  treads,  the 
handrail,  balusters,  and  newels,  etc.,  evidently  copied  from 
the  specification,  and  ending  with  the  well-known  and  useful 
word  "complete.  "  The  dormers  were  also  numbered,  includ- 
ing casements  and  frames,  glass,  ironmongery,  lead  tops  and 
cheeks,  trimming  rafters,  plastering,  etc.,  also  "complete." 
In  this  case  the  quantities  v/ere  taken  out,  or.  at  any  rate, 
signed  by  the  architect,  and  the  surveyor's  commission 
charged  was  2i/^  per  cent.  Usually,  I  venture  to  think,  an 
architect  would  not  allow  an  independent  surveyor  working 
under  him  to  palm  off  such  work  as  this.  When  the  architect 
prepares  his  own  quantities,  however,  there  is  no  one  to 
impose  a  check.  The  movement,  now  very  noticeable,  to 
extend  this  practice  among  architects,  itself  supplies  an  addi- 
tional reason  for  a  standard  method. 

The  glowing  tendency  in  the  direction  of  sub-contracting 
is  here  very  much  to  the  point.  It  is  now  not  unusual  to 
sublet  slating  and  tiling,  steelwork,  plastering,  glazing,  and, 
to  a  less  extent,  plumbing.  The  result  is  that  each  of  these 
trades  fight  vigorously  for  its  own  hand,  and  brings  a  con- 
stant pressure  to  bear  in  the  direction  of  fresh  sub-divisions 
and  fresh  labors,  all  in  the  interest,  or  supposed  interest, 
of   the  particular  trade. 


Catenary  Measurements 

From  The  Times  Engineering  Supplement,  London,  Fehruary.   1921. 
The  catenary  curve  formed  by  a  chain  or  flexible  hawser 
of  uniform  section  and  material,  loaded  only  with  its  own  dis- 
tributed weight,  enters  into  Innumerable  problems  that  arise 
among  engineers,  physicists,  and  sailors.    It  is  frequently  pos- 
sible to  arrive  at  approximate  solutions  by  assuming  the  curve 
to  be  a  parabola,  or  by  adopting  an  empirical  formula.     By 
mathematicians  the  properties  of  the  curve  can  be  easily  ex- 
pressed in  terms  of  hyperbolic  functions  and  a  modulus.   The 
engineer  and  the  physicist,  however,  require  arithmetical  so- 
lutioiis  and  simple  methods  of  obtaining  accurate  results,  and 
they  are  frequently  unable  to  assign  a  value  to  the  modulus. 
In  the  Proceedings  of  the  Institution   of  Civil   Engineers, 
Vol.  CCVIII,  Part  11,   Mr.   Rollo  Appleyard   describes  a   new 
method  of  dealing  with  problems  of  this  kind.     The  primary 
requirement  is  to  discover  the  true  arithmetical  relationship 
between  the  lengths  of  the  bight,  span,  and  dip  of  any  given 
catenary.     The  next   step   is  to  calculate   arithmetically   the 
stress  at  ainy  point  in  the  curve.    It  is  then  useful  to  be  able 
to  calculate  easily  the  slope  at  the  ends  or  at  any  point,  and 
to   draw   the    curve.     Mr.    Appleyard    finds    that    there    is    a 
fundamental    relationship,    which    he    calls      "the      catenary 
length-function."     This  function  is   In  itself  somewhat   com- 
plex, but  he  has  calculated  it  for  all  values,  and  has  tabulated 
the  results  as   a   series  of  numbers,  so   that  the   arithmetic 
of  catenary  problems  is  now  reduced  to  very  easy  operations. 
By  the  aid  of  this  table  of  length-functions,  the  relationship 
between  bight,  span,  dip,  slope,  and  tension,  can  be  accurately 
deternained.    It  is  remarkable  and  very  instructive  to  observe 
bow  simple  the  equations  become,  and  how  they  merge  into 
one  another,  when  the  "length  function"  is  introduced. 


Device  for  Fastening  Rails  to  Re- 
inforced Concrete  Slab 
Foundation 

From   The  Engineer,   London,   Feb.   4,   1921. 

A  simple  but  effective  method  of  securing  flat-bottomed 
rails  to  reinforced  concrete  slab  foundation  is  shown  in  the 
accompanying  illustrations.  Figure  1  is  a  section  on  the  line 
A  B  of  Fig.  2  and  shows  a  tramway  rail  f  in  elevation;  Fig. 
2  is  a  cross  section  through  the  rail  f  on  the  line  C  D  of  Fig. 
1:  and  Fig.  3  is  a  cross  section  through  the  slab  in  the  con- 
crete raft  e  on  line  E  F  of  Fig.  2. 

The  procedure  employed  in  using  the  device  Is  as  follows: 
After  the  formation  has  been  leveled  off  and  the  interlocked 
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double-layer  reinforcement  laid  in  position,  the  foreman  at- 
taches to  the  top  layer  of  steelwork  the  marking  out  lines, 
giving  approximately  the  positions  of  the  rails  at  desired 
spacings.  On  these  lines  he  fixes  vertically  on  the  formation 
and  transversely  to  the  rails  tapered  wooden  templates  a,  as 
shown  in  Fig.  h,  each  of  which  is  fitted  at  the  rabbeted  lower 
end  c  with  a  loose  thin  slotted  base  plate  b  of  thin  stamped- 
ri't  metal,  shown  in  Fig.  4.  Through  a  hole  w  in  the  top  of 
each  template  is  passed  a  rod  or  bar  connecting  three  or 
more  templates  together.  The  top  of  the  horizontal  bar  is 
levelled  off  to  rail  level  by  packing  up  under  the  base  plate 
b  with  sand.  After  all  the  templates  are  thus  set  up  the 
concrete  is  put  in  position  up  to  the  lower  edge  of  the  iron 
bank  k  on  the  template,  the  top  edge  of  the  band  being  iden- 
tical in  level  with  the  underside  of  the  rail  f  in  Figs.  1  and 
2.  After  the  concrete  is  partly  set.  the  templates  are  slightly 
eased  and  subsequently  removed  completely  when  the  con- 
crete has  set  hard.  Their  removal  results  in  the  leaving  in 
the  concrete  e  of  slotted  holes,  which  are  surrounded  at  the 
bottom  of  the  raft  by  the  flat,  slotted  base  plates  b. 

When  the  concrete  is  sufficiently  set,  the  rails  are  laid  in 
position  on  its  surface  at  the  required  level,  being  packed 
up  on  small  pre-moulded  concrete  wedges  or  other  suitable 
packing.  Into  the  tapered  holes  in  the  concrete  are  then 
dropped  headed  bolts  d.  which  have,  close  up  against  their 
head,  a  short  length  of  square  neck  p.  The  bolt  head  is 
pushed  down  into  the  cavity  which  is  left  below  the  base 
plate  by  the  removal  of  the  projecting  lower  end  of  the  tem- 
plate, until  the  square  neck  is  below  the  base  plate.  The 
bolt  is  then  turned  through  an  angle  of  90^  and  pulled  up 
until  the  square  neck  fits  in  the  slot  of  the  base  plate,  and  so 
prevents  the  bolt  from  being  turned  round  when  the  nut  is 
being  tightened.  For  convenience  in  fixing  the  bolt  is  sup- 
plied hy  the  makers  with  a  notch  cut  in  the  top  of  the  re- 
served end,  which  notch  indicates  the  position  of  the  shaped 
head  of  the  bolt.  The  boR  can  be  used  to  secure  the  rail 
cither  by  being  passed  through  a  hole  drilled  in  the  base  of 
the  rail,  or  as  shown  in  Figs.  1  and  2,  by  means  of  a  bent 
clip  g. 

After  the  nuts  have  been  screwed  down  and  the  slotted 
holes  in  the  concrete  filled  with  sand  to  within  %  in.  of  the 
concrete  surface  the  concreting  is  resumed  and  care  is 
taken  thoroughly  to  pack  and  groiit  the  concrete  under  the 
rail,  so  as  to  prevent  any  subsequent  "pumping''  action,  which 
is  so  common  with  the  rails  badly  bedded  and  fastened  down. 

It   is   claimed   that    no   particularly   careful    setting   out    is 
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required  in  lixiiig  the  templates,  since  the  5  in.  or  6  in. 
length  which  is  given  to  the  slot  in  the  concrete  affords 
ample  margin  for  any  slight  error  on  the  part  of  the  track- 
man. It  is  claimed,  furthermore,  that  the  adjustment  to  rail 
level  of  the  rod  passing  through  the  holes  in  top  of  each 
template  automatically  ensures:  (a)  Correctness  in  the 
level  of  the  surface  of  concrete  e;  (b)  ample  uniformly  reg- 
ulated space  for  packing  and  grouting  under  the  rail  and  (c) 
uniform  length  of  bolts.  It  is  also  pointed  out  that  in  the 
case  of  renewals  due  to  settlements,  wear,  or  otherwise,  it 
Is  a  simple  matter  to  take  out  and  renew  the  bolts  and 
to  attach  the  rail  again  securely  without  having  to  place  im- 
perfect reliance  on  green,  immature  concrete  or  grout  in 
lewis  holes,  or  the  like. 

The  system,  which,  we  understand,  has  been  found  ap- 
plicable to  other  usen  in  securing  structural  members  other 
than  rails  to  either  plain  mass  concrete  or  to  concrete  rafts, 
is  the  invention  of  Mr.  J.  H.  Walker,  and  the  Walker-Westoir 
Co.,  Ltd.,  of  7,  Wormwood,  E.  C.  2,  London,  has  undertaken 
the  commercial  development  of  the  system  in  all  its  applica- 
tions. 


Results  of  Large  Scale  Operation  of 

Activated  Sludge  Process  at 

Manchester,  England 

By  EDWARD  ARDERN, 

From  the  Journal  of  the  Society  of  Chemical  Industry.  London. 

In  view  of  the  satisfactory  results  obtained  from  the  ex- 
perimental investigation  of  the  activated  sludge  process  as 
applied  the  treatment  of  the  sewage  received  at  the  Withing- 
ton  sewage  works,  Chorlton-cum-Hardy,  of  the  Manchester 
Corporation,  which  were  described  in  1916,  a  large-scale  con-' 
tinuous  flow  demonstration  plant,  designed  to  treat  250,000 
gal.  of  sewage  per  day,  was  installed  at  these  works  in  Octo- 
ber, 1917.  with  the  view  of  studying  the  process  under  work- 
ing conditions. 

In  the  present  communication  it  is  proposed  to  give  a  de- 
scription of  this  installation,  together  with  a  general  account 
of  the  results  obtained  during  the  two  years  it  has  been  in 
operation. 

The  earlier  investigations  were  practically  confined  to  the 
operation  of  the  process  on  the  "fill  and  draw"  system,  in 
which  both  the  aeration  of  the  sewage  and  settlement  of 
the  sludge  were  effected  in  the  same  vessel.  There  are  sev- 
eral objections  to  this  intermittent  method  of  operation,  chief 
of  which  are  the  fall  required  for  the  discharge  of  the  clari- 
fied effluent  and  the  constant  attention  involved. 

In  translating  the  process  to  the  working  scale,  therefore, 
the  plant  was  so  designed  as  to  allow  of  its  continuous  opera- 
tion, which  not  only  obviates  the  above-mentioned  disad- 
vantages, but  at  the  same  time  renders  the  process  more 
adaptable  to  the  treatment  of  the  fluctuating  flows  of  sew- 
age received  at  the  disposal  works. 

The  plant,  which  was  dssigned  by  Jones  &  Attwood,  Ltd., 
Stourbridge,  in  consultation  with  the  author,  occupies  one- 
third  the  area  of  one  of  the  existing  sedimentation  tanks,  and 
may  he  described  as  follows: 

Aeration  Chamber. — The  aeration  chamber,  100  ft.  long 
by  22  ft.  wide  (over  all)  and  6  ft.  deep  (water  level  to  diffuser). 
Is  divided  by  four  longitudinal  walls  so  as  to  form  a  channel 
4  ft.  wide  and  500  ft.  in  length.  Its  capacity  is  55.000  gal.  The 
floor  of  the  channel  is  constructed  on  the  ridge-and-furrow 
system,  the  ridge  having  a  slope  of  35°  with  the  horizontal. 
Aeration  is  effected  through  rows  of  diffusers  laced  in  the  fur- 
rows transversely  to  the  flow  of  sewage.  The  diffusers  are 
each  1  ft.  square  over  all.  so  that  their  total  area  is  approxi- 
mately one-seventh  of  the  aeration  tank  area.  The  ratio  of 
the  net  diffusion  area  to  total  tank  area  is  1:10.  An  over- 
head system  of  air  pipes  is  provided,  and  the  air  is  admit- 


ted to  the  diffusers  through  a  series  of  down  pipes,  arranged 
so  that  one  pipe  siTves  two  diffusers.     Valves  are  attached 
to  the  various  distributing  pipes,  so  that  the  air  supply  may  j 
be  regulated  and  distributed  uniformly.  ; 

Settlement  Tank. — Separation  of  the  activated  sludge  from  ' 
the  purifieil  ellluent  is  effected  in  a  deep  pyramidal  tank,  22  I 
ft.  6  in.  by  26  ft.  6  in.  in  plan,  and  23  ft.  6  in.  deep  from  wat<5r 
level  to  apex  of  tank.    The  sides  of  the  tanks  have  a  slope  of 
60"  to  the  horizontal.  i 

The  mixture  of  eflluent  and  sludge  is  admitted  to  the  center  I 
of  the  tank  through  a   15-in.  pipe  within   a  guard   chamber  i 
6  ft.  square,  and  discharges  into  a  deep  wroughtiron  bucket 
suspended  from  the  top  of  the  pipe.     This  arrangement  was  , 
designed    by    Mr.    W.   Clifford   with  the   view  of  dissipating  i 
the  energy  of  the  incoming  flow   by  the  creation  of  eddies  I 
within  the  guard   chamber,  and  thus   to  produce,  as   far  as  ; 
possible,  a  quiescent  condition  at   the  bottom  of  the  guard 
chamber,  and  so  allow  the  efficient  settlement  of  the  sludge. 
The  final  effluent  leaves  the  tank  over  four  corner  peripheral 
sills.    The  total  capacity  of  the  settlement  tank  is  27,000  gal. 

Sludge  Circulation. — The  sludge  is  discharged  by  hydro- 
static head  from  the  apex  of  the  tank  through  a  6-in.  pipe 
to  separate  chamber  fitted  with  diffusers,  from  which  it  is 
returned  by  air-lift  to  the  aeration  chamber. 

Surplus  sludge  is  either  pumped  from  the  return  sludge 
chamber  onto  drainage  beds,  or  is  removed  by  syphon  to 
the  existing  sludge  well  and  discharged  mixed  with  the  sludge 
from  the  sedimentation  tanks  onto  the  land. 

For  the  air  supply,  a  belt-driven  Reavell  compressor,  de- 
signed to  deliver  500  cu.  ft.  per  minute  at  anything  up  to 
15-lb.  pressure  is  employed.  The  machine  is  driven  by  a 
disused  tandem  high-pressure  air  compressor,  which  has  been 
converted  into  a  steam  engine  by  removal  of  the  air  piston 
and  the  provision  of  a  new  driving  pulley. 

A  Lea  flow  recorder  has  been  installed  at  the  exit  end  of 
the  plant,  and  the  purified  effluent  is  measured  as  it  passes 
over  one  or  more  V  notches.  Four  such  weirs  are  provided 
so  as  to  obtain  an  accurate  record  of  considerable  variations 
in  actual  flow. 

The  air  consumption  is  measured  by  calculations  from  pis- 
ton displacement  and  engine  speed. 

The  sewage  prior  to  treatment  in  this  plant  is  screened 
■inu  flows  through  two  detritus  tanks,  the  combined  capacity 
of  which  allows  of  40  minutes'  detention  in  normal  dry 
v/eather. 

When  the  plant  was  first  brought  into  commission  a  flow 
of  sewage  was  passed  through  at  the  rate  of  100,000  gal.  per 
day  for  15  hours  out  of  the  24  (6  a.  m.  to  9  p.  m.).  During 
the  rest  of  the  day  the  flow  was  shut  down  and  the  contents 
of  the  installation  circulated  by  means  of  the  air-lift  placed 
in  the  sludge  pit  connected  with  the  settlement  tank.  In 
this  way  satisfactorily  purified  effluents  were  obtained  dur- 
ing the  period  required  for  the  production  of  an  active  sludge. 

As  the  amount  of  sludge  increased  the  volume  of  sewage 
treated  was  gradually  raised  without  interfering  with  the 
degree  of  purification  effected. 

When  this  sludge  present  in  the  aeration  chamber  had  in- 
creased to  20  per  cent  by  volume,  measured  after  one  hour's 
settlement,  the  flow  of  sewage  was  stopped  and  the  contents 
of  the  plant  circulated  as  previously  described  until  the  liquor 
was  free  from  ammonia.  At  this  stage  the  activity  of  the 
sludge  was  such  that  the  installation  was  capable  of  treat- 
ing 100,000  gal.  of  sewage  per  day  with  practically  complete 
nitrification.  During  the  next  few  days  the  flow  of  sewage 
was  gradually  increased  from  100.000  gal.  to  250,000  gal.  per 
day,  with  the  maintenance  of  a  high  degree  of  nitrification. 
In  this  manner  an  adequate  supply  of  activated  sludge  was 
produced  in  rather  less  than  a  month,  to  enable  the  plant 
to  be  brought  into  full  and  regular  commission. 

Average  Results  Over  Various  Periods. — A  series  of  ov- 
erage   results   over   various    periods,    which    demonstrate   the 
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capacity   of   the    plant    under    varying    conditions    are    given 
in  Table  I. 

The  volume  of  sludge  employed  in  the  aeration  chamber 
has  varied  from  15  to  30  per  cent,  measured  by  volume  after 
«ne  hour's  settlement. 

The  figures  for  air  consumption  include  the  volume  re- 
quired for  working  the  air-lift,  returning  the  sludge  from  the 
settlement  tank  to  the  aeration  chamber,  which  amounted  on 
the  average  to  about  10  per  cent  of  the  total  volume  em- 
ployed. The  volume  of  thin  sludge  circulated  by  the  air-lifts 
varied  from  110,000  gal.  to  250,000  gal.  per  day  (average>150,- 

-000). 

It  will  be  seen  that  the  effective  capacity  of  the  plant  is 
■vfell  above  the  250,000  gal.  per  day  for  which  it  was  designed. 

The  figures  given  for  the  results  obtained  when  treating 
the  sewage  at  the  rate  of  500,000  gal.  per  day  cover  a  period 
of  eight  weeks,  continuous  operation  at  this  rate.  Towards 
the  end  of  this  period  the  sludge  showed  signs  of  diminished 
activity,  which  necessitated  a  return  to  a  lower  rate  of  flow. 
It  is,  however,  evident  that  the  plant  is  capable  of  operation 
.at  this  high  rate  for  limited  periods  when  the  sewage  is  di- 
luted by  appreciable  rainfall  without  interfering  with  its  effi- 
•ciency. 

The  chief  characteristics  of  the  effluents  obtained  are  their 
rema'.-kable  clarity,  the  ease  with  which  they  pass  the  Royal 
■Commission  suggested  standard  of  2.0  parts  dissolved  oxygen 
absorbed  per  100,000  after  incubation  with  aerated  water  for 
five  days  at  65°  F.,  and  their  low  bacterial  content,  which 
averages  about  20,000  organisms  per  c.c.  (G.  P.  B.),  which 
represents  a  reduction  of  9S  per  cent  on  that  of  the  sewage 
treated 

Sludge  Production. — Special  attention  has  been  paid  to  the 
amount  of  sludge  produced  in  the  process.  Two  typical  deter- 
minations are  given  below: 

SLUDGE   PRODUCTION. 

, 1919 V 

Sept.  IS  to  30.  Oct.  1  to  31. 

Volume  of  sewage  treated   (gal.) 3,360,000  fi. 310, 000 

Volume    of    surplus    sludge    (gal.)    per 

million  gal.  sewage  treated 23.200  35,300 

Water  content  of    sludge 99.4%  99.6% 

■Dry   solids   (lb.   per  1,000,000  gal.   sew- 
age flow)   1.342  1,348 

The  above  volumes  of  sludge  are  the  quantities  actually 
removed  from  the  plant  (during  the  respective  periods)  by 
syphon  from  the  sludge  chamber,  connected  with  the  settle- 
ment tanks,  during  the  operation  of  the  plant. 

Sludge  of  increased  density  and  consequently  reduced  vol- 
ume could  be  obtained  if  the  operation  of  the  plant  was 
interrupted  during  sludge  removal.  Where  actual  volume  of 
sludge  is  a  deciding  factor  in  respect  of  its  disposal,  ancillary 
settlement  tanks  should  be  provided  whereby  a  reduction  in 
volume  can  readily  be  effected.  These  two  periods  are  given 
as  illustrating  the  great  variation  of  the  density  of  the  sludge 
in  circulation,  and  this  question  of  sludge  volume  will  be  re- 
ferred to  later. 

In  connection  with  this  important  question  of  sludge  pro- 
duction the  following  information  is  of  interest  in  regard  to 
the  respective  suspended  solid  content  of  the  screened  and 
•detritus-freed  sewage  treated   and  of  the  effluent  yielded: 

Suspended    solids.  Sept.  IS  to  Oct.  31.  1919 

Average  Organic  and 

:Parts   per    100,000    (excluding        total.  Mineral            volatile 

colloids)—  matter.            matter. 

Sewage    12.7  ^..S                       9.2 

Effluent    1.1  0.4                       0.7 

Difference   11.6                    3.1                       8-5 

Equivalent  to  lb.  per  1,000,000 

gal 1,160                    310                      850 

"Dry    matter    calculated    from  .,  „,„ 

sludge  production 1,346                   306                   1,040 

Judging  from  these  results,  the  sludge  produced  (dry  mat- 
ter) is  greater  than  is  accounted  for  by  the  difference  be- 
tween the  suspended  solids  contained  in  the  sewage  treated 
and  in  that  passing  away  in  the  effluent. 

It  would  thus  appear  that  any  resolution  of  the  sludge  by 
carbonaceous  fermentation  is  considerably  more  than  counter- 
balanced by  the  solid  matter  resulting  from  the  flocculation 
ol  colloidal  soils  and  the  growths  of  numerous  higher  organ- 
isms. 

Attention  should  be  called,  however,  to  the  difficulty  of 
obtaining  over  a  long  period  a  true  sample  of  such  a  hetero- 
geneous mixture  as  sewage,  and  it  is  possible  that  some  of 
"the  grosser  suspended  matters  escape  sampling. 

Characteristics  of  the  Sludge.— The  sludge  as  it  is  with- 
'drawn   from  the   plant  is   dark  greyish-brown  in   color,   and 


possesses  a  not  unpleasant  earthly  odor,  something  like  that 
of  exposed  seaweed.  It  is  quite  flocculent,  and  has  the  ap- 
pearance of  an  iron  or  alumina  precipitate.  Its  density  varies 
very  considerably,  but  it  may  be  reduced  to  a  fairly  constant 
water  content  of  98.5  per  cent  by  settlement  alone.  When  the 
percentage  of  water  is  reduced  to  90  per  cent  by  treatment  on 
drainage  beds,  centrifugal  action,  or  pressure,  the  sludge 
is  no  longer  fluid,  but  is  of  the  consistency  of  a  fairly  stiff 
jelly,  due  to  its  gelatinous  nature. 

Mention  has  been  made  on  a  previous  occasion  of  the  high 
bacterial  content  of  this  sludge,  which  varies  from  10,000,000 
to  30.000,000  organisms  (G.P.B.)  per  c.c.  A  special  study  has 
been  made  of  the  great  variety  of  protozoa  present  in  the 
sludge,  but  up  to  the  present  without  revealing  their  role  in 
the  purification  process.  A  study  of  the  fauna  of  the  sludge 
does,  however,  afford  valuable  information  with  respect  to 
its  presumptive  activity. 

The  following  is  a  typical  analysis  of  the  dried  sludge:  Loss 
on  ignition,  75.2  per  cent;  mineral  matter,  24.8  per  cent; 
total  nitrogen  as  N,  6.4  percent;  phosphate  (PjO),  3.8  per  cent. 

Tests  of  Value  of  Sludge  as  Fertilizer. — With  the  view  of 
testing  its  value  as  a  fertilizer,  certain  field  trials  have  been 
carried  out  under  the  advice  of  Dr.  E.  J.  Russell,  F.R.S.,  direc- 
tor of  the  Rothamsted  Experimental  Station.  A  plot  of  land 
at  the  Withington  works,  upwards  of  an  acre  in  area,  was 
divided  into  45  plots,  the  area  of  each  of  which  was  108  sq. 
yd.  Three  crops — viz.,  spring  wheat,  mangolds,  and  cabbage 
— were  grown  in  triplicate,  so  that  each  crop  was  cultivated 
on  15  plots,  divided  as  follows:  Three  control  plots  without 
manure;  three  plots  treated  with  sulphate  of  ammonia  equiva- 
lent to  40  lb.  of  nitrogen  per  acre;  three  plots  similarly  with 
sulphate  of  ammonia  equivalent  to  80  lb.  of  nitrogen  per 
acre;  while  the  remaining  six  plots  were  manured  with  acti- 
vated sludge  such  that  the  nitrogen  added  was  equal  to  that 
contained  in  the  sulphate  of  ammonia. 

The  results  obtained  with  the  spring  wheat  crop  are  re- 
corded in  the  accompanying  table: 

CROP— SPRING  WHEAT. 

, Corn ^    , Straw ^ 

, Plots ,  Bus.  Per 

Treatment.                     No.l,  No.2,  No. 3,  Total,  per  Total     iicre, 

lb.        lb.        lb.       lb.  acre.  cwt.      cwt. 

Control   unmanured 17         16         13         46  11.5  2%         34 

Ammonia  sulphate   40   lb. 

N  per  acre 35         24         37         96  24.0  2%         41 

Activated  sludge  40  lb.  N 

per  acre    36         31         22         89  22.2  2^4         38 

Ammonium     sulphate     SO 

lb.  N  per  acre 35         35         26         96  24.0  3             45 

Activated  sludge  80  lb.  N. 

per  acre    37         37         34       108  27.0  2%         41 

It  will  be  seen  that  on  the  average  the  addition  of  the 
sludge  has  doubled  the  weight  of  grain  produced,  and  further 
that  the  fertilizer  value  is  equal  to  that  of  the  nitrogen  in 
the  form  of  sulphate  of  ammonia,  or,  in  other  words,  the  nitro- 
gen in  the  sludge  is  readily  available  for  plant  nutrition.  This 
is  in  accordance  with  the  results  obtained  by  other  investiga- 
tors. 

Unfortunately,  both  the  other  crops  proved  failures,  the 
mangolds  mainly  by  reason  of  too  late  sowing,  and  the  cab- 
bage as  the  result  of  prolonged  drought  immediately  after 
planting  and  of  the  appearance  of  the  cabbage  maggot. 

While  no  legitimate  conclusions  may  be  drawn  with  re- 
spect to  these  crops,  it  may  be  said  that  the  plots  manured 
with  activated  sludge  showed  100  per  cent  increase  over  the 
control  in  the  case  of  the  mangolds,  and  from  the  manured 
cabbage  plots  about  three  times  the  weight  of  marketable 
(shop)  plants  were  obtained  as  compared  with  the  control 
plots. 

In  conclusion,  it  may  be  stated  without  hesitation  that  the 
two  years'  experience  gained  with  this  installation  has  dem- 
onstrated that  the  activated  sludge  process  is  a  practicable 
process  as  applied  to  the  purification  of  the  sewage  received 
at  the  Withington  works. 

It  is  also  satisfactory  to  record  that  fears  with  respect  to 
the  impracticable  amount  of  scientific  control  required  for 
the  successful  operation  of  the  process,  with  regard  to  the 
uniform  distribution  of  air  and  in  connection  with  the  use  of 
diffusers,  have  all  been  found  to  be  without  foundation.  As 
a  matter  of  fact,  one  of  the  outstanding  features  of  the  ex- 
perience gained  with  this  plant  is  the  lack  of  trouble  with 
diffusers.  As  stated  previously,  the  plant  has  now  been  in 
operation  for  two  years,  and  it  has  not  been  necessary  to 
renew  any  of  the  300  diffusers  employed.  Only  eight  have 
been  removed  from  the  tank    (by  undoing  the  union  joint), 
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and  these  have  been  replaced  In  good  condition  after  brush- 
ing and  blowing.  The  air  pressure  (3.1  lb.)  is  not  increas- 
ing, so  that  there  are  no  indications  that  the  diffusers  are 
becoming  clogged.  On  the  other  hand,  further  information 
is  required,  particularly  with  respect  to  the  conditions  con- 
trolling the  character  and  activity  of  the  sludge  with  specific 
reference  to  the  role  of  the  higher  organisms.  This  question 
is  at  present  receiving  attention  on  account  of  certain  occa- 
sional difficulties  that  have  arisen,  due  to  the  sudden  and 
abnormal  "bulking"  of  the  siudge  in  circulation. 

The  important  problem  of  dewatering  the  resultant  sludge 
preparatory  to  drying  has  been  studied  with  special  refer- 
ence to  the  use  of  centrifugal  force  both  with  and  without 
preliminary  treatment  of  the  sludge.  Comparative  trials  with 
filter  pressing  are  about  to  be  undertaken,  and  it  is  hoped  that 
it  will  be  possible  to  publish  in  due  course  the  results  of 
the  research,  for  which  the  writer  is  only  partly  responsible. 


Example  of  Sand  Analyses. — The  following  are  examples 
of  sand  analyses,  see  Jig.  2: 

Sand  A. — Sample  of  sand  taken  from  a  stratum  of  tine 
saud  struck  by  an  experimental  well.  The  yield  from  the 
stratum  was  small,  and  the  sand  was  easily  "blown"  into 
the  well  at  a  moderate  pumping  head. 


Wells  and  the  Permeability  of  Soils 

From  Kngincerins.  I>ondon,  Dec.  31,  1920. 
In  "recent"  geological  formations  generally  no  other 
sources  for  a  water  supply  will  be  considered  than  beds 
of  sand  or  similar  material.  Beds  of  gravel  are  compara- 
tively rare,  and  in  the  very  great  majority  of  cases  a  bed 
of  sand  Is  the  source  of  supply.  In  the  graphic  analysis  of 
a  sample  of  sand  taken  from  a  bed  of  saturated  sand,  which 
it  is  proposed  to  be  used  as  a  source  of  water  supply,  the 
total  per  cent  by  weight  of  the  sample  passing  through  a 
sieve  of  a  certain  gauge  is  represented  as  an  ordinate  to 
the  size  of  grain  as  abscissa,  a  coarse  sand  is  indicated 
by  a  large  abscissa  compared  to  the  ordinate,  and  a  fine 
sand  by  a  large  ordinate  compared  to  the  abscissa.  It  is 
usual  to  grade  the  sand  by  a  series  of  sieves  of  a  certain 
number  of  meshes  to  the  linear  inch.  Table  I  shows  the 
relation  between  the  sieve  number,  or  number  of  meshes 
to  the  inch,  to  the  corresponding  diameter  of  the  sand  grains 
in  milimetres.  That  is  the  width  of  the  sand  grain  and 
not  its  length   is  assumed  as  the  diameter. 

Mr.  Allen  Hazen*  classes  different  sands  by  what  he  terms 
the  effective  size  of  the  samples.  The  effective  size,  or  E.S., 
of  a  sample  of  sand  is  such  that  10  per  cent  by  weight 
of  the  material  is  of  smaller  grains  and  90  per  cent  of  larger 
grain  than  the  size  given.  His  reason  for  such  classification 
is  that  in  a  mixed  material  containing  particles  of  various 
sizes,  the  water  is  forced  to  go  round  the  larger  particles  and 
through  the  finer  portions  which  occupjy  the  intervening 
spaces,  and  so  it  is  this  finest  portion  which  mainly  deter- 
mines the  frictional  resistance,  the  capillary  attraction,  and. 
in  fact,  the  action  of  the  sand  in  almost  every  way. 

The  uniformity  coefficient  of  a  sample  of  sand  is  the  ratio 
between  the  sieve  number  separating  the  coarser  90  per 
cent  from  the  finer  10  per  cent,  and  the  sieve  number  sepa- 
rating the  finer  60  per  cent  from  the  coarser  40  per  cent.  If 
the  grains  of  sand  were  all  of  one  uniform  size,  the  uni- 
formity coefficient  would  be  unity,  and  the  porosity  of  such 
a  sand  in  situ  would  vary  as  stated  above  between  25.95  per 
cent  and  47.64  per  cent.  If  smaller  grains  are  introduced  by 
suitable  gradings  the  percentage  of  voids  can  be  consid- 
erably reduced  (See  c.  Fig.  2),  and  the  uniformity  coefficient 
would  be  increased.  The  uniformity  coefficient  may,  there- 
fore, be  considered  an  indication  of  the  ratio  between  the 
sizes  of  the  larger  and  smaller  grains;  and  is  in  a  measure 
an  indication  of  the  porosity.  In  a  good  water-bearing 
stratum  of  sand  the  effective  size  lies  between  sieve  No. 
30  and  sieve  No.  60.  The  uniformity  coefficient  should  not 
generally   exceed   3. 


Siev*"    No. 
140 

TABLE  I. 

Size  of  grain 
in   millimeters. 
(1.1X5 
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0.71 
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0.96 
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2  04 

,. 

3.90- 

•Report  of  the  Massachusetts  State  Board  of  Health,  1892. 


Passed   through  a  No. 

Passed  throuKh  a  No. 

Pissed  through  a  No. 

Passed  through  a  No. 

Passed  through  a  No. 

Passed  through  a  No. 

Pas.'sed  throuah  a  No.  100  sieve. 

Effective  size.  0.22  mm. 

Uniformity  coefficient.  1.31. 


20  sieve,  lOii  per  cent. 

30  sieve,     98   per  cent. 

96  per  cent. 

92  per  cent. 

52  per  cent. 

8   per  cent. 

5  per  cent. 


40  sieve, 
50  sieve 
60  sieve, 
SO  sieve 


Sand  B. — A  coarse  layer  of  sand  struck  below  sand  A 
yielded  a  more  copious  supply,  and  was  not  easily  "blown" 
into  the   well. 


Passed  through  a  No. 

Passed  through  a  No. 

Pa3sed  through  a  No. 

Passed  through  a  No. 

Passed  through  a  No. 

Passed  through  a  No. 

Passed  through  a  No. 

Passed   through  a  No. 

Passed  through  a  No. 

Pa-jsed  through  a  No.   100  sieve,   nil. 

Effective  size,  0.4fi  mm 

Uniformity  coefficient. 


6  sieve,  96  per  cent. 

10  sieve,  88  per  cent. 

16  sieve,  80  per  cent. 

20  sieve.  60,  per  cent. 

30  sieve.  34  per  cent. 

40  sieve.  10  per  cent. 

50  sieve,  8   per  cent. 

60  sieve,  4  per  cent. 

80  sieve.  3  per  cent. 


Flow  Through  a  Porous  Medium. — The  flow  of  water 
through  a  porous  medium  depends  on  the  diameter  of  the 
soil  grains  forming  the  medium,  the  length  of  the  medium 
traversed  by  the  water,  the  head  or  pressure  producing  flow. 

Fig.  1.  fer  Cent  of  Voids 
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Figs.   1   and  2. — Pt-r  Cent  of  Voids  and   Sand   Analysis. 

the  porosity  of  the  medium,  and  the  viscosity  which  varies- 
inversely  as  the  temperature.     If  ci  =  the  rate  of  flow— 

h         d= 

q  =  C  —  A 

1        w  p 
When  c  is  a  constant, 

h  =  difference  of  pressure  at  the  ends  of  and  just  inside  a  cyl- 
inder of  the  material  of  length  1. 
Ar=area  of  the  cross-section  of  the  cylinder. 

d  =  effective  diameter  of  grain  in  mm, 

p  =  a  coefficient  depending  on  the  porosity. 

v^^a  coefficient  deoending  on  temperature  of  the  ground  water. 
Values  of  p  for  various  per  cent  of  porosity  and  values  of 
w    for    various    temperatures    in    degrees    centigrade    ar 
given  in  the  following  tables: 
Porosity.  Value       Porosity. 


Per  cent.  of  p. 

26 84.29 

27 74.05 

28 65.93 

29 58.90 

30 52.48 

31 47.12 

32 41.76 

33 38.63 

34 34.75 

35 31.55 

36 28.79 


Vai 

of  ; 


Per  cent. 

37....  -t'^' 

38 i4.ti:' 

39 22.11 

40         20.30 

41 18.7." 

42 17.27 

43    • IS,*"' 

44 14.75 

4.S  13.71 

46 12.75 

47    11-82 


It  Will  be  seen  that  the  porosity  of  the  stratum  and  tem- 
perature of  the  ground  water  have  a  marked  effect  on  the- 
flow. 
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<,  COEFFICIENT  OF  VISCOSITY  FOR  TEMPERATURE  t  DEG.  C.       and    the    velocity    Of 


0.017S                    n 0.0128 

O.0172                 12 0.0124 

0.0166                  13 ri.0120 

0.0161                   14 0.0117 

0.0156                 15 0.0114 

0.0152                 16 0.0111 

0.0147                17 0.ni09 

0.0143                 IS 0.0106 

19 0.0103 

20 0.0101 


S         0.013S 

a".'. 0.0135 

10.' 0.0131 

The  values  for  p  and  w  are  those  ascribed  by  Professor 
Charles  Slichter  (19th  Annual  Report,  U.  S.  Geological  Sur- 
vey, 1S97-9S). 

d= 

If  M  =  C 

w  p 
h 
q  =  MA  — 
If  A  h  and  1  are  unity,  M  is  the  quantity  of  water  that 
would  be  transmitted  in  a  unit  of  time  through  a  cylinder 
of  the  porous  medium  one  unit  in  length,  one  unit  cross 
sectional  area  and  under  one  unit  head  or  difference  of 
pressure  at  the  ends  of  and  just  inside  the  cylinder.  M  may 
be  called  the  "modulus"  of  the  medium.  The  law  fails  to 
hold  good  for  high  pressures,  as  probably  capillary  flow  is 
destroyed.  The  law  fails  to  hold  good  for  beds  of  coarse 
gravel  exceeding  about  3  mm.  in  effective  size.  Mr.  Allen 
Hazen  states  that  in  such  gravel  beds  the  velocity  varies  as 
the  square  root  of  the  head,  and  not  directly  as  the  head, 
and  the  velocity  with  a  given  head  does  not  increase  as  rap- 
idly as  the  square  of  the  effective  size.  The  influence  of 
temperature  is  also  less  marked.  Colonel  Clibborn  (Tech- 
nical Paper  97)  in  experiments  with  a  pipe  100  ft.  long  and 
2.5  sq.  ft.  sectional  area,  packed  with  sand  found  that  from 
heads  varying  from  1  ft.  to  19  ft.  the  discharge  curve  was 
practically  a  straight  line.  He  obtained  the  values  of  M  in 
cubic  feet  per  24  hours  for  the  following  Punjab  sands  (com- 
paratively fine  sands)  where  the  units  were  1  ft.  length  of 
■cylinder,  1  ft.  head  of  water  and  1  sq.  ft.  sectional  area. 

Khanti  Sand. — Angle  of  repose  33°  3'.  Specific  gravity 
2,652.  Per  cent  of  insoluble  matter  after  sulphuric  acid  treat- 
ment, 90. S.  Per  cent  removed  by  mechanical  analysis,  42.3. 
M  =  30. 

Jamro    Sand.— Angle     of   repose   33°    88'.  Specific    gravity, 
2.704.  Per  cent  of  insoluble  matter,  88.3     Per  cent  removed 
by  mechanical  analysis,  83.1.    M=:42. 
Temperature  67°  F.  to  74°  F. 

Mr.  Beresford,  in  the  same  paper,  states  that  M  varied 
from  24  cu.  ft.  to  70  cu.  ft.  per  24  hours,  according  as  the 
sand  was  tightly  packed,  porosity  about  0.17:  or  loosely 
packed,  porosity  about  0.5. 

Mr.  Allen  Hazen's  formula  to  determine  the  flow  of  water 
through  sand  or  other  soils  gives  the  value  of  M,  the  same 
units  of  1  ft.  being  used,  as 

t-f  10 

M  =  3.28  C  d= 

60 
Where 

M  is  the  flow  in  cubic  feet  per  24  hours, 
d  is  the  effective  size  of  grain  in  mm. 

c  is   a   coefHcient  .i^eneiallv   taken   as   1.000.    but   which   vanes 
according  to   tlie    cond'ition    of   the   .sand    whether   clean    or 
dirty,  and  is  influenced  by  the  uniformity  coefBcient. 
t  is  the  temperature  of  the  ground  water  in  deg.  F. 

On  page  302,  vol.  xlviii,  Transactions,  American  Society 
<;ivil  Engineers,  are  given  the  results  of  experiments  show- 
ing the  influence  of  a  small  quantity  of  clayey  or  dirty 
matter  in  causing  a  diminution  of  flow  through  the  sand. 
Messrs.  Slichter  ("Motion  of  Underground  Waters,"  Water 
Supply  and  Irrigation  Papers,  United  States  Geological  Sur- 
vey, No.  69)  and  Baldwin  Wiseman  (Proceedings,  Institution 
•Civil  Engineers,  vol.  clxxi,  1910,  page  39)  give  formulae  for 
the  flow  ot  ground  water.  These  formulae  may  be  more 
accurate  In  small  scale  experiments,  but  involve  laborious 
work  in  determining  coefficients.  As  in  actual  practice  por- 
osity, surface  area  per  unit  volume,  and  other  qualities  vary 
from  point  to  point,  Hazen's  formula  appears  to  be  suffi- 
ciently accurate  to  be  used  for  preliminary  calculations,  if 
samples  of  this  water  bearing  stratum  can  be  obtained.  M, 
however,  is  best  determined  by  actual  yield  tests  of  wells 
sunk   into   the   water-bearing  stratum   under  investigation. 

The  flow  ot  ground  water  is  exceedingly  slow.  Colonel 
Clibborn  estimates  that  in  the  Ganjuli  alluvium,  composed 
of  beds  ot  sand,  clay  and  loam,  extending  to  a  considerable 
(iepth.  the  slope  of  the  ground  water  plane  is  about  1  in  250; 


a  solid  column  of  water  of  the  same 
area  as  that  through  which  percolation  occurs  Is  about  one 
mile  a  year.  Observations  made  by  American  and  French 
engineers  arrive  at  similar  velocities.  Experiments  at  Rohl- 
teist  for  a  period  of  seven  years  show  the  velocity  ot  ground 
water  flow  in  coarse  sand,  glacier  and  river  drift  to  be  from 
1.64  ft.  to  13.12  ft.  per  day;  in  gravel  from  16.4  ft.  to  328  ft. 
per  day. 

The   following   figures   are    due   to   Professor    Nazzani   of 
Rome: 

Values  of  M  in  cubic  feet  in  24  liours — 

Small   gravel    M  =  2.075  ft.,  size  about  2  mm. 

Coarse  sand    M  =  224  ft.,  size  about  2  mm. 

Fine   sand    M  =  40  ft.,  size  about  0.2  mm. 

San'dv   soil    M  =  19  ft. 

Sandv   clay    M  —  10  ft. 

Clav    M  —  2.8  ft. 


Partition  of  the  Load  in  Riveted  Joints 

By  Dr.  C.  BATHO,  McGill  University,  Montreal. 
From  Engineering.  Ixindon,  Sept.  3.  1920. 
A  riveted  joint  may  be  regarded  as  a  statically  indetermi- 
nate structure  and  a  series  of  equations  may  be  obtained 
for  any  joint  by  means  of  the  principle  of  Least  Work,  giv- 
ing the  loads  carried  by  each  of  the  rivets  in  terms  of  a 
quantity  K,  which  depends  upon  the  manner  in  which  work 
is  stored  in,  or  by  the  action  of  the  rivets.  This  method  has 
been  applied  to  various  types  of  joints  and  the  modifying 
effects  of  non-uniform  distribution  of  stress  in  the  plates,  un- 
equal partition  of  load  between  the  two  cover  plates  and  a 
difference  in  the  modulus  of  elasticity  of  the  cover  plates  and 
middle  plate  have  also  been  considered.  The  theory  has  been 
verified  experimentally  by  extensometer  measurements  on 
the  outer  surfaces  of  the  cover  plates  of  a  number  of  double 
cover  butt  joints.  The  validity  ot  this  method  of  ex- 
periment was  first  determined  by  experimenting  on  a  speci- 
men in  which  the  middle  plate  was  made  wider  than  the 
outer  plates  so  that  extensometer  measurements  were  possi- 
ble on  the  middle  plate  as  well  as  on  the  cover  plate.  This 
experiment  showed  that  the  mean  stresses  in  the  cover  plates 
could  be  determined  from  the  strains  on  their  outer  surfaces. 
It  was  also  shown  that,  at  any  rate  after  the  first  few  load- 
ings, the  distribution  of  strain  in  the  plates  of  the  joint  is  not 
altered  by  repeated  loadings.  Experiments  made  on  a  num- 
ber of  specimens  having  a  single  line  of  rivets,  and  loaded  in 
tension  gave  results  in  close  agreement  with  the  theoreti- 
cal considerations.  They  also  showed  that  the  longitudinal 
stresses  in  a  portion  cf  the  cover  plate  between  two  con- 
secutive rivets  are  a  maximum  at  the  edges  of  the  plates 
falling  to  a  minimum  along  the  line  of  rivets.  The  value  of 
K  for  a  joint  having  a  given  ratio  of  width  of  cover  plate  to 
rivet  pitch  was  found  to  vary  directly  as  the  load  and  in- 
versely as  the  area  of  cross-section  of  the  rivets.  An  em- 
pirical rule  was  determined  for  its  value  in  joints  similar  to 
the  experimental  specimens,  but  a  general  rule  cannot  be 
given  until  further  experiments  have  been  made.  A  thoretical 
estimate  of  the  value  of  K  for  a  rivet  acting  in  shear  gave 
results  within  the  range  of  the  experimental  values.  This 
fact,  the  validity  test,  and  the  general  manner  of  longitudinal 
distribution  of  strain,  all  seemed  to  show  that  the  rivets  were 
acting  in  shear  rather  than  by  friction. 

Both  the  experimental  results  and  the  theoretical  deduc- 
tions show  that  in  a  double-cover  butt  joint  having  a  single 
line  of  rivets,  the  two  end  rivets  and  the  two  rivets  on  each 
side  of  the  junction  of  the  middle  plates  take  by  far  the 
greater  proportion  of  the  load  at  all  loads  within  that  causing 
permanent  deformation  of  the  plates  or  rivets,  the  actual  pro- 
portion decreasing  slowly  as  the  load  increases.  If  the  total 
area  of  cross-section  of  the  cover  plates  is  equal  to  that  of 
the  middle  plates  these  four  rivets  take  equal  loads;  if  it  is 
greater,  the  end  rivets  take  greater  loads  than  the  others 
and  if  it  is  less  the  rivets  on  each  side  of  the  junction  take 
greater  loads  than  the  end  rivets.  Members  riveted  to  a 
gusset  plate  increasing  in  width  from  the  first  to  the  last 
rivets  show  a  rather  more  uniform  distribution.  Most  of  the 
results  given  are  discussed  fully  in  a  paper  by  the  author, 
published  in  the  Journal  of  the  Franklin  Institute  (Philadel- 
phia. Pa.),  in  November,  1916. 

The  results  already  obtained  allow  the  general  manner  of 
partition  of  the  load  in  any  riveted  joint,  in  which  there  is 
no  eccentricity  of  connection,  to  bo  estimated,  and  it  is  hoped 
that,  when  further  experiments  have  given  general  laws  for 
the  value  of  K,  it  will  be  possible  to  predetermine  exactly 
the  load  carried  by  each  rivet. 
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Unusual  Application  of  Reinforced 
Concrete  in  Retaining  Wall 

From  The  Surveyor,  London,  Jan.  7,  \'.>Z\. 
The  gasworks  of  the  Stockport,  Enghmd,  Corporation  are 
not  contiguous  to  any  railway  sidings,  and,  in  order  to  facili- 
tate the  working,  the  Gas  Committee  some  years  ago  bought 
a  piece  of  land  bounded  on  the  south  side  by  the  system  o£ 
Cheshire  Lines  Committee,  and  on  the  north  by  a  stream 
known  as  the  Portwood  Cut.  This  land  it  was  decided  to 
bring  into  use  in  order  to  cope  with  the  increasing  require- 
ments of  the  department,  and  for  some  time  a  levelling  up 
of  the  lower-lying  land  has  b«en  in  progress,  the  material 
used  being  refuse  and  ashes  from  the  gasworks.  The  ground 
on  which  the  proposed  works  are  situated  is  25  ft.  above  the 


^iU^^ 


General    View    of    Retaining    Wall    at    Stockport,    Showing    Anchor 
Piles   and    Ties, 

water  level  of  the  cut,  and,  after  the  work  of  filling  had 
been  commenced,  it  was  found  that  the  pressure  of  this  sur- 
charge load  had  the  effect  of  tending  to  squeeze  in  the  bank. 
Therefore  it  became  evident  that  a  retaining  wall  would  be 
necessary  to  hold  up  the  material,  and  it  was  decided  to 
adopt  Mouchel-Hennebique  construction,  which  has  been 
e.xtensively  employed  in  different  parts  of  the  country  in 
the  form  of  river  and  canal  banks,  sea-walls  and  kindred 
wcrks,  including  structures  for  preventing  landslides  and 
other  earth  movements. 

The  wall  at  Stockport  is  approximately  164  ft.  long,  made 
up  of  king  piles,  12  in.  square  by  about  20  ft.  long,  and  sheet 
piles,  8  in.  by  15  in.  in  cross  section  by  15  ft.  long.  The 
king  piles  are  driven  at  intervals  of  15  ft.,  with  the  excep- 
tion of  four  piles  at  one  end,  where  the  spacing  is  a  few 
inches  less.  Between  the  king  piles  the  spaces  are  filled  by 
monolithic  water-tight  sheeting,  formed  by  driving  sheet  piles 
in  a  continuous  row,  the  piles  being  provided  with  a  semi- 
circular groove  down  each  side,  the  cavity  being  filled  with 
cement  grout,  which  makes  a  perfectly  water-tight  joint. 
The  top  of  the  wall  so  constructed  is  finished  with  a  con- 
tinuous stringer,  14  in.  wide  by  10  in.  deep,  above  this  rising 
a  parapet  wall,  4  in.  thick,  finished  with  a  continuous  coping 
9  in.  wide.  All  these  elements  of  the  construction  are  in 
monolithic  connection,  and  the  whole  is  firmly  rooted  into 
the  ground  by  the  king  piles.  Therefore  the  wall  is  a  per- 
fect water-tight  barrier  capable  of  withstanding  very  heavy 
pressure  without  the  least  movement  or  deflection.  But,  as 
an  additional  precaution  against  displacement,  and  to  increase 
its  resistance  to  the  thrust  of  the  filling,  the  wall  is  tied 
back  to  a  second  line  of  king  piles,  each  14  in.  square  in  cross- 
section,  driven  at  distances  varying  from  20  ft.  to  26  ft.  be- 
hind the  front  row.  The  ties  are  10  in.  by  4  in.  in  cross-sec- 
tion, amply  reinforced  in  tension.  The  front  end  of  each 
tie  is  securely  conected  with  the  stringer  and  one  of  the 
front  king  piles,  and  the  other  end  is  connected  with  one  of 
the  rear  king  piles,  each  of  the  latter  being  provided  with  an 
anchor  slab  measuring  5  ft.  by  3  ft.  by  4  in.  thick. 

The  ties  constitute  an  interesting  and  unusual  application 
of  reinforced  concrete.  This  combination  is  very  rarely  em- 
ployed in  the  form  of  ties  owing  to  the  low  resistance  of  the 


concrete  to  tensile  stress,  and  it  might  perhaps  be  suggested 
that  steel  rods  would  be  more  suitable  in  the  case  now  under 
consideration.  It  must  be  borne  in  mind,  however,  that  the 
corrosion  of  steel  used  in  the  ordinary  manner  would  in- 
volve future  trouble,  expense  and  serious  risk,  all  of  which 
are  obviated  by  the  adoption  of  ferro-concrete  ties,  these 
members  being  also  capable  of  withstanding  any  transverse 
loading  which  may  come  upon  them,  and  of  acting  as  struts 
in  case  any  pressure  should  be  exerted  against  the  face  of 
the  retaining  wall  as  a  result  of  unforeseen  circumstances. 
Consequently  the  rigid  reinforced  concrete  members  are 
far  more  efficient  than  ordinary  tie-rods  could  possibly  be 
for  the  purpose  of  bracing  together  the  wall  proper  and  the 
line  of  king  piles  behind,  and  the  advantage  of  permanent 
and  uniform  monolithic  construction  is  also  seoured. 

Timber  trial  piles  were  driven  at  selected  points  along  the 
site  so  that  data  might  be  available  as  to  the  required  length 
of  the  king  piles  in  the  front  and  back  rows.  The  reinforced 
concrete  piles  of •  the  lengths  indicated  were  then  moulded 
and  seasoned.  When  the  operation  of  driving  these  piles 
was  in  progress,  the  resistance  and  bearing  power  of  the  soil 
was  found  to  vary  considerably.  Some  of  the  piles  were 
driven  to  their  full  depth,  while  others,  such  as  those  shown 
in  the  accompanying  photographic  view,  reached  thoroughly 
sound  strata  after  penetrating  for  part  of  their  length,  and 
were  left  projecting  above  the  ground,  the  upper  part  being 
cut  off  afterwards.  Some  of  the  reinforced  concrete  ties 
are  to  be  seen  in  the  same  view  partly  covered  by  filling 
from  the  gasworks. 

The  whole  of  the  work  was  carried  out  under  the  super- 
vision of  Mr.  S.  Meunier,  the  gasworks  engineer,  in  accord- 
ance with  working  drawings  furnished  by  Messrs.  L.  G. 
Mouchel  &  Partners.  Ltd.,  of  Westminster,  who  were  repre- 
sented during  the  conduct  of  operations  by  their  district  engi- 
neer, Mr.  E.  Kaylor,  Assoc.M.Inst.C.E..  of  Manchester.  The 
contractors  were  the  Yorkshire  Hennebique  Contracting  Co., 
Ltd.,  of  Leeds. 


Road  Paving  With  Precast  Con- 
crete Slabs 

By   I.  F.   SHELLARD, 
Borough  Engineer.  Taunton.  England. 

From   Tlie  Surveyor.   London.   Feb.   18,   1921. 

The  usual  procedure  for  laying  concrete  for  road  work 
has  been  to  excavate  to  the  required  depth  and  lay  the  con- 
crete in  situ,  and  as  it  is  necessary  for  that  portion  laid  to 
be  kept  free  from  traffic  for  at  least  three  weeks  it  can  be 
readily  understood  that  much  inconvenience,  and  in  cases 
great  difficulty,  is  caused  where  it  is  laid  in  towns,  owing- 
to  the  impossibility  of  traffic  being  able  to  draw  up  to  shops 
and  business  premises,  and  also  where  a  road  is  too  narrow 
to  lay  in  two  horizontal  portions,  and  that  this  very  real 
difficulty  has  prevented  many  municipal  engineers  from  rec- 
ommending their  committees  to  carry  out  this  form  of  road 
construction. 

On  fairly  wide  main  and  other  roads  this  difficulty  would 
not  arise,  because  half  the  width  of  the  road  could  be  done 
at  a  time,  but  on  narrow  district  roads  it  would  be  almost 
impossible  to  lay  concrete  roads  unless  the  road  could  be 
entirely  closed  to  traffic.  To  overcome  this  difficulty  some 
method  for  making  a  concrete  road  other  than  in  situ  must 
be  devised,  and  it  may  be  of  interest  to  know  that  the  author 
has  recently  experimented  with  concrete  slabs  with  a  view  to 
surmounting  the  difficulty.  These  slabs  were  made  3  ft.  6  in. 
long,  2  ft.  wide  and  5  in.  thick,  with  smaller  slabs  to  break 
joint.  For  experimental  purposes  some  slabs  were  made 
wholly  with  broken  stone  as  an  aggregate,  some  with  the 
bottom  half  of  destructor  slinker  as  an  aggregate,  the  top 
half  being  broken  stone,  and  some  with  a  mixture  of  broken 
stone  and  clinker  as  aggregate.  In  every  case  the  mixture 
was  3:1,  5:1;  some  slabs  were  reinforced,  others  were  not. 
The  slabs  are  laid,  and  covered  a  length  of  20  ft.  in  a  street 
where  considerable  traffic  passes,  the  method  of  laying  be- 
ing to  excavate  to  the  required  depth  and  bed  the  slab  on  a 
mortar  composed  of  sand  and  cement  6  to  1,  the  joints  being 
left  open  %  in,  and  treated  with  tar  and  pitch  filling. 
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These  slabs  have  now  been  in  position  nearly  three 
months  and  are  standing  well.  This  method  is,  of  course, 
a  little  more  costly  than  concrete  laid  in  situ,  but  the  method 
has  many  advantages— viz.,  the  road  can  be  opened  to  traffic 
a  very  short  time  after  the  slabs  are  laid.  Should  repairs  to 
main  sewers,  etc.,  under  the  road  be  necessary,  the  slabs 
can  be  easily' removed  and  relaid,  and  in  the  case  of  repair  it 
is  only  necessary  to  replace  the  worn  portion  by  relaying 
with  new  slabs.  These  facts  undoubtedly  give  a  great  ad- 
vantage and  also  a  saving  in  cost  over  concrete  roads  laid 
in  situ,  for  obviously  much  money  would  be  spent  in  labor 
alone  in  cutting  out  a  trench  or  worn  piece  of  road  so  laid. 
It  is  not  suggested  that  slabs  should  entirely  take  the  place 
of  in  situ  work,  for  there  are  many  roads  where  the  above 
conditions  would  hardly  be  worth  considering,  especially 
where  there  is  a  bad  foundation. 

Comparative  Cost  of  Concrete  Slab  Work.— The  following 
figures,  it  must  be  understood,  are  given  only  for  the  purpose 
of  comparison.  As  far  as  possible  correct  costs  have  been 
obtained,  but  they  would  vary  in  different  districts. 

The  cost  of  making  an  entirely  new  water-bound  road 
suitable  for  main  thoroughfare  would  be  approximately  as 
set  out  below.  Foundation  to  be  9  in.  thick,  top  metalling 
of  broken  stone  4  in.  thick,  gravel  2  in.  thick. 

s.    d. 

Eixciv.-xtion  1  ft.  3  in.  deep  at  6s.  cu.  yd 2       6 

Ballast  foundation    ^      ^ 

Metalling  (limestone)    ■'      " 

Rollino;     "J       6 


?er  sq.  yd 

!.  =  24  ct.,  d. 


10       0 


If  granite  be  used  for  metalling,  this  cost  would  be  in- 
creased to  lis.  6d.  per  yd.  super. 

If  tar-macadam  5  in.  thick  be  used,  the  cost  would  be  in- 
creased 14s.  per  yd.  super. 

For  a  second-class  road  where  perhaps  the  foundation 
would  not  be  so  thick  and  the  ballast  of  an  inferior  quality, 
the  cost  may  be  reduced  to,  say,  9s.,  10s.  6d.,  and  13s.  per 
yd.  super.,  respectively. 

For  a  third-class  road  (such  as  on  housing  sites)  the 
thickness  of  both  the  ballast  and  metalling  could  be  further 
reduced,  and  the  cost  per  yard  super.,  say,  7s.  6d.,  9s.,  and 
lis.  6d. 

For  ordinary  road  repairs,  i.  e.,  scarifying  and  making  up 
with  3-in.  thickness  of  stone,  an  average  of  cost  kept  has 
given  3s.  9d.  for  limestone,  4s.  3d.  for  granite  per  yard  super, 
tor  water-bound  roads,  and  4s.  9d.  for  tar-macadam. 

Now  as  to  the  life  of  the  above  class  of  roads.  This  will 
vary,  of  course,  to  a  very  great  extent  upon  the  amount  of 
traffic  passing  over  particular  roads,  but  for  the  purpose  of 
making  comparisons  a  fair  average  would  be  for  water-bound 
limestone  three  years,  granite  four  years,  tar-macadam  five 
years. 

As  to  the  cost  of  concrete  roads,  where  an  ordinary  mac- 
adam road  can  be  laid  with  9-in.  foundation  it  will  not  be 
necessary  to  provide  any  foundation  for  a  concrete  road, 
therefore  the  excavation  will  only  need  to  be  the  thickness 
of  the  concrete. 

FIRST-CLASS  ROAD,   CONCRETE  6  IN.    THICK,   REINFORCED. 

s.     d. 

Excavation  6  in.  deep   1       3 

Portland  cement  concrete  3:1  5:1   (broken  stone  and  gravel). 

G  in.  laid  complete 14       2 

Reinforcement  laid    4       3 

19  8 
SECOND-GLASS  ROAD,   CONCRETE  5   IN.   THICK. 

s.  d. 

Excavation  5  in.  deep   1  3 

Portland  cement  concrete  3:1  5:1  (broken  stone  and  gravel). 

5  in.  thick,  laid  complete  12  C 

Reinforcement   laid    4  0 

17  3 
THIRD-CLASS  ROAD,  CONCRETE  4i,4  IN.  THICK. 

s.  d. 

Excavation  4%   in.  deep   1  3 

Portland  cement  concrete  3:1  5:1  (broken  stone  and  gravel). 

„    41/2  in.  thick,  laid  complete 10  S 

Reinforcement   laid    3  0 

14     11 
If  clinker  be  used  as  aggregate  for  the  bottom  half  of  the 
thickness  of  concrete  the  cost  (assuming  that  such  material 
is  obtained  at  a  minimum  price)  would  be  reduced  to,  say: 

s.    d. 

For  first-class  road  per  sq.  vd 17       7 

l;or  second-class  road  per  su.  vd 14       7 

i  or  third-class  road  per  sq.  yd 12       8 

As  regards  the  experimental  slabs  before  referred  to  the 
cost  of  making  the— 


£. 
29 


4     11 


31  sq.  yds.  was  

(or,  per  yd.,  nearly  18s.  lOd.) 
The  cost  of  laying  was   

(or,  per  yd.,  nearly  3s.) 

Total  cost £33    14      3 

This  Is  equal  to  approximately  £1  Is.  9d.  per  yard  super. 
It  is  very  difficult  to  say  what  life  a  concrete  road  is  going 
to  give,  but  if  properly  surface  treated  ten  years  would  be  a 
fair  length  of  time  before  anything  in  the  nature  of  extensive 
repairs  would  be  needed,  and  working  upon  this  basis  and 
comparing  concrete  road  with  the  other  classes  of  roads,  we 
obtain  the  following  interesting  comparisons — 

FOR  A  10-TEAR  PERIOD— FIRST-CLASS  ROAD. 
(Figures  given  in  each  case  per  square  yard.) 

Ordinary 

limestone  Concrete 

macadam.  road, 

s.     d.  s.     d. 

Initial  cost 10       0  19       8 

Repairs  taken  at  a  life  of  three  years  at 

3s.   9d.  per  repair;  3%   at  3s.   9d 12       6 


fl      2 
SECOND-CLASS  ROAD. 


nil 
19    "i 


Initial  cost 
Repaids     . . , 


£1 
THIRD-CLASS  ROAD. 


Initial  cost 
Repairs   . . . . 


9 
12 

0 
6 

1 

~6 

s. 
7 
12 

d. 
B 
6 

s.     d. 
17       3 

nil 

17       3 

s.     d. 

14     11 

nil 

£10       0 


14     11 


For  granite.     This  material  would  probably  only  be  used 
on  a  flrst-class  road:  — 

Water-bound 
granite, 
s.     d. 

Initial  cost   11       6 

Repairs    taken    at    life    of    four    years    at 

4s.  2d. ;  2  1-5  at  4s.  2d 9       4 


Concrete. 
s.     d. 
19       8 

nil 


Tar-macadam: 


£1      0     10 


FIPST-CLASS  ROAD. 


Initial  cost 

Repairs   taken  at   life  of  five    years   at  4s. 
9d.  per  repair;  two  at  4s  9d 


Tar- 
macadam 
s.     d. 
14       0 


SECOND-CLASS  ROAD. 


Initial  cost 
Repairs     . . . 


£1 
THIRD-CLASS  ROAD. 


Initial  cost 
Repair.s    . . . 


13 

9 


11 
9 


19 


Concrete, 
s.     d. 
19       S 


19       8 

s.     d. 

17       3 

nil 


s.     d. 

14     11 

nil 


£110  14     11 

Although  the  concrete  road  of  the  best  material  has  been 
taken,  the  comparisons  made  show  that  in  the  long  run  con- 
crete is  cheaper  than  the  ordinary  roads  now  in  general 
use,  and  even  comparing  the  concrete  block  system  as  de- 
scribed at  £1  Is.  9d.  per  yd.  super,  the  cost  compares  most 
favorably. 

It  is  perhaps  early  to  speak  with  any  certainty  as  to 
adaptability  of  the  concrete  slabs  for  road  work.  If  after 
fair  trial  of  the  experimental  length  satisfactory  results  are 
obtained,  it  is  intended  to  recommend  the  council  to  lay  fur- 
ther lengths  of  these  slabs  in  preference  to  concrete  in  situ. 
Having  in  view  the  considerable  amount  of  traffic  which  has 
already  passed  over  the  length  laid,  including  daily  passage 
of  steam  roller,  traction  engines,  heavy  carriers,  etc.,  there 
is  no  fear  as  to  the  strength  of  the  slabs,  but  to  the  possi- 
bility of  their  becoming  loose  with  rocking  on  the  bed. 
Clinker  as  an  aggregate  for  the  bottom  halt  of  the  slab  may 
cause  some  misgivings,  especially  as  the  reinforcement  will 
be  placed  in  that  position,  but  probably  any  form  of  concrete 
road  would  have  to  be  relaid  before  the  damaging  properties 
in  the  clinker  had  time  to  materially  affect  the  cement  and 
steel  reinforcement. 

In  conclusion,  the  Idea  of  concrete  slabs  for  road  work  is 
not  claimed  as  new,  although  the  author  has  no  knowledge 
of  any  place  where  they  have  been  tried.  It  is,  of  course,  ob- 
vious that  slabs  could  not  be  laid  on  bad  foundations,  but  if 
such  system  were  adopted  it  would  seem  that  slabs  made 
halt  thickness  with  broken  stone  and  halt  thickness  with 
clinker  as  aggregates  and  reinforcement  would  give  very 
excellent  results  and  would  not  be  out  of  the  way  as  regards 
cost. 
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New  Raising  Tackle  for  Erecting 
Transmission  Line  Towers 

From  Indian  and  liastern  Knglneer,  Calcutta,  August,  1920. 

The  construction  of  towers  to  cany  the  cables  of  the  Hydro- 
Electric  Works  in  the  neighborhood  of  Bombay  has  stimu- 
lated the  ingenuity  of  the  erectors.  These  towers  are  placed 
in  the  most  varied  situations  following  no  road.  They  may 
be  located  in  a  swamp,  in  the  middle  of  a  tidal  creek,  in  cul- 
tivated land  or  in  the  primeval  jungle,  but  whatever  the  sta- 
tion, satisfactory  anchorage  must  be  found  and  the  materials 
along  with  lifting  tackle  carried  to  the  spot  by  road,  when 
there  is  one.  or  across  country.  It  was  found  desirable  to 
make  the  component  parts  as  light  as  was  consistent  with 
strength,  and  equally  so  with  the  lifting  tackle  which  had 
to  be  light,  strong  and  practically  foolproof.  The  accom- 
panying illustration  shows  an  outline  of  the  tackle  that  was 
devised  and  recently  patented  by  Mr.  W.  F.  Doherty  for  the 
purpose.  A  light,  hollow,  tubular  mast  3.5  ft.  high  is  planted 
in  the  middle  of  the  base  of  the  tower  and  guyed  to  the  four 
anchors  that  are  firmly  lixed  in  the  ground.  This  mast  has  at 
the  top  a  double  crosstree  in  the  form  of  an  X,  fitted  with 
rings  at  the  extremities  for  hoisting  tackle.    Two  of  the  sides 


taking  amounts  to  300  in.  of  rain,  the  importance  of  rapid  and 
effective  work  will  be  understood.  The  workmen  at  first 
used  ladders  on  the  job,  but  these  were  soon  abandoned  for 
climbing  on  the  lattice  work. 


The  Failure  of  Italy's  Communistic 
Experiment 

By  ANDREW  STEWART,  M.  I.  E.  E., 
Consolidated   Pneumatic  Tool  Co.,  Ltd. 

From  Tha  Engineiring  Review,  London. 
The  age-long  quarrel  between  the  capitalist  and  the  wage 
earner  over  the  division  of  the  profits  which  they  create  by 
tbeir  united  efforts,  has  rarely  bad  a  more  dramatic  setting 
than  in  Italy.  During  the  months  of  September  and  October 
an  economic  and  social  question  suddenly  became  an  acute 
political  problem,  and  whether  it  will  be  settled  by  brains  or 
bombs,  or  a  combination  of  both,  has  yet  to  be  determined. 

Among  a  proportion  of  the  Italian  working  classes  there 
has  for  some  time  past  bean  an  openly  expressed  sympathy 
for  Russia  and  its  Soviet  movement  generally.  This  has  been 
particularly  noticeable  in  Milan,  Turin,  Genoa,  Naples, 
Bologna,  and  smaller  Industrial  centers.     Newspaper  reports 
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of  the  tower  are  built  on  the  ground  with  their  feet  touching 
the  anchors,  and  when  complete  are  hoisted  together  into 
position,  one  balancing  the  other,  and  the  upper  ends  of  the 
tapering  frames  are  temporarily  attached  to  a  platform  with 
a  hole  in  the  center.  The  lattice  on  the  other  two  sides  of 
the  tapered  tower  may  now  be  filled  in.  A  second  mast  of 
wood  26  ft.  high  is  next  raised  past  the  cross-trees  and 
through  the  hole  in  the  platform,  and  stepped  in  a  socket  in 
the  top  of  the  lower  mast.  During  this  process  a  small  plat- 
form is  strung  onto  the  upper  mast  and  also  a  single  cross 
head  that  rests  on  the  top  of  it.  To  this  IS  suspended  by 
light  tackles  a  small  sliding  platform  to  accommodate  the 
■workmen  while  completing  the  parallel  portion  of  the  tower. 
The  four  corner  frames  are  now  raised  and  bolted  in  place  and 
the  lattice  work  up  to  the  pyramidal  top  is  completed.  The 
upper  mast  is  now  lowered  by  reversing  the  process  used  in 
raising  it  and  the  platforms  removed.  The  lower  mast  is  then 
raised  to  about  half  its  height  and  passed  out  through  the 
lattice  work.  The  heaviest  pull  on  the  tackle  during  erection 
is  equal  to  about  one-fourth  the  weight  of  a  side  frame,  the 
heavier  end  resting  on  the  ground.  The  lifting  tackle  is  thus 
of  the  lightest  character,  no  rope  exceeding  %  in.  in  thick- 
ness. When  the  work  of  erection  began  it  took  18  men  one 
day  to  build  one  tower,  but  eventually  when  the  new  method 
was  introduced  18  men  built  6  towers  in  one  day,  reducing 
the  cost  from  Rs.  9  to  Re.  5-8-0  per  ton  of  material  erected. 
There  are  still  many  towers  in  prospect  without  consider- 
ing new  work,  and  as  this  work  has  to  be  stopped 
during  the  monsoon  which,  in  the  area  occupied  by  the  under- 


were  most  conflicting;  letters  often  disappeared,  and  when 
they  did  not,  they  took  a  week  or  more  to  reach  their  desti- 
nation; so  finally  I  decided  to  go  and  see  tor  myself. 

Milan  was  the  first  Italian  town  I  reached,  and,  for  a  city 
in  the  grip  of  the  revolutionaries,  it  seemed  happy  and  con- 
tent. True,  policemen  with  rifles  slung  across  their  backs 
marched  in  pairs  up  and  down  the  streets,  and  they  were 
more  numerous  than  hitherto,  while,  here  and  there,  a  bullet 
hole  showed  where  street  fighting  had  taken  place.  But 
Milan  was  as  careless  and  happy  as  it  ever  was. 

How  the  Crisis  Came. — The  conflict  originated,  as  most 
troubles  of  this  nature  generally  due,  in  a  demand  for  a  50 
per  cent  increase  in  wages  by  most  of  the  employes  in  the 
metal  working  industries.  The  employers  stated  that  the 
condition  of  industry  generally  did  not  permit  of  increased 
wages.  Already  the  demand  for  the  products  of  industry 
was  diminishing,  and  any  further  increase  in  cost,  due  to 
higher  wages,  would  still  further  reduce  the  demand,  thus  in- 
creasing unemployment.  It  was  also  pointed  out  that  these 
constant  increases  in  wages  brought  no  real  benefit  to  the 
worker;  they  tended  only  to  increase  still  further  the  cost 
of  commodities,  and  so  raise  the  cost  of  living,  in  some  cases 
in  greater  ratio  than  the  increase  in  wages. 

The  men  then  started  a  "stay  in"  strike,  and  the  employers 
retorted  by  deciding  to  close  their  works,  because  they  could 
no  longer  operate  them.  The  men  then  took  possession  of  the 
factories,  and,  within  a  day  or  two.  practically  all  the  engineer- 
ing and  metallurgical  works  in  Italy,  totalling  to  about 
300,  passed  into  the  hands  of  about  half  a  million  workers. 
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In  most  cases  the  men  elected  managers,  foremen  and  ad- 
ministrative committees;  in  others  the  managerial  and  tech- 
nical staffs,  or  part  of  them,  were  made  prisoners  and  forced 
to  carry  on.  In  a  few  cases,  some  of  the  staff  threw  in  their 
lot  with  the  men.  In  all  cases,  however,  the  output  and  the 
policy  of  the  undertaking  were  shaped  by  the  worker;:. 

One  of  the  first  results  of  the  new  management  was  that 
the  workers,  or  a  considerable  proportion  of  them,  began  to 
"ca'  canny,"  to  arrive  late,  leave  early,  and  generally  make 
the  most  of  their  new  found  liberty.  It  was  soon  recognized 
by  the  more  intelligent  of  the  men  that  chaos  was  in  sight, 
and  the  unions  quickly  framed  new  rules  to  deal  with  the 
situation,  one  of  which  was,  "Whosoever  comes  late,  or  leaves 
work  before  the  appointed  time,  shall  lose  his  pay  for  the 
whole  day's  work."  This  and  similar  regulations  showed 
that  the  workers  had  got  rid  of  one  alleged  tyranny  only  to 
become  slaves  under  a  still  more  autocratic  regime;  yet  this 
new  autocracy  had  to  be  tyrannical  in  order  to  maintain  order. 

The  Seeds  of  Collapse. — Notwithstanding  this,  work  in  some 
cases  came  to  a  complete  standstill,  because  of  the  indisci- 
pline of  the  workers.  Fhirther,  many  of  the  elected  "bosses" 
were  found  to  be  very  incapable,  and,  for  one  reason  or 
another,  "bosses"  were  elected  and  dismissed  with  surpris- 
ing frequency.  In  some  cases  the  more  strictly  the  foreman 
or  manager  enforced  the  trades  union  edicts,  the  sooner  he 
was  deposed  and  a  more  pliable  substitute  found.  In  others 
the  men  had  selected  the  most  eloquent  exponent  of  control 
by  the  workers,  only  to  find  that  administrative  ability  and 
oratorical  eloquence  are  not   necessarily  allies. 

The  most  remarkable  feature  of  this  phase  of  the  indus- 
trial revolution  was  the  fact  that  some  factories  expelled 
the  "red"  men  from  the  works  as  a  result  of  a  popular  vote; 
indeed,  this  action  provided  the  government  with  a  valuable 
clue  to  the  strength  and  popularity  of  the  anarchists  and 
bolshevists.  Later  on  they  acted  on  this  information  by  ar- 
resting all  the  delegates  who  attended  the  Anarchist  Congress 
at  Bologna,  towards  the  end  of  October. 

The  Giolitti  government  would  never  have  dared  to  do  this 
had  not  the  action  of  the  more  level-headed  workers  re- 
vealed the  fact  that  the  extremists  were  an  insignificant 
minority,  and  had  neither  the  confidence  nor  support  of  the 
great  body  of  workers.  Many  of  the  members  of  this  anar- 
chist congress  were  workers,  with  no  more  than  the  normal 
income  of  their  class,  yet  they  were  found  to  possess  large 
sums  of  money. 

What  terminated  the  revolutionary  experiment  was  the 
discovery  that  there  was  no  money  to  pay  wages  at  the  end 
of  the  week,  nor  was  there  any  money  to  purchase  raw 
materials.  Sellers  of  material  were  not  prepared  to  do  busi- 
ness with  people  who  apparently  could  not  pay.  A  few  man- 
aged to  carry  on  for  a  week  or  two  by  selling  what  they 
could  and  applying  the  proceeds  to  pay  wages,  but  it  was 
soon  found  that  the  value  of  the  product  was  insufficient  for 
the  purpose;  in  other  words,  the  business  quickly  became 
insolvent. 

They  also  found  that  they  had  to  face  problems  of  policy 
and  administration,  which  they  were  incapable  of  solving;  in 
short,  they  had  taken  over  a  great  commercial  machine  which 
they  could  not  run.  In  their  anxiety  to  secure  all  the  sup- 
posed products  of  their  labor,  they  discovered  that  they  could 
not  even  produce  sufficient  to  pay  the  worker  his  normal 
wage,  while  the  capitalist  could  do  so,  and  even  get  some- 
thing for  himself.  The  capitalist  could  work  the  machine; 
they  could  not;  and  the  "profits"  accruing  from  the  workers' 
control  were  a  will-o'-the-wisp. 

The  Italian  government,  which  had  hitherto  kept  aloof 
from  the  dispute,  now  intervened,  and,  after  preliminary  ne- 
gotiations with  the  trades  union  leaders,  passed  a  law  under 
which  the  workers  were  given  a  voice  in  the  administration 
of  the  factories  and  a  share  in  the  profits.  Further  than  this, 
workmen's  co-operative  concerns  would,  when  under  capable 
and  efficient  management,  receive  financial  support  from  such 
banks  as  the  Bank  of  Italy,  the  Bank  of  Naples,  and  the  Bank 
of  Sicily.  These  hanks  are  National  Banks,  authorized  to  issue 
notes,  and  presumably  have  the  government  behind  them  in 
the  venture. 

One  of  the  earliest  works  to  take  advantage  of  the  new 
legislation  was  the  Tabinelli  works  in  Rome,  constructors 
of  railway  rolling  stock,  which  has  become  a  co-operative 
undertaking,  but  in  this  case  the  capitalists  stand  in  with 
the  workers;  thus  experienced  and  efficient  administration  is 
assured. 


The  outstanding  feature  of  the  situation  was  that  within 
ten  to  twenty  days  the  workers  realized  the  futility  of  demo- 
cratic management.  At  one  works,  in  which  a  richly  carpeted 
and  well  furnished  managerial  office  was  occupied  by  two 
elderly  engine  fitters,  the  situation  was  discussed  by  the 
occupants  and  a  younger  visitor.  The  occupant  of  the  mana- 
gerial chair  declared,  "We  have  got  everything  except  man- 
agement;  who  will  manage  us?" 

Enter  the  Peasants. — This  industrial  upheaval  was  followed 
by  disturbances  among  the  peasants,  especially  in  Sicily, 
where  extensive  land  seizures  took  place,  but  it  is  doubtful 
if  these  had  the  political  significance  which  some  newspapers 
attribute  to  them.  Possibly  external  influences,  chiefly  bol- 
shevist,  were  at  work,  but  the  system  of  land  tenure  in  vogue 
there  is  admittedly  bad,  and  has  led  to  previous  disturbances. 
The  trouble  in  the  rural  districts  should,  therefore,  be  con- 
sidered from  quite  a  different  standpoint,  and  is  mentioned 
now  only  in  order  to  make  it  clear  that  there  was  little  or  no 
relation  between  the  industrial  and  agrarian  troubles. 

A  feature  of  the  organization  for  promoting  industrial  un- 
rest was  tlie  opening  in  most  industrial  centers  of  wineshops 
where  the  gospel  according  to  Lenin  was  propagated.  These 
shops  near  the  signboard,  "Circolo  Co-operatiro  Proletario" 
(Proletarian  Co-operative  Circle).  These  establishments  serve 
meals,  and  are  frequented  by  workers  during  meal  hours. 
The  capital  to  start  them  came  from  some  mysterious  source, 
popularly  supposed  to  be  Russia. 

One  important  factor  in  calming  the  unrest  in  industrial 
circles  was  the  report  of  the  mission  sent  to  Russia  by  the 
General  Confederation  of  Labor.  The  members  of  the  depu- 
tation were  ardent  socialists,  in  wholehearted  sympathy  with 
the  Russian  revolution.  This  report  said  that  the  cities  of 
Russia  had  fallen  into  moral  and  material  misery,  and  the 
bolshevist  government  was  unable  to  supply  the  minimum 
of  the  necessities  which  the  community  required.  The  peas- 
ants alone  have  derived  more  advantages  than  disadvantages 
from  the  change,  only  because  in  rural  districts  bolshevism 
had  failed  to  make  itself  supreme. 

The  Russian  capitalist  system  had  certainly  been  destroyed, 
but  nothing  had  been  put  in  its  place,  and  a  group  of  com- 
munists, who  did  not  number  more  than  600,000  people,  had 
got  control  of  the  machinery  of  government  and  imposed  a 
new  and  more  terrible  tyranny  on  the  sixty  million  people. 
This  report,  which  had  wide  publicity,  convinced  all  but  a 
few  irreconcilables  of  the  danger  which  lay  ahead  of  Italy, 
and  contributed  a  good  deal  towards  the  success  of  the  pro- 
posal to  form  a  parliament  of  labor,  consisting  of  150  mem- 
bers, representing  in  equal  proportions  the  employer  and 
employed. 

This  supreme  labor  council  will  have  legislative  as  well  as 
consultative  powers,  and  will  adjudicate  on  all  questions  in- 
volving the  relations  between  employer  and  employed,  such 
as  discipline,  working  conditions,  and  the  division  of  profits. 

The  labor  unions  have  since  formulated  their  terms,  which 
are  summarized  under  thirteen  points,  relating  chiefly  to  a 
share  in  the  management  and  "control"  of  the  purchase  of 
raw  material,  wages,  selling  prices,  and   profits. 

It  is  realized,  however,  by  the  unions  that  in  the  present 
state  of  their  development  these  are  unrealizable  conditions, 
and  the  workers  have  steadily  receded  from  the  advanced 
positions  they  have  taken  up.  A  most  remarkable  feature 
of  the  negotiations  has  been  the  reasonableness  of  the  work- 
ers' attitude  when  the  case  for  the  employers  was  properly 
stated. 

One  of  the  outstanding  features  of  the  "revolution"  is  that, 
while  it  has  fizzled  out,  it  has  achieved  some  notable  results. 
It  has  demonstrated  that  an  intelligent  and  well  informed 
democracy  is  poor  material  for  the  revolutionary.  A  less 
intelligent  democracy  would  have  plunged  Italy  into  an  abyss 
of  misery  far  beyond  the  worst  that  has  ever  occurred  in 
Russia,  for  it  is  obvious  that,  while  in  an  agrarian  district 
a  revolutionary  change  has  an  imperceptible  immediate  effect, 
since  stocks  of  food  and  necessities  generally  are  sufficient 
for  a  long  period,  in  an  industrial  district  the  necessities  of 
the  workers  can  be  met  only  by  an  immediate  exchange  of  the 
products  of  industry  for  the  necessaries  of  lite,  and  any- 
thing which  interferes  with  the  flow  of  industrial  products 
from  the  producer,  or  the  return  flow  of  food  and  other  man- 
ufactured articles  to  the  producer,  must  have  an  immediate 
and  disastrous  effect  on  the  worker. 

Effects  of  the  Revolution. — Italian  industry  will  settle  down 
with  no  immediate  henefit  from  the  turmoil.     One  effect  of 
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the  blow  which  indusliy  has  received  is  increased  unemploy- 
iiient  The  basis  on  which  industry  rests  cannot  be  quickly 
changed;  the  profits  may  be  shared  by  the  worker  to  a 
greater  extent  than  lormerly,  but  what  it  there  are  no  profits? 
When  the  workers  become  disillusioned  about  the  "huge" 
profits  of  the  capitalist,  will  they  once  more  display  dls 
satisfaction  by  striking  against  the  employer  who  cannot  make 
profltg?  Industrial  unrest  will  always  exist,  but  it  may  take 
a  new  form. 

The  works  that  cannot  make  profits  will  probably  lose  its 
workers,  the  factory  across  the  street  which  does  make  profit 
will  get  as  many  employes  as  it  wants;  it  will  be  able  to 
pick  and  choose,  leaving  the  poorest  workers  to  the  factory 
that  does  not  make  profits.  This  process  will  only  make  the 
unprofitable  factory  still  more  unprofitable. 

New  businesses  could  probably  never  get  a  start.  It  is  th" 
exception  to  find  a  new  business  that  pays  from  the  beginning. 
The  capitalist  often  loses  money  for  years  in  a  new  venture. 
Tinder  profit  sharing  conditions,  could  he  get  a  sufficient  num- 
ler  of  reliable  employes  to  enable  him  to  carry  on?  They 
would  be  so  dissatisfied  with  the  results  of  their  labor  that, 
even  if  they  did  work,  they  would  be  less  efficient  than  em- 
ployes in  works  where  there  are  profits  to  divide.  Dissatis- 
fied workers  are  seldom  efficient  workers,  and  how  is  a  new 
business  to  struggle  into  success  with  dissatisfied  workers? 

This  problem  of  new  or  temporarily  profitless  business  is 
a  serious  one  to  all  undertakings  where  profit  sharing  is 
adopted.  The  problem  of  losses  is  still  more  serious;  if  the 
business  loses  money,  wlio  suffers?  The  capitalist,  the  state. 
or  the  workers?  A  capitalist  may  be  willing  to  lose  money 
for  a  few  years  in  the  hope  of  ultimately  reaping  a  rich  re- 
ward, but  he  will  not  risk  it  if  he  must  give  away  a  large 
share  of  that  reward.  If  the  state  guarantees  the  capitalist 
against  such  losses,  the  taxpaying  public  have  to  foot  the 
bill,  and  ai'e  they  likely  to  submit  to  taxation  to  support  such 
losing  industries?  Who  is  to  determine  whether  these  losses 
are  legitimate  or  not,  or  if  it  is  worth  while  continuing  to 
support  a  losing  business?  Yet  every  capitalist  must  face 
losses — temporary,  no  doubt,  but  often  very  discouraging; 
and  only  an  indomitable  courage  and  determination  to  win 
carries  him  through.  This  is  especially  true  of  new 
businesses. 

The  nation  with  no  new  business  ventures  has  got  well 
along  the  road  to  ruin,  but  these  new  undertakings  are  almost 
always  a  drain  on  the  resources  of  the  capitalist,  who  can 
hardly  be  expected  to  stand  all  the  losses  and  get  only  part 
of  the  gain. 


Concrete  Under  Heat. — In  the  discussion  which  followed 
Professor  Lea's  paper  at  the  British  Association  on  "Testing 
Materials  at  High  Temperatures,"  reference  was  made  by 
several  speakers  to  the  fire-protection  of  reinforced  con- 
crete structures.  Professor  Hudson  Beare  thought  it  would 
be  interesting  to  know  to  what  extent  the  steel  is  protected 
by  the  concrete  from  the  high  temperatures  to  which  it 
would  otherwise  be  directly  exposed,  and  he  also  suggested 
that  if  the  concrete,  on  being  cooled  in  the  ordinary  way  by 
a  jet  of  water,  scaled  off  and  exposed  the  steel  to  the  action 
of  flame  the  results  might  be  serious,  especially  in  the  case 
of  columns,  and  might  lead  to  the  collapse  of  the  structure. 
It  may  be  pointed  out  here  that  well-authenticated  tests, 
notably  those  of  Professor  Woolson,  show  that  steel  is  very 
efficiently  protected  from  excessive  heat  by  a  moderate 
thickness  of  concrete.  Thus,  it  has  been  found  that  steel 
embedded  at  a  depth  of  2  in.  from  the  surface  of  concrete 
attained  a  temperature  of  only  from  200  to  300°  F.  after 
the  concrete  had  been  heated  to  1,500°  P.  for  an  hour.  As 
for  the  possibility  of  scaling  in  cases  where  concrete  is 
cooled  by  water  after  a  fire,  the  risk  of  scaling  can  be  obvi- 
ated by  the  adoption  of  suitably  prepared  concrete.  More- 
over, the  experience  gained  as  a  result  of  many  severe 
fires  shows  that  scaling  does  not  lead  to  failures,  although 
of  course  the  original  strength  of  the  columns  so  affected 
must  be  considerably  reduced.  Professor  W.  H.  Watkinson 
made  the  novel  suggestion  that  the  steel  In  ferro-concrete 
structures  might  he  kept  cool  by  employing  the  metal  in  the 
form  of  tubes  through  which  water  could  be  automatically 
circulated.  For  structural  reasons,  this  device  would  cer- 
tainly be  undesirable  although  not  impracticable;  but  in 
view  of  the  insulating  properties  of  the  concrete  anything 
of  the  kind  is  superfluous. — Times  Engineering  Supplement 
(London^  September,  1920. 


Quay  Wall  Construction  with  Re- 
inforced Concrete  Sheet  Piles 

Kroin    La  Genie  Civil,   Pario. 

In  1916  the  Moroccan  Public  Works  Department,  under  the 
direction  of  French  government  engineers,  decided  to  con- 
struct, at  Kenitra,  on  the  Sabou  Hiver,  Morocco,  a  permanent 
wall  of  a  length  of  1,250  m..  of  which  250  m.  were  to  be  car- 
ried out  immediately. 

This  work  was  to  be  executed  by  a  series  of  reinforced 
concrete  piles  driven  into  the  ground,  and  united  at  the  top 
by  a  system  of  beams  and  ties,  the  whole  of  which  was  to  be 
covered  by  a  deck.  This  was  to  be  strong  enough  to  carry 
moving  cranes  weighing  3  tons,  and  having  a  radius  of  12  m. 
Also  trains  were  to  circulate  on  this  deck. 

Towards  the  end  of  1916  the  work  was  put  in  competition 
and  one  of  the  principal  contractors  who  competed  for  the 
work  thought  it  advisable  to  present  an  alternative  scheme 
prepared  by  Mr.  L.  Ravier,  late  engineer  of  the  French  Naval 
Department,  in  accordance  with  the  Coignet-Ravier  System 
of  sheet  piles.  This  scheme  produced  an  economy  of  about 
40  per  cent  on  the  concrete,  and  55  per  cent  on  the  steel 
over  and  above  the  original  scheme,  and,  although  the  former 


reijuired  a  certain  amount  of  filling,  it  was  adopted.  The 
detail  plans  were  prepared  by  Mr.  Ravier.  in  accordance  with 
the  instructions  of  the  Public  Works  Department. 

The  Sheet  Piles. — The  wall  is  composed  (Figs.  1  and  2)  of  a 
row  of  Coignet-Ravier  sheet  piles,  each  of  which  has  a  rec- 
tangular body  (pile)  of  45  by  30  cm.  and  12.20  m.  in  height. 
For  a  height  of  11  m.  this  pile  is  fitted  with  wings  or  panels, 
having  a  thickness  of  10  cm.,  giving  a  width  of  sheet  pile 
(P.)    equal  to  1.24  m. 

These  sheet  piles  are  driven  consecutively  alongside  of 
each  other,  each  being  guided  by  the  neighboring  pile  by 
means  of  pieces  of  wood  bolted  to  the  edge  of  the  wing,  and 
which  form  a  guide  engaging  at  the  top  of  the  wing  and 
gradually  following  down  as  the  pile  is  being  driven. 

This  system  does  not  necessitate  that  the  piles  should  be 
driven  to  a  set.  It  simply  forms  a  wall  sufficient  to  resist 
horizontal  pressure,  but  only  calculated  to  support  slight 
vertical  pressures. 

The  length  to  which  the  piles  are  to  be  driven  was  first 
fixed  by  means  of  timber  test  piles.  This  length  was  chosen 
slightly  less  than  that  required  for  a  perfect  set,  but  suf- 
ficient, however,  to  fix  the  piles  into  the  ground  in  a  solid 
manner,  so  that  they  may  stand  upright  during  the  execution 
of  the  work.  It  is  easy,  therefore,  to  regulate  the  driving  of 
all  the  piles  to  the  same  level.  The  stability  of  the  wall  is 
ensured  by  means  of  land  ties  and  anchor  plates. 

The  section  of  the  reinforcement  of  the  sheet  piles  was  de- 
termined in  such  a  manner  as  to  give  them  the  necessary 
amount  of  resistance  to  bending.  The  wall  was.  therefore, 
calculated  as  a  vertical  reinforced  concrete  floor  in  which 
the  horizontal  pressure,  due  to  the  filling,  takes  the  place 
of  the  superload  on  the  floor,  the  wings  of  the  sheet  piles 
acting  as  floor  slabs  and  the"  piles  as  beams.  The  joints  of 
the  land  ties  act,  of  course,  as  points  of  support.  The  calcu- 
lations were  made  in  accordance  with  the  rules  of  Mr 
Resal,  general  inspector  of  roads  and  bridges,  and  in  ac- 
cordance with  the  French  Regulations  of  1906  for  reinforced 
concrete. 

A  filling  composed  of  stone  R,  R'  (Fig.  1),  was  placed  im- 
mediately at  the  back  of  the  wall  to  a  thickness  of  about  8 
m.  at  the  base,  and  2  m.  at  the  top.  The  dotted  lines  indicate 
the  various  fillings.     The  filling  composed  of  stones  has  a!- 
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lowed  the  thrust  to  be  calculated  with  a  slope  of  45  degrees 
above  the  water  and  40  degrees  below  the  water  level.  This 
has  had  the  effect  of  reducing  the  efforts,  and,  consequently, 
has  produced  an  economy  in  the  reinforced  concrete,  at  the 
some  time  as  producing  better  conditions  of  stability. 

As  this  work  was  constructed  on  mud,  it  has  been  necessary 
to  take  into  account,  in  the  portion  of  the  piles  below  the 
dredged  level,  that  relatively  much  greater  pressure  would 
be  exerted  corresponding  to  a  slope  of  only  20°. 

Methods  of  Anchorage.— Each  sheet  pile  is  maintained  in 
its  height  by  two  steel  land  ties,  t,  t'  (Fig.  1)  sur- 
rounded with  concrete.  These  unite  the  sheet  pile 
to  the  anchor  plates  in  reinforced  concrete,  the  lat- 
ter being  simply  placed  freely  in  position  and  rest- 
ing on  the  slope-  of  the  ground,  and  afterwards  sur- 
rounded with  filling.  The  lower  tie  t  is  fixed  to  the  sheet  pile 
by  means  of  a  pivot  in  reinforced  concrete  running  through 
its  thickness  and  by  means  of  which  it  is  attached  to  two 
hooks  in  reinforced  concrete  supported  by  the  sheet  pile,  the 
whole  of  which  forms  an  articulation  which  allows  the  tie 
to  hook  properly,  and.  at  the  same-  time,  to  take  the  required 
inclination,  in  accordance  with  the  slope  of  the  ground  on 
which  the  anchor  plate  is  resting  at  its  other  extremity.  The 
fixing  of  the  pivot  to  the  hooks  is  made  below  low  water  level 

Concerning  the  fixing  of  the  higher  land  tie,  which  is  above 
water  level,  a  semi-articulation  has  been  used,  in  accordance 
with  the  type  usually  employed  by  Mr.  Mesnager,  Chief  Engi- 
neer of  Roads  and  Bridges — namely,  by  means  of  a  flattened 
tie.  In  order  that  flexion  should  take  place  easily. 

Construction  Features. — The  sheet  piles  at  Kenitra  weighed 
about  6  tons  each  and  were  driven  by  means  of  an  American 
pile  driver,  the  tup  of  which  weighed  1,500  k.g.  This  pile 
driver  was  fitted  with  a  steel  winch  and  on  a  pontoon  against 
which  barges  loaded  with  piles  could  be  moored.  The  guid- 
ing of  the  piles,  which  was  done  by  means  of  wooden  guides. 
fixed  temporarily  to  the  edge  of  the  wings,  offered  no  diffi- 
culty. 

After  the  driving  of  the  piles,  the  lower  ties  were  placed 
in  position,  and  afterwards  the  lower  part  of  the  stone  fill 
ing  was  carried  out.  Bj'  lowering  the  ties  along  the  projection 
at  the  back  of  the  sheet  piles  it  was  possible  to  hook  them 
automatically  to  the  reinforced  concrete  hooks  provided  for 
the  purpose.  The  stone  filling  prevented  the  ties  from  get- 
ting out  of  position.  Once  the  lower  ties  were  in  position,  the 
filling  was  completed  methodically  by  first  loading  up  the 
anchor  slabs  of  the  lower  ties,  then  gradually  filling  up  at 
the  back  of  the  wall. 

The  next  operation  consisted  of  placing  in  position  thf? 
upper  ties  at  low  tide.  After  this  the  articulations  of  the 
Mesnager  type  uniting  the  ends  of  the  ties  to  the  sheet  piles 
were  carried  out.  After  these  ties  had  been  fixed  the  remain- 
der of  the  filling  was  executed  as  previously.  Finally,  the 
remainder  of  the  filling  was  placed  in  position.  To  finish  the 
work  the  top  of  the  sheet  piles  were  united  by  means  of  a 
continuous  beam  in  reinforced  concrete.  No  attempt  was 
made  to  make  the  joints  water-tight.  In  fact,  weep  holes 
were  left  in  the  wall  in  order  to  prevent  an  accumulation  of 
water  at  the  back  of  the  wall,  and  in  order  to  reduce  the 
pressure. 

The  quay  wall  was  completed  by  means  of  timber  fenders 
fixed  in  a  suitable  position. 

Once  the  work  was  terminated,  it  was  tested  on  Dec.  4. 
1918,  on  a  length  of  60  miles  by  means  of  a  superload  of  sand 
weighing  3,000  k.g.  per  square  meter,  and  the  results  were 
found  to  be  absolutely  satisfactory.  Since  then  the  work  has 
been  in  continuous  use. 

This  method  of  construction,  which  has  produced  an  econ- 
omy of  40  per  cent  for  the  concrete  and  over  50  per  cent  for 
the  steel,  as  compared  with  a  reinforced  concrete  deck  sup- 
ported on  piles,  is  also  productive  of  a  similar  economy  as 
compared  to  a  wall  in  ordinary  piles  and  sheet  piles  con- 
structed in  reinforced  concrete. 

The  economy,  so  far  as  the  concrete  is  concerned,  is  due  to 
the  use  of  T-sections,  which  produce  the  same  resistance  with 
very  much  less  concrete  than  sheet  piles  of  constant  thick- 
ness throughout  their  height.  The  economy  of  the  steel  may 
be  attributed  to  the  fact  that  the  arrangement  of  the  anchor 
ties  constitutes  an  important  point  in  the  system  of  con- 
struction, as  it  produces  several  points  of  support  through- 
out the  height  even  below  water,  which  has  the  effect  of  con- 
siderably reducing  the  bending  moments  which  have  to  be 
taken  by  the  vertical  elements  of  the  work. 


Diagram  for  Use  in  Designing  Steel 
Pillars 

By   EWART   S.   ANDREWS. 
From   The   Engineering  Review,   London. 

The  accompanying  diagram  has  been  found  useful  by  the 
writer  in  the  design  of  steel  pillars. 

The  formula,  upon  which  the  diagram  is  based,  was  de- 
rived by  the  writer  by  mathematical  analysis  similar  to  that 
employed  by  Mr.  J.  Mitchell  Moncrieff  in  the  derivation  ot 
his   widely   used    formula. 

The  mfiihod  of  treatment  consists  in  assuming  that  the 
pillar  is  initially  slightly  bent,  the  resulting  eccentricity  being 
proportional  to  the  square  of  the  length  of  the  pillar  and  in- 
versely proportional  to  the  transverse  dimensions  of  the 
pillar. 

The  resulting  deflection  is  then  calculated  by  mathematical 
analysis  and  the  combined  stress  due  to  bending  and  direct 
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Diagram    for    Design   of   Steel    Pillars. 

stress  are  equated  to  the  yield  point  stress  of  the  material. 
The  li.ad  required  to  produce  this  stress  is  regarded  as  the 
ultimate  strength  of  the  pillar. 
The  following  formula  results: 

Cp  =  Q  =  59.81  +  c,  —  V  (59.81 -|-Cc)=  —  180Ce 

Cy  90 

where   Cp  =  ultimate  stress  per  square  inch  of  pillar 
Cy  =  yield  point  stress  of  material 

c,.  =  Euler's  stress  on  the  pillar  in  thousands  of  pounds 
per  sq.  in. 
The   resulting   stresses   will   be   found   to   be   in   very   fair 
agreement  with  those  obtained  from  Moncrieff's  formula. 

1 
For  fixed    ends   take   slendorness   ratio  =  — ;    for   one   end 

2g 

.71 
fixed  and  one  end  hinged  take  slenderness  ratio  ==  — 

S 
The  method  of  dealing  with  pillars  by  means  of  the  Pillar 
Stress  Coefficient  brings  out  the  true  nature  of  the  effect 
of  buckling  tendencies  upon  the  strength  of  pillars,  and  is 
the  most  useful  method  to  adopt  in  designing  for  various 
cases  in  which  different  factors  of  safety  have  to  be  em- 
ployed. 

If,    for    instance,    the    Pillar    Stress    Co-efRcient    given    by 
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the  diagram  comes  to  .6,  then  the  safe  stress  per  square 
inch  of  pillar  will  be  .6  of  the  safe  stress  in  compression 
for   short   lengths. 


Caisson  System  of  Reinforced  Con- 
crete Jetty  Construction  at  Cape 
Thevenard,  South  Australia 

By  E.  G.  Stone. 
Prom  Commonwealth  Engineer,  Melbourne,  Australia. 
At  the  end  of  1014  tenders  were  called  by  the  South 
Australian  Harbors  Board  for  the  design  and  construction  of 
a  jetty  of  about  1,200  ft.  long  at  Cape  Thevenard,  on  the 
west  coast  of  South  Australia,  in  the  Great  Australian  Bight. 
Previou.s  experience  with  the  Sydney  Harbor  Trust  led  to  the 
conclusion  that  jetties  built  of  reinforced  concrete  piles  were 
not  suitable  for  heavy  maritime  conditions.  A  proper  and 
separate    tendering    system    is    necessary    where    vessels    of 


concrete  except  for  the  lower  3  ft.  and  the  upper  3  ft,  for 
wuich  a  1  :2i4  :  4  mixture  was  used.  The  other  chambers 
were  filled  with  srind  and  stone  to  give  weight  and  stability. 
The  depth  of  water  at  the  jetty  spans  is  an  even  27  ft.  at 
L.W.O.S.T.;  the  range  of  tides  at  the  jetty  spans  is  a 
maximum  of  about  9  ft.  under  heavy  winds.  The  caissons, 
after  filling,  were  topped  up  to  a  height  of  about  43  ft.  to 
underside  of  deck  slab.  There  are  three  girders  in  the  cross 
section  of  the  jetty  spans,  which  were  cast  on  the  deck  of  the 
approach  spans;  the  upper  booms  of  girders  were  not  cast 
on  the  shore,  but  the  necessary  reinforcement  projects  and 
forms  a  bond.  The  girders  thus  cast  as  units  were  brought 
up  on  a  carriage  under  a  jib  crane  at  the  head  of  the  work 
and  lowered  into  properly  prepared  seats.  The  top  booms  of 
girders  and  decking  were  then  cast  in  one  operation  with 
curbs  and  reinforced  concrete  double-headed  bollards.  The 
girders  for  the  20  ft.  spans  are  of  the  same  depth  as 
for  the  approach  spans.  The  idea  of  building  such 
deep  girders  for  the  smaller  spans  was  (1)  to  allow 
a   solid    bracing    in     lieu    of    building   and    casting   trouble- 
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General    Design   and    Details  of   Reinforced   Concrete   Jetty    at   Cape  Tiievenard,    on    West    Coast    of    Sotitli    Australia. 


anything  over  2,000  tons  d.  w.  capacity  berth  against  same, 
and  even  when  the  vessels  are  smaller  the  concrete  plies 
must  be  of  sufficient  strength  to  take  up  the  shock  of  berthing 
vessels.  If  this  is  not  done,  cracks  occur  below  the  water 
line  which  are  not  seen  and  in  time  the  structure  must 
become  unsound  and  unstable.  Hence  it  was  suggested  that 
caissons,  spanned  by  deep  girders,  should  be  adopted  for 
the  piers. 

The  design  submitted  was  as  follows:' — For  the  approach: 
Eleven  60-ft.  spans;  caissons  18  ft.  by  8  ft.  by  depth  as  re- 
quired; width  of  deck  between  curb  16  ft.  The  girders  adopted 
tor  the  approach  spans  are  9  ft.  2  in.  from  top  of  deck  slabs 
to  underside  of  lower  boom.  For  the  jetty  spans:  Two  53-tt. 
spans  and  twenty  20-ft.  spans;  the  caissons  for  the  former 
are  double  and  for  the  latter  are  single,  and  were  cast  on 
shore  on  launching  ways.  They  are  37  ft.  by  4  ft.  6  in.  by 
34  ft.  high,  and  were  cast  on  their  flat  with  valves  on  the 
bottom  end,  through  which  water  was  allowed  to  enter.  They 
then  upended  themselves  into  a  vertical  position  and  were 
drawn  by  steel  ropes  connected  to  winches  into  distance 
frames  or  spacers.  Sufiicient  water  was  then  allowed  to 
enter  to  sink  them  vertically  into  their  correct  position. 

The  caissons  were  cellular,  and  into  each  of  the  two  outer 
chambers  three  piles  were  driven  and   surrounded   by  poor 


some  small  members,  (2)  to  reduce  the  boom  stresses, 
and  (3)  to  preserve  the  same  line  of  girders  throughout  the 
whole  work.  The  structure  is  designed  to  carry  a  deck  load 
of  5  cwt.  per  square  foot,  and  a  locomotive  with  a  tender  of 
45  tons,  or  a  wheel  base  extending  over  30  ft.  6  in. 

The  jetty,  now  completed,  is  perhaps  as  fair  an  example 
of  jetty  construction  as  has  been  done,  but,  as  is  well  under- 
stood, designs  are  not  only  to  be  considered  from  the  point 
of  view  of  the  completed  structure,  but  from  the  building 
aspect  as  well;  that  is  to  say,  commercial  practicability  has 
to  be  taken  into  account.  Where  heavy  seas,  with  waves 
up  to  6  ft.  in  height,  occur,  building  upon  caisson  system 
needs  special  precautions.  There  is,  of  course,  not  much 
difficulty  in  providing  sufficient  strength  to  hold  the  caissons 
as  far  as  spacers  and  distance  frames  are  concerned,  but 
the  constant  movement  of  the  waves  gradually  breaks  all 
fastenings,  and  should  a  storm  occur  just  after  a  caisson  is 
placed,  losses  must  be  allowed  for,  unless  the  caisson  is 
designed  to  be  stable  in  itself.  Apart  from  this,  the  caisson 
design  is  sound  in  principle,  and  offers  a  good  opportunity  to 
engineers  for  meeting  the  many  difficulties  that  present  them- 
selves in  designs  of  marine  structures. 

The  material  available  for  the  concrete  of  the  Cape  Thev- 
enard   jetty   was   not   the   best.     The   stone   is   of   excellent 
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quality  for  compressive  strength,  being  granite  procured 
on  the  foreshore,  but  this  stone  has  not  a  good  adhesion. 
The  sand,  however,  seems  to  be  a  disintegrated  limestone — ■ 
too  fine  in  grain  for  the  best  marine  work.  But,  strangely 
enough,  the  concrete  in  a  continuous  declj,  over  1,000  ft.  long, 
shows  no  signs  of  cracking,  although  no  expansion  joints 
have  been  allowed  for. 

Concerning  the  lasting  qualities  of  concrete  in  salt  water 
much  can  be  written.  Over  15  years'  experience  has  con- 
vinced the  .iiithor  that,  with  suitable  cement  and  proper  re- 
gard to  relation  of  density  as  compared  with  compressive 
strength,  Portland  cement  concrete  can  be  relied  upon  to 
last  apparently  an  indefinite  period.  Concrete  tested  after 
15  years'  immersion  in  salt  water  shows  an  increase  in  com- 
pressive strength,  and  the  reinforcement  when  properly  pro- 
tected no  sign  of  deterioration. 


sand    show   a  loss  of  0.05   per  cent  of  the   contents   during 
a  period  of  43  days. 


Concrete  Block  Lining  for  Fuel  Oil 
Tanks 

Prom  Concrete  and  Constructional  Engineering,  London. 
Owing  to  the  wartime  difficulty  of  obtaining  in  India  the 
steel    reinforcement    generally    used    when    a   concrete    face 
is   to  be  applied  to  a  large  area,  other  methods  had   to  be 
considered  in  the  construction  during  the  war  of  reservoirs 
of  2,500  tons  capacity  each  to  store  the  liquid  fuel  used  on  the 
locomotives    In    the    Karachi    district    of   the    North-Western 
Railway.     The  tanks  are  8  ft.  6  in.  high,  and  60  ft.  by  40  ft- 
interior  measurements,  and  were  constructed  under  the  su- 
perintendence of  Mr.   N.   Pearce,  executive   engineer  to  the 
North-Western    (India)    Ry.      In    considering    an    alternative 
to   reinforce   concrete,   mass   concrete   was    ruled   out  owing 
to  the   strict   supervision   necessary   in   the   mixing   and   de- 
positing of  this  type  of  construction,  the  forms  which  would 
be  required  and  the  necessity  of  providing  expansion  joints. 
The  thickness  of  the  concrete  face  to  be  applied  was  9  in., 
and  it  was  finally  decided  to  use  blocks  11%   in.  by  5%   in. 
on  the  face  by  4%  in.  deep.     The  small  size  was  adopted  so 
that  the  blocks  would   be  easy  to  handle  and  also  bond  in 
with  the  brick  work.     They  were  laid  like  ordinary  bricks, 
on  edge,  two  bricks  forming  the  9  in.  lining  required.     The 
blocks  were  at   first  made   by   hand,  but  it  was   found  that 
these   did   not   attatn   the   requisite   compactness   of  density, 
and  this  method  was  discarded  in  favor  of  machine  mixers 
and  a  "Jagger"  vibrating  table  for  making  the  blocks.     As 
the  lining  was  required  to  be  proof  against  the  absorption 
of   oil   fuel   a   rich    mixture   was   decided    upon,    as    follows: 
1  part  cement,  1%  parts  clean  sharp  sand  and  3  parts  clean 
gravel   screened   to   %   in.     In  laying  the  hand-made   blocks 
a  mortar  of  neat  cement  was  used,  but  this  was  found  to  be 
unsatisfactory,  as  if  made  wet  enough  to  work  easily  into  the 
vertical  joints  it  was  too  wet  to  stand  up  in  the  joints  on 
the    sloping   sides    of   the   tank;    shrinkage    cracks   also    oc- 
curred during  setting.     The  mortar  used  in  laying  the   ma- 
chine-made blocks  was  composed  of  1  part  cement  to  1  part 
sand,  and  this  was  found  to  be  satisfactory.    The  blocks  were 
laid  like  ordinary  brick  work,  breaking  joint  as  much  as  pos- 
sible. 

Tests  were  carried  out  to  ascertain  how  far  the  blocks 
were  impervious  to  the  penetration  of  the  liquid  fuel,  sam- 
ple blocks  being  immersed  in  the  oil  for  a  period  of  seven 
days.  These  tests  showed  that  with  the  hand-made  blocks 
the  oil  penetrated  to  a  depth  of  1%  in.  in  the  week,  with  the 
exception  that  no  appreciable  penetration  took  place  on  the 
top  face  of  a  block  made  with  a  very  wet  mixture.  This 
was  due  to  the  cement  in  the  block  working  upwards  whilst 
setting,  with  the  result  that  the  top  face  was  practically 
coated  with  a  layer  of  neat  cement.  With  machine-made 
blocks  the  penetration  in  the  same  period  was  found  to  be 
only  about  'A  in.,  and  fairly  regular  on  all  faces.  On  the 
inside  surface  of  the  tank,  the  blocks  are  covered  with  a 
final  coating  of  cement  plaster,  the  hand-made  blocks  with 
%  in.  of  neat  cement  and  the  machine-made  blocks  with  a 
mixture  of  1  part  cement  and  1  part  sand  to  a  depth  of  %  In. 
Observations  as  to  the  loss  of  the  contents  of  the  tanks  by 
percolation  through  the  walls  show  that  the  losses  tend  to 
diminish  as  time  proceeds.  With  handmade  blocks  and  neat 
cement  plaster,  no  measurable  loss  was  found  in  a  period 
of  20  days  after  the  tank  had  been  in  use  for  some  few 
months,  and  observations  on  a  tank  constructed  with  ma- 
cihne-made  blocks  and  a  lining  of  1  part  cement  and  1  part 


Method  of  Remedying  Railway  Slip 
in  Clay  Cut 

From  The   Railway  Engineer,   London,   February.   1921. 

The  North  Eastern  Ry.  (England)  had  considerable  trouble 
with  slips  occurring  on  the  Byken  and  Percy  Main  branch, 
which  generally  took  the  form  shown  in  Fig.  1.  The  remedy 
adopted  in  this  case  was  the  clearing  away  of  a  width  of 
15  to  20  ft.  along  the  toe  of  the  slip,  or  to  a  suflicient  width 
and  depth  until  the  good  undisturbed  clay  was  met  with 
both  downwards  and  sideways.  This  was  followed  by  the 
burning  of  the  clay  on  the  site  where  it  failed. 

A  good  fire  of  wood  and  coal  was  lighted  after  the  excava- 
tion was  made  to  solid  ground,  and  when  this  was  burning 
well  the  clay  which  had  come  down  the  slip  was  thrown  upon 
the  fire  from  both  sides,  in  layers  of  12  to  30  in.,  alternating 
with  other  layers  of  small  coal,  until  a  height  of  8  to  12  ft. 
was  made  up  of  the  alternating  layers. 

A  foundation  for  the  firo  was  formed  of  heavy  slag  and 
hard  stones,  roughly  laid  on  the  solid  ground,  and  this  was 
found  to  give  a  good  draught  for  combustion.  The  position 
of  the  heaped  mass  of  material  is  shown  in  Fig.  1.  The  method 
adopted   for   burning  bricks   in   kilns   was   followed,   the   fire 
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Fig.   1 — Cross   Section    of   Slip    in    Cut   Showing    How   Clay    Was 
Heaped    for    Burning. 

being  continually  extended  along  the  bottom  of  the  slope  at 
one  side  while  it  was  dying  down  at  the  other. 

The  clay  being  hardened  in  this  way  was  taken  back  and 
refilled  Into  the  void  in  the  slope  as  quickly  as  it  became  cool, 
the  slopes  being  trimmed  off  at  the  finish  as  might  be  re- 
quired. The  material,  after  being  burned,  was  found  to  oc- 
cupy from  20  to  25  per  cent  more  space  than  the  orginal  ma- 
terial, and  a  considerable  quantity  of  burnt  clay  had  to  be 
deposited  elsewhere. 

In  one  or  two  cases  where  the  excavation  had  not  been 
taken  out  sufl5ciently  deep  the  slope  failed  a  second  time, 
and  this  could  only  be  remedied  by  digging  out  the  slip  once 
more  and  making  sure  that  the  bottom  of  the  slide  was 
reached. 

Similar  slides  occurred  in  clay  embankment,  and  these 
were  treated  in  the  same  way  as  the  cuttings,  except  that  the 
burning  was  carried  out  in  narrower  sections. 


New  Type  of  Filter  for  London. — A  new  and  more  rapid 
type  of  filter  is  being  tested  by  the  Metropolitan  Water 
Board  of  London,  accordin-j  to  Municipal  Engineering  (Lon- 
don), of  March  3,  1921.  Tlio  first  unit  is  now  being  installed 
at  Barn  Elms  at  an  estimated  cost  of  $238,000.  At  times  o£ 
maximum  demand  there  has  been  difficulty  in  obtaining 
sufficient  water  for  the  large  district  supplied  from  Ham- 
mersmith pumping  station.  There  are  19%  acres  of  slow 
sand  filters  at  Barnes  and  5  acres  at  Barn  Elms,  delivering 
a  maximum  of  37%  million  gallons  a  day.  Five  more  million 
gallons  a  day  are  required.  This  quantity  would  be  afforded 
by  a  rapid  primary  filter  plant  of  a  capacity  of  15  million 
gallons  a  day,  the  water  from  which  could  be  passed  on  to 
the  existing  slow  sand  filters  and  dealt  with  at  about  double 
the  present  rate.  The  first  unit,  referred  to  above,  should 
yield  7%  million  gallons,  and  a  second  unit  will  be  added  if 
this  proves  to  be  a  success. 
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Wells  as  alSource  of  Water  Supply 

From  Engineering,  London,  Feb.  11,  1921. 
Where  a  well  or  several  wells  arc  proposed  to  be  used  as  a 
source  of  water  supply  to  a  village  or  town,  the  tributar} 
area  of  the  well  particularly  if  sunk  into  recent  alluvium,  re- 
quires careful  investigation.  It  a  supply  of  water  is  required 
for  irrigation  occasional  failure  is  not  disastrous.  In  the  "in- 
secure" tracts  of  Deccan  India  where  Irrigation  wells  and 
tanks  fail  one  year  in  every  8  or  10  years,  the  crops  obtained 
during  the  other  years  more  than  compensate  for  the  loss  of 
one  year's  crops.  Scarcity  or  famine  is  only  experienced 
after  a  failure  of  the  rains  in  two  or  three  successive  dry 
years.  In  the  case  of  a  public  water  supply,  failure  of  supply 
cannot  be  regarded   with  the  same  equanimity;    so  that  the 


minimum  supply  of  a  source,  and  not  its  average  supply, 
shoulfl  be  taken  as  the  available  yield  from  the  source.  In 
areas  of  more  or  less  constant  moisture,  where  the  source 
of  supply  is  from  wells,  it  is  possible  that  the  natural  ground 
storage  may  render  the  yield  ordinarily  quite  uniform,  so 
that  the  draught  from  the  wells  can  more  or  less  exceed  the 
minimum  yield,  and  the  effect  of  dry  years  be  disregarded; 
yet  in  areas  of  uncertain  rainfall,  particularly  where  the 
depth  of  the  water-bearing  soil  is  not  great,  and  where  the 
proposed  draught  from  the  well  nearly  equals  its  estimated 
yield,  it  will  be  advisable  to  neglect  this  element  of  ground 
storage. 

The  tendency  is  to  waste  and  in  arid  climates  where  pota- 
ble water  is  valuable  the  people  must  be  accustomed  at  the 
initiation  of  a  public  water  supply  to  economy.  A  constant 
draught  in  excess  of  the  yield  from  a  well  may  in  a  year  of 
extreme  dryness  result  in  failure  of  supply;  and  if  the  ground 
water  store  is  depleted  it  may  take  months  and  years  for 
the  water  to  accommodate  it,  say,  to  the  new  conditions. 
Even  in  this  humid  country  numerous  wells  along  the  coast 
have  been  abandoned,  owing  to  the  constant  draught,  in 
excess  of  the  yield,  draining  the  soil  of  the  storage  of  past 
years,  so  much  so  that  the  salt  water  from  the  adjacent  sea 
has  entered  the  depleted  soil,  and  rendered  the  wells  brack- 
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ish,  a  condition  from  which,  as  far  as  our  present  experience 
goes,  a  well  never  recovers. 

The  Tributary  Area  of  a  Well.— Turning  to  the  tributary 
.nrea  of  the  well,  we  may  consider  a  pocket  or  basin  of  water- 
bearing soil  surrounded  on  all  sides,  except  at  the  surface 
by  impermeable  soil,  the  only  source  of  supply  to  the  ground 
water  being  that  portion  of  the  rainfall  on  the  exposed  sur- 
face which  percolates  down  to  and  is  retained  by  the  ground 
water.  The  supply  that  can  be  expected  from  this  basin  will 
normally  be  the  average  annual  rainfall,  less  calculated  or 
observed  losses.  '  These  losses  are  chiefly  transpiration  by 
vegetation,  and  soil  evaporation,  the  latter  depending  on  the 
nature  of  the  soil,  and  the  depth  of  the  ground  water-level 
below  the  surface.  If  the  climate  is  arid,  and  where  the 
variation  between  the  years  of  low  rainfall  and  the  average 
rainfall  is  great,  it  will  be  safer  to  assume  as  the  supply 
available,  the  mean  rainfall  of  the  three  successive  driest 
years,  less  the  losses  mentioned  above.  As  a  particular  ex- 
ample, if  the  basin  was  situated  in  the  area  of  insecure  rain- 
fall in  the  ceded  districts  of  the  Madras  Presidency  and  Dec- 
can  India,  the  statement  below  shows  statistics  of  rainfall 
at  five  towns  scattered  over  that  area: 


Name 

of 
town. 


Bellary   

Adoni   

Auant^pur  . . . 
Cuddapah  .... 
Kanigriri    

The  number  of  periods  of  consecutive  three  dry  years  in 
which  the  mean  of  the  three  years  is  below  the  mean  annual 
rainfall  is  seven,  during  the  48  years'  records. 

It  is  obvious  that  a  water  supply  to  any  of  these  towns 
from  percolation  wells  sunk  into  water-bearing  strata,  which 
depend  solely  on  that  portion  of  the  rainfall  which  percolates 
to  the  ground  water  for  its  replenishment,  will  be  extremely 
precarious.  In  a  year  of  minimum  rainfall  it  is  probable 
that  the  whole  supply  will  be  lost  by  soil  evaporation,  and 
in  the  periods  of  successive  dry  years  the  replenishment  to 
the  ground  water  must  be  very  small  indeed.  So  that  unless 
the  water-bearing  soil  is  of  great  depth,  and  the  area  of  the 
exposed  surface  of  the  basin  comparatively  large,  other 
sources  of  supply  should  be  looked  for;  or  the  supply  to  the 
town  restricted  to  the  estimated  minimum  yield.  The  num- 
ber of  wells  required  to  obtain  this  supply  from  the  area 
under  consideration  will  depend  on  the  size  of  grain  of  the 
water-bearing  soil,  and  on  its  porosity.  The  larger  the  size 
cf  grain  and  the  greater  the  porosity  the  less  the  number 
of  wells  required. 

In  the  case  of  ground  water  flowing  to  some  distant  outlet, 
lei  y  be  the  height  of  the  level  of  the  ground  water  plane 
above  a  horizontal  impervious  stratum,  and  x  the  distance 
from  any  origin  0  (vide  Fig.  1).  If  the  slope  of  the  ground 
water  plane  is  uniform,  the  velocity  along  the  ordinate  y  will 

dy 

equal  —  X  M,  where  M  is  the  modulus  of  the  water-bearmg 

dx 
soil,  or 

dy 
v= —  X  M. 
dx 
The  discharge  per  1-ft.  width  of  the  section  of  ground  water 
soil  at  right  angles  to  the  direction  of  flow  will  be 

dy 

q  =  y  M  — 

dx 

or 

qdxi=M  y  d  y 

Integrating  both  sides 

q  X  =  1/4  M  y'  -t-  c, 
similarly  for  any  other  distance  x,  from  o  and  ordinate  y, 
q  X,  =  %  M  yr  -f  c 
M  y=  —  y,"     y  —  y,     y  +  yi 

q=r = X X  M 

2       x  —  X,       X  —  X,  2 

=  tangent  of  the  slope  of  the  ground-water  plane  X  mean 
ordinate  X  the  modulus  of  the  water-bearing  soil.  Or  if  s== 
tangent  of  the  slope  of  the  ground-water  plane  to  the  hori- 
zontal 

q  =:  M  y  s  and  v  =:  M  s. 
Flow  of  Ground  Water  Towards  a  Well.— The  diagram.  Fig. 
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2,  due  to  Professor  Schilter,  illustrates  the  flow  of  ground- 
water towards  a  well,  and  the  effect  of  the  well  on  the  lines 
of  flow.  The  lines  of  ground-water  flow  are  represented  by 
equidistant  parallel  lines,  and  the  lines  of  flow  into  the  well 
bv  radial  lines  forming  equal  angles  with  each  other.  The 
arc  A  B  is  the  boundary,  down  stream  of  the  well,  from 
which  no  flow  of  ground  water  enters  the  well.  It  has  already 
been  shown  that  the  velocity  of  flow  into  a  well  from  any 
distance  x  from  the  axis  of  the  well  due  to  the  draught  from 
the  well  for  any  head  h  is 

M    h 


V.=:  D 

X  logo  — 
r 
Where  D  is  that  distance  from  the  axis  of  the  well  where 
the  draught  from  the  well  shows  no  appreciable  effect  on  the 
level  of  the  groundwater  plane,  and  r  is  the  radius  of  the 
well.  If  s  is  the  normal  slope  of  the  ground-water  plane  the 
velocity  flow  of  the  ground  water  towards  the  well  may  be 
represented  by 

V.  =:  M  S  cos  e 
:.  the  total  velocity  or  flow  towards  the  well  in  any   direc- 
tion, or 

Mh 

V  =:  V,  -\-  v..  = h  M  S  cos  e 

D 

X  lOge  

r 
- 1  and  V  =  O 
h 
X  01-  0  B  = 


At  B,  vide  Fig.  2.  cos  $ 


S  log.  - 


If  fl  =  90  cos  ff  =  0  and  0  A  =  D. 
Therefore  where  there  is  a  flow  of  ground  water  towards  a 
well,  the  tributary  area  of  the  well  is  a  strip  2  D  in  width 
extending  as  far  as  the  ground-water.  Contours  show  a  fall 
of  the  ground-water  plane  towards  the  well.  If  H  is  the 
depth  of  the  water-bearing  stratum,  or  depth  to  which  the 
well  has  been  sunk  into  the  water-bearing  stratum,  the  vol- 
ume of  ground  water  flowing  towards  the  well  will  =:  2  D  H  X 
the  velocity  of  flow  of  the  ground  water,  or 

Q  =  2  D  H  X  M  s. 
And  this  quantity  is  the  maximum  permanent  yield-  of  the 
well.  If  the  draught  from  the  well  is  in  excess  of  this  amount 
the  well  will  in  time  fail.  That  is  for  a  definite  quantity 
of  water  to  be  drawn  from  a  well  for  an  indefinite  period  of 
time  there  must  be  an  actual  flow  of  ground  water  towards 
the  well.  The  ground  water  in  the  tributary  area  may  be 
replenished  by: 

(1)  Rainfall  on  the  exposed  area  which  has  penetrated  to 
the  ground  water. 

(2)  Flood  water  of  rivers  over  or  alongside  of  the  tributary 
area,  which  periodically  replenishes  the  ground  water. 

(3)  Surface  flow  of  flood  water  which  has  been  stored  in 
reservoirs  which  feed  the  ground  water  by  percolation. 

(4)  Percolation  from  irrigation  from  water  drawn  from 
a  distant  source. 

Estimating  Yield  from  Ground  Water.— The  actual  estima- 
tion, for  an  extensive  scheme  of  the  yield  from  ground  water 
is  difficult.  Rain  is  the  chief  source  of  ground  water,  but 
the  catchment  Is  often  ill-defined.  The  only  safe  method  is 
to  actually  ascertain  the  ground  water  contours  over  as  large 
•an  area  as  possible.  Five  square  miles  at  least.  The  hydro- 
graphical  survey  of  this  area  is  carried  out  by  careful  obser- 
vations ot  the  water  levels  of  all  wells  in  the  area. 

The  observations  should  be  made  if  possible  before  the 
■wells  are  drawn  on.  k  note  should  also  be  made  of  those 
■^■ells  at  which  there  has  been  heavy  pumping,  or  any  con- 
siderable draught  made  on  them.  If  old  records  are  avail- 
Tihle  the  original  water  level  in  the  well  before  being  put  to 
use  will  be  most  valuable.  The  fluctuations  of  water  level 
during  the  seasons  of  the  year  should,  if  possible,  be  re- 
corded. The  geological  sections  of  the  wells  should,  if  possi- 
■hle,  be  ascertained  and  recorded.  The  information  obtained 
from  existing  wells  should  be  augmented  by  sinking  a  series 
of  boreholes  at  such  places  that  with  the  observed  water 
levels  in  the  existing  wells  ground-water  contours  of  the  area 
under  investigation   can  be  drawn.     The  steepest  slope,  ob- 


served from  the  ground-water  contours,  will  be  that  of  the 
general  direction  of  ground-water  flow.  The  ground-water 
contours  should  show,  if  possible,  the  levels  of  the  ground- 
water plane  at  the  season  of  the  year  when  the  ground-water 
level  is  at  its  lowest  Where  time  is  available  the  lag  or 
time  of  replenishment  of  the  wells  after  continuous  and 
heavy  rain  should  be  noted. 

Observations  at  Ootacamund,  South  India,  showed  that  the 
range  of  ground  water  level  for  percolation  wells  from  the 
end  of  the  monsoon  to  the  end  of  the  dry  weather  period 
was  8  ft.,  the  supply  to  the  wells  lagged  two  months  after 
heavy  rain.  At  the  Kohlfrist  the  period  by  which  the  curve 
of  output  followed  the  curve  of  rainfall  depended  on  the 
strata.  The  average  of  all  observations  was  12  months.  In 
the  case  of  humus  it  was  only  3  hours.  The  velocity  of  flow 
of  the  ground-water  can  be  ascertained  from  the  slope  of  the 
ground-water  plane,  and  from  the  size  of  grain  of  the  water- 
bearing strata,  as  ascertamed  from  the  bore  holes.  The 
velocity  may  also  he  found  by  sinking  a  series  of  pipes  at 
right  angles  to  the  general  direction  of  flow,  and  one  or  more 
pipes  a  flxed  distance  of  about  100  ft.  above  this  line.  A 
colored  liquid  or  a  solution  of  permanganate  of  potash  is 
poured  into  the  upper  pipes,  and  water  is  drawn  from  the 
lower  pipes  till  the  water  changes  color;  the  time  taken  in 
the  transit  gives  the  velocity  of  the  ground  water.  Or  a  solu- 
tion of  salts  is  poured  into  the  upper  pipes  and  water  is 
drawn  from  the  lower  pipes  until  the  salt  is  detected.  The 
best  method  is  to  obtain  the  value  of  M  from  a  yield  test  of  a 
well  sunk  in  the  area  to  the  full  depth  it  is  proposed  to  sink 
the  permanent  wells.  Then  if  L  be  the  length  to  be  occupied 
by  a  line  of  wells  at  right  angles  to  the  direction  of  flow, 
the  ground  water  supplying  the  wells  will  be: 
Q  =  MHs(L,  +  2D) 

Mutual  Interference  of  Wells— The  table  below  shows  the 
mutual  interference  of  a  number  of  wells  arranged  in  a  row. 
The  wens  are  assumed  to  be  6  in.  diameter  through  the 
fteining  of  which  water  passes  as  easily  as  through  the  soil, 
and  the  head  pumped  to  is  assumed  as  10  ft. 

Distance  apart  Mutual 

of  the  wells  .  interference. 

'"  JSS*^-  per  cent. 

100  .  65.8 

200    45.0 

400   24.0 

«00   14.0 

1.000    6.4 

If  the  area  is  not  periodically  fed  by  floods  from  rivers 
or  streams  over  the  area,  or  adjacent  to  it,  but  depends  for 
its  supply  on  rainfall  alone,  the  estimated  yield  ascertained 
by  the  ground  flow  should  be  compared  with  the  amount  ot 
rain  which  is  estimated  to  replenish  the  ground  water.  The 
Kohlfrist  experiments  give  the  average  output  of  wells  as 
42  per  cent  of  the  average  rainfall.  The  wells  at  Brooklyn, 
Long  Island,  XT.  S.,  yield  28.5  per  cent  of  the  rainfall.  The 
sand  dunes  in  Holland  yield  30  per  cent  to  40  per  cent  of 
the  rainfall. 


Facing  Concrete  Buildings  With  Pottery.— In  a  recent  lec- 
ture at  Hanley  Professor  Beresford  Pite  discussed  the  pos- 
sibilities of  ceramic  products  in  the  clothing  of  reinforced 
concrete  skeleton  buildings.  Unlike  many  architects  who 
regard  traditional  practice  as  something  quite  sacred,  Pro- 
fessor Pite  would  throw  the  conventions  of  the  past  to  the 
winds  in  order  to  meet  modem  developments.  While  ad- 
mitting the  structural  advantages  of  reinforced  concrete, 
he  is  not  an  admirer  of  concrete  as  a  material  for  exterior 
surfaces,  and  advocates  the  clothing  of  the  structural  skele- 
ton with  a  "garment  of  permanent,  effective,  beautiful, 
ceramic  color,  unlimited  in  its  variety  and  worth."  The 
facing  of  such  buildings  with  stone  or  brick  is  not  only  costly, 
but  the  materials  themselves  suffer  considerably  in  ap- 
pearance and  otherwise  from  the  atmosphere  of  large  cities 
and  towns.  The  proposal  made  by  Professor  Pite  that  pot- 
tery manufacturers  should  devote  their  energies  to  the  pro- 
duction of  architectural  faience  is  one  that  will  doubtless 
receive  every  support  in  the  Five  Towns.  It  should  be  re- 
membered, however,  that  the  initiative  must  come  from  the 
architectural  profession,  and  we  are  sure  that,  if  Professor 
Pite  can  induce  his  confreres  to  adopt  the  proposed  method 
of  facing  reinforced  concrete  buildings,  there  will  be  no  dif- 
ficulty in  obtaining  ceramic  products  of  suitable  form  and 
color.— The  Times  Engineering  Supplement  (London),  Feb- 
ruary,  1921. 
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Treatment  of  Trade  Waste  by  Ac- 
tivated Sludge  Process 

Prom    Municipal   Engineering   and    Sanitary    Record,    London,    Nov. 

25,   1920. 

During  the  past  two  years  careful  experiments  have  been 
conducted  at  the  Tunstall  sewage  works  o£  the  Corporation 
of  Stoke-on-Trent  in  the  application  of  the  activated  sludge 
system,  and  the  results  are  given  in  an  interesting  and  useful 
report  issued  by  Mr.  W.  H.  Makepeace,  Borough  Sewage  En- 
gineer. The  sewage  of  this  district  is  heavily  charged  with 
trade  waste  from  the  potteries,  known  as  "slip,"  and  the 
particular  object  of  the  experiments  was  to  ascertain  whether 
such  sewage  could  be  successfully  treated  by  the  activated 
sludge  process.  The  Tunstall  works  were  selected  because 
the  sewage  was  organically  stronger  and  contained  a  much 
larger  percentage  of  trades  waste  than  at  the  other  outfall 
works  of  the  corporation. 

The  existing  works  were  altered  to  adapt  them  to  the  acti- 
vated sludge  process  and  provided  (a)  a  detritus  tank,  9  ft. 
by  21  ft.,  having  an  average  depth  of  5  ft.  6  in.  and  contain- 
ing 6,700  gal.,  (b)  an  aeration  tank  75  ft.  by  i'l  ft.  9  in.  with 
semi-circular  ends  and  average  depth  7  ft.  9  in.  (Its  capacity 
was  156,875  gal.,  and  the  superficial  water  area  418  sq.  yd.) 
(c)  a  sedimentation  tank  25  ft.  diameter  and  average  depth 
of  13  ft.  10%  in.,  with  capacity  of  42,500  gal.,  and  having  a 
downward  flow  inlet  and  sludge  scraper.  A  duplicate  tank, 
doubling  the  capacity,  was,  however,  put  into  commission 
at  a  later  date. 

The  aerating  tank  was  divided  into  ten  bays  by  division 
walls  with  submerged  portholes  to  permit  the  flow  of  the 
stowage  through  each  bay  in  series.  The  floor  of  the  inlet 
bay  was  formed  on  the  ridge  and  furrow  principle  with  dif- 
fusion plates  across  ths  full  width  of  the  bay  at  the  bottom 
o£  each  furrow.  The  other  bays  were  divided  lengthwise  into 
three  sections  by  bafile  boards  with  a  row  of  diffusers  on 
the  upstream  side  of  each;  the  floors  had  a  slight  fall  be- 
tween each  baffle  in  the  direction  of  the  flow.  Air  was  sup- 
plied by  an  Ingersoll-Rand  compressor  having  a  capacity  of 
203  cu.  ft.  per  minute  when  working  at  10  lb.  pressure,  but 
the  air  pressure  used  was  4  lb. 

Dilliculty  was  at  first  experienced  in  getting  the  sludge  built 
up  to  a  satisfactory  condition,  and  it  was  found  that  septic 
sludge  was  being  formed  at  intervals  throughout  the  aeration 
tank,  particularly  in  front  of  each  row  of  diffusers.  Therf 
was  also  trouble  in  maintaining  a  regular  and  continuous 
supply  of  air,  due  partly  to  engine  and  compressor  troubles. 
Investigation  showed  that  some  ef  the  trouble  was  caused  by 
an  excess  of  "slip"  in  the  aeration  tank,  and  as  this  has  a 
very  high  specific  gravity — 2.5 — the  air  supply  then  available 
was  not  sufficient  to  keep  it  in  circulation,  and  it  settled  in 
places  to  a  depth  of  3  ft.  Many  of  the  diffusers  were  found 
to  be  choked,  and  trouble  was  caused  by  a  short-circuiting 
through  several  small  openings  which  had  been  left  in  ths 
division  w-alls  at  the  time  they  were  built  in  order  to  facili- 
tate emptying  when  necessary.  The  amount  of  "slip"  was 
reduced  by  passing  the  detritus  tank  effluent  through  an  ad- 
ditional grit  chamber;  the  holes  in  the  division  walls  were 
blocked  up,  the  diffusers  cleaned  and  the  compressor  speed 
slightly  increased.  From  the  time  these  alterations  were 
completed  the  results  .steadily  improved  until  the  necessary 
Quantity  and  right  quality  of  sludge  was  built  up.  This 
occurred  in  July,  1919,  and  since  that  date  a  most  satisfac- 
tory effluent  has  been  consistently  produced.  During  the 
first  two  months  of  these  initial  experiments  the  plant  was 
worked  on  the  continuous  flow  system,  but  subsequently  the 
fill  and  draw  method  was  adopted. 

After  a  satisfactory  effluent  had  been  obtained  the  tanks 
were  worked  on  the  continuous  flow  method  at  the  rate  of 
l20,00n  gal.  per  24  hours,  which  was  increased  after  a  few 
■weeks  to  the  rate  of  300,000  gallons  per  day  and  an  effluent 
of  consistent  good  quality  was  obtained.  The  remarkable 
feature  of  this  was  the  high  nitrate  figure  produced  and  the 
thoroughly  stable  character  of  the  effluent  has  always  been 
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satisfactory;  the  reduction  of  the  bacteria  content  amounts 
to  98  per  cent,  and  the  dissolved  oxygen  test  shows  0.33 
parts  per  100,000  compared  with  the  Royal  Commission  limit 
of  2  parts.  Careful  observation  was  made  of  the  sludge  re- 
turned from  the  settlement  tank  to  the  re-aeration  tank, 
and  it  was  found,  after  three  hours'  settlement,  to  be  70 
per  cent  of  the  total  volume  returned.  The  average  analysis 
of  the  activated  -sludge  in  parts  per  100,  or  as  a  percentage, 
was:  Mineral  matter,  49.2;  organic  matter,  50.8;  nitrogen, 
4.5;    grease,   2.75. 

Experiments  were  made  with  percentages  of  sludge  in  the 
aeration  tank  varying  from  25  to  45  to  ascertain  whether 
it  was  practicable  to  carry  a  reserve  of  activated  sludge  in 
a  tank  normally  dealing  with  a  dry  weather  flow  so  as  to 
provide  the  additional  sludge  necessary  to  comply  with  the 
Ministry  of  Health's  requirements  for  treating  the  varying 
rate  of  flow  of  sewage,  viz.,  from  one  to  three  times,  in  stand- 
by tanks.  It  was  found  that  an  excess  quantity  of  sludge 
could  be  successfully  maintained  by  a  dry  weather  flow,  a.n'i 
that  if  stand-by  tanks  were  provided  and  mechanical  means 
arranged  for  rapidly  discharging  the  surplus  sludge  from 
the  dry  weathpr  flow  tanks,  varying  rates  up  to  three  times 
the  dry  weather  flow  can  be  successfully  treated. 

Throughout  the  experiments  the  flow  dealt  with  was  not 
constant,  but  varied  exactly  in  proportion  to  the  flow  from 
the  sewers.  Good  results  were  obtained  with  settlement 
tanks  of  half  the  capacity  of  the  aerating  tanks,  but  Mr. 
Makepeace  is  of  opinion  that  they  would  have  been  better 
with  pyramidical  bottoms.  The  activated  sludge  showed  an 
increase  of  nitrogen  content  of  346  per  cent  over  ordinary 
sludge,  which  brings  its  utilization  for  fertilizing  purposes 
within  the  range  of  a  commercial  proposition. 

The  most  successful  method  of  sludge  treatment  was  found 
to  be  evaporation  by  utilizing  waste  heat  from  an  oil  engine 
exhaust  pipe.  The  plant  has  intentionally  been  satisfactorily 
subjected  to  :ill  sorts  of  abuse  which  it  would  be  likely  to 
meet  in  everyday  practice.  It  was  found  that  sewage  could 
be  run  through  the  tanks  for  three  or  four  hours  while  the 
air  supply  was  discontinued,  without  serious  effect  on  the 
effluent.  Again,  the  compressor  and  the  inflowing  sewage 
was  stopped  for  periods  of  from  three  to  ten  hours  in  twenty- 
four,  and  the  efficiency  was  unimpaired  when  the  flow  was 
re-started.  The  quantity  of  air  was  varied  from  1.108  to  .624 
cu.  ft.  per  gallon,  without  any  effect  except  to  reduce  the 
velocity  through  the  aeration  tank  from  about  2.5  ft.  per 
second  to  1.5  ft.  Below  this  rate  settlement  on  the  bottom 
commenced. 

Mr.  Makepeace  has  formulated  the  conclusions  he  has 
reached  as  a  result  of  the  experiments  in  a  very  concise 
manner.  He  considers  that  the  system  is  reliable  when  once 
established,  and  is  not  likely  to  be  interferred  with  by  the 
trade  wastes  of  the  potteries.  The  system  is  considerably 
less  costly  to  construct  than  ordinary  bacterial  methods,  and 
its  maintenance  would  be  less  than  that  of  their  existing 
plants.  It  can  often  be  applied  without  a  pumping  scheme.  ^ 
The  works  can  be  controlled  by  a  much  smaller  but  more 
skilled  stafl".  There  is  no  aerial  nuisance  under  the  worst 
conditions,  while  the  resultant  sludge  is  inoffensive  and  pos- 
sesses higher  fertilizing  value  than  the  sludge  from  existing 
plants.  An  area  of  bacterial  beds  should  be  constructed  or 
suitable  land  provided  for  use  in  case  of  a  possible  break- 
down of  the  activated  sludge  plants. 

Mr.  Makepeace  estimates  that  a  complete  plant,  partly 
bacterial  and  partly  activated  sludge,  for  a  population  of 
50,000  with  a  dry  weather  flow  of  IJ^  million  gallons  would 
cost  £85,000  as  against  £125,000  for  a  plant  on  present-day 
bacterial  lines.  This  includos  tor  dealing  in  times  of  storm 
with  three  times  the  dry  weather  flow  as  sewage  and  three 
to  six  times  as  storm  water.  The  maintenance  charges  (ex- 
cluding capital  charges)  are  estimated  at  £4,372  compared 
with    £6,800   for  a  plant  wholly  bacterial. 

The  scheme  Mr.  Makepeace  recommends  for  a  new  installa- 
tion includes:  Three  detritus  tanks,  total  capacity  1/25  dry 
weather  flow;  two  sedimentation  tanks,  total  capacity  1/3 
dry  weather  flow;  two  aeration  tanks  (subdivided),  total 
capacity  2/3  dry  weather  flow;  two  settlement  tanks  (pyra- 
midical bottoms),  total  capacity  1/3  dry  weather  flow:  bac- 
teria beds  of  cubic  capacity  equal  to  1/3  dry  weather  flow 
on  basis  of  70  gal.  per  cubic  yard;  two  sludge  storage  tanks 
for  dewatering  sludge  from  settlement  tanks  before  do'ing. 
total  capacity  1/130  dry  weather  flow;  and  sludge  beds  based 
on  1  sq.  yd.  per  16  persons. 
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Design  Features  of  the  Warrington 
Reinforced  Concrete  Bridge 

Frcm    Engineering,    London,    Feb.    11,    1321. 

Tlie  advent  of  the  war  iu  1914  prevented  a  number  of  im- 
portant engineering  works  in  this  country  receiving  the  at- 
tention Ihey  merited  from  engineers,  or  that  they  otherwise 
would  probably  have  obtained.  A  case  in  point  is  the  recon- 
struction of  the  Warriugtoi)  Bridge.  This  bridge  has  a  clear 
span  of  134  ft.  and  is  80  ft.  wide,  being  similar  in  the  lat- 
ter respect  to  Westminster  Bridge.  Designs  were  invited  in 
September,  1909,  for  a  single-span  structure,  the  design  of 
The  Considi-re  Construction  Co.  of  Westminster,  being  chosen. 
This  design  consisted  of  a  reinforced  concrete  structure  hav- 
ing eight  elastic  arched  ribs  spanning  from  piled  abutments, 
and  supporting  the  deck  by  means  of  short  columns  spaced 
at  suitable  intervals. 

The  outstanding  difficulty  in  designing  such  bridges  is  the 
impossibility  of  accurately  determining  the  stresses  due  to 
the  shrinkage  of  the  concrete  and  the  initial  settlement  dur- 
ing construction.  A  very  ingenious  solution  of  this  difficulty, 
proposed  by  M.  A.  Considere.  was  adopted.  It  consist.s  of  in- 
troducing temporary  hinges  at  the  springings  and  crown  of 
each  arched  rib.  The  bridge  is  then  free  to  settle  under  its 
own  weight,  without  any  possible  overstrain  of  the  ribs; 
moreover,  the  design  is  thus  considerably  simplified,  since  for 
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Fig.    1 — Detail   of   Abutment. 

all  the  dead  loads  (which  of  course  contribute  principally 
to  settlement)  the  static  solution  of  the  three-pinned  arch  can 
\)e  employed,  and  the  thrust  at  the  abutments  accurately  and 
■easily  determined.  The  temporary  hinges  were  formed  by 
reducing  the  sectional  area  of  the  concrete  ribs  to  360  sq, 
in.,  and  heavily  reinforcing  this  small  area  with  short  longi- 
tudinal rods,  enclosed  by  closely  pitched  steel  spirals.  It  is 
calculated  that  the  concrete  enclosed  in  these  spirals  was  sub- 
.jected  during  construction  to  an  actual  compressive  stress . 
of  over  1.500  lb.  per  square  inch.  This  stress,  of  course, 
could  not  have  been  permitted  but  for  the  great  increase  in 
resistance  afforded  by  the  manner  in  which  it  was  reinforced. 

It  is  evident  that,  with  the  very  abrupt  change  of  section 
at  the  temporary  hinges,  a  great  concentration  of  stress 
takes  place  in  the  ribs  adjacent  to  these  reduced  areas.  This 
is  provided  for  by  placing  a  suitable  number  of  shearing  rods 
across  the  ribs  on  each  side  of  all  the  hinges. 

After  the  construction  of  the  bridge,  that  is,  when  the 
■n-hole  of  the  dead  load  had  been  placed  upon  the  structure, 
the  hinges  were  carefully  filled  in  with  concrete,  and  the 
normal  section  of  the  ribs  jnade  good. 

The  manner  in  which  these  temporary  hinges  were  intro- 
duced will  be  clear  from  the  illustrations.  Fig.  1  is  a  sec- 
tion of  one  abutment  which  shows  the  hinge  introduced  at 
the  springing.  For  the  sake  of  clearness  the  reinforcement 
is  left  out  in  this  drawing.  Figs.  2  and  3  show  details  of  the 
reinforcement  at  the  center  hinge.  The  main  reinforcement 
■of  the  arch  ribs  consists  of  groups  of  bars  surrounded  with 


coils,  disposed  towards  the  upper  and  lower  sides  of  each  rib. 
The  special  reinforcement  alluded  to  above  provided  at  the 
hinges  is  similar  and  follows  the  arrangement  shown  in  Figs. 
2  and  3  which  actually  depict  a  center  hinge. 

For  the  heavy  rolling  and  superloads  specified,  a  graphical 
solution  of  the  elastic  theory  was  used,  and  influence  line 
curves  set  up  for  seven  equally-spaced  sections  of  the  ribs. 
From  these  the  greatest  moments  obtainable,  under  any  com- 
bination of  the  loads  specified,  were  found  for  each  section. 
To  these  were  added  the  moments  due  to  variations  of  tem- 
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Fig.    2 — Detail    of    Reinforcement    at    Center    Hinge. 

perature  {■±  30°  F.)  and  an  envelope  of  maximum  moments 
then   plotted. 

The  reinforcement  for  the  ribs  was  calculated  in  accord- 
ance with  the  method  of  M.  Considere,  and  the  concrete 
spiralled  to  take  the  very  high  compression.  The  longitudinal 
reinforcement  is  symmetrically  arranged,  there  being  15  rods 
each  at  the  intrados  and  exlrados  throughout  the  length  of 
the  ribs,  with  seven  additional  rods  added  to  the  top  and 
bottom  of  each  of  the  ribs  at  the  springings.  There  are  seven 
continuous  steel  spirals.  8  in.  in  diameter,  at  the  top  and 
bottom  of  each  rib,  and  also  transverse  reinforcement,  in  the 
form  of  small  stirrups,  and  lateral  ties  at  9-in.  spacing.' 

The  thrust  from  the  ribs  at  the  supports  was  very  great, 
imouuting  to  over  350  tons  for  each  of  the  intermediate  ribs! 
and  it  was  therefore  necessary  to  provide  adequate  abutments. 
These  were  arranged  by  placing  bracketted  counterforts  op- 
posite each  of  the  ribs  which  distribute  the  loads  from  the 
latter,  to  an  inclined  foundation  slab  resting  on  virgin 
ground,  and  also  onto  reinforced  concrete  piles  driven  into 
hard  clay,  and  arranged  in  lows  of  nine,  in  line  with  each  of 
the  ribs.  This  arrangement  will  be  clear  from  F^g.  1.  The 
piles  were  driven  to  an  inclination  approximating  as  closely 
as  practicable  to  the  direction  of  the  dead  load  thrust,  com- 
bined with  the  weight  of  the  earth  filling  above  the  foundation 
slab,  the  latter  amounting  to  266  tons  per  rib. 

With  this  arrangement,  there  remained  an  unbalanced 
thrust  tending  to  cause  the  whole  abutment  to  slide  outwards. 
This  force  was  provided  for  by  turning  up  the  outer  edge  of 
the  foundation  slab,  and  supporting  this  by  horizontal  beams 
bearing  on  the  counterforts.  Any  movement  of  the  abutments 
was  thus  prevented  by  the  resistance  offered  by  the  earth  at 
the  back  of  the  inclined  and  vertical  faces  of  the  latter  slab. 
The  foundation  slabs  are  situated  9  ft.  below  low  water- 
level,  and  it  was  therefore  necessary  to  construct  them  with 
cofferdams.     For  these  steel  sheet  piling  was  utilized. 

The  bridge  was  constructed  in  two  portions,  sufficient 
width  being  erected  on  the  down-stream  side  of  the  old  bridge 
to  allow  traffic  to  pass  over.    When  this  portion  was  in  use. 
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Fig.    3 — Detail    of    Reinforcement    at    Center    Hinge. 

thfi  old  bridge  was  pulled  down,  and  the  new  bridge  com- 
pleted. Training  walls  were  built  on  both  sides  of  the  river, 
and  by  this  means  the  flow  of  the  river  was  regulated,  and 
silting  successfully  prevented.  These  walls  were  composed 
of  a  thin  vertical  wall  with  a  horizontal  base  slab,  and  sup- 
ported by  counterforts,  the  whole  resting  upon  reinforced  con- 
crete sheet  piles,  and  being  tied  back  at  intervals  by  means 
of  reinforced   concrete  ties  and  anchor  slabs. 

One  of  the  difficulties  met  with  during  construction  was  in 
connection  with  the  centering.     In  order  to  allow  navigation 
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to  continue,  a  clear  waterway  of  30  ft.  had  to  be  left  in  the 
center,  and  the  head-room  could  not  be  reduced  by  more 
than  6  in.  To  overcome  this  difficulty,  composite  girders  of 
50ft.  span,  of  wood  and  steel,  were  provided,  and  from  these 
the  whole  of  the  centering  for  the  reinforced  concrete  work 
WHS  slung. 

An  allowance  of  4  in.  was  made  in  the  setting-out  of  the 
timber  centering,  tor  deflection  of  the  ribs  during  construc- 
tion, and  it  is  Interesting  to  note  that  the  actual  settlement 
at  the  crown,  one  month  af'er  the  centering  was  struck,  was 
3  in.,  and  ater  18  months  of  traffic,  the  total  settlement  has 
increased  to  4  in.,  which  agreed  with  the  amount  provided  for. 

As  explained  above,  each  of  the  ribs  was  provided  with 
temporary  flexural  hinges,  and  designed  as  a  three-pinned 
arch  for  the  whole  of  the  permanent  dead  load.  It  was  there- 
fore necessary  for  this  condition  to  obtain  after  the  placing 
of  the  concrete  deck  slab  and  paving.  This  was  accomplished 
by  omitting  a  transverse  strip  of  the  concrete  slab  across 
the  whole  width  of  the  bridge,  directly  over  the  crown  hinges. 
In  order  to  further  facilitate  the  free  movement  of  the  ribs 
under  the  above  condition,  the  vertical  columns  resting  upon 
the  ribs  and  supporting  the  deck  beams,  were  made  as  thin 
as  possible  in  the  direction  of  the  span  of  the  bridge.  In 
this  way  the  minimum  resistance  was  offered  to  any  relative 
movement  longitudinally  betw-een  the  deck  and  the  ribs. 

Before  the  temporary  hinges  were  finally  concreted  in,  the 
timber  centering  was  lowered,  and  in  order  that  this  should 
be  both  uniform  and  gradual  steel  screws  were  arranged 
under  the  supports.  With  the  object  of  eliminating,  as  far 
as  possible,  any  initial  stress  due  to  shrinkage,  the  concrete  in 
the  ribs  was  placed  in  sections,  and  key  spaces  left  over  the 
supports  of  the  centering.  These  key  spaces  were  filled  in 
after  all  the  sections  had  been  completed.  The  total  quan- 
tities of  materials  used  in  the  construction  were  as  follows: 
Steel,  242  tons;  concrete,  2,400  cu.  yd. 

When  the  bridge  was  completed,  five  tramcars,  weighing 
12  tons  each,  and  two  steamrollers,  one  weighing  20  tons 
and  the  other  15  tons,  were  crowded  as  closely  as  possible 
onto  the  center  of  the  bridge.  Under  this  total  dead  load  of 
95  tons,  the  deflection  at  the  center  of  the  arch  was  about 
1,''32  in.  After  this,  a  20-ton  steam-roller,  followed  closely 
by  five  loaded  tramcars,  were  run  as  fast  as  possible  over 
the  bridge.  Under  this  rolling  load  of  80  tons  the  deflection 
was  about  1/64  in.,  and  the  total  movement  due  to  vibra- 
tion 1/32  in. 


concrete  construction.  This  unpremeditated  anticipation  of 
modern  practice  is  certainly  interesting.— The  Times  En- 
gineering Supplement  (London),  November,  1920. 


A  50-year-old  Example  of  "Accidental"  Reinforcement  of 
Concrete. — In  the  course  of  legal  proceedings  at  a  watering 
place  on  the  South  Coast  some  interesting  evidence  was 
siven  la.st  month  with  regard  to  the  condition  and  behavior 
of  wrought  iron  joists  embedded  in  concrete  nearly  half  a 
century  ago.  The  structure  in  question  consists  of  a  frame- 
work of  small  wrought  iron  joists  filled  in  and  covered  over 
by  concrete,  originally  forming  a  monolithic  slab  about  12  in. 
thick.  As  the  work  was  designed  and  executed  at  a  time 
when  reinforced  concrete,  in  the  modern  acceptation  of  the 
term,  was  practically  unknown,  the  natural  supposition  is 
that  the  architect  respon.sible  for  the  design  relied  upon  the 
ironwork  for  the  support  of  all  loads  and  regarded  the  con- 
crete merely  as  a  filling  and  covering  material.  The  upper 
surface  of  the  construction  forms  part  of  a  marine  parade 
for  pedestrian  traffic  and  the  lower  surface  provides  roofing 
for  a  series  of  underground  halls  and  chambers,  used  for 
purposes  which  do  not  concern  the  present  note.  An  essen- 
tial point,  however,  is  that  the  municipal  authorities  were 
advised  that  the  roof  generally  was  a  dangerous  structure 
and  brought  forward  convincing  evidence  as  to  the  justice 
of  this  opinion.  The  testimony  of  two  well-known  authorities 
with  regard  to  the  wrought  iron  and  concrete  construction 
was  to  the  eflect  that  the  original  factor  of  safety  had  vir- 
tually disappeared  owing  to  deterioration  of  the  exposed 
lower  flanges  of  the  Iron  joists  and  the  formation  of  cracks 
in  the  concrete.  In  consequence  of  these  defects,  it  appeared 
that  the  Ironwork  was  no  longer  capable  of  supporting  the 
deadweight  of  the  materials  and  the  existing  superimposed 
loading,  and  that  failure  had  been  averted  in  consequence 
of  the  fact  that,  quite  unintentionally  on  the  part  of  the 
designer,  the  upper  flanges  and  webs  of  the  joists  (these 
parts  being  in  a  state  of  fair  preservation  owing  to  the  pro- 
tection by  the  surrounding  concrete)  had  been  acting  with 
the  monolithic  slab  in  such  a  way  as  to  constitute  an  acci- 
dental,  but  not    particularly   efficient,   example  of   reinforced 


The  Severn  Tidal  Power  Develop- 
ment 

l^om  The  Timf.s  Engineering  .Supplcfment.  L,ondon,  December,  19!0. 
The  British  Ministry  of  Transport  has  announced  a  scheme 
which  it  has  prepared  for  the  utilization  of  the  tidal  power 
of  the  Severn.  Briefly,  the  proposal  is  to  build  a  dam  across 
the  river  at  a  point  a  little  below  the  confluence  pf  the 
Wye,  where  the  width  is  about  2%  miles.  Part  of  this  dam 
would  contain  automatic  sluices  opening  to  admit  water 
to  the  upper  reaches  on  the  rising  tide,  but  closing  to  Im- 
pound it  on  the  ebb;  and  another  part  water  turbines  and 
f;enerating  plant.  The  dam  would  be  divided  into  two  por- 
tions by  a  deep-water  channel  and  a  ship  lock,  and  with 
the  latter  would  be  combined  a  viaduct  carrying  railway  lines 


The    Severn    Scheme    for    Utilization    of    Tidal    Power. 

and  a  road,  which  would  provide  relief  for  the  congestion 
of  the  traffic  passing  into  and  out  of  South  Wales. 

With  this  arrangement  power  would  be  obtained  only 
during  a  portion  of  the  tidal  cycle;  owing  to  the  ebb  tide 
in  the  Severn  occupying  a  longer  period  than  the  flood  tide, 
a  working  period  of  about  seven  hours  is  thought  possible. 
During  this  period  the  head  of  water  available  would  be 
constantly  varying,  from  about  5  ft.,  at  which  the  turbines 
would  begin  to  work,  to  a  maximum  at  spring  tides  of  30  ft. 
The  vertical-axis  mixed-flow  turbines  it  is  proposed  to  em- 
ploy must,  for  efficiency,  run  at  a  different  speed  for  each 
head,  and  therefore  the  dynamos  attached  to  them  must  be 
adapted  to  suit  their  varying  speeds.  To  meet  this  condition 
vertical-axis  direct-current  dynamos  are  proposed,  separately 
excited  with  shunt  characteristic;  and  either  automatically  or 
Through  an  operator  their  excitation  and  load  currents  would 
be  so  controlled  that  the  resisting  torque  offered  by  them 
would  prevent  the  turbines  from  rotating  at  a  speed  greater 
than  the  theoretically  correct  speed  for  maximum  output  at 
each  head.  The  turbines  would  rotate  at  speeds  between 
about  40  and  SO  r.p.ni..  and  the  dynamos,  driven  through 
helical  gearing  at  between  300  and  500  r.p.m..  would  gener- 
ate at  a  constant  voltage  of  525,  the  average  output  of  each 
being  about  1,300  k.w. 

Energy  from  the  tidal  generators  would  be  transmitted 
direct  to  industry,  but  at  such  times  as  they  were  producing 
more  than  could  be  absorbed,  the  residue  would  be  trans- 
mitted about  10  miles  and  used  to  pump  water  up  into  a 
high-level  reservoir  situated  above  Tintern  Abbey.  This 
water  would  then  be  used  to  drive  turbines  in  a  second  gen- 
erating station,  which  would  be  able  to  supply  at  periods 
when  the  tidal  generators  were  idle.  For  conveying  this 
water  to  the  high-level  reservoir  a  tunnel  40  ft.  in  diameter 
and  over  a   mile  long  would  be  cut  through  solid  rock.     The 
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motors  for  driving  the  pumps  would  have  a  speed  of  about 
375  r.p.m.  worl<iug  at  2,200  volts,  and  each  having  an  output 
of  about  13,000  liw.  To  save  the  cost  of  installing  two  sets  of 
machinery  at  the  storage  reservoir  generating  station,  it  Is 
proposed  to  combine  in  one  machine  the  motor  tor  pump- 
ing and  the  generator,  which  would  be  driven  by  a  turbine 
at  times  when  the  reservoir  was  giving  out  power.  While 
the  amount  of  energy  to  be  derived  from  the  tides  in  the 
Severn  is  put  on  the  average,  week  in  and  week  out,  at  "about 
half-a-million  horse-power  for  a  ten-hour  day,"  the  idea  is 
to  install  machinery  at  the  storage  reservoir  station  to  give 
a  maximum  or  peak  output  of  approximately  one  million 
liorse-povver. 

The  direct  current  generated  at  525  volts  by  the  tidal  tur- 
bines would  be  converted  into  alternating  current  at  300 
volts  and  then  stepped  up  by  static  transformers  to  60,000 
volts  for  transmission.  Four  principal  outlets  tor  the  power 
are  suggested.  The  first  Is  Che  immediate  neighborhood  of 
the  Severn,  for  the  industries  which  would  be  fostered  by 
cheap  power  on  the  banks  of  the  shipping  basin  formed  above 
the  dam.  The  second  is  the  industrial  area  of  South  Wales, 
all  of  which  lies  within  50  miles  of  the  barrage.  The  third 
is  the  English  Midlands  (Birmingham  being  about  70  miles 
distant,  and  Stokeon-Trent,  about  100  miles),  where  con- 
siderable difficulty  is  anticipated  in  setting  up  large  steam 
power  stations  on  account  of  the  lack  of  condensing  wafer. 
The  fourth  is  the  Thames  Valley  and  London  (115  miles),  to 
which  it  is  thought  transmission  at  120,000  volts  may  be 
possible. 

Since  the  storage  reservoir  power  house  is  capable  of  pro- 
ducing peak  load  output  at  short  notice,  it  is  suggested  that 
the  appropriate  use  for  the  electrical  energy  from  the  Severn 
is  to  take  up  the  peak  load  in  industrial  areas.  That  is,  the 
Severn  scheme  can  be  made  to  work  largely  in  conjunction 
with  steam  generating  stations  in  such  a  way  as  to  enable 
them  to  work  with  a  load  factor  of  from  70  to  80  per  cent, 
instead  of  20  to  50  per  cent,  as  at  present. 


A  New  Method  of  Sand  Pumping 

By  R.  H.  SQUIRE. 

From  Water  and  Water  Engineering.  London,  Feb.  21,  1921. 

The  general  idea  is  that  by  passing  water  from  ordinary 
pump?  across  the  bottom  of  a  sealed  chamber  containing  sand, 
a  certain  amount  of  sand  is  picked  up,  and  the  mixture  so  ob 
tained  can  be  led  by  a  pipe  line  wherever  desired.  The  dia- 
gram shows  two  sections  through  the  apparatus.  This  con- 
sists of  a  cylindrical  vessel  sealed  at  the  bottom,  and  with  a 
large  opening  in  the  top  capable  of  being  closed  by  a  valve. 
The  valve  is  hydraulically  operated  through  the  pipe  marked 
"valve  control."  There  are  three  other  pipes  passing  into 
the  chamber  through  the  top  cover.  One  of  these  is  the  de- 
livery pipe.  The  second  brings  the  water  from  the  pumps  into 
the  small  annular  chamber  at  the  bottom,  from  whence  it 
escapes  into  the  main  chamber  through  a  small  opening  left 
between  two  brass  rings.  The  particular  design  shown  in 
this  diagram  was  intended  to  be  sunk  into  the  sand  in  the 
river  bed  and  the  fourth  pipe,  which  has  nothing  to  do  with 
the  actual  working,  is  provided  for  this  purpose.  This  leads 
into  a  nosepiece.  On  pumping  a  sufficient  supply  of  water 
through  this  pipe,  the  sand  iinder  the  nose  is  washed  away 
by  the  water  escaping  through  the  small  holes  shown,  and 
the  whole  thing  sinks  bodily. 

Since  the  function  of  the  apparatus  is  to  supply  the  sand 
to  the  mixture  and  control  the  percentage  of  solids  delivered, 
I  have  called  it  a  "mixer." 

Now,  to  understand  the  way  in  which  this  mixer  works, 
it  is  necessary  to  remember  that  there  is  a  solid  mass  of  wet 
sand  above  the  mixer.  If  the  valve  is  down,  as  shown  in  the 
diagram,  the  sand  finds  its  way  into  the  mixer  by  gravity. 
Upon  water  being  supplied  to  the  two  pipes  marked  "feed" 
and  "valve  control,"  the  valve  lifts  and  seals  the  mixer;  the 
only  escape  for  the  feed  water  is  now  through  the  delivery 
pipe,  but  in  crossing  the  space  between  the  outlet  from  the 
annular  chamber  to  the  mcuth  of  the  delivery  pipe  it  picks 
up  a  certain  amount  of  sand.  The  actual  amount  depends  on 
Beveral  variables,  and  can  be  regulated  between  wide  limits. 
Once  adjusted,  however,  to  any  particular  percentage,  the 
variation  is  small,  and  if  the  sand  were  perfectly  uniform, 
would   probably   disappear   altogether.     As    the    sand    leaves 


the  mixer,  it  is  replaced  in  the  chamber  by  part  of  the  water 
from  the  pumps. 

If  the  water  supply  be  now  shut  off,  the  vaive  will  drop,  and 
the  mixer  again  fill  with  sand,  the  water  in  the  mixer  escap- 
ing up  through  the  sand  above.  As  soon  as  the  filling  process 
is  complete,  we  are  ready  to  repeat  the  cycle  of  operations. 
Since  this  alternate  filling  and  emptying  involves  an  inter- 
mittent delivery,  which  is  not  admissible  in  practice,  it  is 
necessary  to  have  at  least  two  units,  leading  the  delivery 
pipes  onto  a  common  main,  and  isolating  each  unit  by  a  non- 
return valve  on  the  delivery  between  the  mixer  and  the  com- 
mon main. 

The  percentage  of  solids  delivered,  and  the  supply  of  water 
remaining  constant,  it  can  easily  be  seen  that  the  time  re- 
quired to  empty  the  sand  from  the  mixer  is  also  constant. 
Again,  the  time  required  for  filling  is  constant,  and  these 
times  can  be  adjusted  so  that  they  are  equal  in  a  two-unit 
plant,  or  bear  any  required  proportion  to  each  other  in  the 
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Sectional   Views  of   Mixer. 

case  Of  a  plant  having  three  or  more  units.  It  is  therefore 
an  easy  matter  to  arrange  a  distribution  valve,  driven  from 
the  pump,  to  supply  the  water  to  each  mixer  in  rotation  for 
the  period  necessary.  The  pumps  can  be  of  any  desired  type, 
but  either  a  duplex  steam  pump  or  a  three-plunger  pump,  elec- 
trically driven,  is  to  be  preferred.  The  system  has  been 
patented  by  the  author  under  Indian  Pat.  No.  4060  of  1918 
and   English   Pat.   No.   1572   of  1919. 

Friction  Losses  from  IVIixture  of  Sand  and  Water. — As  an 
example  of  the  friction  losses  which  occur  when  a  mixture 
of  sand  and  water  flows  through  a  pipe  a  series  of  experi- 
ments carried  out  with  a  40  per  cent  mixture  may  be  given. 
The  mixture  was  pumped  through  a  3-in.  pipe  line  of  approxi- 
mately 500  ft.  in  length.  A  pressure  gage  on  the  mixer  en- 
abled the  pressure  head  to  be  accurately  determined,  and  the 
difference  of  level  of  the  two  ends  of  the  pipe  line  was  care 
fully  taken  to  determine  the  static  head.  The  velocity  of  flow 
was  measured  by  filling  steel  drums  of  8.4  cu.  tt.  capacity 
and  the  time  taken  noted  on  a  stop  watch.  A  wrought  iron 
bend  was  loosely  screwed  onto  the  discharge  end  of  the  pipe 
line  and  by  swinging  the  bend  across,  the  flow  of  mixture 
was  easily  diverted  into  one  of  the  drums  just  long  enough  to 
fill  it  without  overflowing.  The  percentage  of  solids  was 
checked  on  each  test  by  measuring  the  depth  of  sand  and 
depth  of  water  in  the  drums.  At  anything  below  the  critical 
velocity  part  of  the  sand  commences  to  settle  out,  and  instead 
of  being  carried  in  suspension  is  dragged  along  the  bottom 
of  the  pipe  at  a  lower  velocity,  which  results  in  the  higher 
resistance  set  up.  The  equilibrium  of  the  system  is  now 
unstable  and  unless  there  is  a  reserve  of  power  available 
somewhere,  flow  will  rapidly  cease  and  the  pipe  choke.  There 
was  no  reserve  available  in  Blue's  experiments  and  hence  a 
very  small  variation  caused  the  launder  to  choke. 

By  considering  the  two  results  together  and  bearing  in  mind 
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the  conditions  of  the  two  sets  of  experiments,  we  can  now 
get  a  very  good  idea  of  what  actually  happens.  Let  us  sup- 
pose that  we  have  a  gravity  system  with  a  bore  pipe  of  100  ft. 
vertical,  and  with  900  ft.  of  pipe  to  the  working  face  dipping 
at  an  average  of  1  in  1.5.  If  the  borehole  is  kept  full  this  will 
give  an  average  gradient  of  16.0  per  cent.  This  corresponds 
nearly  to  a  safe  mixture  of  40  per  cent  solids,  and  the  velocity 
of  flow  would  be  11.5  ft.  per  second.  This,  on  a  3-in.  pipe, 
gives  a  total  discharge  of  practically  34  cu.  ft.  per  minute. 
Let  us  suppose,  however,  tnat  the  rate  of  supply  of  mixture 
to  the  hopper  on  th6  bore  pipe  is  only  25  cu.  ft.  per  minute. 
Now  the  discharge  rate  being  greater  than  the  rate  of  supply 
it  follows  that  the  head  of  mixture  in  the  bore  will  continue 
to  fall  until  the  rates  of  supply  and  discharge  are  equal,  i.e., 
in  the  case  we  are  considering  until  the  discharge  velocity 
is  about  8.5  ft.  per  second.  We  are  now  not  very  far  above 
the  critical  velocity  and  the  case  is  the  same  as  when  a 
dangerously  high  proportion  of  solids  is  being  used  for  the 
head  per  cent  available.  With  this  narrow  margin  a  very 
small  increase  in  the  percentage  of  solids  or  a  decrease  in 
the  rate  of  supply  will  suffice  to  bring  the  rate  of  flow  down 
to  the  critical  velocity.  If  this  occurs,  the  sand  commences 
to  settle  out  and  the  resistance  rises  rapidly  with  a  further 
drop  in  the  velocity  of  discharge.  The  discharge  rate  now 
being  below  the  supply  rate  the  head  in  the  bore  begins  to 
mount  up  and  when  this  rise  of  head  overtakes  the  increas- 
ing resistance,  we  get  a  rush  of  discharge  as  the  velocity 
runs  up  to  the  point  on  the  curve  above  the  critical  point, 
which  corresponds  to  the  head  again  available  in  the  bore. 
We  thus  get  an  intermittent  or  hunting  effect  in  the  dis- 
charge, which  is  by  no  means  an  uncommon  feature.  More- 
over, if  the  total  depth  of  the  bore  is  not  sufficient  to  allow 
the  increasing  head  to  catch  up  and  overtake  the  increasing 
resistance  then  we  get  a  choked  system. 

This  hunting  effect  is  a  very  important  indication  that  one 
or  other  of  three  things  is  wrong,  and  it  sho\ild  on  no  ac- 
count be  allowed  to  continue.     These  are  either: 

(1)  The  percentage  of  solids  in  the  mixture  is  dangerously 
high; 

(2)  The  rate  of  supply  to  the  bore  is  too  low;  or 

(3)  If  it  is  not  desired,  or  not  possible,  to  increase  the 
rate  of  supply,  the  discharge  pipe  is  too  large. 

Wear  of  Pipes. — An  important  point  which  is  closely  con- 
nected with  the  friction  in  pipes,  is  the  wear  on  pipes.  The 
writer  believes  that  this  is  not  so  serious  when  sand  is  the 
material  to  be  flushed  through  the  pipe  as  is  usually  supposed. 
In  the  case  of  the  Saarhrucken  collieries  it  is  stated  that 
steel  pipes  5/16  in.  thick  had  to  be  turned  after  43,200  cu.  m. 
of  sand  had  been  passed  through  them.  This  is  about  76,000 
tons  and  would  correspond  to  only  six  months  work  for  a 
pipe  line  passing  50  tons  per  hour.  Neither  the  velocity  of 
the  fow  nor  actual  amount  of  wear  is  stated,  however.  At 
Ballapur  Colliery  it  was  stated  in  Mr.  Davis'  paper  that  the 
cast  iron  pipes  had  scored  1/16  in.  deep,  with  34,000  tons  of 
sand. 

On  the  other  hand  the  writer  has  seen  some  pipes  belonging 
to  a  small  dredger  of  the  Calcutta  Port  Commissioners  which, 
it  was  stated,  had  passed  something  considerably  in  excess 
of  75.000  tons  of  clean  sand  on  one  not  very  extensive  reclama- 
tion job.  The  en.ginser  in  charge  of  the  dredger  did  not  con 
sider  that  there  was  any  wear  on  the  straight  pipes,  and 
certainly  there  was  not  much. 

It  would  appear  that  the  crux  of  this  matter  is  the  velocity 
of  flow.  If  this  is  above  the  critical  velocity  the  wear  is 
small,  while  below  the  critical  velocity  the  wear  becomes 
heavy,  as  is  shown  by  the  friction  resistance. 

The  Saarbrucken  results  indicate  that  the  velocity  was 
low,  for  the  wear  was  evidently  along  the  lower  side  of  the 
pipe.  With  a  high  velocity  the  sand  is  so  evenly  carried  in 
suspension  that  any  wear  that  takes  place  must  be  fairly 
equally  distributed.  At  Ballapur  the  velocity  of  flow  is  given 
as  24.3  ft.  per  second  now — quite  high  enough  to  give  even 
wear — but  originally  it  was  probably  rather  low  and  the  bulk 
of  the  wear  may  have  occurred  before  the  re-arrangement. 


Roman  Concrete  in  Lincoln,  England.— During  the  recent 
visit  of  the  Institution  of  Mechanical  Engineers  to  Lincoln. 
Colonel  Maasel  Sympson  delivered  a  lecture  on  "Roman 
Lincoln"  giving  interesting  details  concerning  the  ancient 
city  walls  and  the  endurance  of  ancient  concrete  in  those 
structures.  It  appears,  states  the  Times  Engineering  Sup- 
plement of  November,   1920,   that  the   walls  were  originally 


built  of  mass  concrete  faced  with  masonry,  a  very  general 
practice  of  Roman  engineers  and  largely  followed  to  this 
day.  At  present,  as  stated  by  Colonel  Sympson,  a  large 
fragment  of  the  wall  on  the  eastern  side  of  the  city  is  still 
in  existence,  although  the  stone  facing  has  gone  from  both 
sides,  leaving  only  the  core,  which  consists  of  mass  con- 
crete, embedding  pebbles  and  small  stones,  with  a  few  courses 
of  stone  laid  edgewise.  Near  the  old  Eastern  Gate  there 
was  found  in  1890  a  strong  concrete  platform  on  which  bal- 
listse,  or  large  catapults,  are  believed  to  have  been  fixed, 
this  platform  fulfilling  a  purpose  very  much  akin  to  that 
of  the  concrete  gun  emplacements  of  which  so  much  was 
heard  during  the  war. 


New  System  of  Forms  for  Concrete 
House  Construction 

From  Concrete  and  Con.structional  Engineering.  London. 
One  of  the  results  of  the  increased  cost  of  building  has 
been  the  reduction  to  an  absolute  minimum  in  British  State- 
aided  housing  schemes  of  all  artistic  adornment  and  archi- 
tectural features  which  are  designed  solely  to  add  to  the 
charm  of  the  houses,  and  do  not  fulfill  some  utilitarian  pur- 
pose.    With   4   and   5-room   houses   averaging   from   $4,400   to 
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Fig.    1 — Metiiod    of   Constructing    Cavity    Walls   With    Spade    Forms 
and     Special     Removable    Core. 

$4,900  each,  this,  although  much  to  be  regretted,  can  hardly 
be  taken  exception  to;  but,  as  has  been  frequently  pointed 
out,  concrete  lends  itself  particularly  well  to  artistic  treat- 
ment without  any  extra  expense  whatever  being  incurred. 
This  result  is  obtained  in  a  variety  of  ways,  some  rather 
complicated  and  some  extremely  simple. 

A  very  simple  and  ingenious  method  is  used  in  connec- 
tion with  the  "Spade"  system  of  forms,  invented  and  pat- 
ented by  Mr.  A.  L.  Woodward,  of  Ardmay  Hotel,  Surbiton, 
England.  As  will  be  seen  in  Fig.  1,  the  forms  consist  of 
pieces  of  hardwood  held  together  and  kept  at  the  required 
distance  apart  by  steel  angles.  When  a  cavity  wall  is  be- 
ing built,  a  core  of  two  sheets  of  steel  is  inserted,  and  held 


Fig.  2 — Method   of   Securing   Tiling   During   Filling. 

in  position  by  distance  blocks  and  a  centering  gage.  The 
forms  are  kept  true  as  the  succeeding  courses  are  being  built 
by  temporary  ties  being  placed  across  the  last  completed 
course,  and  removed  when  the  shuttering  is  removed.  Wall 
ties  are  built  in  at  each  course  as  the  work  proceeds.  Each 
course  is  built  its  entire  length  at  one  operation,  so  that  there 
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are  no  vertical  joints.  The  forms  are  made  in  four  lengths, 
between  4  ft.  6  in.  and  3  ft.  2%  in.,  and  combinations  of  sets 
of  these  forms  will  give  several  hundred  different  dimensions 
bt.tween  3  ft.  2V3  in.  and  50  ft.,  so  that  there  is  no  difticult.v 
in  working  to  different  plans. 

Perhaps  the  most  interesting  feature  of  the  system  is  the 
method  adopted  for  obtaining  various  exterior  finishes.  Fig. 
2  shows  the  method  of  obtaining  a  tiled  surface  without 
any  labor  being  required  beyond  that  necessary  to  build  the 
wall.  The  tiles  are  placed  inside  the  forms  and  held  in  po- 
sition by  strips  of  hoop  iron  v,-hile  the  concrete  is  being  filled 
in;  when  the  forms  are  removed  they,  of  course,  adhere  to 
the  wall.  In  a  piece  of  walling  which  we  had  an  opportunity 
of  inspecting  tiles  had  been  built  in  this  manner  as  a  sur- 
round for  a  fireplace,  and  appeared  to  be  quite  satisfactory. 
On  another  section  of  walling  a  mould  had  been  used  in  the 
forms  which  gave  the  appearance  of  ordinary  brickwork, 
properly  pointed,  which  had  not  been  touched  after  the  re- 
moval of  the  shuttering.  To  give  the  appearance  of  rough- 
cast a  piece  of  ordinary  matting  is  used  inside  the  shutter. 
By  these  methods  excellent  reproductions  can  be  obtained 
of  stonework,  and  even  weather-boarding,  without  incurrins; 
any  extra  expense  or  labor  beyond  placing  the  mould  in  posi- 
tion inside  the  forms.  This  system  eliminates  all  support- 
ing piers,  posts  and  struts,  whether  permanent  or  of  a  tem- 
porary nature,  and  the  forms  can  be  erected  to  the  required 
dimensions  without  the  aid  of  measuring  instruments  o\- 
pages.  The  system  will  shortly  be  used  by  two  public  bodies 
in  connection  with  housing  schemes. 


The  Rusting  of  Steel  Containing 
Copper ' 

Prom  Engineering:,  London,  Feb.  18.  1921. 
It  is  generally  believed,  and  this  belief  was  confirmed  by 
the  rust  tests  of  the  American  Sheet  &  Tin  Plate  Co.,  of 
Pittsburgh,  in  1913,  that  iron  containing  copper,  in  amounts 
of  small  fractions  of  1  per  cent,  is  less  liable  to  rust  than 
iron  free  from  copper,  though  that  might  seem  to  contradict 
the  assumption  that  iron  should  be  corroded  electrolytically 
more  easily  in  the  presence  than  in  the  absence  of  a  metal 
like  copper.  To  investigate  this  problem  further  some  com- 
prehensive tests  extending  over  six  years  were  started  in 
1913  by  Professor  O.  Bauer  of  the  Materialpriifungsamt,  at 
Gross  Lichterfelde,  near  Berlin,  on  behalf  of  the  German 
ironmasters.  The  material  was  obtained  from  three  works, 
two  in  the  Rhenish  district,  one  in  Silesia;  all  three  works 
sent  Thomas  and  Siemens  and  other  steels  in  large  sheets 
to  be  tested  both  with  their  skins  on  and  after  the  skins  had 
been  removed.  AH  the  steels  were  fairly  pure;  Carbon  about 
0.1  per  cent,  manganese  about  0.5  per  cent,  phosphorous  and 
also  sulphur  up  to  0.09  per  cent,  nickel  up  to  0.2  per  cent, 
chromium  0.04  maximum;  the  copper  had  purposely  been 
added  in  percentages  up  to  0.35.  The  weighed  sheets  were 
exposed  to  various  atmospheres  and  liquids  for  varying 
periods,  and  the  rust  was  then  removed  for  quantitative  de- 
termination by  an  unusually  thorough  method.  The  sheets 
were  brushed  and  then  placed  in  an  iron  tank,  in  which  they 
were  heated  to  boiling  temperature  for  2%  hours  in  8  per 
cent  solution  of  caustic  soda,  granulated  zinc  having  been 
spread  on  the  upper  surface  of  each  sheet;  the  sheets  were 
then  turned,  the  zinc  was  applied  to  the  other  surface,  and 
the  heating  was  renewed.  All  rust  could  then  easily  be 
brushed  off  if  still  adhering;  the  treatment  did  not  attack 
the  clean  metal.  A  full  account  of  these  tests  is  given  in 
Stahl  und  Eisen,  of  Jan.  13  and  20  last. 

The  specimens,  sheets  1  m.  by  0.5  m.  were  exposed  for  over 
four  years  on  the  roof  of  the  Amt  in  good  country  air,  being 
suspended  from  wooden  frames  to  which  they  were  fixed  by 
iron  nails.  Any  influence  of  the  copper  content  on  the  rapid- 
ity of  rusting  was  not  noticeable.  In  the  salt  spray  of  the 
island  of  Sylt,  in  the  North  Sea,  the  rusting  was  more 
marked,  but  again  the  copper  made  no  difference;  in  the 
very  impure  air  of  the  Hoesch  iron  works  near  Dortmund, 
however,  a  protective  influence  of  the  copper  was  perceptible. 
In  all  the  cases  the  nickel  in  the  steel  also  seemed  to  pre- 
vent rusting.  Buried  in  the  sand  dunes  of  Sylt  so  as  to  be 
exposed  both  to  the  sea  water  and  to  air  the  sheets  suffered 
more  than  in   impure   air,   but   the   influence   of  copper  was 


uncertain.  Exposed  in  the  sea  water  alone  the  rusting  was 
also  strong,  and  again  the  action  of  the  copper  was  doubtful. 
Sheets  were  then  buried  in  the  ground  of  the  Hoesch  iron 
works,  the  full  size  sheets  being,  as  in  the  other  buried 
tests,  placed  edgeways  in  the  ground.  The  ground  in  this 
instance  consisted  of  coarse-grained  -slags  containing  about 
31  per  cent  of  silica,  42  per  cent  of  lime,  13  per  cent  of 
alumina  and  only  0.13  per  cent  of  SO,,;  this  last  percentage 
is  interesting  with  regard  to  other  tests  to  be  mentioned. 
In  this  slag  sand  the  corrosion  of  the  steel  was  not  more 
marked  certainly  than  in  the  sand  dunes  of  the  North  Sea, 
but  again  the  influence  of  the  copper  was  not  clear;  the 
copper  seemed  to  protect  the  Siemens  steel,  and  to  hasten 
the  corrosion  of  the  other  steels.  Summing  up  these  vari- 
ous tests — all  made  on  the  metal  with  its  skin  on — it  would 
appear  that  in  the  presence  of  relatively  high  percentages 
of  carbon  dioxide  and  of  sulphur  dioxide  a  slight  percentage 
of  copper — and  of  nickel  as  well,  it  should  be  noted — seemed 
to  retard  the  rusting  of  steel. 

The  other  experiments  were  made  with  smaller  plates, 
about  80  mm.  by  47  mm.  by  2  mm.  generally,  which  had 
been  cut  out  of  the  larger  plates  and  had  been  cleaned  and 
ground  bright  by  the  aid  of  emery.  These  smaller  speci- 
mens were  strung  on  wires  of  mild  steel  for  the  atmos- 
pheric tests.  In  the  clean  country  air  the  copper  possibly 
afforded  some  protection  against  rusting,  but  the  influence 
was  weak  at  the  best.  In  distilled  water  the  copper  made 
no  difference;  in  the  supply  water  of  the  Amt  and  in  the 
salt  water  of  the  North  Sea  copper  was  equally  ineffective, 
though  the  supply  water  contained  some  carbon  dioxide  and, 
for  that  reason  probably,  corroded  the  steel  more  than  the 
sea  water.  In  special  tests  made  in  distilled  water  impreg- 
nated with  CO;,  as  well  as  in  diluted  solutions  of  common 
salt  (1  per  cent),  with  or  without  CO,,  the  copper  seemed  to 
have  a  retarding  influence,  and  that  was  confirmed  by  meas- 
urements of  the  potential  differences.  But  the  potential  dif- 
ferences observed  were  very  small,  and  they  vanished  alto- 
gether in  the  course  of  a  few  days;  in  any  case  they  seemed 
to  remain  effective  only  in  fairly-saturated  solutions  of  car- 
bon dioxide. 

Finally,  electrolytic  tests  were  conducted  with  the  speci- 
mens suspended  in  diluted  sulphuric  acid,  on  the  assump- 
tion that  the  protective  influence  of  copper  noticed  in  the 
atmosphere  of  the  Hoesch  iron  works  might  be  connected 
with  the  vapors  of  SO.  in  that  atmosphere.  It  was  indeed 
found  that  steel  suffers  in  diluted  sulphuric  acid  less  cor- 
rosion when  it  contains  a  small  percentage  of  copper  than  in 
the  absence  of  copper.  This  protective  influence  was  par- 
ticularly marked  in  the  case  of  the  steels  relatively  high  in 
phosphorus;  the  copper  seemed  to  counteract  the  evil  ef- 
fects of  the  phosphorus.  Even  in  these  cases  the  anti- 
corrosive  effect  of  copper  on  steel  was  not  strong,  however, 
and  it  does  not  appear  that  the  addition  of  copper  to  steel 
for  the  purpose  of  preventing  corrosion  would  generally  be 
advisable. 


Steel  for  Reinforcement. — A  paper  read  to  the  Concrete 
Institute  by  Mr.  H.  Kempson  Dyson  describes  a  series  of 
tests  undertaken  by  a  sub-committee  of  the  institute  with  the 
object  of  obtaining  data  as  a  basis  for  the  formulation  of 
permissible  working  stresses  for  steels  of  higher  tensile 
strength  than  that  required  by  the  British  standard  specifi- 
cation for  structional  steel.  The  qualities  of  special  steel  on 
the  market  suitable  for  the  reinforcement  of  concrete  were 
found  to  belong  to  three  classes — (1)  medium  carbon  steel; 
(2)  cold  worked  steel  (such  as  twisted  bars) ;  and  (3)  drawn 
steel  wire.  The  tests  were  made  on  a  number  of  beams  and 
slabs  reinforced  with  these  kinds  of  steel,  and  were  con- 
ducted under  the  supervision  of  the  committee  at  the  Man- 
chester College  of  Technology.  From  the  records  obtained  it 
may  be  concluded  that,  with  the  usual  safety  factor  of  4, 
it  would  be  right  to  design  (as  compared  with  the  working 
stress  of  16,000  lb.  per  square  inch  for  mild  steel)  for  work- 
ing stresses  of  22,000  lb.  per  square  inch  for  medium  carbon 
steel,  21,500  lb.  per  square  inch  for  cold  worked  steel,  and 
25,000  lb.  per  square  inch  for  drawn  steel  wire  of  the  quali- 
ties employed  in  the  tests.  Engineers  and  makers  who  are 
interested  in  the  application  of  such  steels  have  generally 
been  content  with  a  working  stress  of  20,000  lb.  per  square 
inch.  Therefore  their  contention  is  more  than  supported 
by  the  results  of  the  tests  mentioned. — The  Times  Engineer- 
ing   Supplement    (London),    February,    1921. 
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Walker-Weston  System   of   Rein- 
forcement for  Concrete  Roads 

Kidni  EnffiiicerinB,  l-ondon,  Feb.  11,  1921. 
This  system  provides  a  reinforced  frame  which  can  be  made 
close  to  the  site,  and  which  by  reason  of  its  diagonals  is  a 
very  stiff  structure.  The  frame  itself  is  shown  in  plan,  in 
Fig.  1.  We  may  also  state  that  the  Port  of  London  Authority  has 
laid  down  considerable  areas  of  this  type  of  road  at  its  docks. 
Also  it  is  being  used  for  reinforcing  heavy  traffic  roads  at 
the  Belfast  Shipyards  of  Messrs.  Harland  and  Wolff.  The 
whole  reinforcement  is  built  up  of  three  classes  of  bars.     Of 


instance,  to  hollow  walls.  The  cores  in  this  case  would  be 
seen  end-on,  on  the  section  C  D.  The  cores  are  triangular 
iu  section,  and  result  in  a  wall  of  two  surfaces  reinforced  by 
diagonal  partitioning  in  a  manner  which  will  be  evident  by 
further  reference  to  Fig.  2. 


Fig.    1 — Plan    and    Sections    of    Reinforcement. 

these  one  class  consists  of  a  zig-zag  bar  shown  as  Section  A  B 
in  Fig.  1.  The  second  of  a  type  of  loop  bar,  while  the  third 
consists  of  plain  straight  bars.  The  zig-zag  and  loop  bars 
can  be  prepared  ,at  the  site,  so  that  no  complicated  shaped 
bars  have  to  be  considered  in  transport. 

The  zig-zag  bars  are  prepared  on  a  bench  set  with  pegs, 
round  which  the  bars  are  bent,  and  the  pegs  can  be  set  any 
desired  distance  apart  so  that  the  depth  of  the  zig-zag  can 
be  varied,  the  pitch  always  remaining  standard.  The  zig- 
zpg  bars  are  usually  of  from  %  in.  to  3/16  in.  diameter,  this 
material  being  as  a  rule  delivered  in  coils.  These  coils  are 
stretched  by  winches  at  the  site,  and  lengths  of  40  ft.  or  so 
cut  and  bent  by  hand  on  the  bench,  using  two  short  lengths 
of  steel  tube  threaded  on  the  bar  for  this  purpose. 

The  loop  bars  are  also  prepared  on  a  single  bench  on  which 
are  pegs  at  standard  intervals.  These  bars  are  manipulated 
by  a  claw  tool  which  enables  them  to  be  bent  very  expedi- 
tiously. The  next  process  is  to  suspend  a  number  of  zig- 
zag bars  in  pairs  on  a  bench  fitted  with  iron  horses,  and  to 
thread  over  them  the  loop  bars,  allowing  one  loop  bar  for  each 
bottom  point  of  the  set  of  zig-zags,  two  of  the  latter  passing 
through  each  loop.  Straight  bars  are  then  placed  in  between 
the  zig-zag  bars  at  each  loop,  and  the  zig-zag  bars  are  then 
crossed  over  these  straight  bars  and   bent  down  until  their 


Fig.  2. 

upper  apices  again  cross  those  of  their  neighbors  from  the 
next  loops.  Into  the  forks  thus  formed  at  the  top  are  slipped 
straight  bars,  and  over  the  latter  and  under  the  heads  of 
the  zigzags  are  run  straight  cross-bars. 

The  reinforcement  is  made  in  pieces  usually  20  ft.  to  24 
tt.  long  and  from  6  ft.  to  8  ft.  wide.  It  is  rigid,  and  bars 
cannot  be  displaced. 

It  is  customary  to  lay  it  on  the  formation  surface  and  to 
put  down  concrete  sufficient  for  a  depth  of  2  in.  through  the 
spacings.  The  framework  is  then  lifted  till  it  rests  on  the 
top  of  this  2-in.  layer,  when  concreting  is  resumed.  This 
method  ensures  the  concrete  covering  below  the  bars. 

Thp  «nm£.  liPthod  had  been  applied  to  other  works,  as  for 


Reinforced  Concrete  Dam  for  Controlling 
Inrush  of  Water  in  Mining  Tunnel 

From  Concrete  and  Constructional  KngincerinK,  l»nc!on. 
In  a  paper  read  before  the  South  African  Institution  of  En- 
gineers Mr.  Thomas  Blandford  described  a  reinforced  con- 
crete dam  employed  for  shutting  off  an  inrush  of  water  at 
Modder  East.  This  dam  was  constructed  in  the  :M9  rise  at 
No.  1  shaft,  for  the  purpose  of  controlling  and  closing  off  a 
feeder  of  water  which  yielded  approximately  1,000,000  gal. 
per  day  at  a  pressure  of  500  lb.  per  square  inch.  This  out- 
burst was  met  in  the  dike  through  which  the  rise  was  being 
driven,  and  was  found  to  be  coming  from  a  vertical  fissure 
striking  north  and  south.  As  soon  as  it  was  found  that  any 
temporary  measures  for  reducing  the  quantity  of  water  were 
useless,  work  was  immediately  taken  in  hand  to  build  a 
reinforced  concrete  dam.  A  good  concrete,  consisting  of  1 
part  cement,  1  sand  and  2  broken  stone  (dike  material  on 
site),  was  well  rammed  into  the  face  to  a  thickness  of  ap- 
proximately 4  ft.  No  hitches  for  support  were  cut  in  the 
rock,  but  a  series  of  forty  1-in.  steel  pegs  were  driven  to  a 
depth  of  6  to  9  in.  into  the  rock  in  two  rows  around  the 
perimeter  of  the  drive,  such  pegs  projecting  a  distance  of 
about  1  ft.  6  in.  into  the  mass  concrete.  In  addition  to 
this,  two  rows  of  %-in.  bar  iron,  one  vertical  and  one  hori- 
zontal, the  bars  being  about  1  ft.  apart,  were  embedded  into 
the  concrete  during  construction  and  tied  up  by  means  of 
wire  to  the  above-mentioned  pegs,  thereby  forming  a  double 
grille  system  of  reinforcement.  In  this  way  a  thoroughly 
strong  wall  was  obtained. 

The  feeder  of  water  was  confined  behind  the  concrete  to 
as  small  a  channel  as  possible  with  the  aid  of  21-gauge 
steel  sheets,  and  released  through  two  6-in.  pipes  fitted  with 
stop  valves.  By  this  means  it  was  possible  to  place  the  con- 
crete in  position  correctly  without  any  interference  from  the 
water.  Six  1%-in.  cementation  pipes  were  also  built  in  the 
dam  for  the  purpose  of  filling  and  solidifying  the  fissure 
and  the  subsequent  testing  of  the  ground  in  advance.  The 
work  of  construction  of  the  dam  occupied  two  days,  being 
commenced  in  Aug.  14,  1919,  and  completed  on  the  16th,  after 
which  it  was  allowed  to  set  for  three  days.  During  this  pe- 
riod the  feeder  was  flowing  freely  from  the  6-in.  drain  pipes. 
Injection  was  then  started  on  the  19th  and  continued  until 
the  27th.  when  all  the  pipes  in  the  dam  had  been  solidly 
closed  with  cement,  and  also  two  of  the  release  holes  in 
the  hanging  wall.  At  this  stage  approximately  half  the 
original  feeder  was  shut  ofi',  but  owing  to  shortage  of  cement 
it  was  not  deemed  advisable  to  close  it  all  oft,  as  there  was 
no  cement  on  hand  should  anything  unforeseen  take  place 
by  totally  closing  off  the  water,  taking  into  consideration  the 
short  period  that  had  been  allowed  for  the  maturing  of  the 
concrete. 


Cylinder  Pier  Foundations  for  Concrete  Wharf. — A  system 
of  cylinder  pier  construction,  differing  in  some  respects  from 
that  which  has  been  largely  employed  in  reinforced  concrete 
wharves  on  the  Thames  and  elsewhere  in  England,  is  now 
being  adopted  in  the  construction  of  a  reinforced  concrete 
wharf  2,600  ft.  long  by  142  tt.  wide,  forming  part  of  the  Prai 
River  Port  development  scheme.  Federated  Malay  States,  ac 
cording  to  the  Times  Engineering  Supplement  (London), 
of  December,  1920.  Reinforced  concrete  cylinder  piers,  made 
up  of  short  precast  sections,  are  sunk  in  steel  guides.  The 
bottom  section  for  each  pier  has  an  extended  base  which  is 
provided  with  a  cutting  edge,  3  ft.  6  in.  deep,  11  ft.  6  in. 
in  diameter  outside,  and  9  ft.  4  in.  in  diameter  inside.  The 
other  sections  are  8  ft.  6  in.  in  diameter,  the  edges  are 
shaped  so  as  to  make  a  key  joint  between  successive  sec- 
tions, and  the  top  section  is  fitted  with  a  cap  after  the  in- 
terior of  the  cylinder  has  been  pumped  dry  and  filled  up  with 
plain  concrete.  The  cylinders  are  braced  at  the  top  by 
members  forming  part  of  the  reinforced  concrete  superstruc- 
ture. Borings  on  the  site  showed  that  under  the  river  mud 
there  was  a  bed  of  sand  of  great  depth,  and  the  cylinder 
foundations  were  adopted  in  preference  to  screw  piles,  owing 
to  the  rapid  deterioration  of  steel  in  the  Prai  River. 
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Use  of  Chlorine  Gas  in  Water  Ster- 
ilization for  British  Army 

F]-oin  The  Times  En.iTineering  Supplement,  London,  December,  1920. 
An  account  of  the  methods  developed  during  the  war  for 
sterilizing  water  in  the  field  by  means  of  chlorine  was  given 
hy  Captain  J.  Stanley  Arthur  before  the  Institution  of  Me- 
chanical Engineers. 

He  stated  that  the  best  methods  of  filtration  can  bring 
about  a  reduction  of  98  per  cent  of  the  total  number  of  bac- 
teria present  in  water,  and  to  remove  the  remaining  2  per 
cent,  and  thus  render  the  water  perfectly  safe  a  process  of 
sterilization  is  necessary.  Bleaching  power  was  first  em- 
ployed to  sterilize  a  supply  of  drinking  water  at  Maidstone 
m  1897  during  a  typhoid  epidemic,  which  was  very  rapidly 
stamped  out,  but  gaseous  chlorine,  though  used  to  a  small 
extent  in  America  for  some  time,  has  come  into  general  use 
only  during  the  last  tew  years.  The  amount  of  chlorine, 
whether  as  gas  or  from  bleaching  powder,  required  to  ster- 
ilize water  is  quite  small.  For  a  sedimented  and  filtered 
water  half  a  part  per  million  is  sufficient  for  complete  steril- 
ization, and  for  a  crude  water,  as  from  the  Thames  at  Kew, 
three  to  four  parts  per  million  are  required,  provided  that 
the  chemical  is  allowed  to  remain  in  contact  with  the  water 
for  at  least  20  minutes. 

Use  of  Bleaching  Powder. — At  the  outbreak  of  war  the 
only  method  of  water  purification  that  could  be  carried  out 
in  the  field  was  embodied  in  the  water  cart.  In  this  appa- 
ratus the  water  was  pumped  from  the  source,  treated  with 
alumininum  sulphate,  with  or  without  the  addition  of  an  alkali 
and  filtered  through  a  cloth-covered  cylinder  on  which  the 
aluminium  hydroxide  produced  by  the  hydrolysis  of  the 
aluminium  sulphate  was  deposited  and  formed  the  real  filter- 
ing medium.  After  filtration  the  water  was  sterilized  by 
bleaching  powder.  It  was  soon  found  that  more  of  this 
substance  was  being  added  than  was  necessary  to  produce 
sterilization,  and  attempts  were  made  to  devise  a  simple 
method  by  which  the  necessary  amount  could  be  determined 
in  the  field.  The  first  suggestion  was  made  by  Professor 
James  Woodhead,  and  the  actual  details  that  resulted  in 
the  fitting  up  of  a  case  containing  the  necessary  apparatus 
and  chemicals  with  instructions  for  carrying  out  the  test 
were  worked  out  at  the  Royal  Army  Veterinary  College  under 
Sir  William  Horrocks.  With  this  test  case,  known  in  the  Army 
as  "Case,  Water  Testing,  Sterilization,"  and  the  water-cart  as 
starting  point,  the  whole  of  the  great  water  purification 
scheme  of  the  army  has  been  built  up. 

The  first  advance  on  the  water-cart  was  a  plant  that  ster- 
ilized water  by  a  continuous  process  at  the  rate  of  125  gal. 
an  hour,  using  bleaching  powder,  and  then  a  larger  and 
much  better  plant  was  developed,  giving  a  continuous  output 
of  400  gal.  an  hour,  in  which  the  excess  of  chlorine  left  in  the 
water  after  sterilization  was  removed  by  a  solution  of  sodium 
bisulphite.  These  plants  were  fitted  on  3-ton  motor-lorries, 
and  a  large  number  were  sent  to  France. 

Adoption  of  Chlorine  Gas. — The  output  of  these  plants  was 
relatively  low,  and  a  considerable  amount  of  work  was  en- 
tailed in  making  the  solutions.  Attempts  were  made  to  over- 
come these  detects,  and  finally,  by  the  use  of  chlorine  gas, 
a  new  type  of  water-purification  plant  was  devised  which 
has  been  adopted,  with  minor  alterations,  to  meet  special 
conditions,  as  the  standard  in  the  British  Army.  The  great 
difficulty  was  to  find  a  satisfactory  method  of  administering 
the  gas  to  water,  but  Wallace  &  Tiernan  of  New  York, 
working  on  the  lines  of  a  patent  taken  out  in  1912  by  Major 
Darnell  of  the  United  States  Army,  produced  two  types  of 
chlorinators  which  have  proved  very  successful  in  operation, 
and  both  of  which  have  as  an  object  the  delivery  of  a  con- 
tinuous supply  of  chlorine  to  water  at  a  known  indicated  rate, 
independent  of  any  changes  of  pressure  of  the  chlorine  in 
the  containing  cylinder. 

Tests  made  on  canal  water  at  Brentford,  Middlesex,  with 
the  first  instrument  brought  to  England  in  August,  1916, 
.showed  that  the  water  so  treated  had  a  far  less  marked  taste 
than  when  similarly  treated  with  bleaching  powder.  During 
the  tests  the  use  of  sulphur  dioxide  gas  was  suggested  for 
the  removal  of  the  excess  of  chlorine  left  in  the  water,  and 
therefore,  of  the  slight  taste  imparted  to  it,  and  this  method 
has  been  adopted  as  the  standard  for  all  types  of  water 
purification  plants,  except  those  that  are  too  small  to  admit  It 
to  be  economically  used. 


Of  the  two  types  of  the  Wallace  &  Tiernan  apparatus,  the 
direct-feed  chlorinator,  which  has  been  adopted  throughout 
the  Army  purification  plants,  is  essentially  an  apparatus 
which  meters  chlorine  gas  and  delivers  it  at  constant  pres- 
sure, the  gas  being  added  directly  to  the  water  under  treat- 
ment. It  consists  of  three  main  parts — a  compensator  for 
compensating  alterations  of  pressure  in  the  chlorine  cylinder; 
a  metering  or  flow-measuring  apparatus;  and  a  check  or 
back-pressure  valve  and  diftuser.  Entering  the  compensator 
at  any  pressure  the  chlorine,  after  passing  through  it  to  the 
orifice,  is  metered  and  leaves  the  apparatus  at  constant  pres- 
sure, to  be  forced  into  the  water  through  the  diffuser,  which 
breaks  it  up  into  very  small  bubbles.  In  the  solution-feed 
type  the  chlorine,  after  leaving  the  compensator,  passes 
to  a  bubble  meter  in  which  the  bubbles  or  chlorine  are  seen 
and  counted  and  are  dissolved  in  water,  the  solution  being 
afterwards  injected  into  the  water  that  is  to  be  sterilized. 

Army  Plants. — The  Army  purification  plants  in  which  the 
chlorine-sulphur  dioxide  process  has  been  adopted  nay  be  di- 
vided into  three  classes:  (1)  Portable  plants  built  on  motor- 
lorries;  (2)  portable  plants  on  barges;  and  (3)  stationary  or 
land  plants.  The  first  class  is  primarily  for  use  with  an  army 
moving  into  occupied  territory,  in  which  the  usual  sources 
9f  water  have  been  destroyed  or  rendered  useless.  The  sec- 
ond serves  to  some  extent  the  same  purpose,  but  on  a  larger 
scale,  and  the  third  is  the  standard  type  for  supplying  water 
fo  troops  in  the  area  of  operations  and  for  replacing  the 
water  supply  of  towns.  In  field  operations  the  purified  water 
is  either  delivered  to  storage  tanks  and  thence  to  pipe  lines, 
or,  as  with  mobile  purification  plants,  to  tank  lorries  or 
water-carts.  The  small  amount  of  chlorine  purposely  left 
in  the  water  generally  disappears  by  the  time  it  reaches  the 
troops,  and  consequently  no  taste  of  the  chemical  can  be  de- 
tected. 


Physical  Properties  of  Clay  in  Re- 
lation to  Pile  Driving 

From   Tlie  Times  Engineering-  Supplement,  London,  October,   1920. 

Two  papers  describing  investigations  on  the  physical  prop- 
erties of  clay  in  relation  to  pile  driving  were  presented 
before  the  Society  of  Engineers,  one  by  Mr.  Alfred  S.  E. 
Ackerman,  and  the  other  by  Lieut.-Col.  Henry  R.  Lordly, 
of  Cornell  University,  U.  S.  A. 

Resistance  of  Piles. — Mr.  Ackermann  dealt  with  the  results 
of  107  experiments  made  in  continuation  of  the  102  which, 
as  described  in  a  paper  he  read  before  the  same  institution 
in  March  of  last  year,  he  had  carried  out  by  forcing  two 
forms  of  pyramid  into  clay. 

These  new  experiments  confirm  the  conclusions  drawn 
from  the  previous  ones,  except  in  one  or  two  particulars, 
and  have  also  enabled  liim  to  make  some  fresh  deductions. 
They  show  that  clay  increases  in  tensile  strength  as  its 
water-content  decreases,  and  that  its  contraction  on  drying 
increases  as  its  original  water-content  increases.  The  work 
necessary  to  cause  a  pyramid  or  other  tapered  body  to  pene- 
trate clay  containing  a  moderate  amount  of  water  is  utilized 
in  (1)  overcoming  the  friction  or  adhesion,  and  (2)  causing 
displacement  alone,  the  former  being  by  far  the  larger  quan- 
tity. The  work  done  per  cc.  to  cause  displacement  by  means 
of  tapered  bodies  is  constant  and  independent  of  the  depth, 
so  far  as  the  experiments  have  gone,  for  any  set  of  condi- 
tions; in  other  words,  for  tapered  bodies  and  a  given  per- 
centage of  water  in  the  clay  the  surface  of  contact  is  directly 
proportional  to  the  load  causing  penetration.  The  work  done 
per  cc.  in  causing  displacement  alone,  i.e.,  excluding  friction, 
is  not  independent  of  the  angle  of  the  pyramid,  but  increases 
with  that  angle,  and  the  work  done  in  causing  displacement 
by  means  of  a  disc  (in  which  no  work  is  done  against  fric- 
tion) is  greater  than  that  done  in  the  case  of  either  form 
of  pyramid.  The  co-efficient  of  friction  is  not  independent  of 
the  pressure  of  the  clay  on  the  surface,  the  friction  or  ad- 
hesion increasing  with  the  pressure.  The  relation  of  the 
horizontal  pressure  to  the  vertical  depth  may  be  determined 
by  the  penetration  of  a  pyramid  or  by  the  adhesion  of  clay 
to  a  plane  surface  of  the  same  material  as  the  pyramid.  The 
pressure  of  fluidity  appears  to  be  considerably  reduced  if 
the  clay  has  been  allowed  to  become  thoroughly  air-dried, 
and  is  then  wetted  and  puddled,  and  it  is  affected  within 
limits  by  the  horizontal  size  of  the  container  of  the  clay. 
The  volumetric  displacement  caused  by  a  steel  ball   falling 
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upon  a  surface  of  clay  is  directly  proportional  to  the  height 
of  fall. 

Some  experiments  were  made  with  chalk.  Wet  chalk,  both 
powdered  and  precipitated,  showed  some  similarities  in  phys- 
ical properties  to  clay,  but  the  differences  were  more  striking, 
and  the  differences  as  between  powdered  and  precipitated 
chalk  were  perhaps  even  more  marked  than  as  between  clay 
and  chalk.  Powdrcd  chalk  containing  :i5  per  cent  of  water 
was  found  to  have  a  "resistance  iioint,"  where  the  curves 
showed  an  extra  resistance  at  which  no  increase  of  penetra- 
tion took  place  for  the  increment  of  load — the  reverse  of 
the  phenomenon  of  the  yield-point  of  mild  steel  when  it  is 
tested  in  tension.  With  chalk  the  effect  of  the  container 
was  more  marked  than  with  clay.  Wet  powdered  chalk  has 
a  modified  pressure  of  fluidity,  and  the  water-content  greatly 
affects  the  properties.  Wet  chalk  practically  does  not  con- 
tract in  drying,  and  its  adhesion  and  cohesion  are  much  less 
than  those  of  clay.     Clay  is  hygroscopic  and  chalk  is  not. 

Grouping  of  Piles. — Lieut.-Colonel  Lordly's  paper  referred 
in  particular  to  tests  made  on  the  grouping  of  piles  with  the 
object  of  ascertaining  the  minimum  distance  apart  at  which 
they  can,  or  must,  be  placed  in  clay  in  order  to  give  the 
most  effective  results.  These  tests  formed  part  of  a  series 
.«imilar  in  character  and  in  results  to  those  carried  out  by 
Mr.  Ackermann. 

The  piles  employed  were  3  ft.  long,  and  their  diameters 
varied  from  s.'i  in.  to  2%  in.  Dead-weight  loads  were  ap- 
plied in  increments  of  20  lb.  and  50  lb.,  and  the  maximum 
total  load  in  any  one  test  was  about  one-third  .of  a  long 
ton.  The  total  penetration  was  up  to  3  ft.  The  clay  was 
contained  in  bins  having  a  capacity  of  2  to  4  cu.  yd.,  and 
its  water  content  was  about  25  per  cent. 

Group  tests  were  arranged  to  determine  the  effect  on  re- 
sistance of  driving  the  piles  in  various  groups  at  various 
distances  apart.  The  difference  of  the  resistance  of  eacli 
pile  in  a  group  was  compared  to  that  of  the  first  pile  driven. 
This  pile  was  always  placed  more  than  two  or  three  diameters 
away  from  any  other  pile  and  was  designated  a  "free"  pile. 
The  piles  in  the  groups  were  neither  one  diameter  apart  or 
slightly  more  or  less  than  that  distance;  the  results  were 
compared  with  the  resistance  of  the  "free"  pile  of  a  group, 
and  also  with  that  of  piles  that  varied  slightly  from  being  one 
diameter  apart  in  other  groups. 

The  results  indicate  that  piles  driven  in  a  plastic  clay  or 
sand  between  other  piles  at  a  less  distance  than  one  diameter 
between  their  outer  sides  and  the  inner  sides  of  the  ad- 
jacent piles  have  a  greater  resistance  than  the  same  piles 
driven  free  and  unobstructed.  The  exceptions  would  prob- 
ably be  cases  in  which  square  and  round  piles  of  various  sizes 
are  intermingled,  though  without  further  tests  this  is  ques- 
tionable. It  the  grouped  piles  require  a  heavier  driving 
load,  they  should  also  carry  a  heavier  dead  load  than  the 
free  piles.  This  raises  an  interesting  question.  It  12  piles 
are  to  be  placed  in  clay  over  a  certain  area,  which  is  pre- 
ferable— tour  groups  of  three  closely-driven  piles  or  12  piles 
distributed  as  free  piles  over  the  whole  area?  If  the  prac- 
tical aspect  of  the  construction  of  the  top  grillage  is  the  same 
and  the  loading  can  be  properly  distributed,  the  author  would 
prefer  the  four  groups  of  three  piles.  The  extra  resistance 
of  the  middle  pile  can  remain  unstressed,  as  a  reserve 
power,  the  load  being  equally  distributed  on  the  basis  that 
all  are  free  piles,  and  thus  provide  an  extra  resistance  as  a 
safety  factor  in  case  of  overloading  at  any  time. 

The  author  also  undertook  a  series  of  tests  with  the  object 
of  demonstrating  ocularly  the  actual  displacement  of  the 
clay  caused  by  driving  a  pile  into  it.  For  this  purpose  a  box 
with  a  glass  front  was  used.  A  number  of  horizontal  lines, 
indicated  by  white  sand,  were  arranged  in  the  clay  against 
the  glass  front,  and  the  displacements  of  these  lines  as  the 
piles  were  driven  down  were  photographed.  The  results  were 
similar  in  all  cases  and  proved  the  side  displacement  to  be 
at  least  one  diameter  of  the  pile. 

The  question  arose,  however,  whether  the  clay  was  in- 
fluenced by  being  against  the  glass,  and  also  to  what  dis- 
tance back  the  clay  was  displaced  by  the  action  of  the  pile. 
To  obtain  this  information  X-ray  photographs  were  taken. 
The  clay  was  contained  in  a  box  having  a  thickness  consid- 
erably more  than  the  diameter  of  the  pile  and  of  suffieient 
breadth  and  height  to  permit  a  natural  movement  of  the  clay 
body  as  the  pile  was  driven  down.  Tests  were  made  with 
wet  and  dry  sands  and  with  wet  clay.  The  horizontal  lines 
were  represented  by  fine  iron  filings,  and  in  one  test  sands 


of  various  grades  of  fineness  were  used.  The  curves  obtained 
conformed  to  those  in  the  glass-box  test,  and  prove  that  the 
latter  represents  approximately  the  actual  conditions. 

The  author  considers  that  the  experiments  justify  the  de- 
ductions that  in  a  clay  soil  there  is  a  particular  distance 
apart  at  which  piles  should  be  spaced  in  a  group  in  order  to 
get  the  be.st  bearing  efhciency;  that  the  minimum  lateral 
displacement  in  a  clay  soil,  or  in  sand,  extends  to  at  least  one 
diameter  of  tlie  pile  in  all  directions;  that  to  got  the  greatest 
bearing  olticiency  when  grouping  piles  in  a  plastic  clay  the 
middle  pile  of  any  group  should  not  be  more  than  one  diam- 
eter distant  from  the  adjacent  piles,  outside  measurements 
from  pile  to  pile  being  taken,  and  that  a  group  of  small  or 
medium-sized  piles  in  plastic  clay  should  give  greater  effi- 
ciency than  one  large  pile  or  two  of  medium  size.  As  re- 
gards the  last  deduction,  the  ratio  of  the  end  bearing  to  side 
friction  must  be  considered  in  each  case.  Experiments 
made  by  the  author  show  that  the  side  friction  is  greater 
than   is   generally   supposed. 


Reinforced  Concrete  Pipe  for  Geel- 
ong,  Australia  Sewer  System 

By  E.  G.  Stone. 
From  Commonwealth  Engineer.  Melbourne,  Australia. 
The  sewage  scheme  installed  by  the  Geelong,  Vic,  water 
and  sewage  trust  embraces  several  leading  features  in  rein- 
forced con'~rete  work.  The  writer  patented  for  this  work  a 
new  system  of  making  reinforced  concrete  pipes.  .Strong 
molds    of    steel    plate    were    built    on    wheels.      These    were 


Method   of  Testing  Concrete  Pipe. 

brought  after  erection,  with  reinforcement  in  them,  under  the 
receiver,  which  was  filled  by  machine-mixed  concrete.  Com- 
pressed air  was  applied,  and  then  concrete  deposited  under 
a  pressure  of  70  lb.  per  square  inch.  Special  ventilating  holes 
were  introduced,  and  all  surplus  water  that  had  to  be  used 
in  mixing  to  get  a  thin  mixture  was  pressed  out  of  the 
concrete.  With  this  method  the  pipes  could  be  handled 
v.'ichin  six  hours  after  casting.  All  the  work  was  done  in 
organized  steps,  the  following  scheme  being  adopted:  After 
-casting  the  pipes,  within  one  hour  the  ends  of  the  molds  were 
removed  and  left  hanging  on  a  traveller;  the  top  mold  was 
then  removed  and  also  left  hanging;  the  truck  was  then 
wheeled  out  into  the  yard,  allowing  the  concrete  in  the  pipe 
to  harden  further.  The  pipe  was  then  lifted  by  the  internal 
mold  and  upended.  Then  the  inner  mold  was  removed  in 
two  sections.  The  inner  mold  was  then  re-erected  and 
placed  on  the  truck  with  the  reinforcements  round  same. 
The  truck  was  then  taken  under  the  traveller,  the  top  molds 
and  ends  put  on,  and  the  reinforcement  adjusted  by  spacers 
in  its  exact  position,  and  then  brought  under  the  receiver 
and  filled.  The  tests  of  these  pipes  were  severe.  They  were 
to  be  built  to  stand  a  load  of  1,800  lb.  per  lineal  foot,  placed 
as  a  concentrated  weight  along  a  4-in.  rolled  steel  bar.  An 
internal  pressure  of  30  ft.  head  of  water  was  considered 
sufficient. 

The  laying  of  these  pipes  was  Interesting.  Ten  miles  of 
2  ft.  6  in.  railway  track  gauge  were  laid  for  this  work,  and 
the  handling  was  principally  done  by  two  steam  locomotives, 
the  pipes  being  carried  upon  specially  shaped  trucks.  One 
difficulty  raised  against  the  use  of  long  pipes  was  the  sug- 
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gested  trouble  of  placing  them  in  the  tunnels,  of  which  there 
were  over  two  miles  in  the  work.  A  truck  was  designed  to 
get  over  this,  and  very  little  trouble  was  experienced. 

The  joints  of  the  pipes  were  made  under  compressed  air 
with  a  small  portable  petrol-driven  compressor.  The  long- 
itudinal reinforcement  of  the  pipe  projected  at  the  ends  and 
was  incorporated  into  the  joint  reinforcement,  so  that  a  con- 
tinuous pipe  line  was  the  result. 

Improvements  in  Mechanical 
Filtration 

From  Water  and  Water  Engineering.  London,  Nov.  20,  1920. 
The  chief  difference  in  the  various  systems  of  mechanical 
filtration  lies  in  the  method  employed  for  cleansing  the  filter- 
ing material,  and  it  is  chiefly  in  this  cleaning  operation  that 
a  great  advance  has  been  made  within  recent  years.  The  aim 
has  always  been  and  still  is  to  get  the  maximum  possible 
cleaning  effect  with  the  minimum  consumption  of  wash-water, 
and  also  to  simplify  the  construction  of  the  filters  and  elimi- 
nate, as  far  as  possible,  mechanism  inside  the  filters,  pro- 
vided this  can  be  done  without  decreasing  the  efficiency. 
The  enormous  rise  in  the  cost  of  material  and  labor  due 
to  the  war  has  focussed  the  attention  of  authorities  upon  the 
advantages  of  simplicity  of  construction  when  allied  to  efflci- 


Fig.    1-— Candy    Patent    Rectangular   Gravity    Filter. 

ency.  The  method  of  scouring  the  filtering  material  by  means 
of  compressed  air  according  to  the  Candy  Filter  Co.'s  system 
is  an  advance  of  considerable  importance  in  the  history  of 
mechanical  filtration.  This  system  is  known  as  the  "air- 
scour,"  and  in  practice  the  compressed  air  is  forced  up- 
wards through  the  filter  bed  from  special  nozzles  in  the  bot- 
tom of  the  filter  tor  from  three  to  five  minutes,  and  is  then 
followed  by  the  upward  wash  of  water.  The  air  agitates  and 
scours  the  filtering  material,  producing  the  same  results  as 
the  water  jets,  and  the  loosened  dirt  is  carried  away  by  the 
upward  wash.  In  the  Candy  system  the  difficulty  of  ensuring 
of  an  even  distribution  of  the  air  is  overcome  by  a  patent 
air  nozzle.  The  nozzle  is  equally  suitable  for  either  pres- 
sure or  gravity  filters.  The  nozzle  has  a  lengthened  stem 
with  an  additional  aperture  in  it  near  the  top.  When  the 
filter  is  filtering,  the  nozzles  serve  to  collect  the  filtered  water 
and  prevent  any  of  the  filtering  material  passing  into  the  filtered 
water  outlet.  For  this  purpose  packing  layers  of  coarse  material 
are  placed  over  the  nozzle  plate  and  above  these  the  fine 
sand  is  laid.  During  the  cleaning  operation  the  compressed 
air  is  delivered  into  the  bottom  of  the  filter.  The  aperture 
at  the  top  of  the  stem  of  the  nozzle  is  exactly  proportioned 
to  pass  the  required  quantity  of  air.  It  is  only  by  employing 
a  proportional  aperture  to  take  the  air  that  the  best  distribu- 
tion can  be  secured,  otherwise  the  greater  proportion  of  the 
air  would  tend  to  pass  up  the  first  large  hole  it  came  to. 
As  soon  as  the  air  scour  is  completed,  the  upward  wash  is 
turned  on  and  the  water  passes  up  through  the  stem  of  the 
nozzle.  Thus  the  water  passes  through  the  comparatively 
large  bore  of  the  stem  while  the  air  is  restricted  to  the 
smaller  aperture  at  the  top  of  the  stem,  and  these  two  are 
proportioned  to  pass  the  correct  quantity  of  water  and  air 
respectively. 

Following  on  the  introduction  of  the  Candy  air  scour  sys- 
tem  have   been: 

The  invention  of  the  Biflow  filter.  In  this  the  filtering  body 
is  double  the  usual  depth  and  comprises  in  effect  two  filter 
beds,  one  directly  superimposed  on  the  other.  The  upper 
bed  filters  downwards  and  the  lower  bed  filters  upwards, 
and  the  whole  of  the  filtered  water  is  taken  from  the  middle 
of  the  filtering  body  by  means  of  special  collectors.  In  this 
way  double  the  filtering  area  of  the  ordinary  filter  is  ob- 
tained, and  a  very  important  economy  is  secured.  The  clean- 
ing of  the  filter  is  effected  in  exactly  the  same  manner  as  an 
ordinary  air-scoured  filter  described  above.     The  nozzle  plate 


on  which  the  whole  filtering  material  rests  is  fitted  with 
the  patent  air  nozzles,  and  the  air  and  water  for  cleaning 
the  filter  pass  vertically  upwards  through  these  nozzles 
through  the  whole  bed.  The  first  of  these  filters  was  erected 
for  the  Uckfield  Water  Co.,  and  has  been  in  entirely  satisfac- 
tory operation  for  two  years. 

The  construction  of  large  rectangular  gravity  filters  built 
in  reinforced  concrete  brickwork,  or  with  the  Candy  system 
of  steel  sides  embedded  in  a  concrete  fioor.  This  system  of 
construction  is  now  being  used  for  many  large  schemes  of 
filtration. 

The  special  drainage  floor  is  a  very  Important  feature  of 
the  gravity  filters  and  is  formed  of  stoneware  drain  pipes 
arianged  in  rows  across  the  filter,  and  fitted  with  brass  plates 
in  which  are  screwed  the  air  scour  nozzles.  The  pipes  and 
plates  are  concreted  in  the  floor  of  the  filter  and  form  a 
permanent  drainage  system.  Each  row  of  pipes  has  its  own 
connection  to  the  compressed  air  supply,  and  drains  into  a 
channel  running  the  whole  length  of  the  filter  and  connected 
to  the  filtered  water  outlet  pipe.  This  floor  is  absolutely 
permanent  and  has  the  great  advantage  that  no  water  can 
have  any  corroding  effect  upon  it.  The  wash-water  is  taken 
off  in  a  trough,  which  is  supported  above  the  filter  bed.  The 
Candy  gravity  filter  is  illustrated  diagrammatically  in  Fig.  1. 

At  the  present  time  the  Candy  Filter  Co.  is  constructing  the 
first  unit  of  a  gravity  filter  plant  for  the  Shanghai  Inland 
City  Waterworks.  These  filters  are  built  with  steel  sides,  and 
each  unit  is  designed  to  deal  with  1,000,000  gal.  per  day  of 
the  Whangpoo  River  water. 

A  gi'eat  advantage  of  the  Candy  system  of  gravity  filters 
is  that  potential  filtering  "head"  can  be  obtained  by  a  draw 
on  the  filtered  water  outlet  as  well  as  by  a  column  of  water 
above  the  bed.  Normally,  a  filtration  head  of  10  ft.  is  neces- 
sary, and  this  can  be  secured  either  by  building  up  the  walls 
above  the  filter  bed  or  by  leading  the  filtered  water  in  a 
pipe  to  a  point  of  lower  pressure.  This  result  can  be  ob- 
tained in  pumping  schemes  by  connecting  the  pump  suction 
direct  to  the  filtered  water  outlet,  and  in  gravitation  schemes 
by  running  the  filtered  water  pipe  into  a  reservoir  at  a 
lower  level. 

An  automatically  governed  valve  on  the  filtered  water  outlet, 
and  a  flow  indicator  that  shows  the  filtration  rate  of  the  bed 
at  any  moment,  are  other  important  features. 


Lead  Poisoning  and  Water  Supplies 

Editorial  in   The  Surveyor.  Feb.   IS,   1921. 

It  is  doubtful  whether  all  the  dangers  of  lead  poisoning 
are  event  yet  thoroughly  grasped.  The  symptoms  of  lead  poi- 
soning extend  over  a  wide  range,  and  many  ordinary  ailments 
which  tend  to  lower  the  health  of  the  whole  population  may 
sometimes  be  due  to  this  cause.  The  necessity  of  scrutiniz- 
ing the  condition  of  all  public  water  supplies  with  reference 
to  the  question  of  plumbo-activity  is  emphasized  in  a  paper 
read  by  Mr.  James  F.  Reade  recently  before  the  Institution  of 
Civil  Engineers  of  Ireland.  The  application  of  the  paper  is 
no  doubt  chiefly  to  Ireland,  where  the  possibilities  of  lead 
poisoning  from  water  are,  on  the  whole,  greater  than  they 
are  in  this  country;  but  it  must  not  be  imagined  that  the 
danger  is  any  greater  in  Ireland  than  it  is  in  many  parts 
of  this  country. 

The  author  points  out  that,  special  attention  should  be  given 
by  those  responsible  for  public  health  to  the  existence  of 
what  may  be  called  disguised  or  obscured  plumbism,  so  that, 
whenever  a  lowering  of  the  general  standard  of  health  is  ob- 
served, consideration  should  be  given  to  the  part  played  by 
the  domestic  water  supply  as  at  least  a  possible  contributory 
caitse  ranking  with  such  well  recognized  evils  as  indigestion, 
colds,  malnutrition,  insanitary  surroundings,  and  bad  hous- 
ing conditions.  It  should  be  observed  that  the  danger  Is 
sometimes  very  great  in  the  case  of  isolated  private  supplies; 
the  apparent  purity  of  the  water  is  no  safeguard,  as  even 
pure  distilled  water  is  commonly  found  to  erode  lead  vigor- 
ously. Rain  water  and  snow  water  are  similarly  dangerous, 
and  water  which  contains  humic  acid  derived  from  peaty 
gathering  grounds  is,  of  course,  known  to  be  very  dangerous. 
Water  drawn  from  wells  and  river  water  has  been  found  in 
many  instances  to  have  a  capacity  for  acting  on  lead.  This 
is  very  important,  in  view  of  the  fact  that  our  new  sup- 
plies will  have  to  be  drawn  from  rivers  in  many  cases. 

Mr.  Reade  is  of  opinion  that  the  usual  water  analysis  gives 
nc  indication  of  the  plumbo-solvent  or  erosive  character  of  the 
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samples  examined,  but  this  surely  presupposes  that  the  engi- 
neer has  failed  to  ask  for  such  information.  He  draws  atten- 
tion to  the  need  of  engineers  making  a  careful  study  of  the 
surct's  of  their  supplies,  and  keeping  records  In  some  pre- 
arranged systematic  manner.  The  nature  of  underlying  rocks 
oil  gathering  grounds  should  be  carefully  studied.  Contact 
v/ith  certain  rocks  may  be  sufficient  to  neutralize  the  acid 
present  in  water  which  would  be  likely  to  act  upon  the  lead. 
Also  soluble  salts  taken  up  from  the  rocks  may  confer  and 
Intensify  acid  neutralizing  power  sufBciently  to  resist  the  in- 
fluence of  a  considerable  influx  of  acid  water  and  thus  pre- 
vent its  lead  solvent  power.  On  the  other  hand,  water  that 
is  not  plumbo-solvent  may  become  so  owing  to  an  access  of 
acid  water  from  a  peaiy  urea. 

There  are  many  similar  factors  to  be  considered,  and 
these  are  given  in  the  author's  paper.  The  methods  for  treat- 
ment of  plumbo-solvent  water  are  given,  viz.,  the  powdered 
chalk,  lime,  or  carbonate  of  soda  mixing  method  adopted 
by  towns  in  the  North  of  England,  and  the  passing  of  the 
waters  through  filters  on  which  a  layer  of  lime  has  been 
spread,  or  of  which  the  coarser  parts  of  the  body  of  the  filter 
are  constructed  in  broken  limestone.  For  the  treatment  of 
water  which  has  plumbo-erosive  power,  which  should  not 
bo  confused  with  plumbo-solvent  power,  treatment  with  car- 
bonate of  soda  after  filtration  through  sand  and  limestone  is 
recommended.  The  paper  is  of  considerable  interest,  and 
certainly  suggests  that  greater  care  should  be  given  to  the 
scientific  investigation  of  the  possibility  of  lead  poisoning  in 
a  minor  degree  being  more  prevalent  than  is  usually  supposed. 


Railway  Construction  in  Unstable  Grounds 

From  The   Railway   Engineer.   lyjndon.   March,   1921. 
While    construction    in    unstable   ground   cannot   definitely 
be   governed    by   pre-arranged   plans,   there   are   certain   car- 
dinal principles  which  should  be  observed.     These  may  be 
summarized  as  follows: 

(a)  Any  such  work  should  approximate  in  weight  to  that  of 
soil  displaced. 

(b)  Such  weight  should  be  evenly  distributed  as  far  as  it 
is  possible. 

(c)  All  longitudinal  open  trenches  should  be  very  short, 
and  cross  trenches  very  narrow. 

(d)  All  trenches  excavated  for  that  purpose  should  be 
filled  solid  with  masonry  or  concrete. 

(e)  All  timber  lining  should  be  removed  as  the  work  pro- 
gresses. 

(f)  All  materials  and  workmanship  should  be  of  the  very 
best. 

As  .1  typical  example,  a  construction  will  be  described  of 
a  shallow  arched  covered  way  for  a  double  line  of  railway 
throughout  the  foot  of  a  London  clay-hill,  with  foundations  of 
the  same  material.  The  surface  of  the  ground  is  presumed  to 
be  on  a  transvere  slope  flatter  than  its  natural  angle  of  re- 
pose, with  the  strata  dipping  in  the  same  direction. 

The  side  walls  should  be  constructed  first  of  all;  and  be 
carried  up  to  the  springing  of  the  arch  in  solid  concrete,  the 
wall  above  such  springing  being  built  up  to  within  a  foot 
of  the  surface  of  the  ground  on  both  the  high  and  low  side. 

Whole  timbers  strongly  fished  should  be  let  into  the  ground 
stretching  from  wall  to  wall.  These  timbers  will  be  removed 
as  the  work  progresses. 

The  excavation  of  the  center  dumpling  should  then  be 
carried  out  down  to  the  intrados  of  the  arch  and  formed  to 
receive  a  centering.  The  arch  should  then  be  turned  In  short 
lengths  and  the  spandrels  be  filled  wMth  concrete  up  to  the 
top  of  the  retaining  walls,  thus  forming  a  strong  continuous 
buttress  to  the  upper  walls. 

The  rings  of  the  arch  should  be  locked  together  by  means 
of  bricks  on  end  through  two  of  them.  The  real  dumpling 
under  the  arch  can  then  be  removed,  either  by  means  of  holes 
left  In  the  arch  or  from  the  two  ends,  and  should  be  carried 
'lown  to  the  foundations  of  the  invert.  The  skew-backs 
if  the  arch  should  be  cut  out  of  the  side-walls.  The  spandrels 
lituld  be  filled  with  concrete  and  shaped  to  the  form  of  the 
\trados  of  the  arch,  the  rings  of  which  should  be  locked  as 
above.  The  Invert  should  be  filled  first  with  very  coarse 
ballast,  and  topped  with  any  kind  of  permanent  way  which 
may  be  selected  by  the  responsible  engineer.  The  voids 
in  the  coarse  ballast  will  allow  any  seepage  to  flow,  as  no 
part  of  the  covered  way  should  be  level. 

Should  such  instructions  be  carried  out  carefully  no  move- 
ment in  the  surro.indine  soil  i.i  likplv  to  take  place. 


Two  Pumps  in  One— A   New   Convertible 
Diaphragm  Pump 

A  new  convertible  diaphragm  pump  has  just  been  placed 
on  the  market  by  the  Barnes  Manufacturing  Co.,  Mansfield, 
O.  This  pump  can  be  quickly  converted  from  the  open  spout 
"anti-flush"  type  to  the  closed  spout  "odofor"  type— thus  giv- 
ing a  pump  for  ordinary  drainage  work  or  one  that  will 
force  tho  liquid  above  the  pump,  discharging  through  a  hose 
or  pipe  instead  of  trough  and  handling  sewage  or  the  con- 
tents of  catchbasins  In  an  odorless,  sanitary  manner.  The 
new  pump  has  many  exclusive  features.  Its  overhead  jack 
construction  eliminates  a  great  many  working  parts,  the 
forged  steel  crank   shaft  replacing  about  15   or  20  parts   in 
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the  old  walking  beam  construction.  In  addition  to  having 
fewer  parts  this  overhead  jack  construction  is  stated  to  be 
)iuich  stronger  and  will  give  longer  life  on  account  of  its 
long  bearings  and  heavy  working  parts.  The  diaphragm  Is 
held  in  place  by  a  clamping  ring  which  is  separate  from  the 
jack  so  that  the  latter  does  not  have  to  be  disturbed  when 
the  diaphragm  is  replaced.  The  suction  valve  is  especially 
noteworthy.  It  may  be  removed  for  Inspection  or  repairs 
without  disturbing  the  suction  hose.  This  is  a  very  Import- 
ant point  since  It  Is  often  difficult  to  replace  a  hose  so  as 
to  have  all  joints  air  tight.  This  valve  is  more  efficient  and 
has  longer  life  than  the  old  rubber  fiap  valve.  In  addition 
it  may  be  faced  with  any  kind  of  sheet  rubber,  leather  or 
canvas  and  does  not  require  high  grade  material  which  is 
hard  for  the  contractor  to  obtain.  The  pump  Is  adapted  to 
handling  all  kinds  of  drainage  work  such  as  pumping  out 
trenches  and  excavations  of  all  kinds.  It  is  stated  to  have  a 
capacity  of  10,000  to  12,000  gal.  per  hour. 


Economy  of  Dry  Sand  in  Concrete. — Recent  Investigations 
have  brought  out  a  point  of  much  importance  to  contracting 
firms — namely,  that  in  cases  where  concrete  is  proportioned 
by  volume  as  customary,  the  use  of  wet  sand  requires  from 
half  to  one  bag  more  cement  than  Is  necessary  for  the  same 
sand  in  a  dry  condition.  As  sand  is  usually  wet  or  moist 
when  used,  the  full  effect  of  the  difference  between  wet  and 
dry  sand  may  not  be  apparent  under  ordinary  working  con- 
ditions. Nevertheless,  the  employment  of  sand  which  has 
recently  been  exposed  to  rain  entails  the  use  of  more  cement 
than  would  be  required  if  the  concrete  were  mixed  on  a 
dry  day.  The  explanation  is  that  moist  sand  will  not  pack 
so  closely  as  dry  sand,  and  that  the  voids  to  be  filled  by 
cement  are  proportionately  greater  in  volume.  It  is  true 
that  the  strength  of  the  concrete  increases  with  the  amount 
of  cement,  but  any  such  excess  of  strength  is  unnecessary 
and  wasteful,  if  the  requisite  strength  is  obtainable  with  a 
smaller  amount  of  cement  and  dry  sand.  The  same  con- 
siderations also  apply  to  aggregates  in  varying  measure 
according  to  the  dimensions  of  the  particles,  the  finer  ma- 
terial being  affected  by  moisture  more  than  the  larger  frag- 
ments of  stone. — The  Times  Engineering  Supplement  (Lon- 
don).  November,   1920. 
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Roads  and  Streets — 1st  Wednesday 


(a)  RoadB 

(b)  Streets 


<c)    street    Cleaning 

(d)    Municipal   Miscellanies 


(e)   Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani 

tatlon 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)    Quarries    and    Pits 

(b)  Management   and        (d)   Steam   Railways,  Con- 
Offlce    System  struct  ion   and   Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)   Buildings 

(b>    Bridges 

(c)    Harbor    Structures 


(d)  Miscellaneous    Structures 

( e)  Properties     of     Materials 

(f )  Management     and    Office 

System 
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Should  Prices  Be  Regulated? 

It  is  the  consensus  of  opinion  of  business  men  that  free 
competition  is  not  an  unmixed  blessing.  Indeed,  there  has 
been  a  growing  sentiment  in  favor  of  restricting  competition 
and  coincidentally  of  regulating  prices.  For  example,  the 
editor  of  Engineering  and  Mining  Journal  recently  (Feb.  12) 
said: 

We  have  always  been  accustomed  to  believe  that  competition 
was  "the  life  of  trade."  and  that  control  and  the  elimination  of 
competition  were  ruinous  or  iniquitous.  But  when  we  inquire  into 
some  of  our  mining  industries,  like  the  graphite  industry  or  the 
barite  industry,  we  often  find  them  almost  hopeless  because  of 
competition;  and  it  is  easy  to  diagnose  that  they  need  scientific 
and  statistical  studies,  standardizing  of  product,  and  central  mar- 
keting, if  they  are  to  find  markets  and  maintain  themselves  in 
competition  with  foreign  products. 

In  other  industries  the  remedy  of  organization  has  been  found 
necessary.  The  California  Fruit  Growers  have  changed  from  bank- 
ruptcy to  prosperity  by  a  centralized  control  over  supply,  grade  and 
marketing.  The  eastern  farmers  sorely  need  such  centalized  and 
scientific  methods  of  maketing.  Labor  has  found  centralized  organ- 
ization better  for  its  welfare  than  competition.  The  organization  of 
banks  into  a  Federal  Reserve  system  has  recently  avoided  a  panic. 

We  may  add  the  significant  fact  that  the  "Solid  South" 
has  been  breaking  away  from  the  traditional  free  trade  doc- 
trine of  the  Democratic  Party,  because  unrestricted  competi- 
tion with  foreign  countries  can  no  longer  be  regarded  with 
equanimity. 

Competition  is  undeniably  a  splendid  tonic,  but  taken  in 
huge  doses  it  often  kills  the  patient.  One  of  our  great  eco- 
nomic problems  is  how  to  secure  the  most  efficient  quantity  of 
this  tonic. 

The  prices  of  many  things  are  already  'regulated  and  we 
seem  to  be  traveling  toward  more  extensive  price  regulation. 
Some  prices  are  regulated  by  monopolistic  corporations,  some 
by  "associations,"  some  by  the  public  through  public  utility 
commissions.  Will  all  prices  eventually  be  regulated  by  the 
public?  We  doubt  it,  yet  we  do  not  doubt  that  the  public 
■will  have  a  voice  in  determining  what  the  prices  of  many 
things  shall  be. 


Unquestionably  the  public  will  eventually  demand  such 
control  over  currency  and  credits  as  to  prevent  wide  oscil- 
lations in  the  general  price  level.  Failure  to  exercise  such 
control  is  at  the  bottom  of  the  present  hard  times,  not  only 
in  America  but  in  Europe. 

In  another  article  in  this  issue  the  editor  discusses  Public 
Regulation  of  Industry. 


Suppressing  the  Personal  Pronoun 

The  average  Anglo-Saxon  is  so  fearful  of  being  consid- 
ered egotistical  that  he  has  invented  several  eircumlocutions 
to  be  used  in  place  of  the  personal  pronoun.  Some  of  these 
are:  "The  author,"  "the  writer,"  "the  speaker."  Prof.  P. 
B.  McDonald,  assistant  professor  of  English,  New  York  Uni- 
versity, has  recently  "seconded  the  motion"  to  discontinue 
these  circumlocutions.     He  says: 

In  spite  of  the  practice  of  such  famous  engineers  as  Milo  S. 
Ketchum,  who  avoids  "I"  wherever  possible,  authorities  on  tech- 
nical writings  are  fairly  well  agreed  that  to  say  "the  writer"  in  a 
signed  article  is  really  more  self-conscious  and  affected  than  to  say 
"I."  T.  A.  Rickard,  for  instance,  in  his  "Technical  Writing,"  en- 
courages a  moderate  use  of  "I." 

Some  writers  avoid  "I"  by  using  the  passive  and  resorting  to 
other  awkward  devices.  Thus  one  engineer  wrote:  "The  follow- 
ing report  of  the  plant  was  made."  This  is  indefinite.  Did  the 
engineer  himself  make  the  report,  or  perhaps  his  assistant,  or 
someone  else?  When  anyone  talks  of  himself  or  writes  his  own 
opinions  why  not  say  "I"? 

And  we  repeat,  why  not? 

Several  years  ago  during  a  trial  before  a  public  service 
commission,  an  appraisal  engineer  was  quoted  by  one  of  the 
expert  witnesses,  in  order  to  show  that  the  witness  had  au- 
thority for  his  theory.  An  engineer  on  the  opposing  side 
asked  permission  to  look  at  the  text  that  had  been  quoted. 
It  began:  "The  author  holds  the  opinion  that,  etc.,"  but  the 
sentence  following  the  quotation  was:  "The  writer,  however, 
does  not  agree  with  the  author."  Members  of  the  American 
Society  of  Civil  Engineers  will  recognize  the  convention  bv 
which  the  author  of  a  paper  must  call  himself  "the  author," 
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whereas  any  one  discussing  llie  paper  must  call  liiraself  either 
"the  writer"  or  "the  speaker."  Here  was  an  instance  where 
this  stilted  method  of  avoiding  the  personal  pronoun  led  to 
a  serious  error  on  the  part  of  an  engineer  who  thought  he 
was  quoting  the  opinion  of  another  engineer,  but  was  not. 

Is  there  not,  at  bottom,  fully  as  much  egotism  in  the 
studious  avoidance  of  the  pronoun  "1"  as  in  the  use  of  it? 
The  writings  of  French  engineers  abound  in  "I's,"  whereas 
the  converse  is  true  of  English  technical  v;ritings.  Can  we 
measure  the  relative  egotism  of  the  two  nations  by  ascer- 
taining the  number  of  "I's"  per  1,000  words  in  their  respec- 
tive technical  books  and  periodicals? 


Should  Not  the  Annual  Road  Con- 
vention and  Exposition  Be  Held 
in  a  Central  City? 

It  has  been  the  practice  to  hold  the  annual  convention  of 
the  American  Road  Builders'  Association  in  different  cities, 
regardless  of  the  centrality  of  their  location.  Last  year  the 
convention  was  held  at  Louisville,  Ky.,  this  year  at  Chicago. 
The  contrast  in  the  attendance  at  these  two  conventions  was 
marked.  Even  more  noteworthy  was  the  difference  between 
the  machinery  exhibits  at  these  road  expositions.  Were  the 
road  convention  merely  a  conclave  of  road  builders,  with  no 
exposition  of  machinery,  it  would  probably  be  well  to  con- 
tinue the  practice  of  holding  it  in  different  sections  of  the 
country  each  year.  We  believe,  however,  that  so  long  as  the 
machinery  show  remains  one  of  the  chief  attractions,  it  would 
be  preferable  to  make  one  large,  central  city  the  annual  meet- 
ing place,  or  at  most  to  rotate  annually  between  two  cities. 

The  American  Railway  Engineering  Association  holds  its 
annual  convention  every  year  in  Chicago,  and  the  railway  ma- 
chinery and  appliances  exposition  occurs  at  the  same  time. 
The  result  is  an  attendance  and  a  "show"  that  is  uniformly 
large  and  attractive.  Manufacturers  can  not  easily  be  in- 
duced to  exhibit  in  cities  that  are  not  large  and  central.  The 
directors  of  tho  Railway  Engineering  Association  have  learned 
this  lesson,  and  now  act  accordingly. 

Would  it  not  be  wise  for  the  directors  of  the  Road  Builders' 
Association  to  seek  the  opinions  of  the  exhibitors  of  road  ma- 
chinery and  materials  before  selecting  the  site  of  the  next 
convention  and  exposition? 

The  Government's  Report  on  Cal- 
ifornia Highways 

In  our  is.^ue  of  March  2  we  published  abstracts  of  a  criti- 
cism of  California  state  highways,  written  by  engineers  em- 
ployed by  two  automobile  clubs.  We  also  published  a  reply 
by  the  California  Highway  Commission,  and  an  editorial  in 
which  we  said  that  the  criticisms  seemed  not  to  be  war- 
ranted. 

Elsewhere  in  the  present  issue  we  give  an  abstract  of  a 
report  by  the  U.  S.  Bureau  of  Public  Works,  in  which  substan- 
tially the  same  conclusion  is  reached  as  in  our  editorial  of 
March  2. 

We  now  have  t.he  full  report  of  the  engineers  of  the  Cali- 
fornia automobile  clubs,  further  abstracts  from  which  will  be 
given  in  future  issues. 

There  are  excellent  data  and  discussions  in  this  critical  re- 
port. The  pity  is  that  such  a  report  should  not  have  been 
made  to  some  engineering  society  rather  than  to  a  non-tech- 
nical club,  few  of  whose  members  are  capable  of  weighing  the 
evidence  or  of  following  the  arguments. 

The  government  report  is  far  more  judicial  in  tone  and  cor- 
respondingly more  convincing.  It  is  also  characterized  by  a 
more  scientific  classification  of  the  condition  of  road  pave- 
ments. 


pie,  the  gentler  curve  for  zinc,  as  compared  with  that  for  copper. 
And,  on  reflection,  we  remember  that  the  zinc  industry  is  actually 
far  more  "controlled"   than   in  the  case  of  copper.    Copper,  as  we  • 

pointed  out  editorially  in  our  issue  of  Dec.  IS,  Is  a  sensitive  bar- 
ometer of  industrial  conditions:  as  sensitive,  apparently,  as  the 
slock  market;  and  a  more  extreme  exemplar  cannot  be  given. 

The  same  editor  points  out  that  "the  aluminum  industry  is  a 
monopoly"  and  that  the  monthly  price  curve  of  aluminum  has 
shown  only  gradual  changes  through  relatively  narrow  limits. 
Similarly  as  to  nickel  for  "the  nickel  industry  is  closely  hold, 
the  International  Nickel  Co.  predominating  in  the  world  sit- 
uation." 

Whether  such  price  control  is  advisable  or  not  is  discussed 
in  another  editorial,  also  in  a  signed  article  by  the  editor 
of  Engineering  and  Contracting  in  this  issue. 


Is  "Trust"  Control  of  Prices  Dis- 
closed by  Price  Curves? 

The  editor  of  Engineering  and  Mining  .Journal  makes  the 
following  suggestive  statement: 

■Were  there  any  suspicion  In  our  minds  that  there  existed  a 
secret  and  cfBcient  (copper)  "trust."  the  curve  of  copper  prices 
would  dispel  it.  Indeed,  we  suspect,  following  out  this  idea,  that 
the  degree  of  organization  and  effective  control  in  any  industry 
may  te  decided  from  a  study  of  the  price  curves.    Note,  for  exam- 


Detroit  Engineers  Have  Opportu- 
nity to  Expose  Municipal 
Ownership 

A  few  of  our  large  cities  show  a  decided  leaning  toward 
municipal  ownership  of  public  utilities.  We  trust  that  Seattle 
and  San  Francisco  on  the  Pacific  Coast  will  find  imitators 
ou  the  Atlantic  Coast  and  in  the  Mississippi  Valley. 

Seattle  and  San  Francisco  have  thus  far  failed  to  run  their 
municipal  railways  in  a  way  to  excite  enthusiasm  for  munici- 
pal ownership,  but  this  has  not  deterred  Detroit  from  try- 
ing the  same  sort  of  experiment.  Detroit  is  building  a  street 
railway,  and  has  yet  to  taste  the  flavor  of  annual  deficits  from 
its  operation.  Perhaps  this  accounts  for  the  fact  that  the 
City  Council  of  Detroit  has  decided  to  submit  to  the  votera 
a  charter  amendment  authorizing  the  city  to  manufacture 
cement,  sewer  pipe  and  brick,  and  to  acquire  sand  and  gravel 
pits.  We  hope  that  the  citizens  of  Detroit  vote  in  favor  of 
such  municipal  operation,  provided  the  city  will  keep  and 
publish  unit  costs  of  operation.  However,  we  anticipate  that 
Detroit  politicians  will  manage  to  conceal  the  real  results 
of  municipal  ownership,  unless  public-spirited  citizens  force 
a  periodic  revelation  of  the  unit  costs. 

The  civil  engineers  of  Detroit  will  perform  an  invaluable 
public  service  if  they  themselves  undertake  to  make  an  an- 
nual audit  of  the  costs  of  operating  municipally  owned  utili- 
ties. Costs  speak  louder  than  theories,  and  may  be  relied 
upon  to  argue  more  effectively  than  all  the  political  orators 
who  seek  to  combat  them. 


Is  There  a  Corner  in  Good  Roads 
Discussion? 

To  the  Editor:  I  note  with  interest  a  letter  by  J.  B.  Mar- 
cellus  published  in  your  issue  of  March  2.  Mr.  Marcellus  asks 
the  question,  "Is  there  a  'corner'  on  the  discussion  of  'good 
roads'  due  to  lack  of  interest  in  the  rest  of  the  United  States?" 
Permit  me  to  answer  that  there  is  no  "corner"  on  highway 
thought  and  discussion,  but  that  certain  sections  of  the  coun- 
try have  failed  to  respond  to  the  good  roads  stimulus  as  other 
sections,  as  the  following  facts  will  show: 

An  anlysis  of  the  speakers  at  road  conventions  and  the 
writers  on  road  matters  in  periodicals  show^s  that  the  men 
active  in  these  matters  reside  for  the  most  part  in  an  area 
constituting  about  one-fourth  of  the  country. 

The  two  chief  highway  organizations  in  this  country  are 
the  American  Road  Builders'  Association  and  the  American 
Association  of  State  Highway  Officials,  and  in  view  of  this 
fact,  it  will  be  of  interest  to  analyze  the  programs  of  the  re- 
cent conventions  of  these  bodies.  The  official  program  of  the 
American  Association  of  State  Highway  Officials  recently 
held  in  Washington  contained  the  names  of  31  highway  offi- 
cials. Of  these  men,  6  per  cent  were  from  the  U.  S.  Bureau 
of  Public  Roads,  32  per  cent  were  from  and  east  of  Pennsyl- 
vania, 71  per  cent  were  from  east  of  the  Mississippi  and  22 
per  cent  from  west  of  the  Mississippi. 

Now,  analyzing  the  territorial  distribution  of  the  32  men 
on  the'  program  of  the  recent  convention  of  the  American 
Road  Builders'  Association,  we  find  that  18  per  cent  were 
from  the  U.  S.  Bureau  of  Public  Roads,  the  U.  S.  Bureau  of 
Education  and  the  Federal  Highway  Council,  all  national 
bodies;  37  per  cent  were  from  and  east  of  Pennsylvania, 
which  includes  a  number  from  Canada  and  two  bankers  who 
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are  really  national  figures;  72  per  cent  were  from  east  of  the 
Mississippi  and  9  per  cent  were  from  west  of  the  Mississippi. 

The  close  similarity  ot  the  above  figures  is  no  accident, 
but  shows  that  a  small  part  of  the  country  holds  the  greater 
part  of  the  road  builders  who  have  something  to  say  and  who 
are  willing  to  say  it.  And  also,  since  the  membership  ot  the 
American  Association  of  State  Highway  Officials  is  more 
evenly  distributed,  only  9  per  cent  of  the  total  membership 
of  the  American  Road  Builders'  Association  being  west  of 
the  Mississippi,  the  Chicago  convention  of  the  latter  body 
well  represented  the  interest  of  the  West. 

The  states  of  Pennsylvania  and  New  York  together  have 
over  $70,000,000  available  for  highway  work.  Illinois  is  just 
starting  to  spend  $60,000,000.  The  territory  lying  east  of  the 
Mississippi,  about  one-fourth  of  the  total  area  of  the  country, 
has  available  for  highway  work  approximately  50  per  cent 
more  than  has  the  remaining  three-fourths  ot  the  country 
west  of  the  Mississippi. 

If  Mr.  Marcellus  will  glance  again  at  the  program  of  the 
Chicago  convention,  he  will  find  that  three  instead  of  two 
men  come  from  west  of  the  Mississippi,  and  that  12  men,  in- 
cluding a  member  from  Canada  and  two  national  bankers, 
instead  of  17,  are  from  and  east  of  Pennsylvania. 

The  1920  proceedings  of  the  American  Road  Builders'  Asso- 
ciation were  consulted  on  the  facts  relative  to  membership 
distribution  given  above. 

Long  Island  City,  L.  I.  /  C.  A.  LEWIS. 


Standard  Field  Forms  for  Culvert 
Data 

By  0.  H.  HAMPSCH, 
Office  Engineer,  Tennessee  State  Highway  Department. 
A  standard  field  form  for  culvert  data  has  been  adopted 
by  the  Tennessee  State  Highway  Department  for  use  by 
field  and  resident  engineers  on  road  location  work.  The 
f'ifms  are  used  in  duplicate  with  carbon,  and  are  made  to 
lif  standard  loose  leaf  folders. 

One  page  of  the  sheet  is  devoted   to  drainage  data  infor- 
n'ation,  to  the  present  structure  and  the  proposed  structure. 


by  filling  in  the  blanks  with  the  necessary  data,  and  that  this 
form  covers  all  required  information  necessary  to  the  office 
when  properly  filled  in,  and  eliminates  any  superfluous  data 
being  rendered   by  the  field  engineer. 


Iowa  Counties  Own  $1,065,000  Worth  of  Road  and  Bridge 
Building  Equipment. — Reports  of  county  engineers  to  the 
Iowa  State  Highway  Commission  show  that  the  99  counties 
at  the  first  of  the  year  owned  road  and  bridge  building  equip- 
ment and  tools  totaled  in  value,  $1,065,000.  The. largest  single 
item  in  point  of  value  among  this  equipment  was  the  tractor. 
There  were  199  of  these  estimated  to  be  worth  $321,963.  The 
next  item  was  the  blade  graders  ot  which  there  were  960 
estimated  to  be  worth  $223,605.  There  were  a  total  of  3,847 
road  drago  valued  at  $52,351.  These  figures  do  not  include 
the  war  department  equipment  apportioned  to  the  various 
companies,  title  to  which  remains  in  the  State  Highway 
Commission. 


Construction  to  Be  Started  at  Once  on  Pennsylvania  High- 
ways.— The  Pennsylvania  State  Highway  Department  has 
notified  contractors  holding  road  contracts  to  resume  con- 
struction at  once.  The  advanced  season  will  give  the  con- 
tractors a  two  weeks'  start  over  1920.  When  the  road  build- 
ers were  compelled  to  cease  operations  at  the  coming  of  cold 
weather  last  fall,  467  miles  of  thoroughfare  under  contract 
remained  to  be  completed.  Some  of  the  contractors  in  the 
southern  tier  of  counties  were  able  to  continue  rough  grading 
operations  over  the  winter  months,  but  in  the  more  northern 
sections  all  work  was  stopped. 


Over  $28,000,000  Spent  in  1920  for  Bridge  and  Road  Work 
in  Iowa. — Iowa  during  1920  expended  $28,024,945  for  road  and 
bridge  building  on  its  104,082  miles  of  highway.  This  figure 
is  based  on  definite  reports  to  the  State  Highway  Commission. 
In  addition  it  is  estimated  that  258  townships  not  reporting 
spent  $952,000.  Of  the  total  expenditures  $7,483,973  was  on 
the  6,619  miles  of  the  primary  road  system.  $5,795,553  on  the 
10,552  miles  of  county  roads,  $4,977,204  on  the  86,908  miles 
of  township  roads  and  $9,804,213  for  bridges  and  culverts. 
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The  Four  Sheets  of  the  Standard   Field   Form  for  Culvert   Data. 


while  the  page  opposite  is  devoted  to  sketches  of  the  road 
plan,  elevations,  profile  of  the  stream  and  cross-section  of 
the  stream  bed. 

By  using  these  forms  there  is  little  excuse  for  the  field 
engineer  forwarding  insufficient  information  to  the  office 
as  had  theretofore  been  the  case.  The  forms  also  give  the 
office  engineer  a  clear  conception  of  the  plan  and  arrange- 
ment of  the  present  structure  so  that  he  may  intelligently 
design  or  estimate  the  proposed  structure  needed. 

As  these  notes  are  received  in  the  office  they  are  dated, 
computed  and  checked,  each  engineer  initialing  the  work  he 
has  done,  or  for  what  he  is  held  responsible,  while  the  dupli- 
cate is  held  by  the  field  engineer  as  a  record  for  further 
use.  The  advantage  found  in  using  a  standard  form  as 
devised  is  that  considerable  time  is  saved  in  the  field  work 


New  Road  Builders'  Association. — Three  hundred  employes 
of  the  State  Highway  Commission  of  New  Jersey  have  organ- 
ized the  State  Highway  Association,  with  Alex  W.  Muir, 
Trenton,  N.  J.,  Superintendent  of  Maintenance  in  the  State 
Highway  Department  as  President. 


Annual   Convention   of  American   Association   of   Engineers. 

— The  seventh  annual  convention  of  the  American  Associa- 
tion of  Engineers  will  be  held  in  Buffalo  May  9  to  11.  New 
officers  for  the  ensuing  year  will  be  elected. 


California  Proposes  to  Tax  Gasoline. — A  bill  is  before  the 
California  Legislature  providing  for  a  tax  of  1  ct.  per  gallon 
on  gasoline  distillate,  and  fuel  oils  used  in  motor  vehicles. 
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Public   Control   of   TnduStrV*  ?'""''■. J°  ^""?'"  """'"^  '"  "°'''  ^  '^°""  °^  industrial  Rela- 

A   UUIIV,    V^UUHUl    Ul    lIlUUMiy  tions  that,  regulates  wages  and  hours  of  service  of  employes 

By  HALBERT  P.  GILLETTE,  Editor.  ol  public  utilities  and  mines.     In  New   York  there  is  a  law- 
Political   economists   may   be   divided   into   three   schools:  ^''""^   ?,i\es   Municipal    Coiirt   judges    the    power    to    regulate 
'  (])    Individualistic,    (2)    Socialistic,  and   (3)    Socio-individual-  "^"^  ""^"'^  charged  for  city  apartments.     The  state  of  Indiana 
istic.  ^'*s  ^Pen  on  the  verge  of  classing  coal  mines  with  public  util 

The  first  school  believes  in  a  "laissez  faire,"  or  "let  alone"  '''^^'  ""!'  reeulating  the  price  of  coal 
policy  of  government.  Their  motto  is,  "That  government  is  ^^^  ^'^'^  '"  ^  country  whore  the  vote  of  the  Socialist  Party 
best  that  governs  least."  '^'  ^}^^  '"^'  national  election  was  negligible.  While  the  great 
The  second  school  believes  in  communistic  ownership  of  nations  of  Europe  have  been  drifting  into  socialism,  the  great- 
land  and  i)roductive  plants.  Their  motto  might  well  be,  "That  '^^'^  indu.strial  nation  in  the  world  has  been  evolving  a  politi- 
governniont  is  best  that  governs  most."  '^^^  scheme  quite  different— a  scheme  of  public  control  instead 
The  third  school  believe.?  in  a  policy  that  is  midway  be-  "^  public  ownership  of  industries.  My  belief  is  that  America 
tween  the   extremes   of  individualism   and   socialism.     Their  '^^^  chosen  the  wiser  plan. 

motto  might  be,  "That  government  is  best  that  wisely  con-  ^  ^^^''  ^^^^  "°'  ""'y  °°  ^^^  fact  that  in  economic  matters 
trols  industry  without  becoming  itself  the  owner  of  Indus-  ^  middle  course  between  extremes  is  almost  always  wisest, 
tries."  '  ^^^^  '"  private  and  in  public  matters,  but  on  the  fact  that 
The  great  English  philosopher  and  father  of  the  theory  America  has  led  the  entire  world  for  80  years  in  industrial 
of  evolution,  Herbert  Spencer,  belonged  to  the  individualistic  Progress  and  in  the  rise  of  "real  income"  for  the  average 
school.  Me  interpreted  the  history  of  society  as  being  a  "orker.  I  use  the  term  "real  income"  to  denote  the  pur- 
progressive  evolution  from  military  and  social  bondage  to  chasing  power  of  the  daily  or  monthly  wage.  Measured  in 
industrial  freedom.  *^^  commodities  that  the  daily  wage  would  purchase  the 
The  great  English  novelist,  H.  G.  Wells,  belongs  to  the  following  was  the  relative  commodity  wage  of  the  average 
.socialistic  school.  His  recently  published  Outline  of  His-  "orker  in  America: 
tory  traces  an  evolution  from  almost  unrestrained  individual  Year                                                                                Commodity 

freedom    to   greater    and    greater   social    subordination.      He  1840 -. ^40*' 

sees   in  Caesar,   Napoleon   and   Kaiser  William   the   incarna-  :S80."; ^^ 

tion  of  unrestrained  individual  power.    They,  to  him,  are  the  1900 '. ■■..■■.■■■■■..........[]][]'.['.'.'.  90 

lineal  descendants  of  the  "old  man  of  the  cave" — the  ruth-  192o! !!!!!!  — '.'.".'. ^S" 

less  masters  of  the  tribal  family.  And  he  sees  similar  indi- 
vidualists as  captains  of  our  great  industries  today.  All  '^'^'^  average  daily  wage  measured  in  money  was  36  in  1840 
such,  he  maintains,  are  to  be  surelv  brought  under  social  as  compared  with  ]00  in  1913  and  more  than  210  in  1920— a 
control.  '^■io\A  increase  in  80  years.  The  above  wage  table  is  not 
To  me  it  seems  that  both  Spencer  and  Wells  have  seen  biased  on  money  wages,  but  on  commodity  wages;  that  is, 
the  shield  of  truth,  but  that  each  has  seen  only  one  side  of  '**®  quantity  of  goods  that  a  day's  wage  would  buy;  and  this 
the  shield.  There  has  been  evolution  toward  greater  free-  ""'as  2y2-fold  as  much  in  1920  as  in  1840.  Nearly  all  this  in- 
dcm  for  the  masses  coincident  with  less  freedom  for  their  crea.se  occurred  between  1860  and  1905,  during  which  45-year 
leaders.  Spencer's  eyes  were  fixed  upon  the  growing  free-  Period,  the  commodity  wage  (or  real  wage)  doubled, 
dom  of  the  average  individual.  Hence  his  doctrine  The  data  upon  which  I  have  based  these  conclusions  are 
of  evolution  toward  individual,  freedom.  Wells'  eyes  Published  by  the  U.  S.  Bureau  of  Labor  and  the  U.  S.  Census. 
arc  fixed  upon  the  growing  restraint  upon  the  freedom  ^^ch  a  remarkable  record  of  industrial  progress  has  never 
of  the  leaders.  Hence  his  doctrine  of  evolution  toward  social-  '^een  known  before  in  the  world.  It  can  not  be  ignored  by 
jgj^                            ~  any  conscientious  advocate  of  socialism. 

I  should  have  selected  Karl  Marx  instead  of  Wells,  as  a  Dangers  of  Price  Control  by  Monopolies.— Not  all  monopo- 

figure  to  contrast  with  Spencer,  had  I  not  preferred  to  name  lists  are  selfish  to  such  an  extreme  as  to  extort  unreasonable 

a   man   better  known  to  Americans,   and   one  whose   recent  prices.    The  old  school  of  political  economists  based  most  of 

Outline  of  History  is  now  being  so  widely  read.  their  theories  on  the  assumption  that  selfishness  controls  all 

The  unbiased  student  of  social  history  will  see  both  sides  economic  activity.  I  am  sorry  to  say  that  this  is  not  wide  of 
of  the  shield.  On  one  side  he  will  observe  a  progress  to-  the  mark,  but  it  is  not  a  universal  truth.  There  are  many 
ward  greater  freedom  for  the  majority  of  individuals.  On  industrial  leaders  whose  Christianity  is  stronger  than  their 
the  other  side,  progress  toward  great  social  restraint  of  both  desire  to  become  wealthy  or  powerful.  Such  a  leader  was  the 
political  and  industrial  leaders.  He  will  therefore  become  late  Theodore  N.  Vail,  the  president  of  the  great  Bell  Tele- 
an  extremist  in  neither  direction.  He  will  reason  that  an  ideal  i)hone  System.  He  was  the  head  of  one  of  the  greatest  pub- 
government  is  one  that  neither  leaves  .great  industrial  lead-  He  utilities  in  the  world,  and  one  that  approached  as  closely 
ers  free  to  profit  without  limit,  nor  permits  employes  to  die-  to  being  a  monopoly  as  almost  any  that  can  be  named.  Yet 
tate  all  the  terms  of  their  employment.  He  will  come  finally  his  company,  during  his  long  term  of  management,  averaged 
to  believe  in  the  doctrine  of  public  control  of  industry,  but  only  8  per  cent  annual  net  profit  on  the  capital  actually  in-- 
in  a  control  that  does  not  remove  the  incentives  that  now  vested  in  it.  The  price  for  telephone  service  was  steadily 
exist  under  unrestrained  competition.  reduced,  up  to  the  time  that  the  world  war  doubled  all  wages 

Evolution  of  Public  Control   in  America.- Within  my  own  and  prices.     Theodore  Vail  was  the  ideal  monopolist  because 

lifetime  I  have  seen  a  marked  increase  in  public  control  of  1^^  was  a  Christian,  and  he  needed  no  public  control  of  the 

intlustr\-.     I  use  the  word  industry  in  its  widest  sense,  to  in-  Profits  that  his  company  made. 

elude    all    economic    activities    from    which    profits    are    de-  Unfortunately,    not    all    industrial    monopolists    follow    his 

rived.  code   of  ethics,   and   public   control  of  their   prices  becomes 

At  one  time  nearly  all  American  banks  were  uncontrolled  necessary.     But  I  mention  him  in  passing,  lest  it  be  assumed 

by  the  government.     Now  the  converse  is  true,  in  so  far  as  that  monopoly  and  unreasonable  prices  necessarily  are  twins. 

the  control  of  accounting,   auditing   and   publicity   of  assets  There  are  commercial  monopolies,  farmer  monopolies  and 

and  liabilities  is  concerned.  labor   monopolies   whom   the   public   distrusts,   and    more   of 

Fire  and   life   insurance   companies   are   very  largely  con-  ^^ch  monopolies  are  constantly  springing  up.     I  see  no  sure 

trolled  bv  state  governments,  the  main  object  being  to  pro-  defense  for   the   public   save   through  public   control   of   cer- 

tect  policv  holders  and  investors  in  their  securities.  tain  of  their   practices,  and   perhaps   of  their  prices.     As   a 

Railways  are  controlled  by  federal  and  state  governments,  consequence  of  the  recent  great  drop  in  the  prices  of  farm 

both  as  to  the  character  of  service  rendered  and  the  prices  I'^^ucts,   there  are  now   bemg  organized  great  agricultural 

,           ,  ,       ..  selling    associations    whose    object    is    to    control    prices.      I 

Other  public  utilities  (street  railways,  light,  power  and  gas  *^-«i  ""^^  l^'?Tl'^\  ^"^  *^^  !°''^'  that  farmers  have  recently 

companies,   private   waterworks,  irrigation   companies,   etc.).  f"««'«'''  ^."^  /  feel  as  great  a  sympathy  for  the  losses  that 

are  similarly  controlled  in  nearly  every  state  in  the  Union.  they  are  likely  to  mflict  upon  the  public  if  they  succeed  in 

regulating  the   prices   of   their   products   as   well   as   certain 

The  most  recent  evolution  in  the  history  of  public  control  ^^uit  producing  associations  have  succeeded  in  recent  years, 

of  industries  in  America  Is  to  be  found  in  Kansas  and  New  ^o  me  it  seem^^s  inevitable  that  the  American  public  will  ulti- 

•Abstract  of  address  to  the  Men's  Forum  of  First  Baptist  Church,  mately   control    the    prices    of    all    monopolistic    associations 

Evanston.  Ill,  whose  object  is  price  control.     Nor  do  I  look  for  a  perma- 
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nent  return  to  unrestricted  competition  as  a  means  of  price 
control.  Unrestricted  competition  leads  to  periodic  over  pro- 
duction and  disastrous  fluctuation  in  prices. 

Dangers  of  Public  Control  of  Prices. — The  history  of  public 
regulation  of  railway  and  other  public  utility  rates  is  not  one 
to  arouse  any  enthusiasm.  For  15  years  federal  ami  state 
governments'  have  been  very  active  in  fixing  the  prices 
charged  for  railway  transportation,  electricity,  gas.  water, 
telephone  service,  etc.;  and  it  has  been  a  period  of  steady 
decline  of  progress  in  the  industries  thus  controlled.  How- 
ever, the  reason  for  this  decline  is  to  be  found  not  in  public 
regulation  so  much  as  in  the  public  regulators,  who,  as  a  rule, 
have  been  politicians  seeking  to  win  public  approval  by  hold- 
ing railway  and  utility  rates  down  to  a  minimum  barely  short 
of  confiscation.  There  have  been  notable  exceptions,  but  the 
rule  has  been  as  stated. 

Many  state  public  service  commissioners  have  been  ambi- 
tious to  become  governors,  others  having  lived  an  entire  lite 
of  catering  to  public  desires  have  been  eager  to  continue 
pleasing  the  public.  The  public  naturally  prefers  a  lower- 
ing of  rates  to  a  raising  of  rates.  What  is  more  natural, 
therefore,  than  a  general  tendency  for  a  public  rate  making 
body  to  keep  rates  down  to  a  minimum?  Investors  have  been 
gradually  coming  to  see  that,  in  the  long  run,  the  profits  of 
railway  and  utility  companies  are  too  small  to  be  attractive. 
Hence  the  slackening  of  development  in  those  fields,  in  spite 
of  the  vigorous  efforts  made  to  attract  capital  into  them,  and 
in  spite  of  a  natural  leaning  of  investors  toward  investments 
in  monopolistic  enterprises. 

To  overcome  this  objection  is  not  at  all  difficult  in  theory, 
however  difficult  it  may  be  in  practice.  What  is  particularly 
needed  is  greater  freedom  of  public  service  commissioners 
and  judges  from  fear  of  offending  the  public  if  they  do  their 
duty.  Also  there  is  needed  greater  deference  to  the  opin- 
ions of  experts  in  engineering  and  business  economics.  No 
man  who  is  to  judge  the  fairness  of  prices  charged  for  public 
service  should  be  elected  to  office.  He  should  be  appointed, 
and  his  appointment  should  be  for  life,  after  having  passed 
a  civil  service  examination.  He  should  be  paid  a  very  liberal 
salary,  one  high  enough  to  attract  and  hold  the  best  minds. 
The  solution  of  the  problem  is  simple.  The  trouble  lies  in 
putting  it  into  effect  in  a  country  that  still  believes  in  the 
present  crude  methods  of  selecting  public  servants.  A  judge 
should  never  have  the  slightest  personal  interest  in  the  re- 
.sults  of  his  decisions.  This  principle  is  self-evident,  yet  it  is 
violated  outrageously  by  our  present  methods  of  electing  and 
appointing  men  to  judicial  and  quasi-judicial  positions.  The 
public  service  commissioners  in  most  of  our  states  hold  office 
only  for  short  terms,  and  are  frequently  the  footballs  of  poli- 
tics, or  are  frequently  politicians  themselves.  No  system  of 
public  control  of  industry  can  succeed  so  long  as  such  a  con- 
dition exists.  It  were  better  to  revert  to  a  state  of  uncon- 
trolled monopoly  than  to  persist  in  this  sort  of  control  of  . 
public  utilities. 

But  we  have  had  1.5  years'  experience  in  the  regulation 
of  public  utilities,  and  it  has  not  been  a  complete  failure. 
There  are  a  few  states  where  courageous  and  intelligent  state 
commissioners  have  not  crushed  the  life  out  of  public  utili- 
ties, and  have,  in  fact,  done  more  good  than  harm  by  regulat- 
ing rates.  These  instances  demonstrate  the  possibility  of 
effective  and  fair  public  control  of  prices  charged  by  monopo- 
listic industries. 

The  Nature  of  Economic  Problems. — Every  economic  prob- 
lem resolves,  in  the  final  analysis,  into  a  quantitative  prob- 
lem. Mere  qualitative  reasoning  will  not  solve  it.  There 
must  be  numerical  or  quantitative  reasoning.  But  the  aver- 
age voter  does  not  know  that  this  is  true.  He  vainly  hopes 
to  secure  a  correct  answer  to  any  economic  question  by  de- 
bate, when,  were  he  more  scientific,  he  would  realize  that  the 
correct  answer  is  securable  only  by  the  aid  of  statistics.  Is 
municipal  ownership  preferable  to  private  ownership  of  street 
railways?  The  ordinary  method  of  answering  such  a  ques- 
tion is  to  set  up  two  columns  of  reasons,  one  tor,  the  other 
against,  and  at  the  end  to  guess  whether  the  pros  or  the  cons 
predominate.  But  such  a  method,  common  as  it  is,  is  illogi- 
cal. The  correct  method  is  to  study  the  dollars  and  cents 
results  of  public  and  private  ownership  of  street  railways,  and 
from  the  statistics  demonstrate  which  is  economically  prefer- 
able. 

This  sort  of  study  is  obviously  beyond  the  capacity  of  the 
average  voter,  even  if  he  had  the  time  to  devote  to  it.  It 
involve.?  expert  knowledge.     Hence  nearly  all  economic  prob- 
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lems  ultimately  must  he  solved  by  men  expert  in  the  fields 
to  which  they  relate.  But  we  Americans  are  still  too  ignorant 
to  see  the  full  truth  of  this  generalization. 

The  data  needed  in  solving  many  economic  problems  are 
incomplete,  and,  in  many  cases,  can  be  .  secured  only  by 
scientifically  conducted  experiments.  But  the  average  poli- 
tician is  not  scientific,  and,  in  the  absence  of  data,  either 
manufactures  them  to  suit  his  purpose,  or  seeks  to  answer 
the  economic  question  without  any  statistical  facts.  It  is  the 
essence  of  politics  as  it  now  exists  to  arouse  argument,  and 
still  more  argument,  because  where  quantitative  facts  are  ab- 
sent or  insufficient,  proof  of  a  contention  is  impossible. 

America  has  yet  lo  emerge  from  the  debating  school  era 
and  enter  the  experimental  laboratory  era  of  government. 


Concrete  Paved  Railroad  Crossings  in 
Wayne  County,  Michigan 

Through  co-operation  with  various  railroad  companies  the 
county  road  commissioners  of  Wayne  County,  Michigan, 
are  gradually  improving  all  the  grade  crossings  in  the  county 
highway  system.  According  to  a  paper  presented  at  the 
recent  convention  of  the  American  Road  Buflders  Association 
by  Edward  N.  Hines,  chairman  of  the  commissions,  the  fol- 
lowing methods  have  been  used  in  this  work: 

Under  light  traffic  railroads,  street  car  tracks  and  sidings, 
excavation  has  been  made  under  the  ties  to  a  depth  of  1  ft. 
below  the  bottom  tie  and  filled  in  with  a  1-ft.  slab  of  con- 
crete. Then  new  ties  are  placed  and  new  deep  rails  spiked 
on.  The  job  is  completed  by  pouring  concrete  b-etween  the 
ties  and  over  the  ties  to  the  top  of  rail  joining  with  our 
concrete  pavement  on  either  side  and  striking  off  level  with 
the  top  of  rail.  Flange-way  is  provided  either  by  allowing 
the  car  wheels  to  form  their  own  flange-way  or  by  placing  a 
rail  on  its  side  against  the  inside  of  the  main  rail. 

One  railroad  has  allowed  an  experiment  with  one  of  its 
main  double-track  lines  by  putting  in  a  pre-molded  concrete 
slab  crossing.  These  slabs  are  approximately  2  ft.  by  6  ft. 
long,  with  a  depth  the  same  as  the  depth  of  rail.  They  are 
built  at  Wayne  in  the  commissioners'  tile  yard  and  hauled 
out  to  the  crossing  and  laid  in  place  of  the  common  plank. 
With  this  type  of  crossing  it  is  possible  for  the  section  crew 
of  the  railroad  to  remove  the  slab,  ballast  up  the  tracks  and 
replace  It. 

Another  type  of  crossing  which  has  been  used  is  similar  to 
the  first  mentioned  except  that  the  surface  has  been  filled  in 
with  special  granite  blocks  along  the  inner  side  of  the  rail, 
which  provides  a  flange-way. 


California  Highway  Commission  Prefer  Contract  Work  to 
Day  Labor. — In  its  recently  issued  second  biennial  report  cov- 
ering the  period  ending  Dec  31,  last,  the  California  State 
Highway  Commission  has  the  following  to  say  regarding  day 
labor  and  contract  work: 

In  re-establishing  active  highway  construction,  the  Califor- 
nia Highway  Commission  will  pursue  its  definite  policy  of 
doing  work  by  contract  rather  than  by  day  labor  work,  wher- 
ever possible.  The  reason  for  this  policy  is  obvious.  The 
state  highway  organization  is  capable  of  doing  twice  the 
volume  of  work  by  contract  that  it  could  do  under  day  labor 
because  of  the  enormous  detail  imposed  by  the  latter  method 
of  operating.  Therefore,  the  Commission  never  undertakes 
by  day  labor  a  job  large  enough  to  warrant  advertising  for 
contract,  except  under  exceptional  circumstances  or  where 
a  fair  bid  is  not  obtained.  During  the  early  period  of  high- 
way construction  fully  SO  per  cent  of  all  work  was  done  by 
contract.  As  war  conditions  developed,  the  uncertainty  in 
contracting  influenced  contractors  to  play  sate,  and  bids  were 
found  to  be  excessively  high.  The  result  was  that  the  per- 
centage of  day  labor  work  automatically  increased  until  re- 
cently the  percentage  volume  of  contract  to  day  labor  work 
reached  about  a  .50-50  basis.  With  resumption  of  active  con- 
struction under  the  more  normal  conditions  that  seem  to  be 
returning,  the  Commission  hopes  to  do  less  and  less  day  labor 
work,  and  more  and  more  contract  work.  In  this  connection 
attention  might  be  called  to  the  fact  that  the  ability  of  the 
Commission  to  undertake  its  own  work  has  had  a  very  notice- 
able influence  in  keeping  bids  within  reasonable  and  fair 
limits. 
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The  Motor  Truck  Impact  Tests  of 
U.  S.  Bureau  of  Public  Roads 

Impact  depends  largely  upon  the  kind  and  condition  of 
tlie  tire. 

Thin  or  worn  rubber  tires,  even  though  they  be  very  wide, 
produce  very  high  impact  forces. 

Pneumatic  tires  offer  the  greatest  influence  in  reducing 
impact  forces,  and  with  their  use  the  impact  increases  only 
very  slightly   with  the  speed  of  the  truck. 

Cushion  tires;  that  is,  tires  having  a  degree  of  softness  and 
deflection  between  solids  and  pneumatics,  offer  corresponding 
advantages  in  reducing  impact. 

Impact  increases  with  the  speed  of  the  truck,  but  it  can 


Fig. 


1 — Comparison    of    Tires.     (Truck,   2-Ton    A;    Load,    2    Tons 
Unsprung  Weight  (mg),  1,000  Lb.) 


not  be  said  to  increase  according  to  any  constant  ratio  or 
power  of  the  speed. 

Although  heavy  unsprung  weight  may  give  higher  impact 
than  lighter  unsprung  weight,  it  can  not  be  said  that  this  is 
the  major  controlling  factor. 

The  relatively  destructive  effect  produced  by  light-weight, 
high-speed  trucks  and  heavy,  slow-moving  trucks  has  not  been 
determined  by  these  tests.  They  do,  however,  indicate  that 
equal  impact  may  be  obtained  under  some  conditions. 

Impact  may  be  as  high  as  7  times  the  static  load  on  one 
rear  wheel  when  a  solid-tire  truck  strikes  a  1-in.  obstruction 
at  16  miles  per  hour,  an  average  value  being  about  4  times. 
For  pneumatic  tires  the  maximum  impact  value  is  probably 
not  more  than  1%  times  the  load  at  one  rear  wheel,  and  an 
average  value  is  not  more  than  I14  times  the  load. 

The  above  are  the  high  points  of  a  report  of  the  tests  now 
being  made  by  the  U.  S.  Bureau  of  Public  Roads  to  determine 
the  effect  of  motor  truck  impact  on  roads,  as  given  by  Mr. 
Earl  B.  Smith,  Senior  Assistant  Testing  Engineer  of  the 
Bureau,  in  the  March  issue  of  Public  Roads,  the  official  publi- 
cation of  the  Bureau.  Further  extracts  from  Mr.  Smith's 
paper  follow. 

The  tests  are  planned  to  show  the  influence  of  only  the  im- 
portant factors  upon  the  value  of  the  impact  force.  Not  all 
possible  factors  are  considered,  only  those  having  a  definite 
and  direct  influence  and  which  are  more  or  less  easily  con- 
trolled in  the  operation  of  a  motor  truck,  or  which  may  be 
controlled  in  the  design  and  equipment. 

The  speed  of  the  truck  is  considered  to  be  one  of  the  most 
important  factors.  It  is  the  factor  which  is  most  spoken  of 
in  connection  with  the  operation  of  a  truck,  and  the  one  factor 
against  which  there  are  aimed  more  traffic  rules  and  laws 
than  any  other.  The  determination  of  its  effect  upon  the 
value  of  the  impact  force  is  very  important.  For  this  reason 
speed  values,  in  miles  per  hour,  have  been  made  the  inde- 
pendent variable  in  most  of  the  tests. 

Trucks  of  different  weights  and  capacities,  have  been  used 
in  the  tests.  Some  of  these  trucks  have  comparatively  heavy 
unsprung  parts  and  some  have  light  unsprung  parts.     The 


effect  of  this  factor  was  especially  studied  in  the  tests  upon 
two  trucks  of  the  same  capacity  under  different  loadings 
and  speeds,  each  truck  being  equipped  with  the  same  set  of 
tires. 

Tire  equipment  was  considered  to  be  a  very  important  fac- 
tor. As  far  as  possible,  each  truck  was  tested,  at  different 
speeds  and  loadings,  with  several  kinds  and  conditions  of 
tires. 

To  get  a  definite  idea  of  the  effect  of  the  height  of  fall, 
or  of  the  height  of  an  obstruction  or  irregularity  in  a  road 
surface,  this  factor  was  used  as  one  of  the  variables  in  most 
of  the  tests. 

A  few  of  the  important  features  and  indications  based  on 
the  experimental  results  obtained  during  the  conduct  of  the 
test  arc  shown  in  Figs.  1  to  6  inclusive. 

Tire  Equipment  and  Impact. — Figure  1  shows  an  important 
comparison  of  the  effect  of  the  tire  equipment  upon  the  value 
of  the  impact.  The  truck  used  in  this  comparison  was  of  2- 
ton  capacity,  carrying  a  2-ton  load.  Four  different  tires  were 
used  and  a  complete  scries  of  tests  was  run  with  each,  using 
in  each  case  the  speed  aa  the  independent  variable.  The 
comparison  is  shown  with  both  the  drop  and  the  obstruction 
test.  To  draw  attention  to  the  obstruction  test  only,  it  is 
noticed  that  the  impact  value  (the  ordinate)  shows  a  consid- 
erable change  with  only  a  slight  change  in  the  tire  deflection. 
The  impact  value,  with  all  conditions  the  same  except  the 
tire,  is  the  greatest  for  the  solid  rubber  tires  and  the  smallest 
for  the  pneumatic  tire,  the  cushion  tire  giving  an  intermediate 
value.  At  low  speed  the  diiTerence  is  not  so  great.  At  a 
speed  of  17%  miles  per  hour  the  pneumatic  tire  gives  an  im- 
pact value  of  only  1.75  times  the  rear  wheel  pressure  on  the 
road  surface,  the  cushion  tire  over  three  times,  and  the  solids 
4.3  to  5.1  times.  In  this  particular  case,  the  cushion  tire  gives 
an  impact  value  of  63  per  cent  of  the  solid  tire  average,  and 
the  pneumatic  only  36  per  cent.     It  should  also  be  noticed 
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Fig.  2 — Comparison   of  Tires.     (Truck,  S/a-Ton    P;    Load,  41/2  Tons; 
Unsprung    Weight    (mg),   1,300    Lb.) 

that  for  the  pneumatic  tire  the  impact  value  increases  only 
very  slightly  with  the  Increase  of  speed. 
-  Figure  2  shows  also  a  comparison  of  the  effect  of  tire  equip- 
ment. The  truck  used  in  this  case  was  of  3%-ton  capacity, 
loaded  with  4%  tons,  the  unsprung  weight  being  equal  to 
1.300  lb.  The  total  load  at  one  rear  wheel  was  7,000  lb. 
Here,  it  should  be  noticed  that  with  pneumatic  tire  equip- 
ment the  impact  force  was  only  15  per  cent  greater  than  the 
actual  wheel  load.  The  four  different  solid  tires  which  were 
used  in  this  series  show  very  clearly  the  effect  of  the  condi- 
tion of  the  tire.  Tire  No.  17  gave  some  very  high  impact 
values  even  at  12  miles  per  hour.    This  tire  was  badly  worn. 
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having  a  thickness  of  only  one-fourth  inch  above  the  rim. 
The  other  solid  tires  give  impact  values  somewhat  in  pro- 
portion to  their  deflection  or  condition.  The  results  as  shown, 
by  tires  Nos.  10  and  11  indicate  the  usual  impact  values  that 
may  be  expected  with  good  solid  tire  equipment,  while  the 
results  shown  by  the  use  of  tires  Nos.  4  and  17  show  the  in- 
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crease  or    extreme    values    that  may   be  expected  from  the 
same  truck  when  the  tires  are  in  a  badly  worn  condition. 

Effects  of  Solid  and  Pneumatic  Tires. — Figure  3  is  also  a 
comparison  between  the  effects  of  solid  and  pneumatic  tires. 
The  truck  used  in  this  case  was  of  5%-ton  capacity,  loaded 
with  IVo  tons.    This  figure  is  intended  to  show  the  very  great 
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cushioning  effect  of  pneumatic  tires  in  comparison  with  solid 
tires.  In  this  case  a  4-in.  obstruction  was  used  during  the 
test  with  the  paeumatic  tires,  and  the  resulting  effect  was 
very  much  less  than  when  .using  a  solid  tire  on  Vi-in.,  or  1-in., 


or  2-in.  obstruction.  The  figure  also  shows  the  effect  ot  the 
air  pressure  in  the  pneumatic  tires  upon  the  value  of  the 
impact  force. 

Figure  4  shows  also  a  comparison  of  tires.  This  shows 
that  in  general  the  magnitude  of  the  impact  force  is  depend- 
ent upon  the  condition  and  deflection  ot  the  tire.  It  shows, 
as  did  Fig.  8,  the  wide  variation  in  impact  values  that  may 
be  expected  from  the  same  truck  equipped  with  tires  of  dif- 
ferent conditions 

Comparison  Between  Trucks. — Figure  5  shows  a  compari- 
son between  trucks.  Two  5%-ton  trucks  were  used  in  this 
case  and  each  was  loaded  so  that  the  total  rear  wheel  load 
was  the  same  in  each  case.  Truck  A  had  an  unsprung  weight 
of  1,950  lb.  and  truck  K  had  an  unsprung  weight  of  1,300  lb. 
Both  trucks  were  equipped  with  the  same  set  of  tires.  The 
purpose  of  this  comparison  is  to  sliow  the  effect  of  unsprung 
weight  upon  the  impact  value.  It  is  very  clear  that  the  truck 
having  the  lighter  unsprung  weight  produced  the  smaller  im- 
pact values  under  the  conditions  of  this  test. 

Possible  Impact  Values  for  Trucks  of  Different  Capacities. 
— The  purpose  of  Fig.  6  is  to  show  the  possible  impact  values 
which  may  be  obtained  by  using  trucks  of  different  capaci- 
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ties.  It  is  clear  that  the  light  truck,  W,  if  run  at  a  suflScient 
speed,  may  give  impact  values  as  high  as  a  heavy  truck, 
when  run  at  the  ordinary  truck  speed  of  8  to  10  miles  per 
hour.  These  impact  values  were  all  obtained  from  a  2-in. 
obstruction.  This  figure  shows  that  it  can  not  be  said  that 
a  heavy  truck  always  gives  the  highest  impact  values,  with- 
out stating  several  qualifying  conditions,  especially  the  con- 
dition of  speed  and  of  tire  equipment.  This  statement  refers 
to  impacts  only.  It  should  be  noted  in  particular  that  a  light 
truck  running  at  high  speed  will  produce  large  impacts  only 
occasionally  and  never  very  heavy  load  pressures;  while  a 
heavy  truck  will  produce  in  addition  to  impacts  a  continuous 
heavy  pressure  on  the  road  surface. 

Summary  of  Indications. — The  results  presented  must  n,0t 
be  considered  as  final.  The  investigation  has  not  been  com- 
pleted, and  will  continue  under  different  conditions  for  some 
time.  It  is  not  the  intention  in  this  paper  to  state  final  con- 
clusions or  to  deduce  final  laws  and  comparisons.  It  is,  how- 
ever, thought  desirable  to  state  briefly  some  of  the  indications 
toward  which  these  results  may  point. 
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The  Impact  value  depends  very  largely  upon  tbe  tire  equip- 
ment. The  condition  of  the  tire — that  is,  whether  it  is  new- 
er badly  worn — determines  the  amount  of  cushioning  effect 
it  may  offer.  The  deflection  of  the  tire  depends  upon  Its 
depth  and  quality,  and  any  condition  of  the  tire  which  adds 
to  its  deflection  will,  of  course,  serve  to  reduce  the  impact. 
The  actual  shape  and  construction  of  the  tire  seem  to  have 
considerable  influence  upon  its  cushioning  effect.  No  account, 
however,  has  been  taken  of  the  power-consuming  factor  of 
any  particular  type  or  shape  of  tire. 

So  far  as  they  have  been  tested,  cushion  tires  seem  to  offer 
a  decided  advantage  in  reducing  the  impact.  In  this  connec- 
tion it  should  be  stated  that  the  name  "cushion"  on  a  tire 
does  not  necessarily  make  it  such  a  tire.  Some  definitions 
and  deflection  requirements  should  be  adopted  for  the  classi- 
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Fig.  6— Comparison  of  Trucks.    Tire  Deflections  Indicated.     All  2-ln- 
Obstructions. 

lication  of  tires.  Certainly  a  tire  which  does  not  have  at 
least  :i  deflection  value  of  40  per  cent  to  50  per  cent  of  the 
deflection  of  a  pneumatic  tiie  under  the  same  capacity  load 
should  not  be  classed  as  a  cushion  tire. 

Pneumatic  tires,  as  might  be  expected,  show  a  very  great 
influence  in  reducing  impact  values,  and  the  impact  produced 
with  such  equipment  seems  to  increase  only  very  slightly 
with  the  speed. 

Considering  the  effect  only  upon  the  impact,  the  width  of 
the  tires,  or  the  load  per  inch  of  tire  width  has  very  little 
controlling  influence.  The  deflection  of  the  tire  is  the  main 
factor  and  this  is  controlled  only  slightly  by  its  width.  A 
decrease  in  tire  width  increases  the  load  per  square  inch  of 
tire,  which  in  turn  causes  a  slightly  greater  tire  deflection. 
This,  then,  should  tend  to  slightly  decrease  the  impact.  It 
will  thus  be  seen  that  a  large  tire  width  does  not  tend  to  de- 
crease the  impact,  but  rather  to  increase  it.  It  is  a  fact  that 
a  very  wide  but  thin  solid  tire  will  give  much  higher  impact 
forces  than  a  narrow  thick  one.  In  so  far  as  the  unit  load 
on  the  road  surface  is  concerned,  this  must  be  considered 
from  an  entirely  different  viewpoint. 

The  speed  of  the  truck  has  an  important  influence  upon 
the  value  of  the  impact  force,  but  it  is  a  somewhat  complex 
relation.  It  is  not  a  simple  arithmetical  ratio,  nor  can  it  be 
expressed  simply  as  a  certain  power  ot  the  speed  ratio. 
When  striking  an  obstruction  or  irregularity,  the  curve  show- 
ing the  impact  values  in  relation  to  speed  is  approximately  a 
straight  line.  But  the  equation  ot  this  curve  depends  upon 
the  characteristics  of  the  truck,  the  height  of  the  obstruction, 
and  the  deflection  of  the  tire,  as  well  as  the  speed.  For  ap- 
proximate comparisons  it  may  be  stated  that  the  impact  in- 
creases with  the  increase  of  speed. 

10  to  100  per  cent  for  solid  tires; 

10  to  7.5  per  cent  for  cushion  tires; 

and  0  to  10  per  cent  for  pneumatic  tires. 

An  average  of  any  ot  these  limiting  percentages  must  not 
he  used,  as  the  performance  of  any  truck  is  too  variable,  and 


the  relation  of  the  other  controlling  factors  can  not  be  pre- 
dicted. 

When  dropping  from  one  level  to  another  the  speed  affects 
the  impact  value  somewhat  according  to  the  percentage  varia- 
tions, given  in  the  preceding  paragraph,  up  to  the  point  of  a 
critical  speed  of  9  to  12  miles  per  hour.  Beyond  the  point  of 
critical  speed  at  which  the  wheel  falls  freely  there  should 
be  no  increase  in  impact  value. 

Although  heavy  unsprung  weights  may  give  higher  impact 
values  than  lighti>r  unsprung  weights,  it  can  not  be  said  that 
this  is  the  major  controlling  factor.  With  all  other  conditions 
remaining  constant  this  may  be  true.  But  other  controlling 
factors,  such  as  tire  equipment,  spring  stiffness,  load  carried, 
and  speed,  may  have  a  greater  influence  and  overcome  any 
difference  due  to  the  unsprung  weights. 

It  is  easily  possible  to  so  operate  a  light-weight  truck  under 
certain  load  conditions  that  it  will  produce  as  high  impact 
values  as  a  heavy  truck  under  certain  conditions.  Much  re- 
mains to  be  learned,  however,  as  to  the  relative  destructive 
effects  of  light-weight,  last-running  vehicles,  and  slow-moving 
heavy  trucks. 


Cost  of    Motor    Truck    Haulage  in  Road 
Construction  in  Brant  County,  Ontario 

The  following  daia  on  motor  truck  operation  in  1920  are 
abstracted  from  a  paper  presented  by  A.  M.  Jackson,  Engineer 
of  Brant  County,  Ontario,  at  the  recent  conference  of  the 
County  Road  Superintendents  and  Engineers  of  Ontario: 

The  3-ton  truck  was  operated  with  a  trailer,  the  combined 
pay  load  being  9  tons.  The  figures  given  below  are  taken 
from  the  actual  returns  to  the  Ontario  Department  of  Public 
Highways  for  the  cost  of  equipment  and  repairs,  and  from 
the  drivers'  weekly  reports,  accompanied  by  vouchers  for 
gas,  oil  and  grease: 

Investment: 

Truck  and   body $  8,110.95 

Trailer 2,610.00 

Total  $10,'72().95 

Fixed  charges: 

Average  amount  of  interest  per  annum  at  7  per  cent  lor 

5  years,  figuring  on  20  per  cent  depreciation  each  year 

on  truck,   without  tires %      330.08 

Average  amount  ot  interest  per  annum  at  7  per  cent  for 

8  years,  figuring  on  12  per  cent  depreciation  each  year 

on  trailer,  without  tires 100.57 

Depreciation,  20  per  cent  of  $8,110.95,  less  $252   (cost  ot 

tires)    1,571.79 

Depreciation,    12    per   cent    of    $2,610.    less    $252    (cost   of 

tires)     326.25 

L,ic.mse    1.00 

Annual  overhaul   201.11 

Total  of  fixed  charges $  2,530.80 

Days  operated  for  season 160 

Fixed  charges  per  day 15.82 

Variable  charges: 

Gasoline  (=  miles  per  day  times  gallons  times  cost) $  7.87 

Oil  and  grease  (=  miles  per  day  limes  quarts  times  cost)  2.94 

Tires  on  truck  (5.000  miles) 2.27 

Tires  on  trailer  (figured  at  4  times  the  life  of  truck  tires)  .57 

Driver    6.0O 

Total  variable  charge  per  day $       35.47 

Average  cost  per  ton-mile  over  entire  season $0,188 


Cost  of  Logging  Roads  in  Montana. — In  order  that  the  State 
Highway  Department  of  Montana  might  have  more  definite 
and  workable  knowledge  of  the  condition  of  its  main  state 
highways  not  scheduled  for  immediate  improvement  a 
thorough  investigation,  covering  3,992.5  miles  of  primary 
highways,  was  made  during  the  past  summer.  The  informa- 
tion required  relates  to  grade  and  alignment,  drainage,  neces- 
sity for  surfacing  and  availability  of  surface  materials  and 
other  features  essential  to  a  proper  knowledge  ot  the  state 
road  system.  This  road  logging,  according  to  the  recently 
issued  second  biennial  report  of  the  State  Highway  Com- 
mission, cost  $2,806  or,  for  the  3,992.5  miles  logged,  70.3  ct. 
per  mile.  The  data  acquired  are  being  tabulated  tor  use  by 
the  department  during  the  coming  season;  and  it  is  intended 
to  make  the  data  available  also  to  county  officials  for  their 
-use  in  connection  with  the  maintenance  and  repair  of  unim- 
proved state  highways  within  the  counties. 


Keeping  Traffic  on  Its  Own  Side  of  Road. — In  the  interest 
of  safety  the  Road  Commissioners  of  Wayne  County,  Michi- 
gan, are  painting  white  dividing  line  on  the  concrete  roads. 
They  find  that  the  line  has  a  decided  tendency  to  keep  traffic 
on  its  own  side  of  the  road. 
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Special  HighwayiConstruction 
Through  Rice  Fields 

The  development  of  rice  growing  in  California  during  the 
last  7  or  8  years  has  very  materially  increased  the  difficul- 
ties and  expense  of  highway  construction  through  these  sec- 
tions. In  the  cultivation  of  rice  the  only  time  there  is  no 
water  on  the  land  is  the  period  of  not  more  than  a  month 
preceding  planting  and  the  period  from  the  time  the  field 
dries  in  the  fall  till  the  rains  set  in.  An  average  of  over 
8  ft.  of  water  is  required  over  the  entire  field  for  a  season's 
irrigation. 

In  the  early  stages  of  rice  cultivation  in  California  insuffi- 
cient attention  was  given  to  the  drainage  feature  with  the 
result  that  the  land  soon  became  waterlogged.  This  early 
lack  of  drainage  ditches  likewise  soon  caused  a  serious  con- 
dition of  the  roads  over  which  the  rice  must  be  hauled  to 
market  as  well  as  being  the  cause  of  the  complete  failure 
of  many  main  traveled  highways  which  had  been  constructed 
prior  to  the  advent  of  the  rice  grower.     Practically  the  only 


Typical    Section    of    State    Highway    Tlirough    Rice    Fields    in    Butte 
County,   California. 

drainage  in  the  early  stages  was  along  the  natural  runoff 
channels  and  no  drainage  ditches  were  provided  parallel 
with   the   highways. 

Several  miles  of  a  section  of  state  highway  in  Glenn  County 
between  the  southerly  boundary  and  Willows  constructed  in 
1914  and  1915  before  an  extensive  acreage  had  been  planted 
to  rice,  due  partly  to  the  saturated  subgrade  and  partly  to 
the  alkali  in  the  drainage  water,  have  tailed  completely  in 
the  last  two  years.  A  special  method  of  construction  was 
employed  in  building  a  section  of  state  highway  through  rice 
iieids  in  Butte  County,  California.  The  following  description 
is  taken  from  the  recently  issued  2nd  biennial  report  of  the 
California  State  Highway  Commission.  Bids  were  adver- 
tised to  be  opened  on  Nov.  26,  1917.  on  a  section  of  state 
highway  in  Butte  County  between  Biggs  and  Nelson.  Due 
probably  to  the  fact  that  a  portion  of  the  section  is  through 
a  rice  country  and  also  due  to  the  unsettled  labor  conditions 
no  bids  were  received.  Bids  were  again  called  for  June  24. 
1918,  but   again   none  were   received. 

This  section  was  the  only  unpaved  section  on  the  main 
line  along  the  east  side  of  the  Sacramento  Valley  between 
Sncramento  and  Chico  and,  as  the  prospects  of  securing  any 
bids  were  unfavorable,  it  was  finally  decided  to  proceed  with 
the  paving  by  day  labor. 

As  stated  above,  a  portion  of  the  section  in  the  vicinity 
of  Richvale  is  through  a  rice  district.  When  grading  was 
started  on  this  portion  in  the  latter  part  of  1918  it  was  found 
to  be  impossible  to  handle  the  water  soaked  adobe  with  teams 
and  fresnos. 

In  the  meantime  experience  in  Glenn  County  had  shown 
that  unless  adequate  drainage  ditches  were  provided  and  the 
concrete  base  increased  in  thickness  and  reinforced,  early 
failure  would  result.  In  Butte  County  a  black  clay  adobe 
formation  overlies  the  hardpan  for  an  average  thickness 
of  3  ft.  When  the  water  is  turned  off  the  rice  fields  at  har- 
vest time  the  season  is  too  late  to  permit  the  adobe  to  dry 
out  sufficiently  so  that  teams  can  be  used  in  grading  the  soft 
mud. 

Arrangements  were  therefore  made  to  rent  a  ditching  out 
fit  and  to  dig  a  ditch  on  each  side  of  the  highway,  ?,  ft.  deep 
and  3  ft.  wide  on  the  bottom  with  1:1  slopes,  making  a  top 
width  of  9  ft.  The  dirt  was  deposited  in  the  center  of  the 
roadway  with  a  3-ft.  berm  between  the  toe  of  the  roadway 
slope  and  the  edge  of  the  ditch. 

The  ditcher  was  first  operated  on  one  side  of  the  road,  cut, 
ting  the  ditch  and  distributing  the  material  towards  the  cen- 
ter of  the  roadway.  The  bucket  of  the  machine  had  a  swing 
of  about  24  ft.  and  was  equipped  as  a  drag  line,  cutting  to- 


wards the  machine.  The  ditcher  was  moved  on  skids  by  its 
own  power  exerted  on  a  cable  attached  to  a  deadman. 

Having  cut  one  side  the  ditcher  was  turned  around  and 
cut  back  on  the  other  side.  As  soon  as  the  material  thrown 
out  of  the  ditches  into  the  roadway  had  dried  out  sufficiently, 
fresno  and  grader  teams  were  put  on  to  make  and  shape  the 
grade. 

When  possible  the  drainage  ditches  dug  by  the  ditcher  were 
led  into  main  drainage  ditches  excavated  by  the  rice  com- 
panies or  landowners.  In  some  cases,  however,  outlet  ditches 
have  not  yet  been  dug  by  the  property  owners  and  the  seep- 
age water  is  standing  in  the  borrow  pits  along  the  highway. 
Strong  efforts  are  being  made,  however,  to  provide  proper 
outlets  at  all  points  so  that  there  will  be  no  standing  water 
along  the  highway. 

The  ditching  with  the  machine  cost  approximately  40  ct. 
per  cubic  yard  of  dirt  handled.  On  the  top  of  the  grade  thus 
built  there  was  spread  6  in.  of  gravel  22  ft.  wide.  A  Port- 
land cement  1:2:4  mixture,  concrete  base  18  ft.  wide  by  6 
in.  thick  reinforced  with  %-in.  square  rods  spaced  18  in.  apart 
and  with  a  %-in.  rod  along  each  edge  was  then  constructed 
on  top  of  the  gravel  foundation.  The  gravel  worked  into 
the  comparatively  soft  adobe  subgrade  to  a  certain  extent, 
thus  providing  a  hard  and  firm  foundation  for  the  pavement 
base.  No  special  difficulties  were  encountered  either  in  the 
ditching  or  in  the  construction  of  the  pavement.  Due  to  labor 
and  car  shortage,  however,  the  progress  of  work  was  ham- 
pered to  such  an  extent  that,  though  started  in  the  fall  of 
1918,  the  pavement  was  not  completed  until  the  fall  of  1920. 

The  total  length  of  the  section  is  12.5  miles,  but  the  south- 
erly 6  miles  are  along  an  old  road  where  the  soil  conditions 
are  such  that  no  special  construction  was  considered  to  be 
necessary. 

The  northerly  6.5  miles,  however,  are  practically  entirely 
through  an  adobe  formation  which  has  been  planted  to  rice, 
and  the  special  construction  described  above  was  adopted 
throughout  on  this  portion  of  the  section.  These  6.5  miles 
cost  approximately  $341, 000,  or  at  the  rate  of  $52,500  per 
mile. 


Asphalt  Macadam  Base  for  Relaid  Granite 
Blocks 

When  the  Department  of  Public  Works  of  Providence, 
Rhode  Island,  had  to  relay  a  considerable  yardage  of  old 
granite  block  pavement  last  year,  the  engineers  decided  to 
use  an  asphalt  macadam  base  under  the  relaid  blocks. 

The  old  granite  block  pavement  was  laid  originally  partly 
on  a  6-in.  cement-concrete  foundation  and  partly  on  a  rolled 
broken  stone  base.  Much  of  the  pavement  had  settled  in 
places  after  undergoing  considerable  traflSc,  and  it  was  found 
necessary  last  year  to  relay  the  block. 

The  first  step  was  to  take  up  and  clean  the  old  blocks 
thoroughly,  no  recutting  being  necessary.  The  sub-base  was 
of  gravel,  varying  in  thickness  up  to  8%  in.  This  sub-base 
was  rolled  thoroughly,  and  on  top  of  it  was  placed  2-in. 
trap  rock  which  was  rolled  to  an  average  depth  of  3  in. 
Smaller  sized  trap  rock  was  spread  and  rolled  to  fill  the 
larger  voids. 

This  stone  was  then  given  a  penetration  treatment  of  No. 
96  Texaco  asphalt,  using  about  1^^  to  1%  gal.  per  square 
yard.  Stone  chips  were  then  spread  and  the  base  was  rolled. 
Following  this  a  sand  cushion  1  in.  or  more  in  depth  was 
spread  on  the  asphalt  macadam  base,  and  on  this  cushion 
the  granite  blocks  were  relaid. 

-\fter  the  blocks  were  laid,  and  a  small  amount  of  stone 
chips  had  been  swept  into  the  interstices,  the  joints  were 
filled  with  Texaco  asphalt.  SuflScient  asphalt  was  spread  so 
as  to  slightly  flood  the  surface  of  the  blocks  for  about  one- 
third  their  area. 

After  the  Texaco  asphalt  filler  had  been  applied,  the  sur- 
face was  covered  with  clean  stone  chips  and  rolled,  after 
which  the  street  was  opened  to  traffic. 


New  Jersey  Gives  Up  Use  of  Convicts  on  State  Highways. — 

New  Jersey,  according  to  the  Service  Rulletin  of  the  Iowa 
Highway  Commission,  has  definitely  abandoned  convict  labor 
on  the  state  highway  because  of  dissatisfaction  of  the  results 
obtained.  The  state  highway  engineer,  T.  J.  Wasser,  has  re- 
ported I  hat  the  work  of  the  convicts  has  been  characterized  by 
a  marked  degree  of  inelficiency  and  that  the  cost  of  main- 
taining tlie  camps  has  been  excessive  in  comparison  with  the 
work  accomplished. 
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■Pj              .              £cij.i            r.  ^t^       Cj.     J.      TJ'^U  ^'   Sacramento  a  complete  audit  and   analysis  of  all  the  books  of 

KeSUltSOia  otUCly  OI  tne  i^tate  rllgll-  me   state    Highway   commission    office.     This   work   resulted   in   a 

~                               X/~<1*X              •            .fTTO  satisfactory   and   complete   distribution   of   all   costs   of   surveying, 

way   System   OI   dalilOrnia   OI    U.ij.  construction,    engineering    and    maintenance,    and    produced    sum- 

•Tk                             r  T-»      «    1  •        T»           J  raarlea  that  account  for  practically  every  dollar  made  available  for 

Bureau   OI  FubllC  KOadS  «he  use  of  the  commission. 

A  comprehensive  study  of  the  work  ..(  the  California  State  \ZT^^''l^\:!lZT  .iT   ''T  ■  "''"'•''   '°  ^-V^   ^"   *'^^ '^^'f 

,,.   ,          '    ,           .     .        ,.        ,                 J     ^     .,      TT    o    Ti,,,.„o„  «f  nece.ssary   to   present    the    conclusions    impartially    and    uncolored. 

Highway  Commission  has  been  made  by  the  U.  S.  Buteau  o£  r^^^^^  j^  ^^^^  ^^  ^^j^^  .^  ^^^  ^^^^^^  ^^  ^^  _^^^^  available  after 

rublic  Roads.     The  results  of  this  investigation  of  the  Call-  more  research. 

fornia  State  highway  system  are  given  in  a  report  of  the  Bureau  Within  the  past  five  years  an  unprecedented  demand  has  been 

made  public  early  in  March.     The  report,  with  11  appendices,  made  upon  the  highway  administrator  and  highway  engineers  to 

contains  58,000  words  of  text  and  Includes  numerous  tables  produce  a  large  mileage  of  economical  and  serviceable  highways. 

and  115   maps  and  diagrams.     It  Is   divided  into  three  parts  The  extent  to  which  he  has  produced  this  combined  result  is  the 

which  cover  the  subjects,  respectively.  Data,  Discussion  and  true  standard  of  meastjrement  of  his  achievement. 

_        ,      .                .                      •         »i                 ,t    •„    „    „i,„t.,cr,.a,ii,i^  ^-^^  the  present  traffic  service  rendered  by  the   state  h  ghways 

Conclusions.      Accompanying    the    report    is    a    photogiaphic  ^^  California,  conservatively,   we  believe,   estimated  at   400  000  000 

supplement   containing   400   photographs   of   road   types,   con-  vehicle-miles  per  year  be  multiplied  by  any  reasonable  unit  rate 

Crete  cores,  soil  samples,  bridges  and  structures,  etc.  to  indicate  the  present  annual  returns  to  the  people  on  the  total 

The  field  work  on  the  investigation  was  begun  .Tuly  8.  1920,  investment  to  date  of  about  $42,000,000. 

under   the   direction   of  Dr.   L.   I.   Hewes.     The   field   studies  Now  turn  to  one  paragraph  from  the  report  selected  as  the  most 

and  the  preparation  of  the  report  were  carried  forward  under  vital  to  be  repeated  here: 

the  immediate  direction  of  Dr.  Hewes  and  T.  Warren  Allen,  "T'f  '''"j'"^'^'  administration  has  been  scrupulously  honest  and 

„             ,   ,             .            o  XI.      T-.                 (.  T1   1  1-     r)„„,j„  careful    and    the   administrative    and    engineering    costs    have    not 

General  Inspectors  of  the  Bureau  of  Public  Roads.  ^^^^  excessive,  nor  have  final  costs  much  exceeied  the  engineer's 

In  his  preface   to  the  report   Mr.   Thomas  H.   MacDonald,  estimates." 

Chief  of  the  Bureau  of  Public  Roads,  says:  There  should  be  no  hesiUtion  in  going  forward  with  confidence. 

An  adequate  review  of  the  results  which  have  been  secured  by  Abstracts    of   three    sections    of    the    report    covering    the 

the  development  of  any  system  of  state  highways  must  follow  to-  subjects  of  "Data,"  "Discussions"  and  "Conclusions,"  follow 
day  an  uncharted  course.    The  essentials  and  non-essentials  of  such 

a  task  have  not  yet  been  sufficiently  classified  to  avoid  the  gather-  Data. 

Ing.  on  one  hand,  of  material  which  modifies  only  slightly  the  final  Qf  the  total  system  laid  out  under  the  three  bond  issues 

conclusions,  or,  on  the  other,  to  insure  that  all  vital  data  and  m-  ^j  g  gg^,  ^^,^^^^  ^^^^.^  ^^^.^  ^^^^     ^^^^^  ^^^  completely  paved 

The  California  studV  is  the  most  comprehensive  study  of  results  1.345.4   miles   and   377.1   miles   graded   and   not   paved;    319.4 

obtained  through  the  development  of  a  state  highway  system  that  m'les  were  in  process  Of  grading  and  not  to  be  paved,  and 

h.as  yet   been   undertaken.     The   work   of   this   study   has   followed  206.8    miles    were    still    In    process    of    paving    with    Portland 

two  principal  lines:  one  that  includes  those  questions  that  are  engi-  cement  Concrete,  all  on  July  1,  1920.     Of  the  paving  765  miles 

neering  in  character,  and  the  other   those  that  are   economic  in  jg  Portland   cement  concrete  unsurfaced,   and   480.7   miles   is 

character.    These  two  groups  of  questions  are  so  inter-related  and  surfaced    %-in.   with   bituminous   material   and    pebbles;    53.9 

so  lnt3r-dependent  that  they  cannot  be  separated.    All  road  im-  j,^j,gg  ^j  concrete  have   been  surfaced   with   Topeka   and   4.2 

provement  is   a  means  to  an   end-improved   transportation   fac.li-  ^^^^^  ^^..^^      ..j,.^^      ^            ^^^             ^.j^^  ^^               macadam. 

ties.     The  proper  development  of  such  facihties  ought  to  be  based  „,   ,    ,        .      ,,                       .,.,..,  r,„„ 

on  both  .the  engineering  and  economic  considerations  involved.  But  Total  actually  constructed   to  date  is  1,930  miles, 

the  ^:)ractical  application  of  these  considerations  is  always  modified  Classification    of   the    Concrete    Pavement. — The    classifica- 

by  the  attitude  of  the  public.  ji^jj   ^j  jjj^  existing  condition  of   the   concrete   pavement   in 

For  the  purpose  of  this  study    the  principal  operation  wa^  to  one-tenth  mile  was   made  by   the  follow- 

classify    all    the    pavement   laid.     This   classification    covered    1.262  :          . 

miles  from   which   a  complete  record   of  condition   of  all   concrete  ''^S  six  classes. 

pavement  for  each  one-tenth  mile  resulted,   and  is  supported  by  (A1  A   pavement   in   which   the   plainly   visible    transverse 

7,500  consecutive  photographs  filed   in  the  Bureau.    It  is  recorded  cracks    do    not    exceed    the    normal    number    expected    of    a 

completely  by  diagram.    Associated  with  this  classification   there  pavement   constructed   without   expansion   joints,   and   which 

word   drilled   638    cores    through   the   pavement  at   intervals   on    800  has  no  plainly   visible   longitudinal   cracks. 

miles  of  the  highway  between  Red  Bluff  and  San  Diego:  481  of  these  (gj   ^    pavement    having    more    than    the    normal    number 

cores  were  tested  and  all  were  carefully  examined  and  tested.    A  ^j  plainly  visible  transverse  cracks  or  with  some  "crow-foot" 

large  number  h.ave  been  photographed  for  this  report.  '            ...          ,                      -n.   i,    iu 

Twelve  special,   intensive  studies  of  failed  portions   of  the  road  cracks  at  the  edges,  or  with  both, 

surface  resulted  in  a  great  volume  of  data  which  can  only  be  sum-  (C)   A  pavement  similar  to  classes  A  and  B  and  with  one 

marized   in  the  report,  but  which   clearly  establish   in  practically  plainly    visible    longitudinal    crack    or    with    a    considerable 

every  instance  the  nature  and  cause  of  the  defective  pavement.  number   of  "crow-foot"   cracks. 

In  connection  with  the  many  selected  special  studies,  soil  mois-  (p)  x  pavement  SO  cracked  transversely  and  longitudinally 

ture  determinations  were  made  for  cross  sections  of  the  road  by  ^^.^^   numerous   slabs  are  formed  of  less  area  than   in   class 

borin?rs   at   close   intervals.     Tests   for  moisture   content,   moisture  ^  ^^^  jj^^^j  ^j^  ^^^  average  less  than  about  50   sq.  ft. 

equivalent  and  for  shrinkage  were  made  at  the  laboratory  of  the  pavement    in   which   the   plainly   visible   transverse 

University  of  California.  ,    ,         .      ,.      ,  ,  ^i,    ..    ■.    ■      u     i 

A  complete   classification   of  the  sub-grade   soil   under  all   the  and  longitudinal   cracks   are   so   numerous-  that  it   is   broken 

pavement  on  the  state  highway  .system  was  made  by  soil  experts  into  slabs  having  areas  less  than  about  50  sq.  ft.  but  in  which 

and  plotted  on  the  pavement  condition  diagrams.    Below  each  con-  no  general  disintegration  appears. 

Crete  core  samples  of  soil  were  also  removed  and  tested.  (F)  A  pavement  badly  broken  and  with  disintegrated  por- 

A   state-wide   traffic   census   was   taken   at   103   stations   for  an  tions. 

equiv.ilent  IC-hour  weekday,  and  many  Sunday  and  supplementary  rpj^g  classification  result  is  given  by  Table  I  which  shows 

counts  were  also  taken      This   traffic  record   revealed   the   amount  ^^  ^^^  pavement  on  July  1,  1920,  was  found 

and  character  of  travel  for  the  summer  interval  on  the  state  high-  ,.,  „t-,  ^  -r^        j  ^i.      x.   ^  o-rc   „ „^^t 

ways.    It  has  resulted  in  a  set  of  traffic  diagrams  from  which  the  *"  be  in  classes  D,  E.  and  F  and  the  balance  or  87.5  per  cent 

total  annual  duty  of  the  California  highway  system  has  been  esti-  in  classes  A,  B  and  C. 

mated,  and  also  the  corresponding  revenue,  or  the  operating  Income  Determination  of  Conditions  of  Concrete  by  Sample  Cores, 

to  the  community.  — yov  the  purpose  of  determining  the   condition   of  the   coii- 

.Supporting  the  traffic  count,  extensive  field  studies  were  made  ^^^^^  actually   in   place,  sample   cores  were  drilled   from   ap- 

of  the  producing  agricultural  areas  for  nine  groups  of  agricultural  ^.^^^^^^^^      gOQ   miles   of   the   pavement.      In    all,    638    4%-in. 

crops  and  the  peak  load  in  tons  and  the  peak  interval  in  time  for        i"^^i^a.^.cil    o^v   ^        ,   .„    ,       —.  ,0-7 ^..!ii<.h 

these  crops  was  determined.    This  study  covered  the  main  valleys  diameter   cores   were  drilled.     There  were   187   cores   drilled 

of  the  state.  with  the  chilled  shot  type  drill  and  the  remainder  with  the 

During  the  progress  of  field  investigation  there  was  carried  on        diamond   drill.  

i-.^ELE  I— SHOWING  ALL,  CLASSIFIED  CONCRETE  PAVEMENT  BUIIjT  BY  THE  STATE.     (SURFACED  AIvD  UNSURFACED.) 
rear  Built.  , 1013 ^, 1914 ,    , 1915 ,, -1916 ,    , 1917 >. 1918 v    , 1919 >,— 1920— ^      ^Totals.— ^ 

'lass.                          lUles.       %.       Miles.       %.       Miles.       %.     Miles.  %.       Miles.       %.     Miles.       %.       Miles.       %.   Miles.     %.         Miles.     %. 

A 2.83       13.8         71.35       42.5     139.33       39.7       73.38       24.8         6.65       11.3       37.54       30.0       53.91       32.6    33.24     42.9        '•IS.aS     33.1 

B 5.85       28.6         63.75       38.0     10li.:i5       30.3     119.62  40.5       26.29       44.4       49.50       39.6       66.78       40.4    37.32     48.2        4,5.46     37.7 

C 3.85       18.8         18.27       10.9       68.17       19.4       53.41       18.1       15,28       25.8       24.37       19.5       23.90       14.4      4.15       5.4        211.40     16.7 

D 1.83         9.0  2.67         1.6       14.65         4.2      32.59       11.0         S.66       14.6       10.24         8.2       12.20         7.4      1.60       2.1  84.44       6.7 

E 10         0.5             .40        0.2         3.15         0.9       11.55  3.9         2.29         3.9        3.29         2.66       8.23         5.0      1.00       1.3          30.01       2.4 

F 6.00       29.3         11.50        6.8       19.14         5.6         5.13  1.7         0.00         ...           .05           .04         .25         0.2        .10       0.1          42.17       3.4 

Totals    20.46        100       167.94        100     350.79        100     295.68  100       59.17        100     124.99        100     165.27        100    77.41      100     1.261.71      100 

%  of  tofl  each  yr.       1.7                       13.3                     27.8                     23.4  4.7                        9.*                     13.1                     61                        190 
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The  results  of  tests  showed  that  the  cores  varied  consid- 
erably in  respect  to  the  maximum  size  of  coarse  aggregate, 
its  distribution,  the  coarseness  of  the  sand  and  the  grading 
of  the  sand.  The  depth  of  concrete  varied  considerably,  but 
in  general  ran  greater  than  the  specified  4  in.  Not  much 
variation  in  density  appeared.  The  photographs  of  the  cores 
checked  the  notes  on  inspection.  Measurements  showed  a 
surprisingly  close  average  of  50  per  cent  coarse  aggregate 
in  both  the  1:2:4  and  1:21/2:5  concrete.  The  absorption 
showed  an  average  of  about  11/2  per  cent.  The  weight  per 
cubic  foot  varied  from  140  to  160  lb.,  with  some  marked  devia- 
tion in  a  few  instances.  After  the  compression  test  examination 
showed  with  few  exceptions  a  sound  coarse  aggregate  of 
crushed  or  uncrushed  fragments  of  gravel.  While  the  aver- 
age compression  test  when  corrected  for  cylinders  9  in.  high 
by  4%  in.  in  diaemter  averaged  well  above  3,000  lb.  there  is 
a  slight  decrease  in  compressive  strength  with  the  age  of 
the  concrete. 

Subgrade  Soils.— In  connection  with  the  field  classification 
of  pavement,  and  with  12  special  intensive  studies,  classifi- 
cation of  the  underlying  subsoil  was  made  with  the  co-opera- 
tion of  experts  from  the  Bureau  of  Soils  and  the  Division  of 
Farm  Irrigation  in  the  Bureau  of  Public  Roads,  all  in  the 
Department  of  Agriculture.  The  checked  soil  classification 
was  plotted  on  the  class-condition  diagrams.  The  soil  classi- 
fication adopted  was  as  follows: 

Class  1.  Clay  and  adobe  soils  (inludes  clay,  silty  clay, 
clay  loam  and  clay). 

Class  2.   Marsh  lands  (includes  silt,  marsh  and  peat  lands). 

Class  3.  Loams  (includes  loam,  clay-loam,  silt-loam  and 
siity-clay  loam). 

Class  4.  Sandy  loam  (includes  coarse  sandy  loam,  sandy 
loam  and  fine  sandy  loam). 

Class  5.     Sand  and  gravel. 

The  classification  shows  that  approximately  70  per  cent 
of  the  concrete  pavement  of  classes  D,  E  and  F  occurs  on 
soils  of  class  1. 

Economic  and  Other  Studies. — The  principal  economic  study 
consisted  of  a  state-wide  traffic  station  for  one  equivalent  16- 
hour  day  at  103  stations.  The  blank  used  for  counting  traffic 
was  subdivided  into  nine  classes,  as  follows: 

Tjight  aiitnmohiles. 

Heavy    automobiles. 

Busses. 

Trucks  less  than   1-ton  with  pneumatic  tires  and  less  than 

•i4-ton  with,  solid  tires. 
Trucks  from    1   to  21/2    tons   with   pneumatic   tires  and  from 

%-ton  to  1^2  tons  with  solid  tires. 
Trucks  from  3  to  5  tons  with  pneumatic  tires  and  from  2 

to  3  tons  with  solid  tires. 
Trucks.   5  tons  and  over,   with   pneumatic  tires,  and  3   tons 

and  over  with  solid  tires. 
Horse-drawn  vehicles. 
Extra  heavy  vehicles. 

Traffic  was  counted  from  6  a.  m.  to  10  p.  m.,  and  the  results 
are  summarized  in  Table  II.     It  is  seen  that  for  week  days 

TABLE  n— SHOWING  AVERAGK  Ifi-HOUR  WEEKDAY  TRAFFIC 


AT  101  STATIONS. 


Type. 

Light    automobiles.. 
Heavy  automobiles. . 

Passenger  busses 

Trucks,  Class  1 

Trucks,  Class  2 

Trucks,  Class  3 

Trucks,  Class  4 

Horse-drawn  traffic. 
Extra-heavy  traffic. 


Average 

rer  cent 

Per  cent 

vehicles 

of  total 

of  total 

per   day. 

traffic. 

trucks. 

472 

34.10 

674 

48.50 

31 

2.20 

73 

5.30 

42.20 

41 

3.00 

23.70 

28 

2.00 

16.20 

29 

2.10 

16.80 

32 

2.70 

2 

.10 

1. 10 

100.00 


100.00 


Total  of  all  vehicles 1,387 

Total  of  trucks  only 173 

Class  1 — Less  than   1   ton   with  pneumatic  and  less  than   %  ton 
with  solid  tires. 

Class  2 — One  to  2'/4  tons  with  pneumatic  tires  and  %  to  1%  tons 
with  solid  tires. 

Class  3 — Three  to  5  tons  with  pneumatic  tires  and  2  to  3  tons 
with  solid  tires. 

Class  4 — Five-ton  plus  with  pneumatic  tires  and  3  tons  plus  with 
solid  tires. 

TABLE  III— SHOWING  AVERAGE  16-HOUR  SUNDAY   TRAFFIC 
AT  16  STATIONS. 
Average 
Type.  -"ehicles 

pei-  Sunday. 

Light  automobiles 833 

Heavy  automobiles 1.282 


Busses 

Trucks,  Class  1 

Trucks,  Class  2 

Trucks,  Class  3 

Trucks.  Class  4 

Horse-drawn  vehicles. 
Blxtraordinarily  heavy 


29 
62 
IS 
10 
12 
21 


Per  cent 

Per  cent 

of  total 

of  total 

traffic. 

trucks. 

36.8 

.... 

56.6 

1.3 

2.7 

50.5 

0.8 

14.6 

0.4 

8.1 

0.5 

9.7 

0.9 

17.1 

Total  of  all  vehicles 2,267 

Total  of  trucks  only 123 


100.0 


100.0 


the  total  daily  number  of  all  vehicles  averaged  approximately 
1,387  of  which  2.7  per  cent  was  horse-drawn  traffic  and  12.5 
per  cent  truck  traffic.  The  corresponding  average  Sunday 
traffic  at  16  stations  was  2,267  vehicles  of  which  horse-drawn 
traffic  was  only  nine-tenths  of  1  per  cent  and  truck  traffic  4.4 
per  cent.     (See  Table  III.) 

A  systematic  study  of  the  motor  bus  traffic  shows  a  total 
of  103  operating  lines  with  an  average  of  610,747  passenger 
miles  daily  on  the  state  highway  system.  There  was  also  an 
investigation  of  the  motor  truck  freight-carrying  lines  and  a 
field  study  of  the  agricultural  traffic.  From  the  data  developed 
it  is  estimated  that  a  5  ct.  saving  per  vehicle  mile  on  state 
highway  pavement  alone  the  income  to  the  State  of  Cali- 
fornia during  the  calendar  years  1919  and  1920  has  been  $35,- 
000,000. 

Discussion. 

Standard  Pavement  Design. — The  standard  design  adopted 
for  surface  was  a  concrete  "base"  of  4  in.  with  a  %-in.  wear- 
ing surface  of  asphaltic  oil  and  pebbles.  The  concrete  mix 
was  1:2J^:5  and  the  width  was  15  ft.  with  3-ft.  earth  shoul- 
ders. 

Although  the  concrete  surface  was  doubtless  originally  laid 
as  a  base,  only  approximately  43  per  cent  has  been  given  the 
oiled  surface.  The  average  price  in  the  earlier  years  for  the 
4-in.  1:2%:  5  concrete  and  including  grading  and  structures 
of  $1.14  per  square  yard,  was  remarkably  low.  This  price 
was  equivalent  to  about  $10,000  per  mile  of  completed  15-ft. 
road  compared  very  favorably  with  the  similar  price  of  $1.21 
per  square  yard  for  oiled  macadam.  Neither  price  includes 
either  indirect  changes  or  overhead.  The  corresponding  aver- 
age price  for  the  4  in.,  1:2:4  concrete  laid  since  1917  has  been 
$1.84,  which  is  also  low.  The  concrete  pavement  has  probably 
produced  a  smoother  and  more  satisfactory  riding  surface 
than  any  of  the  other  types  incidentally  laid. 

This  concrete  pavement  is  the  thinnest  that  has  been  ex- 
tensively laid  in  any  state  and  would  have  been  rejected  as 
too  thin  in  any  state  subject  to  winter  frosts.  It  is  1  ft.  nar- 
rower than  the  minimum  width  of  concrete  roads  built  in 
most  other  states,  and  it  is  believed  that  under  present  con- 
ditions it  is  in  general  3  ft.  too  narrow.  The  original  mix  of 
1:2%:  5  was  leaner  than  that  extensively  used  in  other  states, 
and  the  present  mix  of  1:2:4  is  not  as  rich  as  usual  in  several 
states,  but  it  is  believed  to  be  adequate  for  the  traffic.  In 
this  connection  it  is  to  be  observed  that  California  was  the 
pioneer  state  in  adopting  concrete  as  the  standard  pavement 
for  tlie  state  highway  system. 

The  %-in,  asphaltic  oil  wearing  surface,  or  "skin  top"  has 
cost  about  S  to  9  ct.  per  square  yard  and  requires  consider- 
able repair  and  renewal  and  under  nonabrasive  rubber-tired 
traffic,  it  is  not  believed  that  it  serves  a  purpose  commen- 
surate with  its  cost. 

The  4-in.  plain  concrete  of  lean  mix  has  proved  in  places 
very  durable.  There  are  580  (distributed)  miles  built  prior 
to  1917  that  are  of  classes  A  and  B.  Under  adverse  conditions, 
particularly  of  soil,  it  is,  however,  evident  that  a  pavement 
of  such  thinness  has  a  very  low  safety  factor  and  is  inade- 
quate. Its  use  has  now  been  abandoned  and  a  minimum 
thickness  of  5  in.  of  reinforced  concrete  required.  The  origi- 
nal construction  produced  considerable  rough  surfaced  con- 
crete which  as  traffic  developed  doubtless  materially  in- 
creased impact.  On  the  narrow  15-ft.  pavement  loads  passing 
each  other  necessarily  traveled  close  to  the  edge.  "The  crow 
foot"  defects  are  doubtless  due  to  such  travel  of  trucks  when- 
ever the  conditions  were  unfavorable.  There  is  little,  if  any, 
decisive  evidence  that  reinforcing  introduced  in  the  4  or  even 
in  the  5-in.  concrete  (particularly  of  the  triangular  mesh  va- 
riety) has  proved  effective  on  adverse  soils  or  under  combi- 
nations of  adverse  subgrade  and  traffic.  Nor  will  the  widen- 
ing of  a  4-in.  pavement  to  20  ft.  eliminate  the  "crowfoot" 
cracks  which  are  observed  on  such  width  concrete,  even  in 
Instances  on  sandy  soil. 

The  original  concrete  pavement  design  in  short  now  has 
little  or  no  factor  of  safety  and  under  unfavorable  conditions 
has  not  withstood  the  internal  stresses  produced  by  traffic 
flexure  and  variations  in  temperature  and  subsoil  moisture. 
It  is  doubtful  if  such  a  safety  factor  can  be  introduced  with- 
out considerably  increasing  the  mass  of  concrete.  It  appears 
that  under  adverse  soil  condition  there  is  considerable  flexure 
with  traffic. 

Subgrade  Soil  Treatment. — Some  special  treatment  of  ad- 
verse subgrade  soils,  particularly  of  class  1,  will  be  necessary. 
Capillary  action  and  high  moisture  retentiveness  and  violent 
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Rhrinkage  must  be  met.  The  amount  of  admixture  or  the 
thickness  of  protective  layers  of  non-capillary  and  supporting 
soils  is  not  yet  known.  A  flat  subgrade  might  help  to  a  slight 
extent  to  counteract  such  defects  by  eliminating  some  trans- 
verse tension  due  to  normal  pressure.  The  crown  of  2%  in. 
in  the  present  15ft.  standard  design  may  well  be  reduced  to 
\%  in.  and  with  a  flat  subgrade  and  an  added  1%-in.  maxi- 
mum thickness  there  Is  an  added  factor  against  center  longi- 
tudinal cracks. 

Design  of  Grade,  Alignment  and  Sections. — Many  miles  of 
the  California  hinliways  lie  on  flat  valley  floors  and  have  ex- 
cellent alignment.  There  are  scores  of  other  miles  of  good 
location,  including  difficult  mountain  roads.  It  appears  that 
the  defects  in  grade  and  ali.enment  are  due  largely  to  a  too 
strict  adherence  to  a  standard.  That  standard  is  not  inva- 
riably economical. 

Other  locations  on  hill  and  mountain  roads  evidence  mini- 
mum standards  that  are  too  low  for  trunk  lines  under  pres- 
ent traffic  conditions.  There  are  numbers  of  50  and  60-ft 
nidii  curves  and  grades  of  7  per  cent  that  might  have  been 
eliminated  or  reduced  at  slight  additional  cost.  In  a  few  cases 
a  radical  change  in  line,  though  doubtless  involving  added 
right  of  way  costs,  would   have  been  a   great  improvement 

It  appears  that  valuable  land  has  often  been  avoided  and 
that  a  location  that  follows  closely  the  topography  has  been 
the  rule.  These  elements  have  at  intervals  impaired  the 
alignment  and  grade. 

Specifications. — The  State  Highway  Commission  has  until 
recently  adhered  to  the  1912  specifications  with  few  changes 
These  specifications  appear  to  have  been  rigidly  enforced. 
The  grading  has  been  neatly  finished  and  the  subgrade  evi- 
dently well  prepared.  The  original  lean  concrete  mix  of 
1:2V6:5  for  a  pavement  should  have  been  abandoned  sooner 
,Tnd  the  permission  of  6  per  cent  of  the  fine  aggregate  passing 
a  100-sereen  allows  a  possible  excessive  clay  content.  The 
requirements  for  coarse  aggregate,  with  respect  to  size,  grad- 
ing, quality  and  cleanliness  are,  in  the  light  of  recent  devel- 
opments, somewhat  inadequate.  It  is  believed  the  specifica- 
tions should  also  exclude  the  use  of  alkaline  or  sale  water 
aiid  permit  larger  aggregate  than  2%  in.  The  originally  re- 
quired rough  finish  has  been  abandoned,  but  the  finish  now 
obtained  can  be  improved.  This  rough  finish  was  evidently 
for  a  pavement  base,  but  it  shows  through  a  %-in.  top  and, 
where  not  covered,  has  doubtlessly  tended  to  increase  im- 
pact. The  old  specifications  for  mixing  until  texture  and 
color  were  uniform  were  evidently  unsatisfactory  and  have 
been  abandoned  in  favor  of  a  10-turn  or  1  minute  mix.  The 
requirements  for  curing  by  ponding  or  wet  earth  cover  are  ex- 
cellent, but  some  checking  due  either  to  lax  enforcement  of 
this  provision  for  curing  or  to  a  too  wet  mix  has  occurred. 
The  omission  of  transverse  joints  appears  to  have  been  a 
justifiable  innovation,  particularly  in  a  frostless  country,  but 
it  is  believed  there  should  be  exception  to  this  practice.  The 
present  requirement  for  concrete  mixture  of  1:2:4  if  laid  dry 
it  is  believed  should  produce  a  good  pavement  for  trafflc  pre- 
ponderately  rubber  tired,  but  it  is  remarked  that  several 
states  use  a  richer  mix.  Reinforcement  has  not  been  required 
until  1920,  but  the  present  specifications  for  about  42  lb.  of 
V2  and  %-in.  steel  rods  in  the  center  plane  per  100  sq.  ft.  it 
is  believed  are  excellent.  The  triangular  mesh  reinforcement 
used  as  Federal  Aid  Project  No.  1  was  a  failure  due  possibly 
to  improper  placement. 

Conclusions. 

The  state  highway  system  has  in  general  been  well  selected 
p.nd  laid  out.  The  mileage  prescribed  by  law  has  far  exceeded 
the  funds  and  this  discrepancy  distorted  the  policy.  The  mile- 
age remaining  to  be  built  is  far  in  excess  of  the  combined 
capacity  of  the  third  bond  issue  and  all  available  Federal  aid. 

The  deferred  serial  type  of  highway  bond  adopted  is  good, 
but  the  longest  terms  of  every  issue  (44-45  years)  is  very  ex- 
cessive and  the  long  terms  will  require  millions  of  needless 
interest.  The  amounts  of  money  were  sufficient  to  permit 
planning  of  comprehensive  construction  programs  and  econ- 
omy of  large  operations.  The  legal  restrictions  on  the  bonds 
were  seriously  embarrassing.  (Such  restrictions  were  re- 
moved by  the  vote  of  Nov.  2,  1920.) 

The  order  of  selection  and  construction  of  roads  from  year 
to  year  has  been  largely  controlled  by  necessary  policy. 

The  policy  of  permitting  unpaved  exceptions  in  small  in- 
corporated towns  is  uneconomical  and  impairs  the  efficiency 
of  service  cf  the  state  highways. 

The  financial  administration  has  been  scrupulously  honest 


and  careful  and  the  administrative  and  engineering  costs 
have  not  been  excessive,  nor  have  final  costs  much  exceeded 
the  engineer's  estimates. 

Convict  work  has  been  successful,  especially  during  the 
war,  and  from  both  aspects — the  road  work  and  reflex  effect 
on  the  convict — it  has  been  found  necessary  for  success  to 
largely  eliminate  any  dual  control  of  convicts  on  the  job. 
The  state  prison  funds  clearly  should  bear  some  expense. 

Motor  Vehicle  Traffic. — There  has  been  a  conspicuous 
growth  of  motor  vehich-  registration  in  California  during  the 
past  construction  period  and  a  corresponding  increase  in  vol- 
ume and  intensity  of  traffic.  The  Commission  evidently  did 
not  anticipate  this  increase  and  did  not  provide  for  it  in 
their  original  design,  nor  did  they  count  the  traffic  through- 
out the  state.  A  very  careful  traffic  census  at  intervals 
should  bo  taken. 

It  is  not  believed  that  modern  rubber-tired  traffic  on  a 
smooth  concrete  road  is  abrasive,  although  solid  tired  vehicles 
doubtless  produce  some  breaking  down  of  edges  of  separted 
cracks.  There  was  found  no  definite  correlation  between  total 
of  vehicles  and  condition  of  the  concrete  pavement  itself  but 
ihe  total  traffic  does  largely  determine  the  wear  of  shoulders 
and  in  many  places  indicate  a  too  narrow  width  of  pavement. 
It  is  believed  that  the  impact  of  excessively  heavily  loaded 
trucks,  particularly  at  high  speeds,  is  very  destructive  to  a 
thin,  narrow  pavement  on  adverse  soils,  but  it  is  evident 
from  the  data  that  such  trucks  are  in  a  small  minority  in 
California.  Truck  traffic  is  increasing  and  size  and  number 
of  commercial  passenger  busses  is  very  noticeable  and  there 
may  be  expected  a  parallel  increase  in  the  development  of 
commercial  freight  motor  truck  traffic.  Passenger  busses 
are  already  operating  on  the  15-ft.  pavement  to  the  disad- 
vantage of  other  traffic  and  the  law  allows  a  total  width  of 
farm  load  of  10  ft.,  which  is  excessive  for  such  pavement. 

State  authorities  cannot  control  the  volume  nor  the  dis- 
tribution of  traffic  on  the  state  highways,  but  complete  and 
effecive  co-operation  between  the  State  Highway  Commission 
and  the  Motor  Vehicle  Department  controlling  the  character 
of  traffic  is  necessary.  The  creation  of  special  state  police 
exclusively  to  enforce  the  vehicle  laws  may  be  required. 

There  is  a  very  large  annual  operating  revenue  to  the  com- 
munity from  the  state  highways.  The  total  of  this  revenue 
has  probably  paid  for  all  construction  costs  to  date  and  would 
have  been  correspondingly  decreased  with  less  mileage. 

A  sum  equal  to  the  total  net  motor  vehicle  fees  at  the 
present  average  rate  will  probably  always  be  required  for  the 
absolute  maintenance  and  improvement  of  state  highways  as 
construction  of  the  5,560  miles  progresses.  The  original 
theory  of  a  license  to  operate  a  motor  vehicle  is  obsolete  in 
a  community  where  97  per  cent  of  traffic  is  by  motor  and  reg- 
istration fee  becomes  a  charge  for  use  of  the  road.  Sys- 
tematic financing  of  the  upkeep  will  ultimately  adjust  the 
average  fee  to  the  requirement  of  upkeep  and  also  adjust  the 
fee  to  the  vehicle  type  to  more  closely  indicate  the  wear  pro- 
duced. An  immediate  increase  of  the  state's  share  of  the  net 
automobile  revenue  would  be  good  economy  as  a  large  mile- 
age of  defective  concrete  road  must  be  at  once  repaired  and 
resurfaced. 

Results  of  Sample  Core  and  Soil  Tests. — The  tables  and  the 
diagrams  of  condition  and  the  statistics  of  sample  core  and 
soil  tests  clearly  indicate; 

(a)  A  correlation  between  defective  pavements  of  classes 
D,  E.  and  F,  and  adverse  soil  subgrades,  about  110  miles  or 
70  per  cent  of  157  miles  total  of  these  three  classes  occur  on 
soils  of  class  1,  which  includes  all  adobe  soils. 

(b)  That  since  the  average  corrected  testing  strength  of 
concrete  cores  is  above  3,000  lb.  to  the  square  inch  concrete 
itself  is  not  generally  defective  in  strength  nor  does  it  show- 
any  wear  by  traffic. 

(c)  The  average  class  condition  of  all  concrete  pavement 
indicates  a  slow  progressive  deterioration  from  1912  to  1920. 
and  that  the  type  built  tends  to  reach  its  approximate  stage 
of  classification  comparatively  soon  and  thereafter  to  change 
more  slowly. 

(d)  The  diagram  showing  average  strength  as  determined 
by  cores  tested  from  concrete  laid  during  the  various  years 
indicated  that  there  may  be  a  slow  progressive  deterioration 
of  the  concrete  itself,  or  "fatigue"  in  a  thin  slab  subject  to 
excessive  flexure. 

(e)  There  is  no  conclusive  indication  so  far,  that  the  previ- 
ous reinforcement  in  a  4-in.  or  5-in.  slab  has  produced  a  meas- 
urable increase  in  the  quality  or  durability  of  the  pavement. 


^) 
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(f)  There  is  shown  by  the  diagram  of  comparison  between 
class  condition  of  oil  surfaced  concrete  and  the  class  condition 
of  bare  concrete  a  slight  superiority  in  the  average  condition 
of  the  pavement  surfaced  with  the  %-in.  oil  top,  but  in  view 
of  obscured  classification  there  is  no  demonstrated  marked 
superiority  of  oil  surfaced  pavement. 

(g)  Typical  longitudinal  (and  other)  cracking  found  on 
adverse  subgrade  soils,  and  shown  by  many  of  the  7.500  photo- 
graphs now  on  file  in  the  Bureau  of  Public  Roads,  indicates  a 
distortion  of  the  subgrade  due  to  varying  moisture  content 
and  shrinkage.  The  diagram  showing  line  of  equal  moisture 
content  clearly  indicates  the  influence  of  the  concrete  pave- 
ment in  preventing  evaporation.  The  high  capillarity  of 
adobe  soils  and  the  great  shrinkage  in  the  long  hot  summers 
thus  produce  very  unfavorable  conditions  for  a  thin  pavement 
under  increasing  traffic. 

All  pavement  of  Classes  D  to  F  inclusive,  which  totals  120 
miles  and  much  of  which  is  on  abode  soils  is  doubtless  de- 
teriorating and  demands  immediate  repair  and  supplementary 
construction.  It  is  doubtful  if  much  of  the  pavement  of  these 
classes,  especially  on  adobe,  will  ultimately  prove  an  adequate 
base  for  a  IVz  in.  Topeka  top.  The  "second  story"  concrete. 
If  extended  to  a  total  width  of  20  ft.  to  thus  include  two  new 
30-ln.  concrete  shoulders  of  full  depth,  is  to  be  preferred. 

Designs  of  Increased  Strength  for  Future  Construction. — 
There  are  sufficient  typical  failures  to  show  that  in  the  future 
only  designs  of  increased  strength  and  adapted  to  resist  such 
failure  should  be  used.  There  will  be  necessary  every  pos- 
sible precaution  to  prevent  failure  on  adverse  subsoils  of 
adobe,  clay  adobe,  or  similar  soils.  On  such  soils,  in  the 
absence  of  any  proved  successfiil  design,  short  sections  only 
of  tentative  design  should  be  approved  by  the  Secretary  of 
Agriculture,  or  there  should  be  first  developed  frank  experi- 
mental construction  to  determine  a  workable  and  economical 
design  for  post  road  projects. 

Such  a  design  will  require  the  reinforcement  now  provided 
by  the  Commission  and  a  more  massive  type  of  concrete  and 
not  less  than  6  in.  in  average  depth  and  some  adequate  cor- 
rective treatment  of  subgrade  and  possibly  a  form  of  "mulch- 
ing" of  shoulders  to  prevent  evaporation.  A  flat  subgrade  is 
desirable  and  less  crown. 

It  is  believed  that  on  the  main  roads  more  satisfactory  re- 
sults will  follow  a  considerably  bolder  standard  of  location 
on  hill  and  mountain  grades  and  that  an  increase  in  width  of 
pavement  to  a  minimum  of  18  ft.  is  now  desirable  and  with 
more  systematic  widening  and  super-elevation  on  curves. 

Under  modern  traffic  conditions  there  is  an  increasing  de- 
mand for  unimpaired  alignment  and  fast  travel  between  cen- 
ters. To  this  end  designs  of  highways  must  produce  in  gen- 
eral a  road  that  can  be  traversed  at  a  speed  of  thirty  miles 
per  hour  throughout  and  without  excessive  operating  costs 
due  to  changing  speeds,  etc.  Therefore,  first  economy  in 
grading  becomes  of  rapidly  decreasing  advantage  and  must 
give  way  to  the  increased  safety  and  comfort  of  travel. 

There  would  be  advantage  in  some  exceptions  to  the  present 
standard  of  no  transverse  joints.  In  the  hot  valleys  consider- 
able buckling  of  the  4-in.  slab  occurs  with  attendant  abrasion 
in  infrequent  instances.  This  tendency  to  buckle  would  doubt- 
less be  reduced  by  a  thicker  slab.  Experiments  with  trans- 
verse joints  at  varying  intervals  is  desirable  on  adverse  or 
adobe  soils.  The  future  pavement  will  require  a  much  larger 
factor  of  safety. 

There  is  nothing  presented  by  the  entire  California  study 
that  indicates  that  concrete  is  not  a  successful  pavement. 
One  of  the  clearest  results  is  the  emphasis  on  the  need  of 
better  subgrade  protection.  Highway  grading  is  more  exact- 
ing than  railroad  grading. 

It  is  believed  that  the  motor  vehicle  registration  law  should 
provide  separate  records  of  the  numbers  of  (a)  all  commercial 
trucks,  including  rubber-tired  trucks,  (b)  all  public  freight 
trucks  of  certain  important  classes.  (c1  all  foreign  cars,  and 
(d)  all  public  passenger  carrying  busses  and  should  contain 
strict  provisions  regarding  tire  conditions  on  all  solid  tired 
trucks  with  respect  to  the  minimum  rubber  cushions  and  flat 
tires,  or  projections,  etc. 

State  Highway  Official.— The  work  of  the  State  Highway 
Commission  and  the  Highway  Engineer  shows  a  continuous 
and  intelligent  devotion  to  public  duty.  Their  construction 
operations  have  been  widely  extended  under  greatly  varying 
conditions.  A  high  degree  of  standardization  was  doubtless 
necessary  and  is  evident.  The  failures  (12.5  per  cent  of  D,  E 
and  P  pavement)  are  not  extensive  and  some  were  inevitable 


on  large  scale  work.  The  4  in.  15-ft.  concrete  pavement  was 
continued  beyond  the  point  of  success  on  adverse  soils  and 
more  time  will  be  needed  to  develop  a  type  of  construction 
certain  of  success  on  such  soils.  The  operations  have  pro- 
duced a  large  mileage  of  very  serviceable  road  and  from  an 
economic  standpoint  are  conspicuously  successful  and  of  con- 
tinuing benefit  to  the  State.  The  operating  income  from  the 
highways  is  now  sufficiently  large  to  insure  the  economic 
success  of  a  considerably  increased  standard  of  construction. 


New  200,000  Gal.  Bituminous  Ma- 
terial Storage  Plant  of  Bergen 
County,  New  Jersey 

Bergen  County,  New  Jersey,'  has  about  160  miles  of  roads 
paved  with  various  types  of  bituminous  construction.  It  also 
has  about  67  miles  of  roads  which  are  surface  treated  with 
bituminous  materials,  and  the  annual  consumption  of  bitumi- 
nous materials  of  all  kinds  of  new  construction  and  surface 
treatment  and  repairs  is  about  1,500,000  gal.  The  board  of 
chosen  freeholders  and  the  supervisor  have  decided  that  a 
complete  road  materials  storage  plant,  providing  adequate 
storage  facilities  for  bituminous  materials  required  for  road 
construction  and  for  surface-treating,  is  in  accord  with  good 
business  policy  and  will  prevent  delays  incident  to  the  diffi- 
culty of  obtaining  prompt  shipments  during  the  busy  season. 
If  at  any  time  the  supply  on  hand  is  in  excess  of  the  county's 
requirements,  the  authorities  contemplate  furnishing  ma- 
terial to  municipalities  or  contractors  working  upon  their 
roads.  The  plant  is  to  be  located  in  county  yard  No.  2  at 
Hackensack,  N.  J.  This  yard  is  situated  on  the  Erie  rail- 
road and  the  county  authorities  have  constructed  a  railroad 
siding   on   the   property. 

Plans  and  specifications  for  the  plant,  which  is  to  be  a 
model  of  its  kind,  have  been  drawn  by  Dow  &  Smith,  con- 
sulting engineers.  New  York  City.  Bids  for  its  construction 
will  be  opened  May  9  by  J.  E.  Thier,  county  supervisor  of 
roads,  Hackensack,  N.  J.  The  plans  call  for  four  50,000  gal. 
storage  tanks  and  two  4,000  gal.  heating  tanks.  The  storage 
tanks  are  insulated  by  means  of  6  in.  hollow  tile  walls  built 
up  around  them  and  are  provided  with  sufficient  steam  coils 
to  keep  the  material  in  a  fluTd  condition.  The  heating  tanks 
are  insulated  with  magnesia  blocks  and  are  provided  with 
a  relatively  larger  steam  coil  installation,  which  will  heat 
the  materials  to  the  temperature  required  for  application  on 
the  road.  These  tanks  will  be  filled  by  gravity  from  the 
storage  tanks  except  when  the  material  in  the  latter  is  at 
a.  very  low  level.  All  of  the  bituminous  material  storage 
tanks  are  surrounded  by  dam  walls  2  ft.  in  height  to  take 
care  of  any  overflow  or  boiling  over  of  the  material  con- 
tained in  them.  The  bituminous  material  and  fuel  oil  will 
be  received  in  tank  cars  on  the  railroad  siding  which  runs 
along  the  easterly  side  of  the  plant.  For  handling  the  bitumi- 
nous material  two  rotating  plunger  pumps  are  provided,  each 
one  of  which  is  normally  designed  to  take  care  of  unloading 
tank  cars  and  pumping  thefr  contents  into  two  of  the  main 
storage  tanks  and  one  of  the  heating  tanks.  The  pumping 
is  so  designed  that  in  case  of  a  breakdown,  any  one  pump 
can  be  connected  up  so  as  to  take  care  of  all  four  storage 
tanks  and  both  heating  tanks.  The  steam  for  the  plant  is 
generated  in  a  boiler  house  of  appropriate  design  and  con- 
structed of  reinforced  concrete  and  hollow  tile,  and  fuel 
oil  is  to  be  used  under  the  boilers.  Two  10,000  gal.  tanks, 
buried  underground,  supply  the  necessary  fuel  oil  storage  and 
are  filled  from  the  siding  by  means  of  a  duplex  piston  pump, 
and  are  connected  up  with  the  necessary  burner  pumps  and 
steam  connections. 

All  the  pipes  for  carrying  bituminous  material  are  steam 
jacketted  and  provided  with  the  necessary  air  connections 
so  that  they  can  be  blown  out  after  use.  The  pipes  are 
carried  2  ft.  above  the  ground  level  and  rest  on  top  of  the 
dam  walls,  thus  rendering  them  easy  of  access  when  repairs 
are  necessary. 

On  the  westerly  side  of  the  plant,  a  road  has  been  con- 
structed 6  ft.  below  the  level  of  the  railroad  siding.  The 
necessary  swing  pipes  have  been  provided  for  the  discharge  of 
the  heated  bituminous  material  by  gravity  into  tank  wagons 
on  this  roadway,  thus  minimizing  the  amount  of  pumping 
required.  All  tank  foundations  and  retaining  walls  are  to 
be  made  of  reinforced  concrete. 
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Mechanical  Handling  of  Gravel  in 

Pits 

Brant  County.  Ontario,  makes  extensive  use  ul'  mechanical 
plant  for  handling  and  transporting  road  building  materials. 
In  a  paper  presented  at  the  conference  last  month  of  the 
County  Road  Superintendents  and  Engineers  of  Ontario,  Can- 
ada, Mr.  A.  M.  .lackson,  Engineer  of  the  county,  gave  some 
interesting  information  on  the  methods  employed  in  his 
county. 

He  gives  the  following  figures  on  the  mechanical  handling 
of  gravel  in  pits  when  a  crusher  is  used,  based  on  an  output 
of  100  tons  per  day. 

One  acre  of  gravel  with  a  10-ft.  face  would  produce  ap- 
proximately 20,000  tons.  If  such  an  acre  is  taken  as  cost- 
ing $.500.  this  would  represent"  a  unit  cost  of  2%  ct.  per  ton 
of  gravel.     The  daily  cost  of  operation  would  be: 

Coal  oil  tractor  an.l  operator 

Two  leam-   with  slip  scrapers 

Two  incn  filling  and  emptying •. 

Fuel    

Oil  and  grease 


Per  day. 

$11.00 

16.00 

S.OO 

3.80 

1.20 

Total    *"■«« 

On  a  basis  of  100  tons  output  per  day  the  cost  would  be  40 
ct.  per  ton  plus  2V2  ct..  making  the  total  cost  421/2  ct.  per  ton. 

Mr.  Jackson  states  that  in  one  pit  where  a  bonus  of  40  ct. 
per  ton  was  paid  on  all  over  100  tons  produced  per  day, 
some  two  weekly  periods  averaged  as  high  as  120  tons  per 
day.  Mr.  .Jackson  has  found  that  the  above  was  the  limit  ot 
the  9-in.  x  16-in.  jaw  crusher  used  with  the  1%-in.  jaw  open- 
ing and  that  when  the  material  was  sticky  after  rain,  produc- 
tion dropped  as  much  as  .50  per  cent.  Generally  speaking, 
two  methods  of  getting  the  gravel  from  the  face  into  the 
crusher  were  used.  In  the  larger  pit  with  a  face  of  28  ft., 
running  probably  30  par  cent  stone  that  would  be  broken  by 
a  1%-in.  jaw  opening,  a  standard  18-ft.  conveyor  to  the  crusher 
was  used.  The  conveyor  discharged  on  a  plate  with  1%-in. 
holes  in  it,  set  at  about  30  per  cent  slope.  In  dry  weather, 
good  separation  was  obtained  here  as  the  material  passed 
over  the  plate,  large  sizes  to  the  crusher,  fines  to  the  eleva- 
tor. A  grizzly  set  almost  level  and  jigged  by  a  cam  motion 
would  give  much  better  results,  however,  in  all  weathers. 

The  elevator  used  was  30  ft.,  filling  into  a  50-ton  bin  with 
center  discharge  through  four  12-in.  x  12-in.  openings  in 
the  bottom.  The  bottom  discharge  gives,  Mr.  Jackson  con- 
siders, better  results  than  the  side  discharge  as  the  load  is 
deposited  in  the  center  of  the  truck  and  needs  no  spreading, 
although  the  bin  must  be  of  sufficient  height  to  allow  trucks 
to  pass  clear  underneath,  necessitating  a  longer  elevator. 
When  an  elevator  is  used  for  depositing  crusher  run  gravel 
in  a  bin.  the  materia!  forms  itself  into  a  cone  and  the  coarser 
particles  roll  down  to  the  bottom  leaving  a  central  cone  of 
fines.     In   drawing   from  the   bin.   whether  of  the  bottom   or 


problem  is  yet  to  be  found.     These  conditions  apply  only  in 
the  case  of  crusher  run  gravel. 

The  other  method  used  in  getting  gravel  to  the  plant  was 
to  sink  the  crusher  and  build  a  platform  over  it,  with  a 
pocket  about  2  ft.  square  above  the  jaws.  With  this  method, 
all  material,  fine  as  well  as  coarse,  will  pass  through  the 
crusher— a  distinct  disadvantage.  Mr.  Jackson  found,  how- 
ever, that  2  teams  could  with  scrapers  keep  a  pile  3  ft.  high 


Loading    Truck,    5    Tons    In    1/2    Minute.     The    Operator    Is    Shown 

Feeding  Gravel,  Dumped  by  Scraper,  From  Pocket  Onto 

Conveyor  Leading  to  Crusher. 

-ide  discharge  type,  the  loads  vary  somewhat,  some  being 
composed  largely  of  fines,  some  largely  of  coarser  materials. 
Mr.  Jackson  found  that  the  use  of  a  grader  to  spread  the 
crushed  product  on  the  road  partially  overcame  this  defect, 
but   he   feels   that   an   entirely    satisfactory    solution    of    the 


Making  Stock  Pile  of   Crushed   Stone. 

above  the  crusher  jaws  and  that  a  9-in.  x  16-in.  crusher  l^^-in. 
jaw  opening  would  produce  about  80  tons  per  day  of  10  hours. 


Reinforced  Concrete  Guide  Posts  of  Wayne 
County  Highway  System 

.4n  ornamental  reinforced  concrete  guide  post.  10  ft.  high, 
set  in  a  concrete  foundation,  has  been  adopted  for  the  roads 
unden  the  jurisdiction  of  the  Road  Commissioner  of  Wayne 
County,  Michigan,  according  to  a  paper  presented  at  the  re- 
cent convention  of  the  American  Road  Builders'  -Association 
by  Edward   N.  Hines,  chairman  of  the  commission. 

The  road  signs  are  securely  fastened  to  these  concrete  posts 
with  metal  brackets.  The  basis  of  distance  is  taken  from 
the  campus  in  the  city  of  Detroit.  One  wing  of  the  sign  gives 
the  distance  to  the  next  town,  the  distance  back  to  the  heart 
of  Detroit,  and  the  distance  to  the  termination  of  the  route; 
for  instance,  on  Michigan  Ave.  road  to  Chicago.  The  name 
of  the  road  is  also  given.  The  side  or  cross-road  wing  of 
the  sign  gives  the  name  of  the  towns  or  the  route  which  is 
arailahle  to  traffic  to  turn  off  from  the  main  artery  of  travel. 
Where  there  is  no  important  center  to  which  the  road  leads, 
the  name  of  the  road  alone  Is  shown  on  the  signboard.  No 
arvertising  signs  nor  boards  tacked  on  telephone  posts  or 
otherwise  which  are  in  the  right  of  way  of  the  road  are  al- 
lowed. Provision  is  also  made  to  place  electric  lights  on 
each  post  as  soon  as  funds  may  be  available,  so  that  the 
traveling  public  may  read  the  signs  at  night,  as  well  as  in 
the  day  time. 


Road  Building  in  Quebec  in  1920.— During  1920  the  Province 
of  Quebec,  Canada,  completed  452  miles  of  improved  roads, 
according  to  the  report  ot  the  Quebec  Roads  Department. 
In  addition  179  miles  were  under  construction  at  the  end  of 
the  season.  The  mileage  of  the  different  classes  of  high- 
wav  built  in  1920  and  1919  was  as  follows: 

1920. 

Miles. 
Waterbound  macadam   ~§S'55 


Gravel    350.81 

Bituminous  macadam n\n 

Concrete     ,.tL„I 

Asphaltic  concrete  "°"^ 

452.22 


1919. 

Miles. 
93.94 

341.77 
5.87 
6.75 
3.07 

451.40 


Betterment  of  Old  Roads  in  California.— The  California 
Highway  Commission,  in  widening  and  thickening  the  old 
pavement  to  care  for  increased  traffic,  has  in  some  locations 
placed  a  second  concrete  slab  over  the  old  slab.  In  other 
places  concrete  shoulders  have  been  built  1^^  in.  higher  than 
the  original  slab  and  the  trough  thus  made  filled  with  asphaltic 
surfacing.  At  the  present  time  the  commission  is  building 
a  5-in.  oiled  macadam  road  using  the  original  concrete  slab 
as  a  foundation  on  certain  sections  in  the  rice  growing  dis- 
trict, where,  owing  to  inundation  of  the  roadbed  from  adjacent 
rice  fields,  disintegration  occasioned  by  alkali  salts  carried 
in  solution  in  this  water  and  the  excessive  loads  hauled  on 
the  roads,  the  concrete  slab  has  been  broken  into  fragments. 
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Motor   Vehicle    Registrations,  Li- 
censes, and  Revenues  in  the 
United  States  During  the 
Calendar  Year  1920 

By   ANDREW   P.   ANDERSON, 

Highway  Engineer,  U.  S.  Bui-eau  of  Public  Roads. 

A  total  of  9,211,295  motor  cars,  including  commei-cial  vehi- 
cles, was  registered  in  1920  in  the  4S  states  and  the  District 
ot  Columbii.  There  were  also  registered  a  total  of  238,14(1 
motorcycles.  The  registration  and  license  fees  including 
those  for  chauffeurs,  operators  and  dealers,  amounted  to  a 
total  of  $102,034,106.26. 

As  compared  with  1919,  the  data  for  1920  represent  an  in- 
crease of  22  per  cent,  or  1,645,849  motor  cars.  This  increase 
alone  lacks  only  about  4  per  cent  of  being  equal  to  the  total 
registrations  of  the  United  States  for  the  calendar  year  1914. 
In  this  connection  it  is  interesting  to  note  that  the  number 
of  motor  cars  registered  in  1920  in  the  state  of  New  York 
exceeded  the  total  cars  registered  in  the  United  States  in 
1910.  Furthermore,  the  revenues  derived  from  the  registra- 
tions in  the  state  of  New  York  in  1920  were  about  equal  to 
the  entire  registration  revenues  of  the  United  States  for  the 
year  1913.  The  revenues  derived  from  all  registrations  and 
licenses  during  the  year  1920  exceed  those  of  1919  by  58  per 
cent  or  a  total  of  $37,336,850.68,  which  increase  is  practically 
equal  to  the  total  registration  revenues  of  the  United  States 
for  the  calendar  year  1917. 

The  increase  in  the  motor  car  registrations  and  revenues 
in  the  United  States  during  the  past  14  years  presents  many 
interesting  comparisons.  This  is  especially  true  in  respect 
to  the  use  made  of  the  revenues.  In  1906  the  total  registra- 
tions were  approximately  48,000  cars,  paying  a  gross  revenue 
of  about  $193,000,  or  about  the  same  as  that  collected  by  the 
state   of  Arizona   during   the  year   1920.     In    1906   the   gross 


registration  revenues  were  equivalent  to  less  than  three- 
tenths  of  1  per  cent  of  the  total  rural  road  and  bridge  expendi- 
tures for  that  year,  while  the  registration  revenues  for  1920 
are  equal  to  about  one-fourth  ot  the  total  rural  road  and 
bridge  expenditures  for  the  calendar  year  1919.  Further- 
more, while  in  1906  practically  none  of  the  motor  vehicle 
revenues  was  applied  to  road  maintenance  or  construction, 
in  1920,  96  per  cent,  or  a  total  of  $97,997,160.60,  was  used  tor 
(his  purpose,  and  of  the  total  amount  applied  to  road  work, 
79  per  cent  or  $77,531,582.57  was  expended  under  the  control 
or  supervision  of  the  several  state  highway  departments. 
The  remaining  4  per  cent  not  applied  to  road  work  was  ex- 
pended very  largely  for  number  plates  and  in  the  carrying 
out  of  the  provisions  of  the  motor-vehicle  registration  laws 
in  the  spveral  states. 

On  January  1.  1921,  every  state  but  Minnesota  had  made 
provision  for  some  definite  form  of  annual  state  registration. 
In  Minnesota  a  3-year  registration  period  ended  on  Dec.  31, 
1920.  The  registration  figures  for  Minnesota,  therefore,  are 
the  total  number  of  cars  registered  during  the  period  of  three 
vears.  How  many  of  these  cars  have  been  removed  from  the 
state  or  have  been  scrapped  there  is  no  way  of  determining. 
A  few  states  make  as  yet  no  distinction  between  original  reg- 
istrations and  re-registrations  or  transfers.  Consequently  in 
these  states  the  number  of  registrations  is  in  excess  of  the 
actual  number  of  cars.  In  most  states,  however,  the  registra- 
tion figures  represent  fairly  accurately  the  actual  number  ot 
ears  in  the  state  during  the  year. 

For  a  number  of  years  the  general  tendency  toward  devot- 
ing an  ever-increasing  portion  of  the  net  motor  vehicle  rev- 
enues to  road  work  under  the  control  and  direct  supervision 
of  the  state  highway  departments  has  been  very  noticeable. 
Prior  to  1912  only  a  very  small  portion  of  the  motor  vehicle 
registrations  was  devoted  to  road  work  under  the 
state  highway  departments  In  1920,  however,  76  per 
cent  of  the  total  motor  vehicle  revenues,  or  $77,531,582.57, 
was   applied   to   road   work  under   the   direct   supervision   of 


TABLE   I— MOTOI!  VEHICLE  REGISTR.\TIONS  AND  REVENUES.   1920. 


State. 


AJabam.a    

Arizona   

Arkan.sas    

California     .... 

Colorado     

Connecticut    . . . 

Delaware    

D.  of  Columbia 

Florida    

Georgia    

Idaho    

Illinois   

Indiana    

Iowa    

Kansas    

Kentucky  

Louisiana     

Maine    

Maryland    '. .' 

Ma.ssachusetts    . 

iVIichig-an     

VIinne.=iota    

Vli.ci.'ji.c.tiippi     ... 

Missouri     

Montana    

Nebraska    

Nevada    

New  Hampshire 
New  Jersey  .... 
New  Mexico    . . . 

New   York    

North  Carolina. 
North    Dakota.. 

Ohio    

Oklahoma    

Oregon    

Pennsylvania  .. 
Rhode  Island  . . 
South  Caroling. 
South    Dakota.  . 

Tennessee    

Texas    

Utah     

Vermont    

Virginia    

VVashington  .... 
west   Virginia.. 

Wisconsin     

Wyoming    


Auto- 
mobiles. 
61,941 
2!).SSS 
59.0S2 
534,814 
121,506 
95.123 
18,300 
29,131" 
63,466 
134.000 
50.861 
504.250 
300,226 
407.578 
294.159 
99.437 
66.000 
.=i,5  395 
87.625' 
223.112 
366,946 
324,166" 
63,721 
297.008 
59,450 
200.000 
10,464 
30.240" 
204.125 
22.100 
521.417 
127.405 
90,840 
538.0901= 
■;n4.300 
'03.790 
521.835 
40.914 
93.843 
112.589 
.90.214 
427,693 
37.060 
28,709 
101. SOO 
14  4,L31" 

69, ,862 

277.093 

23,926 


Motor 
trucks 
and  com- 
mercial 
vehicles. 
12.696 
4.733 


Motor- 
cycles. 
1.035 
542 


34.078 

7,749 

24.011 


5.030''S 
10.448 
12.000 


64.674 
32,841 
29.800 


13,246 
7,000 
7  512 
15.2168 
51.386 
45,771 


4.765 


1.200 
19.000 


4.440 
23.612 


148.873 
13.455 


83.200 
8,580 


48,329 
9.563 


7,806 
11.638 


5  556 
2.916 
13.670 
29.789 
10.802 
16.205 


20,047 
3.420 
6.543' 
674 
2,648 
1,275 
1,382 
764 
10,569 
8.823 
4,000 
3.605 
1,543 
512 
1.566 
5,222 
15.143 
8,011 
7,546 
194 
3,954 
675 
2,100 
125 
2,542 
11,041 
219 
29.453 
1.418- 
898 
23.300 
1,360 
3.434 
23,981 
2.260 
908 
777 
1,151 
4,290 
1.114 
946 
2.233 
4.915 
1.659 
8.002 
327 


Re-regis- 
trations 
or  trans- 
fers. 
1,200 
1,816 
333 
126,827 
11,509 
20,156 
(1) 
1,189 
1,544 
2,894 
851 
(1) 
(1) 
90,000 
12,598 
(1) 
602 
(') 
9.960 
30,000 
35.640 
5,716 
834 
16,400 
862 
n) 
(') 
4,475 
41,351 
(') 


Owners' 

and 
chauf- 
feurs' 
licenses. 
3,413 
417 
478 
865,699 
131,449 
139,843 
22.023 
17.767 
2,190 
5.055 
802 
566.701 
9,758 
3.870 


Manu- 
facturers' 
and 
dealers' 
licenses. 
1,411 
251 
54S 


5.0O0 


78.539 

54.269 

361.546 

195.477 

8,020 

63,267 

323,799 

1,490 


43.993 
294.438 


358,022 


2,822 

814 

606 

927 

719 

976 

581 

6.239 

1,500 

2,575 

2,411 

1,016 

515 

637 

4,368 

2,011 

1,638 

641 

260 

2,520 

429 

3,000 

75 

252 

2,671 

175 


10,150 

(1) 

(') 

16.568 

57,712 

5.790 

1.9.33 

2,545 

5.754 

121,280 

3.290 

n'l 

13,337 

(M 

en 
(') 


142.962 

261,183 

58.710 


23.385 
1.120 

39.201 
5.514 


10.552 


24,244 
1,202 

751 
13,154 

231 
1.541 
1,071 

564 
3,624 

235 

192 
2,972 
3,977 

886 

1.946 

201 


Total  gross 
motor- 
vf^hicle 
registration 
and  license 
revenues. 
$    835,178 
192,368 
591,464 
5.554.265 
819,872 
1,852,591 
329,980 
266,285 
554.695 
1,919,338 
882,034 
5,915,700 
2,029,694 
7,507,202 
1,419,345 
815,549 
390,000 
818,755 
2,124,924 
3,860,231 
5,754,900 
143,794 
800,000"> 
2,111,696 
416,245 
2,800,0001" 
103,318 
654,702 
3,503,936 
200.000 
8,511.597 
1,785.000 
691,500 
6.400.0O0'» 
2,500.000i» 
2.085.168 
8.090, 873 
531,462 
527,868 
784,000« 
1.215.776 
3,510.355 
350,933 
555,422 
1,822.736 
2,828.896 
1.280.193 
3.127.073 
267,179 


Motor  vehicles  revenues 
available  for  road  work. 


By  or 
under   State 

Highway 

Department. 

$    668,142 

189,868 

550,000 

2,777,132 

375.699 

1,852,591 

329,980 


Cnder  di- 
rection of 
local  au- 
thorities. 
%    


2.777.132 
375,699 


554,695 
1,851.540 

220,508 
5,915,7006 
1,902,363 
7,244,450" 


815,549 

8i8,'755' 
1,537,540 
3,506,000 
2.745,715 

143,794 

750.000" 
2.111,696 

280,557 
2.100,0001" 

103,318' 

580,342 
3,441,770 

180,000 
6,383.697 
1,785.000 

274,257 
3.100,000i» 
2. 294.404= 
1.469,145 
8,090,873 
■  468,162 
92,529 


661,525 

1.327,308 
356.000 
384.385 

2.737,'l3S 


93.519 
700.000" 


2.127,899 


274,257 
3.100.000'" 


571.816 
1,468,474 

325.000= 

515,736 
1.730.931 
1.8O0.000'» 
1,096.662 
2.250.000 

267.179= 


489.715 


329.765 
700.0001° 
571.816 
1.715.416 


i.ono.ooo'" 
750.666 


^v.  gross 
revenue 
'■eturn 
oer  motor 
:-ar  regis- 
tration. 
$11.23 
5.55 
10.01 
9.76 
6.34 
15.55 
18.03 
7.78 
7.63 
13.14 
17.34 
10.40- 

6.»9 
17.16 
4.83 
7.24 
5.34 
13.02 
20.53 
14.07 
13.94 
.44 
11.68 
7.11 
6.86 
12.78 
9.87 
18.69 
15.39 
9.05 
10.16 
10.26 
7.61 
10.30 
11.74 
20.09 
14.01 
10.51 
5.63 
6.51 
11.94 
8.21 
8.23 
14.40 
15.70 
16.15 
15.87 
10.67 
11.16 


Popula- 
tion per 
motor 
car. 

31 

10 

30 

6 

7 

12 

12 

13 

13 

20 

8 

11 

9 

5 

6 

21 

25 

12 

14 

14 

9 

7 

26 

11 

9 

6 

7 

13 

14 

16 

15 

18 

9 
10 

7 
15 
12 
IS 

5 
23 
11 
11 
11 
20 

S 
18 

9 
8 


Motor 
cars  per 
mile  of 
public 
ru  ral 
road, 

1.3 

2.9 

1.2 

9.3 

3  9 

5.0 
i.'i 

1.8 

2.0 
5.9 
4.5 
4.2 
2.6 
1.9 
3.0 
2  7 

6!  2 
14.7 
5.6 
3.5 
1.5 
3.1 
1.5 

.9 

2.5 

15.3 

.6 
8.3 
2.7 
1.3 
7.2 
2.0 
2.9 
6.2 
23.3 
2.2 
1.2 
2.2 
3.3 
4.8 
2.2 
2.1 
4.1 
2.5 
3.S 
1.6 


99,379      $102,034,106       $77,531,582       $20,465,578         $11.08  11  3.8 

'Includes  2,178  side  cars.     »  To  pay  interest  and  provide  sinking  fund  for 
"Distributed  to  counties  Jbut  expended  under  ."supervision  of  state  highway 


Total  and  Av.^. 369, 605        841,690       238,146        71S.116     4.100,852 
1  Included    under    automobiles.      ^  R^gisti-at ion    not    required. 

i'tate  highway  bond   issue;   remainder  for  state   highway  work. 

department;  2^4  per  cent  of  grand  total,  to  state  highway  department  for  expenses.  'Does  not  Include  13.500  non-resident  registrations 
'Includes  4,022  buses  and  vehicles  used  for  hire  "Registrations  cover  a  period  of  three  years  ending  December  31,  1920.  Number  ot  cars 
given  are  for  total  period;  revenues  are  for  calendar  year  only,  i"  Approximate.  "  Does  not  include  2,359  non-resident  and  neutral  zone  cars 
"Does  not  include  2,683  state,  county  and  city  cars.  "Does  not  Include  1,287  exempt  cars.  "Does  not  include  14,797  non-resident  cars' 
'"Does  not  include  1,790  non-resident  trucks.     "Data  cover  period  of  IS  months,   ending  December   31,  1920. 
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the  state  highway  departments,  and  $20,465,578.04  additional 
was  applied  to  load  work  by  counties  or  other  local  supervi- 
sion, but  with  little  or  no  direct  supervision  from  the  state 
highway  departments. 

In  most  states  the  motor  vehicle  revenues  are  devoted  to 
mainlennnce  and  repair  of  the  state  roads  or  other  improved 
highways.  These  states  thus  seem  to  have  solved  fairly  well 
the  dillicull  problem  of  securing  funds  for  the  maintenanco 
of  the  more  important  roads  under  the  ever-increasing  traffic 
requirements.  As  both  the  traffic  and  the  revenues  increase 
with  the  number  of  cars  there  seems  to  exist  a  possibility  of 
80  adjusting  the  registration  rates  as  to  keep  pace  with  the 
evergrowing  maintenance  changes. 

A  number  of  states  having  in  general  but  a  small  mileage 
of  improved  roads  have  recently  adopted  the  plan  of  capitaliz* 
Ing  the  motor-vehicle  revenues  and  devoting  these  funds  to 
road  construction.  These  states  are:  Illinois,  Maine,  Minne- 
sota. Missouri.  Nevada.  Utah  and  Wyoming.  In  these  states 
bonds  have  been  voted  or  issued  for  road  construction,  and 
the  principal  and  in  some  cases  also  the  interest  is  to  be 
paid  entirely  from  the  motor-vehicle  revenues.  There  seems 
to  be  no  doubt  that  these  revenues  may  be  made  sufficient 
for  this  purpose.  The  question  as  yet  to  be  solved  by  these 
states  is,  from  what  other  source  can  sufficient  maintenance 
revenues  be  secured  so  as  to  prevent  the  deterioration  of  the 
roads  constructed  from  the  bond  issues. 

At  the  beginning  of  1921,  there  were  still  7  states  in  which 
motor  trucks  were  registered  at  the  same  rate  as  passenger 
cars.  The  past  five  or  six  years,  however,  have  shown  a  very 
decided  tendency  toward  increasing  the  fees  required  for 
heavy  motor  trucks  over  and  above  those  required  for  passen 
ger  cars.  This  increase  is  usually  based  on  the  weight  of 
the  truck,  its  carrying  capacity,  its  horsepower,  or  a  com- 
bination of  these  factors.  The  most  general  practice  seems 
to  be  toward  definitely  limiting  the  maximum  total  loaded 
weight  of  the  vehicle  and  basing  the  registration  fee  on  the 
carrying  capacity  of  the  truck.  Some  few  states  have  adopted 
a  scale  of  fees  which  in  actual  practice  serves  to  make  the 
operation  of  very  heavy  trucks  unprofitable.  A  number  of 
states  have  also  provided  legislation  to  limit  the  maximum 
wheel  load  per  inch  of  tire. 

It  is  unfortunate  that  the  term  motor  truck  and  commer- 
cial vehicle  is  as  yet  rather  indefinitely  defined  in  the  laws 
of  'a  number  of  the  states.  In  a  few  states  no  distinction  is 
made  between  passenger  cars  and  freight  carrying  vehicles, 
while  in  one  state  only  trucks  used  for  hire  are  classed  as 
commercial  vehicles. 

The  states  of  Colorado,  New  Mexico,  and  Oregon,  in  addi- 
tion to  the  registration  fees,  also  levy  a  state  tax  on  gaso- 
line or  other  products  used  for  the  propulsion  of  motor  vehi- 
cles. In  Alabama,  Delaware,  Idaho,  Iowa.  Michigan,  New 
Hampshire,  New  York,  North  Dakota,  Oklahoma,  Oregon. 
South  Carolina,  Pennsylvania,  Tennessee,  and  Vermont,  the 
registration  fees  are  in  lieu  of  all  personal  property  taxes. 
In  other  states,  however,  motor  cars  ars  taxed  as  personal 
property  in  addition  to  the  required  registration  fees.  In 
comparing  the  registration  rates  in  the  several  states  this 
fact  should  be  borne  in  mind. 

The  registration  of  automobiles,  motor  trucks,  commercial 
vehicles,  chauffeurs,  and  operators,  dealers,  and  manufactur- 
ers, as  well  as  the  total  gross  revenues  and  the  amount  avail- 
able for  state  road  work,  either  by  the  state  highway  depart- 
ments or  under  their  supervision  and  that  available  for  local 
road  work  for  the  year  1920  are  given  in  Table  I.  The  num- 
ber of  registrations  in  this  table  does  not  necessarily  indicate 
the  exact  number  of  motor  vehicles  in  use  or  existence  in  the 
several  states  except  in  so  far  as  the  laws  of  the  several 
states  require  and  enforce  an  annual  registration  under  these 
classifications.  All  of  the  states  with  the  exception  of  Min- 
nesota now  require  an  annual  registration.  Some  states, 
however,  do  not  segregate  registrations  from  re-registration, 
consequently  the  registration  figures  in  these  states  exceed 
the  actual  number  of  cars  by  the  number  of  transfers  which 
have  been  made  during  the  year.  It  is  unfortunate  that, 
during  1920,  only  36  states  required  motor  trucks  and  com- 
mercial vehicles  to  be  registered  in  separate  classes.  Conse- 
quently the  data  in  column  3  in  Table  I  do  not  give  a  very 
definite  index  as  to  the  total  number  of  trucks  in  existence 
except  in  these  states  requiring  separate  registration.  Even  ' 
where  separate  registration  is  required  the  classification  as 
to  what  constitutes  a  motor  truck  is  far  from  uniform. 


Justifiable  First  Cost  of  Highways 

By  .T.  E.  PENNYBACKER, 

Secretary   The   Asphalt   Association,    25   West   43rcl   St 

New    Vork  City. 

Determination  of  justifiable  outlay  for  a  proposed  highway 
improvement  from  anticipated  service  should  call  for  at  least 
as  careful  survey  and  estimate  as  the  engineer  now  provides 
for  the  engineering  feature.-!  preliminary  to  the  construction 
of  the  highway.  Millions  of  miles  of  earth  roads  and  thou- 
sands of  miles  of  lightly  surfaced  and  poorly  designed  gravel 
and  macadam  roads  impose  upon  the  highway  engineers  of  the 
nation  the  task  of  so  parceling  out  insufficient  highway  rev- 
enue that  it  w^ill  be  applied  to  the  highways  in  proportion  as 
they  show  traffic  justification  for  improvement. 

To  incorporate  this  requirement  into  highway  engineering 
practice  is  to  make  the  traffic  unit  as  widely  used  as  the  cus- 
tomary units  of  physical  measurement.  This  measurement 
of  justifiable  outlay  by  the  yardstick  of  traffic  does  not  dis- 
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Fig.    1— Average    Economical    Life  of   Highway   Governing    Term   of 
Bond    Issue  or    Investment. 

regard  the  profound  beneficial  influence  of  the  highway  upon 
social  life  and  educational  development  in  rural  districts,  but 
inasmuch  as  they  go  hand  in  hand  with  traffic  development 
the  latter  may  in  general  be  regarded  as  an  index  of  both 
the  direct  and  indirect  value  of  the  improvement. 

Motor  vehicle  traffic  predominates  to  such  an  extent  as 
to  make  logical  the  adoption  of  a  system  of  measuring  costs 
and  justifiable  outlay  primarily  in  units  derived  from  this 
class  of  traffic.  Thus  while  the  unit  commonly  used  for 
horse-drawn  traffic  is  the  ton-mile  and  applies  to  loads  rather 
than  to  vehicles,  it  is  necessary  to  adopt  a  unit  which  will 
take  into  account  the  8,250,000  passenger  automobiles  now 
registered  and  the  millions  to  come  and  which  will  allow 
credit  to  the  highway  for  the  saving  in  their  operating  costs. 
To  substitute  "vehicle  mile  '  would  not  fully  meet  this  need 
as  the  million  trucks  in  use  and  those  yet  to  come  must  be 
rated  as  deriving  greater  benefit  individually  than  the  passen- 
ger car.  A  simple  plan  sufficiently  comprehensive  to  meet  most 
needs  is  to  retain  the  "ton  mile"  as  the  unit  of  measurement 
but  to  regard  each  passenger  car  and  each  one  and  two- 
horse  vehicle  as  the  equivalent  of  one  ton  while  the  motor 
truck  and  the  heavy  team  outfits  would  be  regarded  as  the 
equivalent  of  the  vehicle  weight  plus  the  load  in  tons,  This 
plan  would  permit  of  a  rapid  traffic  enumeration  without 
complexity.  Subdivision  of  the  investigation  to  determine 
whether  the  route  is  to  be  tor  "heavy  truck  traffic,"  or  for  "light 
traffic"  would  require  segregation  of  the  heavy  and  light 
truck  records  respectively,  but  this  would  not  affect  the  main 
purpose  of  the  investigation,  namely,  to  ascertain  justifiable 
outlay. 

Counting  the  traffic  on  tho  old  road  is  manifestly  an  inade- 
quate method  of  ascertaining  total  ton  miles.  After  the 
highway  is  improved  it  will  divert  traffic  from  other  high- 
ways, will  stimulate  local  traffic  so  that  more  miles  will  be 
traveled  in  a  given  period,  increase  deliveries  from  and  to 
mnrket  points;  develop  resources  and  finally,  if  it  is  on  a 
truck  line  or  a  route  to  scenic  and  recreational  regions,  it 
will  draw  increased  tourist  travel.  These  various  classes 
of  anticipated  travel  may  be  termed  "potential"  and  however 
difficult  of  exact  estimate  the  investigator  should  give  weight 
to  them  in  his  recommendation  as  to  justifiable  outlay.  It 
is  suggested  that  for  the  potential  local  traffic  a  zone  be  plot- 
ted to  include  the  territory  which  might  logically  be  served 
by  the  highway  after  improvement.  Within  this  zone  the 
investigator  could  make  an  approximate  automobile  census 
and  so  acquaint  himself  with  the  business,  industrial  and  so- 
cial factors  and  possibilities  of  the  zone  as  to  establish  a 
basis  for  estimating  both  the  saturation  point  in  motor  vehi- 
cle ownership  and  the  average  mileage  per  car.  In  short, 
without   attempting   to    present    here    the    exact   detail    of   a 
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traffic  survey,  I  do  mean  to  urge  the  necessity  and  practica- 
bility of  a  traffic  census  which  covers  both  existing  and  po- 
tential traffic. 

Operating  costs  ol  motor  vehicles  are  ascertainable  and 
may  be  expressed  in  ton  mile  units.  Costs  of  gasoline,  oil, 
tires,  repairs  and  depreciation,  garage,  chauffeur,  taxes,  etc., 
make  a  substantial  total.  How  the  figures  look  from  a  na- 
tional standpoint  may  be  gleaned  from  statistics.  Thus,  in 
1920  the  gasoline  consumed  by  motor  cars  amounted  to  3.200,- 
000,000  gal.  worth  nearly  a  billion  dollars  at  prices  paid  by 
car' owners.  Tires  are  estimated  by  M.  O.  Eldridge,  Director 
of  Roads  of  the  American  Automobile  Association,  at  one 
billion  dollars  a  year.  Mr.  Eldridge  says:  "Compare  the 
smooth  resilience  of  Fifth  Ave.,  New  York,  with  the  rough, 
gritty  and  flinty  surfaces  so  often  encountered  on  country 
roads  and  try  to  imagine  what  a  tidy  sum  in  tire  bills  would 
be  saved  if  we  could  all  travel  on  'avenue'  surfaces."  Lubri- 
cating oils  to  the  extent  of  about  175.000,000  gal.  worth  as 
many  dollars,  were  required.  Repairs  and  depreciation  on 
9,250,000  cars,  if  averaged  at  only  $250  per  annum,  would 
yield  a  total  of  more  than  two  billion  dollars.  License  fees 
alone  in  1920  aggregated  about  one  hundred  million  dollars 
.and  this,  together  with  costs  for  garage,  chauffeur,  insur- 
ance and  miscellaneous  items,  make  it  evident  that  on  a 
conservative  basis  of  estimating  we  can  place  the  annual 
motor  traffic  cost  at  near  five  billion  dollars,  or  the  equivalent 
of  ten  times  the  entire  highway  expenditures  outside  ol: 
cities.  The  average  per  car,  if  we  use  9,250,000  as  the  num- 
ber of  cars  and  $5,000,000,000  as  the  annual  cost,  would  be 
$540.  If  the  average  mileage  is  5,000  the  cost  per  car  mile 
is  10.8  ct.  Applied  to  ton  miles  the  average  would  be  some- 
what lower  as  the  trucks  loaded  would  average  3  tons,  thus 
making  it  probably  8.9  ct.  As  to  whether  such  a  rate  per 
mile  is  too  high  or  too  low  on  a  given  highway  should  be 
ascertained  by  the  investigator.  When  he  has  determined 
upon  the  rate,  however,  and  applied  it  to  the  potential  ton 
miles,  he  has  established  the  gross  traffic  cost  on  the  high- 
way for  potential  traffic  if  no  saving  were  effected. 

The  cost  of  operation  per  ton  mile  on  the  old  road  should 
be  ascertained  and  from  this  should  be  subtracted  the  esti- 
mated cost  of  operation  per  ton  mile  on  the  improved  high 
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Fig.  2 — Per  Cent   Annuity    Required   to   Retire   An    Investment   With 
Interest  at   Various   Rates. 

way  established  by  comparative  data  of  operating  costs  on 
highways  similar  to  the  type  or  types  under  consideration 
for  the  improvement.  As  the  traffic  cost  per  ton  mile  would 
he  affected  by  the  character  of  the  highway  improvement  to 
he  adopted  it  is  assumed  that  the  engineer  will  base  his- 
ccraparison  upon  a  type  or  types  of  improvement  which 
appear  to  him  practicable  it  they  can  be  financed  out  of 
the  traffic  saving.  In  other  words,  this  method  leaves  to  the 
engineer  the  same  discretion  as  he  now  customarily  exer- 
cises in  selection  of  design  but  subjects  it  to  the  test  of  finan- 
cial justification.  This  saving  in  cost  of  traffic  operation 
per  ton  mile  when  applied  to  the  total  existing  and  potential 


increase  in  ton  miles  gives  the  gross  annual  saving  in  traffic 
operation  attributable  to  the  improvement. 

The  net  annual  saving  in  traffic  operating  costs  is  arrived 
at  by  deducting  from  the  gross  annual  saving  the  increase 
in  the  annual  highway  budget  for  interest,  maintenance  and 
depreciation  of  the  improvement.  In  order  to  obtain  the  an- 
nual cost  chargeable  to  interest  and  depreciation  it  is  neces- 
sary to  estimate  the  economical  life  of  the  improvement  con- 
templated and  take  that  amount  which  at  the  end  of  the 
period  will  have  discharged  all  interest  and  retired  the  prin- 
cipal. 

Considerations  which  determine  the  economical  life  of  the 
improvement,  or  the  period  beyond  which  it  may  no  longer 
be  maintained  as  such  without  prohibitive  cost,  involve  not 
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Justifiable    First  Co5t    Of  Road  PtR  Mile 

■Justifiable    First   Cost   of    Road    Per    Mile    With    Savings   of 
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only  a  study  of  the  durability  of  pavements  of  the  various 
types,  but  also  the  durability  of  the  foundation  and  of  such 
improvements  as  acquirement  of  right  of  way,  reduction  of 
grades,  elimination  of  curves  and  grade  crossings  and  instal- 
lation of  permanent  structures,  etc.  If  these  latter  features 
form  a  considerable  portion  of  the  first  cost  the  term  in 
which  traffic  saving  is  expected  to  pay  for  the  project  should 
be  correspondingly  lengthened.  If,  moreover,  a  pavement 
such  as  sheet  asphalt  or  asphaltic  concrete  is  used  it  may 
be  renewed  at  the  end  of  its  economical  lite  without  as  a 
rule  incurring  any  additional  expense  for  foundation.  To 
compare  one  type  of  pavement  with  another  as  to  their 
durability  the  important  point  must  not  be  overlooked  that 
renewal  may  be  extensive  or  merely  the  renewal  of  the  sur- 
face. The  most  rational  plan  is  to  estimate  first  the  durabil- 
ity and  cost  of  structure,  etc.,  as  Class  I,  foundation  as  Class 
U.  and  surface  or  wearing  course  as  Class  III,  and  obtain  a 
weighted  average  of  durability  for  the  entire  project  in  which 
the  factors  would  consist  of  the  life  and  the  per  cent  of 
cost  of  each  class  of  improvement.  Figure  1  may  be  used 
in  determining  the  economical  life  of  the  improvement. 

In  this  chart  a  life  of  50  years  is  assumed  for  Class  I,  35 
years  for  Class  II  and  from  10  to  30  years  for  Class  III  im- 
provements. From  the  point  at  which  the  per  cent  of  total 
cost  lines  for  surface,  base,  and  structures  intersect  for  a 
given  project  an  imaginary  line  is  projected  paralleling  the 
10-year  line  if  the  surface  is  estimated  at  10  years;  the  20- 
year  line  if  20  years,  or  the  30-year  line  if  30  years.  Inter- 
mediate ages  can  be  plotted  between  these  limits.  The  inter- 
section of  the'  projected  line  with  the  base  gives  the  average 
economical  life  of  the  road  or  investment. 

As  an  example  it  is  ascertained  that  Class  I  improvements 
represent  25  per  cent.  Class  II  35  per  cent  and  Class  III  40 
per  cent  of  the  total  cost  of  improvement.  This  point  is  lo- 
cated on  the  triaxial  diagram  at  (a).  If  the  estimated  lite 
of  the  wearing  course  is  20  years  a  line  a-b  should  be  drawn 
parallel  with  the  20-year  line  intersecting  the  base  line  at 
(b)  which  shows  an  avera,ge  economical  life  of  32%  years 
for  the  road  and  also  of  the  period  in  which  the  investment 
should  bo  paid  off. 

As  the  cost  of  the  improvement  is  logically  expressed  in 
the  form  of  annual  outlay  for  interest,  depreciation  and  main- 
tenance. Fig.  2  may  conveniently  be  used  to  ascertain  the 
annual  per  cent  of  first  cost  required  for  interest  and  depre- 
ciation over  the  period  covering  the  economical  life  of  the 
improvement.  The  curves  are  plotted  to  show  interest  rates 
of  4,  5  and  6  per  cent;  ordinates  show  terms  of  years  and 
the  abscisses  show  per  cents  of  total  cost  for  combined 
annual  interest  and  depreciation. 


(93) 


352 


Engineering   and    Contracting   for   April    0,    1921. 


Maintenance  costs  may  increase  or  decrease  by  reason  o£ 
I  ho  imi)rovenient.  Wherever  the  difference  between  the  old 
and  the  new  costs  may  be.  it  should  bo  taken  into  account 
by  adding  to  or  subtracting  from  the  annuity  determined  by 
use  of  Fig.  2  as  illustrated  in  the  example  which  is  given 
later. 

The  chart  in  Fig.  3  shows  the  justifiable  first  cost  at  a  sav- 
ing of  1  ct.  per  ton  mile  for  any  number  of  ton  miles  per 
day  up  to  1.000  for  improvements  estimated  to  require  for 
interest,  depreciation  and  maintenance  5  per  cent,  7  per  cent, 
10  per  cent.  15  per  cent,  20  per  cent  and  25  per  cent,  respec- 
tively, of  first  cost. 

To  apply  the  chart  assume  as  an  example  an  800  average 
daily  ton  mile  traffic  with  a  prospective  saving  of  1  ct.  per 
ton  mile  and  that  the  engineer  desires  that  the  project  be 
complotely  paid  for  in  i?2i4  years.  Reference  to  Fig.  2  shows 
that  with  interest  at  5  per  cent  the  annual  cost  is  6.2  per 
cent  of  the  first  cost  for  interest  and  retirement.  The  point 
in  Fig.  3  for  this  latter  per  cent  with  a  daily  traffic  of  800 
ton  miles  would  give  $47,000  as  justifiable  first  cost.  An 
adjustment  may  then  be  made  for  maintenance  by  turning  to 
cost  records  of  the  old  highway  and  ascertaining  if  the  annual 
cost  of  maintenance  is  greater  or  less  than  that  indicated 
by  the  estimated  annual  cost  of  maintenance  tor  the  im- 
proved highway.  If.  tor  example,  the  annual  cost  of  main- 
taining the  existing  road  is  $800  per  mile  and  the  estimated 
cost  for  the  new  road  $300  per  mile,  an  annual  saving  of 
$500  per  mile  is  indicated.  Next  should  be  ascertained  what 
investment  is  justifiable  on  account  of  this  saving  for  the 
same  period  and  rate  of  interest  previously  decided  upon. 
In  other  words  $500  is  equal  to  6.2  per  cent  of  what  sum? 
This  is  found  to  be  about  $8,000,  which  added  to  the  $47,000 
previously  derived,  gives  a  total  of  $55,000  as  justifiable  first 
cost. 

It  may  not  be  amiss  to  emi)hasize  here  the  far  reaching 
importance  of  saving  in  maintenance  cost  as  justification 
for  improvement  in  the  highway.  It  is  too  generally  the  prac- 
tice to  charge  to  the  improvement  the  full  maintenance  cost 
as  well  as  the  full  interest  on  initial  cost  throughout  the  en- 
tire period. 

The  practice  of  proportioning  outlay  to  traffic  value  of  the 
project  will  become  systematized  in  time.  Preparation  and 
design  and  selection  of  type  in  the  light  of  obtainable  traffic 
data  can  be  made  more  definite  and  practical  without  cur- 
tailing the  exercise  of  engineering  construction  judgment. 
Rather  it   will  broaden  the  scope  of  the  engineer. 


Mechanical  Loading  of  Snow 

Elxperiments  conducted  in  Xew  York  City  following  the 
heavy  snowfall  of  last  February  demonstrated  that  mechan- 
ical loading  of  snow  was  both  possible  and  practical.  One 
of  the  mechanical  loaders  used  on  this  work  is  illustrated 
below.  The  machine  shown  is  a  Ilaiss  path  digging  wagon 
loader,    equipped    with    the    Haiss    patented    revolving    self- 


Propellor  Feeding  Snow  Into   Buckets  of  Wagon   Loader. 

feeding  propellers.  The  snow  is  fed  from  both  ends 
of  the  propeller  feeding  shaft  into  the  buckets.  It  is 
self-propelling  in  both  directions,  and  has  a  slow  crowd- 
ing effect,  which  keeps  the  blades  pressed  steadily  in  the 
snow  bank.  The  machine  demonstrated  was  from  stock.  Next 
winter,  however,  a  machine  will  have  been  built  specially  for 
the  quick  loading  of  snow.  It  is  planned  to  design  this  new 
machine  so  that  it  will  cut  a  clean  path  8  ft.  wide  in  one 
operation.  The  loading  speeds  also  will  be  increased  100  to 
200  per  cent  over  those  necessary  for  loading  sand,  etc.  This 
snow  loader  of  the  path  digging  type  will  have  the  patented 
self-feeding  propeller  equipment. 


Actual  Costs  of  Cement  Manufac- 
ture and  Estimated  Costs  for  a 
State  Owned  Plant 

The  following  very  perlin.mt  data  on  the  cement  busines 
are   taken   from   an   article   by   Mr.  H.   E.   Hilts   in   the   Jan- 
uary  number   of   "Public    Roads" — the   oflTicial    paper   of   the 
Bureau  of  Public  Roads  of  the  U.  S.  Department  of  Agricul- 
ture. 

These  data  are  presented  as  parts  of  a  discussion  of  tlu 
requirements  of,  and  conditions  to  be  met  by,  prospectiv.' 
state-owned    plants    for    cement    manufacture.     The    tabular 
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Fig.   1 — Production   of   Portland   Cement. 

matter  is  here  quoted  in  nearly  complete  form,  but  only  brief 
abstracts  are  made  from  the  accompanying  text. 

Mr.  Hilts  finds  that  only  under  extraordinary  conditions 
can  a  state  owned  and  operated  cement  plant  be  expected  to 
prove  economic.  The  most  important  of  the  considerations 
leading  to  this  conclusion  are  as  follows: 

(1)  The  highly  seasonal  character  of  the  requirement  for 
cement  road  construction  in  most  states. 

(2)  The  fact  that  where  only  one  public  plant  is  installed  in 
a  large  state  there  will  be  freight  costs  of  from  25  to  50  ct. 
per  barrel  for  shipment  to  distant  points.  (In  Pennsylvania, 
for  instance,  this  differential  for  a  plant  centrally  located 
might  amount  to  30  ct.  per  barrel  at  Eastern  and  Western 
points.)  But  at  that,  central  plant  production  will  usually 
be  cheaper  than  production  at  scattered  plants  like  those  of 
the  private  operators,  the  volume  of  whose  business  may 
make  such  plants  economic. 

(3)  The  admittedly  greater  cost  of  any  kind  of  work  when 
done  publicly  than  when  conducted  as  a  private  enterprise. 

(4)  That  the  most  desirable  of  the  deposits  of  raw  mate- 
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rials   have  already   been   actjuired   by   private   concerns,   and 
that  the  states  would  therefore  have  to  purchase  at  a  high 
price  or  else  operate  a  less  desirable  property  at  an  increased 
cost. 
Other  points   noted   are   that   it   is   unsound   to   attempt   to 
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RANGE  IN  AVtnAGL    FACTORY  PRICE    PER    BARREL  OF   PORTLAND 
CEMENT    1880-1920 

DOTTED  LINE  SHOWS  AVERAGE  FACTORY  PRICE  OF  MILL  WHOSl 
COST  FIGURES  ARE  DISCUSSED  IN  PAPER. 

Fig.  2 — Price   Range  of  Portland  Cement. 

TABLE    I— ANNUAL,    PDKTLAND    CEMENT    MANUFACTURING 
CAPACITY   OP   THE   UNITED   STATES,    BY   COMMER- 
CIAL  DI.STRICTS,    1917   AND   1918. 


District. 


Estimated  capacity 
(barrels). 


1017. 


Lehigh  district  (eastern  Penn- 
sylvania and  western  New 
Jersey)    37,016.132 


1918. 


Per  cent  of 
capacity 

utilized. 
1917.   1918. 


New  York 

Ohio  and  western  Pennsylvania. 

Michigan  and  northeastern  In- 
diana  

Southern  Indiana  and  Kentucky. 

niinois  and  northwestern  Indi- 
ana         13,859,780 

Maryland,  Virginia  and  West 
Virginia    

Tennessee, Alabama  and  Georgia 

Iowa,  Missouri  and  INIinnesota.. 

Nebraska,!  Kansas,  Oklahoma 
and  central  Texas 12.197,570 

Rocky  Mountain  States  (Colo- 
rado, Utah,  Montana  and 
western  Texas)    4,336,200 

Pacific  Coast  States  (California, 
Washington  and  Oregon) 15, .594, 260 


8.552,480 
9.379,040 

8.672,400 
4.336,200 


4.384,380 

4.657,400 

13.764,480 


36,904,000 

8,411,400 

12,983,000 

7,770.000 
4,550,000 

14,060,000 

4,322.200 

4,500,000 

14,040,000 


66.0 
63.3 
7S.3 

60.7 
58.1 


71.2 
78.9 
85. 5 


53.4 
48.7 
49.0 

52.9 
35.4 

51.0 

52.7 
66.5 
67.5 


10,579.500     63.2     50.8 


4,498,000     75.2     50.9 
15,783,100     47.3     35.2 


136.750,322     138.401,200     67.9     51.3 
^Nebraska  had  no  output  in  1918. 


analyze  the  problem  from  the  viewpoint  of  political  expedi- 
ency; that  market  conditions  ot  1920  and  the  developments 
which  lead  up  to  them  have  in  some  instances  been  badly 
misinterpreted  as  to  their  bearing  upon  the  advisability  of 
the  establishment  of  public  plants;  that  the  price  curve  of 
Pig.  2  indicates  intense  competition  in  the  industry;  that  a 
conservative  estimate  of  the  capacity  of  the  mills'  of  the 
United  States  which  is  now  and  has  been  for  several  years 
available  is  125,000,000  bbl.  annually,  but  that  the  greatest 
annual  consumption  we  have  ever  had  was  94,000,000  bbl.,  or 
7.5  per  cent  of  capacity  in  1916;  and  that  the  causes  of  this 
condition  were  as  follows: 

Prior  to  the  war  the  reason  was  lack  of  demand;  during 
the  war  it  was  governmental  restriction;  and  in  the  last  year 
or  two  it  has  been  demoralized  transportation  facilities  and 
the  inability  of  the  plants  to  obtain  fuel,  supplies,  containers, 
etc.,  regularly  and  in  sufficient  quantity  to  permit  of  eco- 
nomical operation.  These  were  conditions  over  which  the 
private  cement  plants  had  no  control.  They  affected  all  busi- 
ness in  much  the  same  manner.  Every  state  highway  de- 
partment, for  example,  has  felt  the  lack  of  transportation 
facilities,  and  knows  that  it  was  due,  largely,  to  embargoes, 
special  service  orders,  strikes,  and  the  general  postwar  era 
ot  extravagant  inefficiency  of  labor. 

To  demonstrate  the  fluctuation  in  operating  conditions, 
costs  of  materials,  increased  cost  of  transportation,  and  all 
of  the  many  items  which  have  entered  into  the  true  cost  of 

TABLE   III.— COMPARATIVE   COSTS   PER   BARREL. 
(Capacity  ot  mill.  2,000  bbl.  per  day.) 

1920 
(10  mo.  to 
1914.  1915.  1916.  1917.       Nov.  1.) 

Number     of     barrels 

cement    manufact'd..  ..401,727  336.91SVi   366,376^   218.814%   248,152% 
Materials: 

Raw  material  No.   1.  .0.05114 
Raw  material  No.  2..   .05328 

Unground  coal   11034 

Gypsum    01440 

Sweepings    00140 

Composition    


.04670 

0.05257 

0.0656S 

0.10993 

.05313 

.05482 

.07167 

.20582 

.10955 

.14389 

.24098 

.46754 

.01647 

.01770 

.02366 

.03966 

.00218 

.00172 

.00319 

.00046 

.00028 

Total    23056 

Labor; 

Operating   06397 

Repairs    &    maint'nce.   .01181 


.22849 


.27098 


.05467         .06970 
.0152';         .01720 


Total    07578 

Supplies: 

Operating    

Repairs  &  maint'nce.   .04561 

Tools    00007 

Oil  and  waste    00351 

Fuel     00850 


Total    05769 

Expenses: 
Power,  light  &  water  .07194 

Laboratory    00397 

Shops     00256 

Teaming    00053 

Mill   office    01195 

Boarding   house    00075 

Welfare   work    


.06993 


.03959 
.00010 
.00327 
.01146 

.05442 

.07070 
.00420 
.00353 
.00081 
.01349 
.00034 


Total     09170 

Provisions  for — 

Depreciation  and   ob- 
solescence     0.10000 

Insurance    00861 

Taxes    01356 

Contingencies     01270 

Packing  and  loading.   .03500 
.Sack    handling    00909 


.09307 


.08690 


.04294 
.00013 
.00353 
.01357 

.06017 

.09310 
.00383 
.00146 
.00089 
.01268 
.00090 


.11586 


.40516 


.09814 
.03108 


.12922 


.05059 
.00016 
.00462 
.02184 

.07721 

.14117 
.00477 
.00459 
.00134 
.02026 
.00043 


.82295 

.20566 
.04198 

.24764 

.01449 
.09745 
.00084 
.00T72 
.06225 

.18275 

.26203 
.00858 
.00220 
.00149 
.01539 
.00317 


.17256         .29286 


010000 

0.09999 

0.10000 

0.10000 

.00919 

.01264 

.01626 

.00778 

.01479 

.01314 

.01485 

.01002 

.00714 

.00891 

.00364 

.03088 

.03969 

.04923 

.08154 

.00623 

.00764 

.01234 

.01495 

Total     17896 

Total    mill    cost. 


.63469 


.16823 
.61414 


.18201 
.71592 


.19268 


.21793 


.97683       1.76413 


Note. — None  manufactured  in  1918  and  1919. 


TABLE  II— ESTIMATED  SURPLUS  OR  DEFICIENCY  IN  LOCAL   SUPPLY    OP    PORTLAND    CEMENT     IN     CEMENT-PRODUCING 

STATES,    1917-18,    IN  BARRELS. 


1917 


State   or  division. 


i^alifornia   

Illinois   

Indiana     

Kansas    

Michigan     

Missouri    

New    Jersey 

New  York  

Ohio    

Oklahoma    

Pennsylvania    

Texas    ... 

Utah    ■.'....'. '. 

Washington   

Maryland.  Virginia  and  West  Virginia. 

1  snnessee   and   Kentucky 

Alabama  and  Georgia 

Iowa,  Minnesota  and  Nebraska" 

Colorado,  Montana  and   Oregon 


Shipments 
from  mills. 
5.6.")9,547 
4.378,233 
8.148.678 
3,772.884 
4.313,771 
5,800.988 
2,397.069 
5.408,726 
1,505,394 
1.736.761 
27.709.442 
2,358.944 
899.599 
1,403.191 
!!.  109.098 
:.'.fi2S,3S8 
1.672,173 
5.731.G52 
2,1108.936 


Estimated 
consumption. 
4.608.011 
7,189,662 
3.425,053 
1,977,798 
4,425,533 
2,548.152 
3,120,589 
8,920.808 
6,950,672 
1,443.928 
7.787.055 
2.034,548 
526,0^6 
1.189.880 
4,087,586 
1.852.770 
1,267.030 
7.764,443 
1.978,624 


Surplus  or 
dePciency. 
-I-  1.051,530 

—  2,811,429 
+  4.723.620 
-f-  1.795,080 

—  111.762 
+   3.252.S36 

—  723,520 

—  3,512.082 

—  5.385.278 
-f  292.833 
-1-19.922.387 


324.396 
373.513 
213. 3U 
978.488 
775. 61S 
405.143 
2,032,791 
30.312 


Shipments 
from  mills. 
4,238.424 
3.703.471 
6,205,326 
2.586,834 
3.618,088 
4.515,695 

(») 
4.074.159 
1.289.887 
1,218.841 
22.238,6.89 
1.918.nl!l 
549.593 
1.116,754 
=4,362.442 
2.254.277 
1.349.174 
4.196.902 
1,478.033 


1918 


Estimated 
consumption. 
3.606.286 
4.925.736 
2.406.617 
1.422,877 
3.266,393 
1,652.454 

'') 
6.319.045 
5.O10.482 
1.118.595 
6.611.108 
1.509. 318 
350.603 
1.044.898 
-7.6.50,679 
1.576,991 
1.557,691 
5,564,697 
1,278,730 


Surplus  or 
deficiencv. 
-I-      632.138 

—  1.222,265 
+  3,798,709 
+  1,163,957 
+  351,695 
-I-  2,863,241 

—  2.244,886 

—  3.720.595 
+  100.246 
+  15.627,581 
+  409,601 
-f  198,990 
-I-  71,856 
—=3.288.237 
+      677,286 

—  208.517 

—  1.367.795 
+      199.303 


'0.703.474  73.098.228  4-17,605,246  70,915,508  56.873,200  -f  14  042  308 

•Included   with   Maryland.   Virginia   and    West   Virginia.     'Includes  also  N.nv  Jersey  in   1918.     'Nebraska  had  no  output  in  1918. 
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coment  during  the  past  several  years,  Tables  HI  and  IV  are 
given  for  two  mills  of  2,000  and  3,900  bbl.  per  day  capacity, 
respectively.  These  mills  have  operated  under  the  same 
management  from  1915  to  date.  The  company  markets  a 
well-known  brand  under  an  exceptionally  able  business  man- 
agement and  nas  accepted  its  obligations  of  fulfilling  hold- 
over contracts  from  previous  years,  even  at  increasing  manu- 
facturing unit  costs  per  barrel. 

The  smaller  mill,  with  the  higher  imit  cost  per  barrel,  was 
shut  down  during  1918  and  1919,  when  the  demand  was  far 
below  productidn  in  this  country  and  when  we  experienced 
general  unsettlement  in  the  construction  industry.  It  will 
be  noted  that  in  the  3,900-bbl.  mill  the  cost  of  materials 
jumped  from  20  6  ct.  per  barrel  in  1914  to  63  ct.  per  barrel 
for  the  first  10  months  in  1920;  labor  jumped  from  6  ct.  to 
13.7  ct.  per  barrel;  supplies  from  6  ct.  to  12.7  ct.  per  barrel; 
general  mill  expense  from  11.1  ct.  to  20  ct.  per  barrel;  re- 
serves and  packing  costs  from  17.5  ct.  to  22  ct.  per  barrel. 

A  survey  of  some  of  the  variable  items  entering  into  the 
manufacturing  costs  is  given  in  Fig.  3.  Freight  is  the  aver- 
age cost  per  ton  from  a  given  manufacturing  plant  to  an 
assumed  destination  at  a  relatively  short  distance  from  the 
mill;  the  labor  curve  represents  the  average  price  of  com- 
mon labor  employed  at  the  mill;  the  coal  cost  represents 
quotations  at  mines  or  of  spot  coal  during  the  tight  period  of 
midsummer,  1920.  The  curve  of  selling  price  of  cement  is 
taken  from  the  mill  referred  to  in  Tables  III  and  IV. 

Table  V  shows  combined  totals,  unit  costs  and  selling  prices 
for  tlie  two  mills.  The  sales  appear  to  have  included  con- 
siderable amounts  held  in  storage  or  supplied  by  other  mills 
of  the  same  company. 

In  Table  VII  are  given  Mr.  Hilts'  estimates  of  the  costs  of 
first  class  and  second  class  state-owned  plants.  The  condi- 
tions in  which  these  estimates  are  based  are  as  follows: 

(1)  A  first-class  cement  plant  of  600,000  bbl.  capacity  per 
year,  assuming  an  operation  period  of  350  days  per  year. 
The  plant  is  to  be  so  designed  that  there  will  be  minimum 
maintenance  requirements,  and  to  be  equipped  with  raw 
materials,  storage  bins,  up-to-date  dust-collecting  systems, 
waste-heat  boilers,   a   central   generating  plant  with   all   ma- 


chinery supplied  with  unit  electric-driven  motors.     It  is  fur 
ther  assumed  that  a  sanitary  system,  a  pumping  station,  and 
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UBOR  CJJST-CTST  PER  DAY,      TRANSPORTATION  COST -COST  PER  TON. 
COAL  COST- COST  PER  TON,    SEUING    PRICE  PER  BARREL  OF  CEMENT  Or 
MILL  QUOTED  IN  FIGURES   NOS    l8  AND  19 

Fig.  3 — Factors  in   Cost  of  Portland   Cement   Production. 


TABLE 


TV.— COMPARATIVE    COSTS    PER    BARREL. 
(Capacity  of  mill.  3,900  bbl.  per  day.) 


1914.  1915.  1916.  1917. 

Numtjer  of  barrels  ot  cement  manufactured 355,260  491,239%  596,081  634,252 

Materials: 

Raw  material  No.   1 0.O5300  0.05026  0.05756  0.07579 

Raw  material  No.  2 03023  .04242  .05462  .03882 

irnsround  coal 10699  .10418  .13594  .21843 

Ovpsiim    01647  .01474  .01681  .02131 

Sweepings    .00032 

Total    20569  .21160  .26493  .35467 

Labor: 

Operating 04467  .04170  .04456  .05990 

Rep.'iirs  and  maintenance 01686  .01568  .01577  .02110 

Total 06153  .05738  .06033 

Supplies:  .08100 

Operating 

Repairs  and  maintenance 04752  .04553  .04298  .04532 

Tools 00008  .00013  .00048  .00036 

Oils  and  waste 00448  .00456  .00437  .00471 

Fuel 00767  .00780  .00865  .01388 

Total 05975  .05802  .05648  .0642' 

Expenses: 

Po-wer.  light  and  water 09533  .06623  .07390  .10696 

Laboratory    00354  .00313  .00312  .00322 

Shops 00290  .00225  .00301  .00345 

Teaming 00018  .00002  .00029  .00013 

Mill  offlce 00913  .00990  .01020  .01494 

Boarrling   house 00052  .00022  .00093  .00072 

Welfare  work 

Total 11160  .08175  .09145  .12942 

Provisions  for — 

Depreciation   and   obsolescence 10000  .10000  .10000  .10000 

Insurance 00681  .00652  .00945  .01357 

Taxes 01094  .01047  .00969  .01132 

Contingencies 01316  .01344  .00814  .01565 

Packing  and   loading 03500  02731  .03157  .03821 

Sack  handling 00901  .00455  .00587  .00425 

Total 17492  .16229  .16472  .18300 

Total  mill  cost    61349  .57104  .63791  .81236 

TABLE  v.— SUMMARY  OF  MILL  COST  AND  OVERHEAD. 

1914.  1915.  191G.  1917. 

Barrels  manufactured    7K6  9S7  S2S.15S  962,457%  553.066% 

Barrels  sold   (including  foreign)    839,584>4  852,099  964,286  933,423 

Mill  cost    0.62474  0.58S57  0.66760  0.86627 

Overhead    (including  selling,   administration,   financial).  .18253  .17543  .19338  .20225 

Total  cost    80727  .76400  .86098  1.06852 

Average  selling  price  received  59650  .75140  .96668  1.23709 

(96) 


1918. 
705,099^ 

1919. 
847,709% 

1920  (10 

mo.  to 

Nov.  1) 

646,931% 

0.08053 
.05362 
.24705 
.02672 
.00131 

0.08074 
.06014 
.20224 
.03069 
.00096 

0.11441 
.09159 
.38034 
.04187 
.00194 

.40923 

.37477 

.63015 

.07352 
.02066 

.07675 
.02341 

.10885 
.02864 

.09418 

.oeoos 

.00030 
.00672 
.01399 

.10016 

!06i86 
.00028 
.00821 
.01389 

.13749 
.00996 
.07290 
.00023 
.00798 
.03588 

.08106 

.08424 

.12695 

.16358 
.00585 
.00642 
.00064 
.01959 

.13091 
'    .00899 
.00380 
.00024 
.02037 

.16242 
.01094 
.00315 
.00001 
.01987 

!66429 

.19008 

.16431 

.20068 

.10000 
.01693 
.01691 
.01349 
.04274 
.00957 

.10000 
.01419 
.01653 
.01176 
.04952 
.01239 

.10000 
.01230 
.01469 
.00243 
.07664 
.01376 

.19964 

.20438 

.21982 

.98019 

.92786 

1.31509 

1918. 
705,099% 
706,837% 

1 

1919. 
847,709% 
893,969% 

1920  (10 
months) 
895,084 
906,655 

0.98019 
.22805 

0.92786 
.29129 

1.43958 
.20733 

1.20824 

1.21915 

1.64691 

1.36995 


1.54509 


1.75422 


Engineering   and    Contracting   for   April   G,    1921 


355 


a  cement  stock  house  of  150,000  bbl.  capacity,  a  main  office 
building,  dispensary,  and  sufficient  tracltage  to  facilitate  train 
movements,  both  from  and  to  the  mill,  will  be  required.  It 
is  further  assumed  that  the  mill  will  be  located  on  property 
purchased  by  the  state  on  which  there  is  a  sufficient  raw 
material  supply  to  run  the  plant  from  50  to  100  years.  The 
estimates  to  include,  also,  general  items  which  are  necessary 
in  financing  the  construction,  with  sufficient  capital  to  be  laid 
aside  to  operate  the  plant  for  one  month.  The  operation  ex- 
penses are  to  include  sufficient  sack  supply  for  three  months' 
operation. 

(2)  A  second-class  plant  of  the  same  capacity  built  with  a 
view  to  detailed  structural  maintenance  from  time  to  time, 
and  with  dust-collecting  systems,  sanitary  system,  dispensary, 
etc.,  eliminated. 

Such  an  estimate  is  given  in  detail  in  Table  VII.  This  esti- 
mate is  for  plants  which  will  be  erected  on  the  assumption 
that  the  state  believes  that  the  demand  for  cement  has  be- 
come stabilized  and  that  the  industry  is  one  of  the  major 
construction  industries;  that  the  plant  must  be  prepared  to 
turn  out  cement  which  will  he  subject  to  intense  competition, 
and  therefore,  be  manufactured  at  the  lowest  possible  mill 
cost.  This  estimate  is  for  a  contemplated  plant  in  the  north 
central  or  northeastern  part  of  our  country.  The  total  cost 
per  barrel  of  production  for  plant  No.  1  is  estimated  to  be 
?4.865  per  barrel;  for  plant  No.  2,  $3,483  per  barrel. 

In  order  to  operate  these  plants,  it  is  assumed  that  the  in- 
ventory given  in  the  table  will  be  necessary.  This  inventory 
amounts  to  $0,365  per  barrel  capacity.  The  total  cost  of  con- 
struction and  inventory  is,  therefore,  $5.23  per  barrel  capacity 
for  plant  No.  1  and  $3,848  per  barrel  capacity  for  plant  No.  2. 

TABLE  VI.— LABOR  EFFICIENCY  IN  51   CEMENT  PLANTS,  ON 
MAN-HOURS  PER  BARREL  BASIS,  FOR  THE  TEAR  1919. 

IViimber  oi  man-hours 
per  barrel  shipped. 


Fence,   inclosing  mill  property. 


10,000 
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•Bass 
TABLE 


O  <u  p 
to       o 

1^1 

0.643 

1.022 

.683 

1.349 

.523 

.545 

.S8S 

.590 

.814 

.840 

1.195 

1.683 

1.257 

.947 

.999 

1.006 

.707 

1.617 

1.109 

.892 

.938 

.940 

.572 

1.429 

1.020 

.644 

.638 

.649 

1.150 

,551 

1.038 

.920 

.599 

.737 

.840 

l.OS'S 

1.047 

1.006 

1.351 

.789 

.970 

.642 

.567 

.833 

1.551 

1.091 

1.309 

.896 

.879 

.632 


855;463 

919,192 

406,000 

281,811 

645,870 

400,000 

601,333 
1.414.000 

225.118 

COO. 000 

352,130 

2110.521 

498,816 

278.300 

547,771 

498.781 

838,056 

148,692 

234,557 

697,286 

176,245 

790.583 
1,182,971 

265.830 

513,448 

847.710 

639,535 

327,065 

878,266 
,118,625 

326,954 

5^14.309 

377,000 

594,000 

717,410 

768,755 

656,469 
.671,125 

532.354 
,291.7.10 
,103.013 
,099,399 
,289,482 
698,601 

311.118 

641,488 
628.386 
194,153 
333,483 
,219,500 

390.729     

cleaned  by  contract 

VII— ESTIMATE      OP      COST      „. 
CEMENT  PLANT   (DEC.   9 


o  a 

p< 

t.~ 

oa 

.Q  (0 

93'2,i45 

981,072 
483,450 
284,686 
657,870 
344.000 
611,359 
1.638,582 
182,838 
650,000 
417,896 
189,668 
608,707 
270,300 
549.310 
571,055 
998,676 
180,688 
227,953 
707,836 
179.928 
758,744 
1,282,680 
370,652 
565,092 
878.092 
659,642 
355,977 
871.966 
1.121,400 
357,304 
496.552 
379,011 
649,384 
742,641 
946,672 
664,224 
1,563,161 
643,535 
1,391,096 
1,466,398 
1,299,500 
1,641,340 
867,526 
347,481 
705,825 
663,509 
261,120 
338,278 
1,245,308 
429,984 


oP. 


General  mill  expense: 

Clearing,    grading,    and    filling 

Llock  house  and  watchman's  shanty. 


.v:  c 

„• 

£1  to 

X 

o 

o 

>  tfj 

0.065 

0.047 

1.112 

3 

.102 

.029 

.131 

2 

.046 

.034 

.080 

2 

.097 

.023 

.120 

2 

.055 

.027 

.083 

2 

.045 

.022 

.067 

3 

.066 

.061 

.127 

2-3 

.114 

.054 

.168 

3 

.079 

.031 

.110 

3 

.062 

0) 

.062 

2 

.073 

.019 

.092 

2 

.115 

.058 

.173 

2 

.106 

.080 

.186 

2 

.072 

.046 

.118 

2 

.083 

.120 

.203 

2 

.071 

.021 

.092 

2 

.072 

.027 

.099 

2 

.087 

.025 

.112 

2 

.066 

.033 

.099 

2 

.059 

.071 

.130 

2 

.065 

.034 

.099 

2 

.113 

1.005 

.118 

2 

.068 

1.001 

.069 

2 

.092 

1.00.8 

.100 

2 

.100 

1.008 

.108 

2 

.061 

1 

.061 

2-3 

.049 

.016 

.065 

2 

.035 

.028 

.063 

2 

.067 

.034 

.101 

2 

.082 

.079 

.161 

2-3 

.090 

.045 

.135 

2 

.143 

.066 

.209 

2-3 

.061 

.007 

.128 

2-3 

.058 

.034 

.092 

2-3 

.068 

.074 

.142 

2-3 

.099 

.027 

.126 

2 

,.099 

.065 

.164 

2 

.135 

.078 

.213 

3 

.066 

.078 

.144 

3 

.084 

.062 

.146 

3 

.110 

3 

.110 

2 

.064 

.044 

.108 

3 

.041 

.011 

.052 

3 

.042 

.005 

.047 

3 

.037 

.010 

,047 

2 

.046 

.030 

.056 

2 

.158 

.048 

.206 

3 

.047 

.055 

.102 

3 

.085 

.045 

.130 

2 

.057 

1 

.057 

2 

.048 

.024 

.072 

2 

rs  not  given. 

OF 

A     600.000 

-BARREL 

:.   9. 

1920.). 

Second- 

First-class 

class 

plant — 

pl.ant — 

estimate. 

estimate. 

.%        5,000 

$ 

3,000 

10.000 

6,000 

Total   

Construction  equipment: 
Tools  and  equipment. 
Temporary  buildings.. 
Temporary   tracks 


.$      25,000     $      14,000 


50.000 
7,500 
7,500 


15,000 
2,500 
2,500 


Total    

Trestle  to  raw-material  bins: 
Excavating  and  back  filling. 

Foundations    

Trestle    

Walks     


65,000 

3,000 
10,000 
50,500 

1,500 


20,000 

1,500 

2,000 

20,000 

500 


Total    J 

Raw-material  bins: 

Kxeavating  and  back  filling 

Foundations  and   floor 

Building    

Roof    V.V.'.V. 

Concrete  walls  ami  plastering .'. 

Total   ~ 

Raw-material   mill: 

Excavating  and  back  filling 

Foundations   and    floor 

Building,   hoppers,   and  upper  floors 

Roof     

Walls,    plastering,    doors   and    windows..... 

Crushing    machinery 

Driers,  stacks,  and  coal-burning  apparatus. 

Dust-collecting  system  for  driers 

Preliminary  grinding  machinery 

Tube    mills 

Elevating  and  conveying  machinery 

Dust-collecting  system  for  machinery 

Total   

Raw-material  storage  bin: 

Excavating   and    back    filling 

Foundations,  tunnels,  and  floors 

Building    

Roof ;;;; 

Concrete  walls  and  plastering 

Elevating  and  conveying  machinery 

Total    

Gypsum  storage: 

Excavating  and  back  filling 

Foundations  and  floors   

Building,    walls,   and   plastering 

Roof     

Elevating;  and  conveyin.s;  machinery   


65,000     i      24,000 


1,500 
5,000 

37,000 
3,500 

13,000 


500 
1,000 
7,000 
1,500 
2,000 


.?      60,000     $      12,000 


5,000 
30,000 
65,000 

6,000 
15,000 

7,000 
36,000 
15,000 
36,000 
70,000 
40,000 
15,000 


2,500 

15,000 

30,000 

2,500 

5,000 

7,000 

35,000 

15,000 

36,000 

70,000 

25,000 

15,000 


.$    340,000     %    258,000 


2,000 
4,000 
10,000 
500 
7,500 
6,000 


1,200 
2,000 
6,000 
300 
2,500 
6,000 


.$      30,000     %      18,000 


500 

2.000 

10,000 

500 

3,000 


200 
600 

3,000 
200 

3,000 


Total    

Cement  stock  house  (150.000  barrels  capacity): 

Excavating  and   back   filling 

Foundations,    tunnels,   and    floor 

Building  and   hoppers 

Concrete  walls  and  plastering 

Elevating  and  conveying  machinery 

Packing  and  loading  machinery 

Dust-collecting   system 


16,000 

8,000 
75,000 
20,000 
142,000 
30,000 
15,000 
10,000 


7,000 

5,000 
50,000 
15,000 
60,000 
30,000 
15,000 
10,000 


Total    ....            $  300,000     $    185,000 

Sack-storage  buildmg: 

Excavating  and    back   filling 2  000  500 

Foundation   and   fioor 12,000  6,500 

Building,  walls,  and  plastering 25,000  15  000 

Heating,    lighting,    and  sanitary  system 6,000  5,'oOO 

Bag-cleaning    machinery .\ 15,000  15  000 

Dust-collectmg   sj-stem 15,000  13,000 

Total    I 

Machine  and  blacksmith  shop: 

Excavating  and    back  filling 

Foundation    and    floor 

Building    

Roof    '.'.'..'.'.'.'.'. 

Walls,  plastering,  doors,  and  windows 

Heating  and  sanitary  system 

Machinery  and   equipment 


75,000     %      55,000 


500 
5,500 

18,000 
3,000 
8,000 
8,000 

17,000 


200 
3,000 
8,000 
1,000 
4,000 
6,800 
17,000 


Total    

Coal  bins: 

Excavating  and  back  filling 

Foundations   and   floors 

Building     

Roof     '..'.'.'.'.'.'.'.'. 

Concrete  walls,  bin  floor,  and  plastering. 

Total    

Coal-grinding  building: 

Excavating  and   back  filling 

Foundations  and    floors 

Building  and  hoppers 

Roof  ; 

Crushing  and  drying  machinery ...... 

Pulverizing  machinery 

Dust-collecting    system 

Elevating  and  conveying  machinery 


.$      60,000     %      40,000 


500 

2,000 

16,000 

500 

6,000 


100 
1,000 
8,000 

300 
3,600 


.$      25,000     $      13,000 


500 

3,000 

10,000 

500 

12,000 

14,000 

8,000 

8,000 


1,500 

8,000 

16,000 

1,500 

12,000 

14,000 

9,000 

8,000 


Total    

Burner  building: 

Excavating  and  back  fining 

Foundations   and    floor 

Building,   hoppers,   and   upper  floors 

Roof     

Walls,  plastering,  doors,  and  windows!!! 
Two  10  by  150  ft.   kilns  and  stack  bases. 

Dust-collecting   system    for   kilns 

Elevating  and   conveying  machinery 

Total     

Waste-heat  boiler  house: 

Excavating  and   back  filling 

Foundation    and    floors 

Building  and  upper  floors 

Roof    

WalLs,   plastering,    doors,   and   windows!!.' 


70,000 

3,000 

15.000 

35,000 

3.500 

11,000 

100,000 

105,000 

17,500 


56,000 

1,000 
8,000 

25,000 
1,000 
6,000 

80,000 

'  iViooo 


.$  290,000  $  138,000 


1,500 

7,500 

19,000 

500 

7,500 


(97) 


500 

3.500 

10,000 

300 
3,500 
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3  liollcrs,  settings,  and  superheaters  (2  waste 

heat,  1  coal  llicd) 

Flues  to  ami  from  boilers  and   fans 

Fans,    motors,   and   switches 

Boiler-feed  pumps,   motors,  and  switches 

Boiler-feed  water  piping 

Boiler- feed    water,    tiltrating,    and    softening 

plant    

Blow-off    piping 

Steam  line,  supports,  and  covering 

Total    I    200,000     %    175,000 

Storeroom: 

Excavation  and   back   tilling 

Foundation   and   floor 

Building,  walls,   and  plastering 

Equipment    


Total    % 

Sanitary  installations: 

Excavating  and   back  filling 500 

Foundation   and   floors 5,000 

Buildings    12,500 

Roofs     2,000 

Walls,   plastering,  doors,   and  windows 7.000 

Plumbing,  lighting,  and  heating  systems 8,000 

Total   % 

Main  cilice,  foremen's  otlloe,  and  dispensary: 

Excavating  and  back  filling 2.000 

Foundation    and    floors 10.000 

Building,    walls,    plastering,   doors,   and   win- 
dows            •10,000 

Heating,   lighting,   and   plumbing  system 3.000 

Furniture   and    fixtures 10.000 

Total    i 

Compressed-air  system: 

A<T  compressor  and  motor 4.500 

Air   receiver   and    piping 4,500 

Total    $  9.000 

Track  system :     Tracks    120.000 

Drainage  and  sewer  system 10,000 

Quarry: 

Steam    shovels 30,000 

yuarry   car   and    dinkey   locomotive    55.00<J 

Crushing  plant,    complete 90,000 

Total    $ 

Generating  station: 

Excavating  and    back   filling 

Foundations   and   floor 

Building  and  upper  Moors  

Roof    

Walls,   plastering,   doors,   and  windows 

Motor  generator 

Sanitary   facilities 

Turbo-generator   and   exciter   (two   1,000-kw. 

ordin.;   one   1.000-kw.,   spare) 

Condenser  and  accessories  .' 

Condenser  piping 

Air  washer 

Transformers    

Main  switches,  switchboard,  and  wiring 


tion   that   the  plant  site   is  level  ground   with   water  and   railroad 
90,000  90.000        facilities    adjacent    to    the    site.      The    above    first-class    plant    is 

7,500  7,500       equipped  with   all   modern   and   up-to-date   improvements  such  as 

16,000  16,000       waste-heat  boilers,  dust-collecting  apparatus  throughout,  and  mod- 

7.500  7.500       em  sanitary  facilities. 

■^"■**"*  '  IN\'ENTORY    NEEDED    IN    THE    OPERATIONS    OF    A    600,006 

B  000  5.000  BARREL  CAPACITY  PLANT. 

4.500  3,000  Second- 

23,500  20,200  First-class      class 

plant —        plant — 

estimate,    estimate. 
600.000   sacks   at    $150     per     thousand    (6    months' 

supply)    %  90,000     %  90,000 

Stores    and    miscellaneous    supplies 40,000        40,000 

2.500  tons  coal  at  ?5  (1  month's  supply) 12.500         12,500 

250  tons  gypsum  at  $7  (1  month's  supply) 1,750  1,750 

Raw  material,   limestone,   shale,  or  clay 5,000  5,000 

10,000  barrels  clinker   (average  monthly  inventory 

?1)    10,000        10,000 

40.1100    barrels    cement    (average    monthly    inven- 
tory   $1,50) 60,000         60.000 


600 
2,500 
9.000 
3,000 


100 
1,500 
6,000 
2,400 


15,000     %      10,000 


5,000 


35,000     %        5.000 


500 
3.500 

10.000 
2.000 
8,000 


65,000     $      24.000 


4.500 
4.500 


%        9.000 

100.000 

3.000 

20.000 
40.000 
90.000 


175.000     $    150,000 


3,000 
12,000 
19,000 

1,500 
12,000 

6.000 
500 

85.000 
10,000 
9,000 
2.000 
15.000 
15.000 


1,200 

5,500 

11.000 

500 

8.000 

6,000 

300 

85,000 
10,000 
S.50O 
2,000 
15,000 
15.000 


Total   

Electrical  work  outside  station: 

Trenching  and  back  filling 

Concrete  work  and  wire  ducts. 
Wiring    


190.000 

2.000 
IS, 000 
35.000 


168.000 

500 
11.500 
25.000 


Total   

Pumping  station: 

Excavating  and  back  filling 

Foundation  and   floors 

Building    

Roof    

Walls,  plastering,   doors,  and   windows. 

Pumps,   motors,   and   switches 

Water  piping,  valves,  and  fittings 

Screens   


.%      55.000     i      37.000 


500 
2.500 
3.000 

250 

1.500 

6.000 

24.000 

2.250 


100 
1.500 
2.000 

150 

1.000 

6,000 

20,000 

2.250 


Total   

Clinker  storage: 

Excavating  and  back  filling 

Foundations,  retaining  walls,  and  floor. 

Crane  runway    

Clinker  cranes,  with  grabs 


,$      40,000     %      33,000 


3,500 
22,500 
15.000 
34,000 


1,000 
15,000 
12,000 
34.000 


Total    %  75.000  %      62.000 

Finishing  mill: 

Excavating  and  back  filling 2.500  1.000 

Foundations  and  floor 20.000  12.000 

Building,  hoppers,  and  bridge  to  stock  house.  60.000  45.000 

Roof     2.500  1,000 

Walls,  plastering,  doors  and  windows 15.000  10.000 

Preliminary  grinding  machinery 35,000  35.000 

Tube  mills 70.000  70.000 

Elevating  and  conveying  machinery 30.000  30.000 

Dust-collecting  system  25.000  20.000 

$    224.000 


Total   %    260,000 

Plant  property: 
Stone  property.  150  acres:  shale  property,  50 
acres;  plant  property,  50  acres 125.000 


125,000 

Total    $2,795,000  $1,965,000 

General  works  expense $      30,000  $      30,000 

Engineering    45,000  45.000 

Contingencies   S.i.noo  '>5.000 

Accident  and  hospital  reserve 25.000  25.000 


General  overhead  expense.   4,5   per  cent $    125.000    $    125.000 


Grand    total $2,920,000     $2,090,000 

$2,920,000  divided   by   600.000   equals   $4,865   per  barrel    (first-class 

plant), 

$2,090,000  divided  by  600,000  equals  $3,483  per  barrel  (second-class 

plant). 

Estimated  cost  of  these  cement  plants  having  a  yearly  capacity 

of  600,000  barrels,  based  on  350  days'  operation  and  on  the  supposl- 


Total    $219,250     $219,250 

TARLE    Vni— MORTALITY     TABLE,    BEIXf!     AVERAGE     ESTI- 
MATED  LIFE   OF  VARIOUS   PROPERTIES   IN   THE 
CEMENT    INDUSTRY. 
Machinery—  Average  life 

Quarry:  (years). 

Locomotive    13 

Tracks   and    cars , .  9 

Steam    shovels    ii 

Dredges     n 

Drills— Well     9 

Drills — Tripod     7 

Live    stock    s 

Carts  and  wagons   7 

Cableway     9 

Raw  department: 

Crushing  machinery   14 

Driers — Upright     n 

Driers — Rotary    n 

Slurry    tanks    16 

Grinding  machinery    13 

Clinker-burning  department: 

Kilns     13 

Coolers — Upright 12 

Coolers — Rotary     13 

CUnker-grinding  machinery   12 

Coal  mill: 

Driers     n 

Grinding  machinery   14 

Power  house; 

Boilers    15 

Engines     17 

Generators 16 

Motors     14 

Stock-house    machinery    10 

Machinery  and  B.    S.  shop   machinery 15 

Buildings — 

MiU: 

Concrete     50 

Steel   and   corrugated    iron    20 

.'^teel  and  stucco    21 

Steel  and  brick  30 

Timber     20 

General  (mill  office.  laboratory,  storehouse,  etc.); 

Concrete     50 


Steel  and  corrugated   iron 
Steel  and  stucco    . 
Steel  and  brick   . . . 

Frame    

Frame  and  stucco 
Dwellings; 

Concrete    

Brick    

Frame    

Frame  and  stucco. 


20 
22 
30 
18 
22 

50 
30 
20 
23 

TABLE    IX— ESTIMATED    OPKR.-VTING    COST.S    PER    BARREL 
MANUFACTURED  BY  THE   FIRST-CLASS  PLANT  OF 
TABLE   VII   OPERATING   $..    DECEMBER,   1920. 
Raw  Material: 

No.    1 $0,11 

No.   2 0.15 

Gypsum    0.05 

Total   $0.31 

Labor: 

Operating    $0.21 

Repair    0.05 

Total    $0.26 

Supplies; 

Operating    S0.02 

Repair   0.10 


Total    $0.12 

Fuel; 

Drying  rnw  material $0.06 

j^urning  clinker  0.47 


Direct  cost  of  production $1.37 

Mill  Overhead; 

Superintendence  $0.01 

Mill,  office  and  stores 0.02 

Laboratory    0.01 

Miscellaneous    0.05 


Total    $0.09 

Reserves: 

Insurance    $0.01 

Taxes 0.01 

Depreciation    0.10 

Total $0.12 

Total  bin  cost $1.58 


(98)' 
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Profit  and  Loss: 
Sack  cost: 

Packing  and  loading $0.08 

Sack  handling     0.02 

Cost  on  board  cars $1.6S 

Soiling   expenses    12 

General   expenses    08 

Financial  expenses  05 

Total  costs    $1.93 


New  Crawling  Tread  Locomotive  Crane 

A  new  crawling  tread  locomotive  crane  has  been  placed  on 
the  market  by  the  Orton  &  Steinbrenner  Co.,  Chicago.  Two 
sizes  of  cranes  are  made  in  the  new  design,  both  being  es- 
pecially adapted  to  contractor's  use;  they  are  rated  as  7 
tons  and  12  tons  capacity.  The  7-ton  size  is  used  by  contrac- 
tors for  excavating  and  road  work  and  also  in  coal,  sand  and 
gravel  yards.  The  crane  is  entirely  constructed  on  the  in- 
terchangeable duplicate  part  system  which  makes  repairs 
immediately  available.  The  details  of  construction  are  very 
simple  and  rugged.  The  crawling  tread  is  developed  from 
an  improved  form  of  that  used  on  government  tanks  during 
the  European  war.  The  tread  links  and  sprockets  are  of  cast 
steel  of  ample  size  and  the  chain  Idler  rollers  are  bronze 
bushed  with  patented  pressure  system  of  lubrication.  Each 
crawling  tread  is  supported  on  bottom  between  drive  spocket 
and  idler  by  four  pairs  of  idler  rollers.  Each  pair  of  idler 
rollers  is  carried  in  equalizing  strut  backed  by  heavy  coil 
spring  and  when  traveling  over  obstacles  such  as  rails,  road 
tracks,  etc.,  rollers  will  tilt  as  much  as  6  in.  from  the  hori- 
zontal. It  is  claimed  the  crane  will  travel  up  grades  of  20 
to  30  per  cent  in  soft  material.  Tread  links  are  reversible 
and  the  crane  can  travel  with  equal  facility  either  forward 
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New  "O.  S.   Dependable"   Crawling  Tread   Locomotive  Crane. 

or  backward.  Links  are  so  designed  that  ends  overlap  and 
no  foreign  material  can  enter  the  spaces  between.  Surface 
area  of  crawling  tread  is  great  enough  to  reduce  unit  pres- 
sure on  ground  to  10  lb.  per  square  inch — although  crane 
weighs  in  the  neighborhood  of  45,000  lb. 

The  sprocket  is  driven  by  steel  bevel  gears  and  steel  shaft- 
ing from  a  countershaft  of  the  hoist.  No  cnain  drive  is  used. 
The  car  body  and  turntable  of  the  machine  are  fabricated  of 
structural  steel  shapes  and  plates,  amply  braced  and  thor- 
oughly riveted.  The  turntable  revolves  on  twelve  chilled 
tread  rollers  on  a  Tee  rail  section  of  large  diameter.  The 
hoisting  mechanism  is  designed  mainly  with  a  view  to  acces- 
sibility. The  hoist  proper  consists  of  four  main  horizontal 
power  shafts  driven  through  a  train  of  cast  steel  cut  spur 
gears  and  three  auxiliary  vertical  shafts  driven  by  cast  steel 
bevel  gears,  these  transmitting  the  power  for  the  four  princi- 
pal functions  of  the  crane — hoisting  the  load,  swinging  it,  rais- 
ing and  lowering  the  boom  and  traveling.  Any  one  function 
may  be  operated  independently  of  the  others  or  all  may  act 
together.  For  operating  bucket  double  automatic  drums  are 
regularly  supplied.  The  engine  is  of  the  double  cylinder 
horizontal  non-reversing  type.  Cylinders  are  6  in.  in  diameter 
l>y  8  in.  bore  in  the  7  ton  size  and  7  in.  by  9  in.  in  the  12 
ton  size.  Boiler  is  of  the  vertical  fire  tube  full  length  flue 
type  of  ample  capacity  for  steaming  requirements  and 
is  built  to  conform  to  the  specifications  of  the  A.  S.  M.  E. 
Steering  of  the  crane  is  manipulated  by  the  operator  from  the 
cab  by  means  of  brakes  on  the  differential  shaft.  It  is  stated 
that  the  crane  can  be  turned  completely  around  in  any  one 
spot  or  in  a  circle  with  radius  about  equal  to  its  own  length. 


The  standard  7  ton  crane  is  equipped  with  30  ft.  boom; 
standard  12  ton  is  equipped  with  35  ft.  boom,  but  extra 
lengths  may  be  supplied.  Crane  can  be  arranged  to  oper- 
ate on  broad  faced  road  wheels  or  on  standard  or  special 
gage  rail  tracks  besides  crawling  tread. 


Trench  Pumping  Outfit 

A  diaphragm  pump  outfit  designed  specially  for  sewer,  tun- 
nel and  foundation  work  is  illustrated.  The  outfit  consists  of 
a     1%     HP.     Jumbo     engine     with     Webster     magneto,     a 


Jumbo    Trench    Pumping    Outfit. 


cut  geared  pumping  jack  and  diaphragm  pump,  all 
mounted  on  a  cart,  or  if  preferred,  on  channel  steel 
skids.  The  pumping  capacity  is  about  2,500  gal.  per  hour. 
The  .lumbo  engine  has  a  specially  designed  mixer,  which 
gives  a  perfect,  uniform  fuel  supply  with  either  kero- 
sene or  gasoline.  An  auxiliary  valve  does  away  with 
the  fuel  pump  and  keeps  plenty  of  fuel  in  the  mix6r.  The 
pumping  outfit  is  made  by  the  Nelson  Bros.  Co.,  1510  Owens 
St.,  Saginaw,  Mich.,  who  also  make  the  .Jumbo  engines.  The 
latter  can  be  obtained  in  sizes  from  3  to  12  HP.  in  the  kero- 
sene throttling  governor  type  and  from  1%  to  7  HP.  in  the 
gasoline  hit  and  miss  type. 


New  Steel  Form  for  Concrete  Road  Con- 
struction 

After  three  years'  development  work  a  new  steel  form  for 
concrete  road  construction  has  been  brought  out  by  the  Lake- 
wood   Engineering   Co.,   Cleveland,   O.    This   new   Lakewood- 


New   Lakewood-Hotchkiss   Road   Form. 

Hotchkiss  form  is  furnished  in  sections  10  ft.  long,  and  in  the 
heights  for  road  thicknesses  of  5,  6,  7,  8  or  9  in.  The  distin- 
guishing feature  of  the  design  is  that  a  somewhat  lighter 
metal  has  been  used  tor  the  main  section  of  the  form,  but  thlis 
section  has  been  reinforced  by  .stiffening  members,  advanta- 
geously placed.    Each  10-ft.  section  has  the  top  flange  supported 
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at  Ave  intonnedlate  points  by  a  heavy  stiffening  iron.  Elec- 
tric spot  welding  is  used  in  addition  to  riveting  to  fasten 
the  various  members  of  the  form  together.  The  top  flange 
Is  2Vi  in.  wide,  and  turndown  section  of  the  top  is  1%  in. 
deep.  The  forms  are  staked  to  the  ground  with  three  stakes 
to  each  10-ft.  section.  The  stake  pockets  have  elliptical  holes 
giving  considerable  leeway  when  driving  the  stake,  so  that 
it  does  not  disturb  the  alignment  of  the  forms.  After  the 
stake  has  been  driven  until  its  head  is  ab-out  1%  in.  below 
the  top  of  the  form,  so  that  the  stakes  will  not  interfere  with 
the  finishing  machine  wheels,  the  form  is  clamped  to  the 
stake  by  a  heavy  wedge  member  .sliding  in  the  stake  pocket. 
This  wedge  is  heavy  enough  to  allow  driving  with  a  sledge 
hammer.  It  has  a  V4iii.  bearing  on  the  stake,  and  cannot  be- 
come bent  or  rapidly  worn.  These  wedges  may,  however, 
be  easily  replaced  when  worn.  'IMiey  are  held  in  the  pockets 
and  cannot  become  lost  on  the  job.  The  forms  are  built  so 
that  any  section  may  be  removed  from  a  line  of  forms  set  up 
to  allow  passage  of  trucks  or  other  contractors'  tools.  Tliere 
is  an  extra  heavy  slide,  at  the  joint,  which  holds  the  forms 
in  alignment,  both  laterally  and  vertically,  and  assures  a 
smooth  joint  between  the  forms  over  which  the  finishing  ma- 
chines may  run.  These  slides  are  so  located  as  to  be  accessi- 
ble for  driving  with  hand  hammer  when  setting  up  or  taking 
down  the  forms.  The  top  of  this  slide  accurately  fits  into  the 
channel  shaped  head  of  the  road  form.  There  are  no  rivets 
in  the  top  flanges  of  the  form.  The  sections  of  form  are 
made  from  steel  especially  milled  to  size  for  each  height  of 
form. 


Batch  Box  and  Batch  Box  Cars 

A  new  batch  box  and  l)atch  box  car  brought  out  recently  by 
the  Koppel  Industrial  Oar  &  Equipment  Co.,  Koppel,  Pa.,  is 
illustrated.  The  capacity  of  the  box  shown  is  26  cu.  ft.  The 
company  also  makes  boxes  of  this  kind  up  to  54  cu.  ft.  ca- 
pacity.   It  should  be  noted  that  the  box  has  a  cement  compart- 
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Koppel  Batch  Box  and  Oval  Type  Batch  Box  Car. 

ment;  this  was  not  in  place  when  the  photograph  was  taken. 
Some  particulars  of  the  box  follow: 

Plates; — %    In.   open   hearth   steel   throughout,   flanged   at   top   to 
channel   .^h.ipo. 

Side  pla*eK  'ire  flanged  for  connection  to  end  plates. 

Side  and  ..rid  stifEener  angles  at  bottom — 2'/.x2xii  in.  angle 

Door  stiffener  angles— 2 M!x2x'4   in.  angle. 


Inside  vertical  stifCener  at  lever  .side  onl> — 1%  in.  x  1%  in.  x  Vi  in. 

I.ilftinR  eyes— 2x%  In. 
LenKth  in.-ildo— 1  ft. 
Width   inside,   2  ft. 
Height  inside— 3  ft.  3  in. 

The  car  shown  is  the  oval  type.  A  square  frame  type  also 
is  made.  These  cars  are  made  of  6-in.  ship  channel  under- 
frame,  weighing  12  lb.  per  foot,  with  2i/i-in.  (about)  flange. 
The  difference  between  the  oval  type  car  and  the  square  type 
is  that  the  first  mentioned  is  equipped  with  continuous  spring 
draft  gear  running  the  entire  length  of  the  car,  each  car  hav- 
ing two  springs  behind  the  bumper  plate.  The  bumper  plate 
is  made  of  %-in.  material.  The  pedestal  on  the  bearing  is 
rivted  to  the  web  of  the  side  sill.  Both  types  of  cars  arc 
equipped  with  double  spring  suspended  caged  roller  bearings. 


New  Tractor 

A  tractor  built  for  industrial  work  exclusively  is  illustrated. 
This  is  known  as  tiie  Model  "G"  Bates  steel  mule.  It  is  made 
so  thai  a  power-driven  winch  can  be  attached  to  the  front 
end  for  logging  and  other  work.  It  weighs  approxiniaiely  6.50(1 
lb.  and  has  a  rating  of  25-H.P.  on  the  draw-bar  and  :'.5-H.P. 
on  the  belt.   Like  the  Model  "F"  Bates  Steel  Mule,  all  working 


Model    G,    Bates    Steel     Mule,    Industrial    Tractor. 

parts  are  incased  against  dust  and  run  in  oil  bath.  Wheels, 
transmission,  and  crawlers  are  full  roller  bearing  throughout. 
The  clutch  is  hand-operated,  dry  plate  disc  type  and  can  be 
operated  either  from  the  driver's  seat  or  from  the  platform 
of  the  tractor.  The  driver's  seat  is  made  on  a  swivel  so  that 
it  can  be  pushed  out  of  the  way  tor  holding  either  crawler 
still  when  the  driver  stands  on  the  platform.  The  pedals  for 
holding  either  crawler  still  are  located  on  the  platform  at 
rear  of  tractor.  Hauling  speeds  are  2%  miles  per  hour,  and 
3Vi  miles  per  hour  and  the  reverse  speed  is  approximately  2 
miles  per  hour.  The  generul  construction  is  of  the  backbone 
type  where  the  transmission  is  bolted  directly  to  the  motor, 
making  one  solid  block  of  the  entire  power  plant.  The  mo- 
tor has  a  3-in.  hollow  crank  shaft  and  a  4V^-in.  cylinder.  The 
oil  pressure  carriage  is  between  S5  and  50  lb.  and  is  also 
re.eulated  that  whenever  tlie  pull  increases  on  the  draw-bar, 
the  volume  of  oil  to  the  motor  bearings  is  automatically  in- 
creased at  the  same  time. 


Larger  Cities  Spent  (Wore  than  They  Received  in  1919. — 
Governmental  costs,  including  interest  and  outlays  for  perma- 
nent improvements,  for  the  227  cities  of  the  country  with  d 
population  of  30,000  or  more,  exceeded  total  revenues  by 
.?8, 991, 000  in  the  year  1919,  according  to  statistics  on  municipal 
finances  made  public  last  month  by  the  Census  Bureau.  De- 
ducing the  item  of  permanent  outlays,  however,  revenues, 
which  aggregated  $1,224,112,000  or  $35.32  per  capita,  exceeded 
governmental  costs  by  $255,902,000,  it  was  shown.  Revenue 
receipts  exceeded  current  governmental  expenses  and  interest 
in  all  but  four  cities  of  the  group,  the  figures  showed,  while 
in  117  cities  revenues  exceeded  all  expenditures,  including 
permanent  outlays.  The  total  net  indebtedness  of  the  group 
was  placed  at  $2,679,551,000,  or  $77.82  per  capita,  with  that 
of  New  York  City  alone.  $1,008,809,000,  amounting  to  more 
than  one-third  of  the  total. 
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New  Paving  Guard  for  Street  Railways  and 
Roadways 

A  new  paving  guard  designed  to  protect  pavement  adjacent 
to  street  railway  track  from  the  wave  motion  of  the  rails,  and 
for  use  as  an  edging  for  roadway  pavements,  Is  Illustrated  be- 
low. The  guards  are  made  for  any  depth  of  paving  and  are 
furnished  in  straight  lengths  of  15  ft.  or  to  a  radius  as  re- 
quired.    The  anchors  are   a  part  of  the   guard   itself   being 


Trade  Publications 
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Boureau  Paving  Guards. 

punched  from  the  metal  at  2-ft.  centers  and  are  10  ins.  in 
length,  bent  downward  and  then  twisted  so  as  to  extend  lat- 
erally or  transversely  to  the  width  of  the  leg  portion.  By 
thus  punching  the  anchors  from  the  center  of  the  horizontal 
leg  and  leaving  the  outer  edge  intact,  a  resisting  leverage  is 
provided  throughout  the  entire  width  of  the  horizontal  leg. 
This  is  an  important  feature  of  the  guard,  since  comparatively 
narrow  angles  can  be  employed  and  at  the  same  time  insure 
stability  of  the  guard  so  as  not  to  rock  or  turn  when  it  is 
placed  in  position.  The  guards  are  made  by  H.  U.  Boureau  & 
Co.,  3302  Ludlow  St.,  Philadelphia,  Pa. 


Personals 

John  A.  Baird  has  resigned  as  city  engineer  of  Sarnia,  Ont. 
James  J.  O'Connor  has  been  appointed  superintendent  of  streets 
of  Holyoke,   Mass. 

Lloyd  M.  Ross  lias  been  appointed  county  highway  engineer  of 
Meckleuber?  County,  North  Carolina. 

George  W.  Lanstrum,  Helena:  H.  A.  Templeton.  Great  Falls,  and 
Henry  Good,  Kalispel.  have  been  named  by  Gov.  Dixon  as  the  new 
state   highway   commission  of  Montana. 

C.  O.  Dowdell,  formerly  assistant  general  manager  of  the  Se- 
curity Cement  &  Lin\p  Co..  Hagerstown,  Md..  has  been  placed  in 
charge  of  field  promotion  work  of  the  Central  Bureau  of  the  Na- 
tional Lime  Association. 

Thurman  W.  DIx,  assistant  professor  in  the  University  of  Ver- 
mont, has  been  appointed  state  highway  commissioner  of  Vermont. 
"Wr.  Dix  formerly  w.as  county  engineer  of  Madison  County,  New 
York,  and  he  also  has  been  in  the  service  of  the  New  York  State 
Department  of  Highways. 

Samuel  Humes,  formerly  county  engineer  of  Kins'  County,  Wash- 
ii'^jtnn,  has  opened  oflices  at  319  Lyon  Bldg.,  Seattle,  Wash.,  under 
the  firm  rame  of  Samuel  J.  Humes  &  Co.,  civil  and  consulting  engi- 
neers, specializing  in  surveys,  estimates,  municipal  improvements, 
road  and  bridge  construction. 

H.  C.  Nutting,  manager  of  the  Pittsburgh  Testing  Laboratory, 
Cincinnati,  O.,  for  the  past  six  years,  has  recently  organized  a  new 
company  under  the  name  of  the  H.  C.  Nutting  Co.,  at  Hunt  and 
Broadway,  Cincinnati,  O.  Mr.  Nutting  is  highway  engineer  for  the 
Cincinnati  Automobile  Club  and  will  specialize  on  highway  mspec- 
tion. 

R.  E.  Caldwell,  of  the  firm  of  Caldwell  &  Richards,  civil  engi- 
neers. Salt  Lake  City.  Utah,  has  been  appointed  state  engmeer  of 
Utah.  He  succeeds  George  F.  McGonagle,  who  has  occupied  the 
post  four  years.  Mr.  McGonagle  and  C.  J.  Ulrich.  assistant  state 
engineer  for  ten  years,  will  open  ofBces  in  the  Deseret  National 
Bank  Bldg.,  Salt  Lake  City,  and  enter  into  private  business. 

Gun.-ii  Jeppesen,  structural  engineer  of  the  Leonard  Engineering 
Co.,  has  .ioined  the  Chicago  Bascule  Bridge  Co..  Chicago,  as  asso- 
ciate engineer.  Mr.  Jeppesen  is  a  graduate  of  the  State  Polytech- 
nical  Institute  at  Copenhagen,  Denmark.  He  was  connected  with 
the  Strauss  Bascule  Bridge  Co.  for  twelve  years,  from  its  inception 
until  1917,  and  since  then  has  been  engaged  in  industrial  plant 
work  with  the  Leonard   Engineering  Co. 

Johnson  &  Benham,  Inc.,  consulting  engineers,  of  New  York 
and  Kansas  Citv,  Mo.,  announce  the  reorganization  of  the  business. 
All  contracts  and  business  of  the  New  York  oflice  have  been  taken 
over  ly  George  A.  Johnson  Co.,  Inc.,  the  members  thereof  being 
George  A.  Johnson.  Harold  C.  Stevens.  Nelson  B.  Wolfe,  Charles  R. 
Wyckoff  and  Harry  B.  Joyce.  The  main  offices  of  the  corporation 
are  at  150  Nassau  street.  New  York  City.  XW  contracts  and  busi- 
ness of  the  Kansas  Citv  office  have  been  t.iken  over  by  Benham  & 
Mullersren,  a  partnership  consisting  of  Webster  L.  Benham  and 
Arthur  L.  Mullergren,  with  offices  eighth  floor  Firestone  buildmg, 
Kansas  City,  Mo. 


The  following  trade  publications  of  interest  to  engineers  and 
contractors  have  been  issued  recently; 

Street  Cleaning  Equipment. — Elgin  Sales  Corporation,  501  Fifth 
Ave.,  New  York  City.  Circular  illustrating  and  describing  motor- 
ized street  cleaning  equipment.  . 

Concrete  Mixers. — New  Way  Manufacturing  Co.,  Eau  Claire, 
Wis.  16  page  catalog  containing  description,  illustrations  and 
specifications  of  the  New  Way  Mixers. 

Dragline  Cableway  Excavators. — Sauerman  Bros.,  Chicago,  111. 
16  page  pamphlet  illustrating  and  describing  uses  of  this  equip- 
ment in  connection  with  sand  and  gravel  plants. 

Road  Building. — Lalcewood  Engineering  Co.,  Cleveland,  O.  Book- 
let lescribing  the  2S0-inile  road  job  now  being  carried  out  in  Mari- 
copa County,   Arizona,   by   Twohy  Bros.,    contractors. 

Road  Culverts. — Klauer  Manufacturing  Co.,  Dubuque,  la.  Cir- 
culars on  corrugated  road  culverts.  One  type  has  supporting 
flange  to  keep  the  earth  from  washing  away  ends  of  the  culvert. 

Road  Building  Equipment. — Gallon  Iron  Works  &  Mfg.  Co., 
Gallon,  O.  52  page  catalog  illustrating  and  describing  the  Gallon 
culvirt  pipe,  car  unloaders  and  other  equipment  for  road  builders. 

Drawing  Instruments. — C.  F.  Pease  Co.,  S13  North  P^anklin  St., 
Chicago,  111.  S-page  booklet  giving  illustrations  and  prices  of  com- 
plete sets  of  Pease  "Chicago  Made"  drawing  instruments,  and 
ruling   pens   and    bow    instruments. 

Wagon  Loader. — George  Haiss  Mfg.  Co.,  141st  St.  and  Rider  Ave., 
New  York.  Circular  devoted  to  description  and  illustration  of  the 
Haiss  "Digging"  wagon  loader.  Contains  comparative  costs  on 
loading  crushed  stone  by  hand  and  by  the  loader. 

Road  Building  Machinery. — Good  Roads  Machinery  Co,  821  Bul- 
letin Bldg.,  Philadelphia,  Pa.  Circular  illustrating  and  describing 
the  company's  list  of  heavy  road  building  machinery,  including 
graders,  rock  crushers,  road  rollers,  oiling  machines,  etc. 

Rails  and  Track  Equipment. — Sweet's  Steel  Co.,  Williamsport, 
Pa.  SO-page  catalo,?  illustrating  and  describing  light  and  heavy  tee 
rails  and  accessories.  Company  also  lias  issued  12-page  booklet 
containing  (acts  on  light  steel  rails  and  process  of  manufacture. 

Motor  Trucks. — The  Autocar  Co.,  Ardmore,  Pa.  16-page  book- 
let illustrating  and  describing  the  work  of  the  Autocar  motor 
trucks  in  liighway  construction.  Contains  interesting  descriptions 
of  the  methods  employed  on  several  Jobs  on  which  these  trucks 
were  used. 

Tarvia. — The  Barrett  Co.,  New  Y''ork.  Three  booklets  illustrat- 
ing and  describing  the  uses  of  Tarvia.  One  shows  step  by  step  In 
actual  photographs  the  construction  of  a  Tarvia  pavement;  another 
desc.-lbes  liow  a  Tarvia  macadam  roadway  is  constructed;  and  the 
third  describes  the  uses  of  Tarvia  in  I'oad  construction  and  main- 
tenance. 

Scraper  Conveyors. — The  Jeffrey  Manufacturing  Co.,  Columbus, 
O.  84-page  catalog  devoted  to  Jeffrey  standardized  scraper  con- 
veyors. It  features  both  single  and  double  strand  conveyors  de- 
signed to  handle  all  kinds  of  loose  products  in  manufacturing  and 
mining  industries,  power  plants,  retail  coal  yards,  canning  plants, 
sugar  mills,  and  practically  all  other  industries. 


Industrial  Notes 

The  Austin  Machinery  Corporation  of  Chicago  has  announced 
that  it  will  rebuild  its  plant  at  Winthrop  Harbor,  111.,  recently  de- 
stroyed by  fire.  The  loss  at  this  plant  was  e.xtensive,  but  the  cor- 
poration is  in  position  to  take  care  of  all  business  through  the 
duplication  of  its  production  facilities  at  its  Muskegon  plant  or 
Toledo  plant  (formerly  the  Toledo  Bridge  &  Crane  Co.).  Ample 
stocks  are  on  hand  at  these  two  plants  to  take  care  of  immediate 
demands. 

Statement   of   the    Ownership,    Management,   Circulation,    Etc.,    Re- 
quired  by  the  Act  of  Congress  of   August  24,  1912, 
of  Engineering  &  Contracting,  published  weekly  at  Chicago,  111.,  for 
April  1,   1921. 

State  ot  Illinois,  County  of  Cook,  ss. — Before  me,  a  notary  public 
in  and  for  the  state  and  county  aforesaid,  personally  appeared 
Lewis  S.  Ijouer,  who,  having  been  duly  sworn  according  to  law, 
deposes  and  says  that  he  is  the  vice-president  of  Engineering  & 
Contracting  and  th.Tt  the  following  is.  to  the  best  of  his  knowledge 
and  belief,  a  true  statement  ot  the  ownership,  management  (and  M 
a  daily  paper,  the  circulation),  etc.,  ot  the  aforesaid  publication  for 
the  date  shown  in  the  above  caption,  required  by  the  Act  ot  August 
24.  1912,  embodied  in  section  443',  Postal  Laws  and  Regulations, 
printed  on  the  reverse  of  this  form,  to-wit: 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  man  • 
aging  editor  and  business  manager  are: 

.Publisher— Engineering  &  Contracting  Pub.  Co.,  60S  S.  Dearborn 
St.,  Chicago. 

Editor— H.  P.  Gillette,  608  S.  Dearborn  St.,  Chicago. 
Managing  Editor— H.  P.  Gillette,  60S  S.  Dearborn  St.,  Chicago. 
Business  Manager— Lewis  S.  Louer,  608  S.  Dearborn  St.,  Chicago. 

2.  That  the  owners  are:  (Give  names  and  addresses  of  individ- 
ual owners,  or,  if  a  corporation,  give  its  name  and  the  names  and 
addresses  ot  stockholders  owning  or  holding  1  per  cent  or  more  of 
the  total  amount  of  stock.)— H.  P.  Gillette,  608  S.  Dearborn  St., 
Chicago;  Lewis  S.  Louer.  60S  S.  Dearborn  St.,  Chicago;  Richard  E. 
Brown.  Columbia  Bank  Bldg.,  New  York,  N.  Y. 

3.  That  the  known  bondholders,  mortgagees,  and  other  se- 
curity holders  owning  or  holding  1  per  cent  or  more  of  total  amount 
of  bonds,  mortgages,  or  other  securities  are:  (If  there  are  none, 
so  state.)     None. 

4.  That  the  two  paragraphs  next  above,  giving  the  names  oi 
the  owners,  stockholders,  and  security  holders,  if  any,  contain 
not  only  the  list  of  stockholders  and  security  holders  as  they  ap- 
pear upon  the  books  of  the  company  but  also,  in  cases  where  the 
stockholder  or  security  holder  appears  upon  the  books  of  the 
company  as  trustee  or  in  any  other  fiduciary  relation,  the  name 
of  the  person  or  corporation  for  whom  such  trustee  is  Acting,  Is 
given;  also  that  the  said  two  paragraphs  contain  statements  em- 
bracing afiiant's  full  knowledge  and  belief  as  to  the  circumstances 
and  conditions  under  which  stockholders  and  security  holders  who 
do  not  appear  upon  the  liooks  of  the  company  as  trustees,  hold 
stock  and  securities  in  a  capacity  other  than  that  of  a  bona  flde 
owner;  and  this  afflant  has  no  reason  to  believe  that  any  other 
person,  association,  or  corporation  has  any  interest  direct  or  in- 
direct in  the  said  stock,  bonds,  or  other  securities  than  as  so 
stated   by   him. 

(Signed)    LEWIS   S.   LOUER. 
Sworn  to  and  subscribed  before  me  this  23rd  day  of  March,  1921. 
(Ssal)  H.    NELSON    (formerly  H.   Danner). 

(My  commission  expires  December  3,   1923.) 
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Bids  Asked 


Roads-Streets 


Ala.,  Birmingham — Until  noon.  April  15. 
by  Board  ot  Revenue  of  Jefferson  for  the 
testing  and  inspecting  of  material  used  on 
paving  approximately  250,000  sq.  yds.  of 
bituminous  surfacing  on  concrete  founda- 
tion.    C.  J.  Rogers,  County  Highway  Engr. 

Cal.,  Yuba  City— Until  April  12,  by  City 
Trustees,  for  improvement  of  portions  of 
C  St..  Fairman  St..  Yolo  St..  -Sutter  St., 
Shasta  St.  and  Teagarden  Ave. 

Calif.,  Los  Angeles— Until  11  A.  M., 
April  11th,  by  the  Board  of  Supervisors 
of  the  County  of  Los  Angeles,  for  the  con- 
struction of  a  graded  roadway,  an  oil  and 
sand  wearing  surface,  including  grading 
and  other  incidental  work  on  certain 
streets  in  Road  Improvement  District  No. 
179. 

Calif..  San  Francisco — Between  the  hours 
of  2  and  3  P.  M.,  .•\pril  13th,  by  the  Board 
of  Public  Works  of  the  City  and  County 
of  San  Francisco,  second  floor.  City  Hall, 
for  the  improvement  of  the  easterly  one- 
half  of  Tenth  Ave.,  commencing  at  the 
southerly  hne  of  Ortega  St.  W.  J.  Fitz- 
gerald,  Secretary. 

Cal.,  Sacramento — Until  2  p."  m.,  April  11, 
by  tlio  California  Highway  Commission,  515 
Forum  Bldg..  Sacramento,  for  an  over- 
head crossing  of  the  San  Diego  &  Arizona 
R.  R.  near  Jacumba,  San  Diego  County, 
consisting  of  3  reinforced  concrete  spans, 
each  22  ft.  6  in.  long,  on  reinforced  concrete 
piers  and  plain  concrete  abutments. 

Conn.,  Hartford — Until  noon.  April  12th, 
by  the  Board  of  Water  Commissioners,  at 
office  in  the  Municipal  Bldg.,  for  the  con- 
struction of  3.100  linear  feet  of  gravel  road 
and  two  small  concrete  bridges.  Caleb 
Mills  SaviUe,  Manager  and  Chief  Engr.  Pil- 
grad  Bldg.,   120G  Main   St.,   Hartford,  Conn. 

Del.,  Wilmington — Until  noon,  April  12, 
by  President  of  the  I>evy  Court,  Room  133, 
County  Bldg.,  for  the  following  materials: 
Crushed  stone,  gravel,  slag,  road  tar,  oils 
and  asphalts:  also  for  hauling  from  the 
railroad  stations  and  distributing  on  the 
roads  the  stone,  gravel  or  slag,  and  for 
hauling  and  applying  the  road  tar,  oils  and 
asphalts,  and  spreading  the  stone,  gravel 
or  slag  for  surface  treatment  on  macadam 
roads.     Charles  E.  Grubb.  County  Engr. 

D.  C,  Washington — Until  2  p.  m.,  April 
15,  by  .Tas.  A.  Wetinore.  -Vcting  Supervising 
Architect,  Treasury  Dept..  Washington,  D. 
C,  for  paving  and  grading  in  the  West 
Court  of  the  Interior  Dept. 

II.,  Joliet— Until  2  p.  m.,  April  11,  by 
Phil  Peck,  City  Clerk,  for  improvement  of 
Lime  St..  Catalpa  St.,  Nicholson  St.  and 
Park  Ave.,  and  for  improvement  ot  alley- 


\\a.\.s.  ea.st  and  west,  between  .loliet  .SI. 
and  Desplaines  St..  and  north  and  south, 
between   Jefferson  St.   and  Washington   St. 

III..  Decatur— Until  1  P.  M.,  April  13th, 
by  the  Decatur  Water  Supply  Co.,  Room 
209,  Citizens  Bank  Bldg.,  Decatur,  111.,  for 
the  grading  of  road  approaches  to  the  I.o.st 
Bridge  and  Spangler  Bridge.  W.  H.  Col- 
lins, Consulting  Engr.,  223  Millikin  Bldg., 
Decatur.       (Advertisement    in    this    issue.) 

III.,  Springfield— Until  10  A.  M..  April  12, 
by  the  Dept.  of  Public  Works  and  Build- 
ings, Division  of  Highways,  for  15  sections 
ot  earth  grading,  aggregating  62.26  miles 
in  length  and  1,025,290  cu.  yds.  of  earth 
excavation:  also  17  sections  of  bridge  work, 
aggregating  32  bridges  and  10,072  cubic 
yards  of  concrete.  Clifford  Older,  Chief 
Highway  Engr.  (Advertisement  in  this  is- 
sue.) 

III.,  Springfield — Until  10  a.  m.,  April  12. 
by  Dept.  of  Public  Works  and  Buildings, 
Div.  of  Highways,  for  the  following  work: 
Grading  in  Perry-Franklin  Counties,  1.57 
miles:  Franklin  County,  5.66  miles;  Wash- 
ington-Jefferson, 4.23  miles:  Jefferson 
County,  4.83  miles:  Edwards.  4.24  miles: 
Wayne  County.  2.98  miles;  Effingham.  4.74 
miles;  Kno.x  County,  2.92  miles;  Henry- 
Bureau  Counties,  6.21  miles;  Bureau  Coun- 
ty, 5.70  miles;  Franklin  County.  16.65  miles; 
Williamson  County,  2.53  miles.  Bridge 
work:  Alexander-Pulaski  Counties,  sub- 
structures, 2  steel  bridges;  Ogle  County,  1 
concrete  bridge;  Perry-Franklin,  2  con- 
crete bridges:  Whiteside  County.  1  concrete 
culvert:  Franklin  County,  7  concrete 
bridges  and  substructure  1  steel  bridge: 
Jefferson  County,  Section  IIB,  2  concrete 
bridges  and  substructure  1  steel  bridge. 
Section  IIC,  superstructure  1  steel  bridge. 
Section  12B  2  concrete  bridges.  Section 
13B  1  concrete  bridge  and  substructure  1 
steel  bridge;  Effingham  County,  3  concrete 
bridges  and  1  concrete  and  steel  bridge; 
Williamson  County,  1  concrete  bridge. 

Ind.,  Crown  Point — Until  1  P.  M.,  April 
11th,  by  Board  of  Commrs.  of  Lake  Coun- 
ty, at  office  of  Geo.  M.  Poland,  County  Au- 
ditor, for  asphaltic  and  tar  products  for 
Road    Maintenance   Dept. 

Ind.,  Ft.  Wayne— Until  1  P.  M.,  April  12, 
by  Commissioners  of  Allen  County,  at  Ft. 
Wayne,  Ind.,  for  the  construction  of  six 
stone  roads  in  Marion,  Madison,  Maumee 
and  Springfield,  Cedar  Creek,  Perry  and 
Pleasant  Twps.  Angus  C.  McCoy,  Audi- 
tor. 

Ind.,  Indianapolis — Until  10  a.  m..  April 
17,  by  the  Bti.-ird  of  Commissioners  of  Ma- 
rion County,  Ind.,  for  1,000  tons,  more  or 
less,  crushed  stone,  1,00()  ft.,  more  or  less, 
drain  tile,  6-in.  to  12-in.  diameter.  1.000  ft. 
more  or  less,  corrugated  culvert  pipe,  10-In. 
to  36-in.     Leo  K.  Fesler,  .Vuditor. 

Ind,,  Michigan  City — Until  10  A.  M., 
j\pril  19th,  by  the  Board  of  Public  Works, 


for  the  construction  of  two  streets  and  one 
alley,   said  city. 

Ind.,  Noblesville— Until  10  A.  M.,  April 
16th,  by  Commissioners  of  Hamilton  Coun- 
ty, for  the  construction  of  three  roads, 
one  in  White  and  two  in  Jackson  Twps. 
H.    O.    Cunningham,   Auditor. 

Ind..  Terre  Haute — Until  11  A.  M.,  April 
11th,  by  Commissioners  ot  Vigo  County,  at 
Terre  Haute,  Ind.,  for  the  construction  of 
three  gravel  roads,  one  in  Honey  Creek 
Twp.  and  two  in  Lost  Creek  Twp.,  to  be 
known  as  the  H.  M.  Hausman  et  al., 
Charles  Milner  et  al.,  and  the  Scott  Bur- 
gan  et  aL  Roads.  Chas.  M.  Lee,  Audi- 
tor. 

Mich.,  Detroit — Until  1  p.  m.,  April  15,  at 
office  of  C.  W.  Hubbell,  2348  Penobscot 
Bldg.,  Detroit,  for  the  furnishing  of  all 
materials  and  constructing  asphalt  on  con- 
crete pavement  consistinr-  of  approximately 
11,200  sq.  yds.,  together  with  the  necessary 
curb,  inlets,  catchbasins,  mud  gates  and 
connections. 

Mich.,  Grand  Rapids— Until  1:30  P.  M.. 
April  19th,  bv  Board  ot  County  Road 
Commrs.,  of  Kent  County,  County  Bldg., 
for  improvements  of  4  592  miles  of  road. 

Mich.,  Highland  Park— Until  8  P.  M., 
April  11th.  bv  Delmer  C.  Gowing,  City 
Clerk,  20  Gerald  Ave.,  for  furnishing  mate- 
rials for  street  work. 

Mich.,  Hillsdale— Until  2  P.  M.,  April  15, 
by  Board  of  County  Road  Commrs..  ot 
Hillsdale  Countv.  for  constructing  11.424 
miles  in  Hillsdale  and  Calhoun  Counties. 

Mich.,  Houghton— Until  10:30  A.  M., 
April  19th.  by  Board  of  County  Road  Com- 
missioners of  Houghton  County,  at  Court 
House,  for  construction  of  6.516  miles  of 
road  in  Houghton  County. 

Mich..  Kalamazoo— Until  2:30  P.  M.. 
April  18th,  by  State  Highway  Dept.,  221 
Pratt  Bldg..  Kalamazoo,  for  improving  2.841 
miles   in   Casco  Twp.,   Allegan    County. 

Mich.,  Paw  Paw— Until  1:30  P.  M.,  April 
15th.  by  Board  of  County  Ro.ad  Commrs., 
of  Van  Buren  County,  at  Court  House,  for 
improving  5.231  miles  of  road  in  Antwerp 
and  Paw  Paw  Twps.,  Van  Buren  County. 


Mich.,  Sault  Ste.  Marie — Until  1:30  P. 
M.,  April  ISth.  by  Board  of  County  Road 
Commissioners  of  Chippewa  County,  at 
Court  House,  for  improving  4.006  miles  of 
road  in  Rudyard  Twp. 

Minn.,  Ortonville — Until  10  A.  M.,  April 
12th,  bv  .\.  V.  Randall.  County  Auditor. 
Big  Stone  County,  for  the  construction  of 
1.56  miles  on  State  Road  No.  4.  2.26  miles 
on  State  Road  No.  6.  9.3  miles  on  State 
Road  No.  6,  and  2.6  miles  on  State  Road 
No.  1. 

Mo.,  St.  Joseph— Until  .\pril  IS,  by  the 
State  Highwav  Dept.  in  St.  Joseph,  for 
grading    and    bridging    5    miles    ot    road    in 
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Roads  and  Streets— 1st  Wednesday 


la)   Roads 
(b)   Streets 


(c »    Street    Cleaning 

(ti)    Municipal    Miscellaniea 


(e)    Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


( a)  Waterworks 

(b)  Sewers  and   Sani- 

tation 

(e)   Management    and    Office 
System 


tc)    Irrigation    and    Drainage 
(d)    Power  and   Pumping 


Railways  and  Excavation — 3rd  Wednesday 

I  a)    Excavation  (c)    Quarries    and    Pits 

(b)    Management    and         (d)    Steam    Railways,    Con- 
Office    System  struct  ion    and   Maintenance 

( e)    Electric     Railway     Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


idt    Miscellaneous    Structures 

( e)  Properties     of     Materials 

(f )  Management     and     Office 

System 
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Number  15. 


Immorality  Among  State  Legis- 
lators 

It  is  commonly  regarded  as  immoral  to  counsc-'l  any  one  to 
disregard  the  law.  Eugene  Debs  is  serving  a  prison  term  for 
that  sort  ot  immorality.  Yet  in  the  city  of  Chicago  mar^y  men 
(some  of  whom  are  lawyers)  are  advising  tenants  of  build- 
ings to  ignore  the  contracts  with  their  landlords,  and  to 
retain  possession  of  their  apartments  after  the  expiration  of 
their  leases.  Even  more  deplorable  are  the  bills  before  the 
Illinois  legislature  by  which  it  is  sought  to  circumvi.nit  the 
constitutionally  guaranteed  rights  of  property  owners.  For 
example,  one  bill  provides  for  the  placing  of  all  dispossession 
suits  at  the  end  of  the  court  calendar,  so  that  landlords  will 
be  unable  to  secure  a  trial  within  a  year  or  two.  Anotlier  bill 
proposes  to  fix  a  merely  nominal  penalty  for  unlawfully  hold- 
ing possession  of  an  apartment.  It  may  well  be  doubted 
whether  the  Supreme  Court  would  sustain  any  law  thai  aims 
at  circumvention  of  constitutional  rights,  even  where  the 
circumvention  is  merely  temporary.  But  we  are  less  con- 
cerned with  the  constitutionality  of  such  laws  than  with 
the  moral  state  of  mind   that  they  disclose. 

The  other  day   the  lower  house  of   the   Wisconsin   legi'-la- 

ture  almost   gave  a   majority  vote   in   favor   of  a   resolution 

advocating   the   repudiation  of  the   national   war   debt'      Nor 

have  we  seen  a  single  editorial  comment  upon  this  astonish- 

I  ing  exhibition  of  immorality. 

On  a  parity  with  such  action  we  may  cite  an  ordinar'ce  re- 
cently passed  in  Los  Angeles,  restricting  gross  rental  charges 
to  11  per  cent  on  the  cost  of  the  real  estate.  This  ordinance 
was  passed  by  the  City  Council  in  the  face  of  advice  by  the 
City  Attorney  that  it  was  unconstitutional.  But  whrt  does 
the  basic  law  of  America— the  Federal  Constitution— amount 
to  in  the  eyes  of  the  Los  Angeles  City  Council,  if  it  is  es- 
teemed popular  to  secure  lower  rents  by  any  expedient, 
whether  foul  or  fair? 

One  of  our  readers,  an  eminent  engineer,  writes: 
I  have  recently  rsad  Prof.  Soddy's  inspiririK  volume  on  "Science 
and  Lite,"  and  I  am  convinced  that  the  compUiint  from  which  the 


world  is  -suffering  today  is  moral  bankruptcy,  I  believe  that  engi- 
nee.-:^.  even  more  than  i)reacliers,  must  bringr  about  the  world's 
mor.'il  restoration. 

In  this  connection  we  may  suggest  that  ethics  and  econom- 
ics are  twin  sciences,  it  indeed  they  are  not  parts  of  one 
science.  If  so.  there  is  nothing  incongruous  in  an  engineering 
preacher  or  a  preaching  engineer.  May  it  not  be  feasible  to 
demonstrate  by  statistics  that  general  honesty  and  general 
prosperity  have  always  been  functions  of  one  another,  how- 
ever often  individual  exceptions  to  the  rule  may   be  found? 


Approaching  the  Unattainable 

Now  that  so  much  is  being  written  about  Einstein's  dis- 
covery that  Newton's  law  of  gravitation  is  only  approximate, 
it  may  be  of  interest  to  read  what  Prof.  Jevons  ^ivrote  nearly 
.:.0  years  ago  in  his  "Principles  of  Science": 

Mm 

The    law    of  gravitation    is   expressed    in    the    form   of  F  =  . , 

D= 
meaning  that  gravity  is  proportional  directly  to  the  product  of 
the  gravitating  nias.ses.  and  indirectly  (inversely)  to  the  square  of 
th-nr  distance.  *  *  v  Philocopliers  have  by  no  means  always 
supposed  that  the  law  ot  gravity  was  exactly  true.  Newton, 
thou;^h  he  liad  the  highe.st  confidence  in  its  trutli,  admitted  that 
there  were  motions  in  the  planetary  system  which  he  could  not 
reconcile  with  the  law.  Euler  and  Clairaut  who  were,  with 
D'Alembert,  the  first  to  apply  the  full  powers  ot  mathematical 
analysis  to  the  theory  of  gravitation  as  expLiining  the  perturba- 
tions of  the  planets,  dirt  not  treat  the  l.tw  as  sufflciently  estab- 
lished to  attribute  all  discrepancies  to  the  errors  of  calculation 
and  observation.  In  L:hort,  they  did  not  feel  certain  that  the  force 
of  pravity  exactly  obeyed  the  well  known  rule.  The  law  might 
have  involved  other  powers  of  distance.  I(  nught  have  been  ex- 
pressed, for  example,  in  the  form 

a  b  c 

F=     ,     .      .      -f   —    -f    -)-    —    -f  .     .     . 

D  D=  D' 

and   the  coefficients  a  and  c  might  have  been  .so  small  that  those 
terms  would   only  become  apparent  in   very   accurate  comjiarisons 
with    fact. 
Jevons   states   that   it   will   always   be   impossible   to  prove 
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that  any  (luaiititative  law  is  precisely  correct,  because  the 
proof  must  iilliiiuitely  (lei)eiid  upon  the  agreement  of  the  law 
with  ph>siLal  measurements,  and  measurements  can  never  be 
precise.     He  says: 

■When  we  Pxamino  the  hi^to^.\•  nf  scientific  problems,  we  nnd 
that  one  man  nr  one  generation  is  usually  able  to  malte  but  a 
single  step  at  a  time.  A  problem  is  always  solved  for  the  first 
time  by  malting  some  bold  hypothetical  simplification  upon  which 
the  next  investigator  makes  hypothetical  modifications  approaching 
more  nearly  to  the  truth.  ICrrors  are  successively  pointed  out  in 
previous  solutions,  until  at  last  there  might  .seem  little  more  to  be 
desired.  Careful  examination,  however,  will  show  that  an  in- 
dettnite  series  of  minor  inaccuracies  remain  to  be  corrected  ;ni<l 
explained,  were  our  powers  of  reason  sufflciently  great,  and  the 
purpose  adequate  in  importance. 

In  otlier  words,  no  quantitative  physical  law  is  more  than 
an  approximation  to  the  full  truth.  Mence  the  full  truth  will 
never  be  known  to  man.  This  is  a  startling  generalization, 
but  it  appears  to  be  irrefutable.  Strangely  enough,  Jevons. 
after  making  such  a  generalization,  undertakes  to  show  that 
Newton'.*^  low  of  gravitation  is  'probably  complete  and  true." 
But  now  conies  Einstein,  who  proves  it  to  be  only  an  appro.xi- 
mation  to  the  truth.  Who  will  cotne  next  and  show  that  Ein- 
stein's 'perfect  law  of  gravitation"  is  itself  but  an  approxima- 
tion and  therefore  imperfect? 

Design  of  Sewage  Digesting  Tank 

To  the  Editor:  I  offer  ttie  following  design  tor  a  sewage 
digesting   tank   as   a   subject   for   constructive   criticism: 

Any  one  having  had  experience  in  modern  methods  of  sew- 
age treatment  cannot  fail  to  be  impressed  with  the  obvious 
fact  that  our  present  methods  are  crude  and  inefficient.  Prob- 
ably the  ideal  method  will  not  be  devised  tor  many  years  to 
come.  Yet  from  the  present  state  of  knowledge  acquired  by 
the  study  and  experiments  of  a  large  number  of  men  of  high 
scientific  attainment,  it  seems  possible  to  devise  means  some- 
what less  crude  and  more  efficient  than  any  now  in  use. 

It  is  not  believed  that  the  sketch  represents  the  last  word 
possible  in  digesting  tanks  but  it  does  seem  to  be  a  step 
forward.  At  first  glance  it  may  seem  too  complicated,  but 
when  the  advantages  of  comparative  shallow  deptli  are  con- 
sidered, if  the  extra  partitions  will  accomplish  the  results 
for  which  they  are  designed,  they  are  well  worth  constructing. 

To  illustrate  the  operation  of  the  tank:  Assume  an  inflow 
properly  distributed  over  the  surface  of  distributing  cham- 
ber. As  it  settles  through  the  slot  sufficient  velocity  will 
be  maintained  to  prevent  the  return  of  any  solids.  Those 
settling  to  the  bottom  will  be  delivered  by  the  central  wedge 
to  the  side  of  the  settling  basin,  causing  previous  deposits 
to  work  over  to  the  other  side,  and  thus  be  free  to  rise  when 
fermentation  begins  without  being  held  down  by  later  de- 
posits. On  rising  they  will  follow  the  vertical  partition,  join- 
ing the  flow  of  sewage  having  at  the  top  of  the  baffle  a  velocity 
sufficient  to  insure  being  carried  to  the  surface  at  the  side 
of  the  digestion  chamber.  This  will  cause  scum  to  rotate 
to  the  other  side  and  thus  be  ready  to  descend  at  the  proper 
time  without  being  impeded  by  later  deposits.  In  falling 
to  the  second  settling  basin  and  again  rising  for  the  second 
period  of  activity,  the  process  is  rep3ated  and  the  finished 
sludge  is  collected  in  settling  basin  No,  :j,  from  which  it  may 
be  drawn  to  drying  beds  as  occasion  may  require.  Pipes  with 
gates  are  provided  for  each  settling  basin  to  provide  means 
of  cleaning  each  of  such  deposits  as  might  chance  to  collect 
and  fail  to  take  the  usual  course. 

Separated  from  the  second  scum  chamber  by  a  baffle  is 
the  weir  chamber  designed  to  remove  the  clarified  water  by 
a  thin  stream  over  weirs  extending  the  entire  length  of  each 
side.  All  sides  and  baffles  where  not  vertical  will  be  con- 
structed on  an  angle  not  exceeding  :10°  from  the  vertical,, 
as  it  is  found  that  at  45°  slope  the  solids  will  collect  and  be 
retained  on  the  surfaces,  and  an  attempt  to  draw  sludge 
often  results  in  formation  of  a  clear  cone,  leaving  sludge  hung 
up  on  the  sides  undisturbed. 

In  taking  care  of  Imhoff  tanks  it  has  been  found  necessary 
to  install  a  pump,  taking  water  from  weir  chamber  and  dis- 
charging a  stream  from  a  fire  hose  onto  the  surface  of  mat 
to  keep  it  in  a  working  fluid  condition  as  well  as  to  separate 
the  finished  sludge  from  later  accretions.  This  also  prob- 
ably assists  digestion  and  reduces  the  supply  of  odorous 
gases  Dy  increasing  the  supply  of  oxygen. 

A  similar  arrangement  for  this  tank  will  be  desirable  not 


only  as  a  means  of  treating  the  scum,  say,  for  a  half  hour 
twice  a  day,  but  for  breaking  up  any  "sets"  that  may  be  dis- 
covered  when   cleaning  tanks. 

It  will  be  observed  that  the  passage  of  sewage  through 
the  tank  is  so  arranged  that  it  passes  through  the  mats  with 
a  very  gentle  flow,  while  at  points  where  designed  to  assist 
in  moving  solids  to  their  proper  places,  there  is  always  an 
accelerated  current.     Also  whenever  solids  are  to  be  moved 
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Plan  and  Section  of  Sewage  (Digesting  Tank. 

it  is  intended  that  the  progress  be  continuous  and  in  no  place 
be  impeded   by   later  accretions. 

This  is  submitted  with  the  hope  that  discussion  by  experts 
may  result  in  devising  something  that  is  a  little  better  than 
anything  no.w  used. 

EDWIN   P.   DHWEY, 
Pasadena.   Calif.  City  Engineer. 


Weir  Formulas  on  Simplified 
Assumptions 

To  the  Editor:  The  writer  was  very  much  interested  in 
the  article  "Weir  Formulas  on  Simplified  Assumptions,"  by 
Milton  F.  Stein,  published  in  Engineering  and  Contracting. 
Feb.  9.  1921.  It  is  certainly  true,  as  Mr.  Stein  states,  that 
often  the  general  acceptance  of  certain  engineering  formulas 
leads  to  a  cessation  of  analytical  investigations  and  conse- 
quently of  true   scientific   progress. 

There  are  two  points,  however,  in  which  the  writer  dis- 
agrees with  the  statements  or  assumptions  of  the  author. 
He  states,  "That  it  (his  formula)  gives  a  discharge  slightly 
below  the  actual  is  probably  due  to  the  assumption  of  a 
uniform  velocity  throughout,  whereas  the  velocity  increases 
somewhat  from  the  surface  downward."  Without  going  into 
a  mathematical  discussion  of  the  matter  the  writer  wishes 
to  call  attention  to  the  fact  that  any  departure  from  uniform 
velocity  over  the  area  of  flow  will  give  a  greater  velocity 
head  than  will  a  uniform  velocity  for  the  same  flow  and  cross- 

A 
section.    Since  the  relation  of  Y  to  —  is  not  changed  by  this 
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condition   it  can   be  readily   seen   that  if  tlie  velocity   is   not 

uniform   the   constant   in   Equation   II,   Q  =  3.08\  —  in    Mr. 

b 
Stein's  article  should  be  less  than  3.08  instead  of  greater. 

Now  since  Mr.  Stein  has  not  introduced  any  coetlicients 
to  take  care  of  roughness,  but  has  derived  his  formula  on 
the  basis  of  no  friction,  internal  or  external,  and  still  obtains 
a  theoretical  result  that  is  less  than  atcual  tests  show  is  ob 
tained,  it  is  plainly  evident  that  there  is  an  error  in  the  as 
sumptioDs.  The  writer  has  thought  about  this  matter  for 
some  time,  and  now  believes  he  has  a  satisfactory  explana- 
tion. 

The  author  has  assumed  that  the  entire  loss  in  static  head 
in  discharging  water  over  the  weir  is  the  drop  in  surface 
elevation,  namely:  the  value  Y.  This  would  be  true  if  it 
were  a  submerged  weir  having  a  downstream  height  above 
the  weir  equal  to  h  —  y.  Since  the  weir  is  not  submerged, 
however,  there  is  no  back  pressure  on  the  stream  of  water 
passing  the  weir  and  consequently  the  static  head  is  some- 
where between  y  and  h,  probably  somewhat  close  to 
h  — y 

Y  ^ .    Using  this  quantity  as  the  static  head  will  give 

2 
a  coefficient  for  Equation  II  enough  in  excess  of  3.08  so  that 
by  taking  into  account  the  velocity  head  due  to  non-uniform 
flow  and  internal  and  external   friction,  the  formula  will  not  be 
far  from   the  empirical   Francis  formula  Q  =  3.33  b  h"-. 

A.   G.  HUSTED. 
Assistant  Engineer,  Department  of  Public  Service. 
Cleveland,  O. 


[In  accordance  with  our  cu.stom,  the  above  letter  was  submittea 
to  Mr.  Stein.  His  reply  follow.s.— Editor,  Engineering  and  Con- 
tracting,] 

To  the  Editor:  Mr.  Husted's  discussion  was  read  with 
much  appreciation.  My  short  article  on  weir  formulas  was  in 
a  sense  the  by-product  of  another  hydraulic  investigation, 
and  therefore  more  in  the  nature  of  a  memorandum,  rather 
than  an  analytical  investigation.  As  I  mentioned,  perhaps 
with  insufficient  emphasis,  the  principal  interest  lies  in  the 
fact  that  with  no  assumptions  except  that,  given  a  notch  in 
the  side  of  a  reservoir,  conditions  will  so  adjust  themselves 
as  to  cause  the  maximum  possible  flow  through  same,  a 
formula  can  be  derived  giving  the  flow,  which  approaches 
quite  closely  to  experimental  results;  whereas  the  conven- 
tional formula,  based  on  a  number  of  arbitrary  assumptions 
requires  the  use  of  a  coeflicient  to  make  it  agree  with  actual 
conditions.  I  do  not  present  my  formula  as  a  finished  prod- 
uct, but  because  it  illustrates  the  fact  that  agreement  be- 
tween results  obtained  by  analytical  methods  and  by  experi- 
ment does  not  necessarily  prove  the  validity  of  the  method 
of  analysis,  or  of  the  assumptions  on  which  it  is  based  Who- 
ever has  computed  the  flow  over  weirs  of  unusual  form  by 
the  conventional  method,  or  has  attempted  to  deal  with  the 
transitional  stage  between  weirs  and  orifices,  and  has  later 
had  opportunity  to  check  his  computations  experim>^ntally. 
knows  the  difficulties  of  reconciliation,  and  has  trouble  in 
holding  the  time-honored  weir  formula  in  proper  veneration. 
Personally,  I  think  that  the  laws  of  flow  for  weirs,  orifices 
and  short  channels,  and  their  interrelation  offer  a  profitable 
field  for  analytical  investigation. 

I  do  not  agree  with  Mr.  Husted  that  there  is  any  consid- 
erable external  friction  in  a  sharp-crested  weir,  and  there  is 
certainly  no  evidence  to  the  eye  of  internal  friction  in  the 
smooth-flowing  water  passing  over  the  weir,  at  least  until  it 
passes  the  crest,  after  which  it  is  "water  over  the  dam"  for 
purposes  of  our  discussion.  It  is  otherwise  in  the  case  of 
orifices,  where  the  friction  of  the  sides  retards  some  of  the 
water  filaments,  and  influences  the  coefficient  slightly  The 
use  of  the  coefficient  for  orifices  is  justifled  on  theoretical 
grounds,  to  rectify  the  filaments  approaching  the  orifice 
radially,  and  is  not  inserted  merely  to  reconcile  theory  and 
practice,  as  is  often  supposed. 

MILTON  F.  STEIN. 

Chicago,  111. 


vent  foaming  in  the  gas  chambers  of  the  Imhoff  tanks. 
These  methods  included:  Seeding  with  foreign  sludge;  ap- 
plication of  lime  to  the  sewage  in  the  gas  vents;  applica- 
tion of  water  under  pressure  to  scum  formation;  applica- 
tion of  steam;  breaking  of  scum  with  paddles;  covering  gas 
vents  so  as  to  retard  the  drying  of  the  scum;  and  the  rever- 
sal of  the  direction  of  fiow  in  the  tanks.  It  is  Mr.  Downes' 
opinion  that  in  order  to  prevent  the  foaming  of  the  scum 
over  the  top  of  the  tanks,  it  is  necessary  for  him  to  operate 
his  tanks  in  rotation  and  to  |Tump  out  the  upper  portions 
of  the  digestion  compartments  of  the  tanks  at  least  once 
a  year. 


Prevention  of  Foaming  in  Gas  Chambers  of  Imhoff  Tanks. — 
In  connection  with  his  paper  presented  Feb.  18  before  the 
New  .Jersey  Sewerage  Works  Association,  Mr.  John  R,  Downes, 
Superintendent  of  the  joint  sewerage  disposal  plant  for 
Plainfield,  North  Plainfield  and  Dunellen,  N.  J.,  remarked 
that  practically  every  known  method  has  been  tried  to  pre- 


Residual  Alumni  in  Filtered  Water 

Amongst  water  works  sanitarians  at  the  present  time,  no 
subject  is  attracting  more  attention  than  the  question  of  re- 
sidual alumina  in  mechanically  filtered  water.  The  American 
Water  Works  Association  consider  it  so  important  that  a 
special  session  is  to  be  devoted  to  it  at  the  forthcoming 
Cleveland  meeting,  when  experts  from  all  over  the  continent 
are  expected  to  take  part  in  the  discussion. 

Prior  to  the  meeting  of  the  New  England  Water  Works 
Association  in  Albany  in  October.  1919,  when  the  discussion 
on  the  Toronto  drifting-sand  filters  took  place,  and  up  to  the 
time  of  the  publication  in  The  Canadian  Engineer  of  a  valu- 
able contribution  on  the  subject  by  Messrs.  Howard  and 
Hannon,  of  the  Toronto  Filtration  Laboratories,  the  subject 
had  received  little  attention,  it  being  generally  thought  that 
in  all  efficiently  operated  mechanical  filtration  systems  where 
a  coagulant  was  used,  the  effluent  was  free  of  alumina  in  any 
shape  or  form.  Since  the  publication  of  the  above-mentioned 
article  the  subject  has  been  investigated  in  many  plants  in 
the  United  States  and  Canada,  and  in  most  instances  traces 
of  alumina  have  been  found  in  the  filtered  water. 

There  would  seem  to  be  three  conditions  in  which  alumina 
can  play  an  important  part  in  public  water  supplies:  (1)  Its 
passage  through  filters  in  undecomposed  or  active  form; 
(2)  its  passage  through  filters  in  decomposed  form,  in  the 
nature  of  alumina  hydrate,  with  subsequent  precipitation  in 
the  water  mains;  and  (3)  its  passage  through  filters  in  the 
form  of  decomposed  residual  alumina  so  finely  divided  that 
it  does  not  precipitate,  but  remains  in  almost  invisible  sus- 
pension in  colloidal  form. 

The  first  condition  is  generally  caused  by  an  excess  of 
alumina  bt'ing  added  to  a  water  which  does  not  possess  suf- 
ficient normal  calcium  alkalinity  to  decompose  it.  The  second 
condition  is  the  result  of  insufficient  sedimentation  or  in- 
efficient filtration;  and  the  third  is  a  natural  condition  occur- 
ring in  almost  all  waters  after  filtration,  the  hydrate  passing 
through  in  colloidal  form  and  subsequently  becoming  an 
aluminate.  The  last  condition  would  seem  to  exist  in  the 
effluents  of  many  plants  without  the  fact  being  generally 
recognized. 

Recent  developments  have  shown,  however,  that  coagula- 
tion is  not  always  controlled  by  the  chemical  composition 
of  the  water.  There  are  several  cities  where  an  excess  of 
alkalinity  exists  but  where  flocculation  is  incomplete  or  is 
held  up  for  some  apparently  unexplainable  reason.  Expert 
chemists  and  bacteriologists  state  that  the  explanation  of 
this  is  controlled  by  conditions  frequently  encountered  in  col- 
loidal c:hemistry,  involving  a  study  of  the  causes  of  precipi- 
tation and  also  of  the  hydrogen  ion  concentration  of  the  water 
under  treatment.  It  was  recently  announced  that  it  had  been 
found  in  the  laboratory  of  the  Toronto  filtration  plant  that 
by  altering  the  hydrogen  ion  concentration  by  titration  and 
filtration,  the  residual  alumina  could  be  made  to  disf-ppear. 
Although  this  is  of  considerable  importance  and  great  scien- 
tific interest,  it  is  of  little  value  from  a  practical  water  works 
point  of  view,  because  the  lowering  of  the  titratable  ncidity, 
which  would  increase  the  hydrogen  ion  concentration  and 
consequently  mask  the  alumina,  might  cause  the  water  to 
become  highly  corrosive  in  nature. 

The  purification  of  water  by  artificial  means  furnishes  an 
excellent  example  of  the  application  of  colloidal  chemistry 
to  industry.  At  present  there  is  no  more  complex  study  than 
that  of  colloidal  chemistry,  and  this  modern  field  of  scientific 
research  is  expected  to  furnish  the  true  solution  to  many 
waterworks  problems  which  are  now  more  or  less  shrouded 
with  mystery. — Editorial  in  The  Canadian  Engineer. 
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The  Limits  of  Tidal  Power 

We  must  be  .aielul  not  to  git  .in  i'Xiig>;frnlG(l  impression 
ot  the  available  tidal  power,  even  when  the  whole  supply  in 
any  given  distiict  is  rendered  mechanic  uUy  available.  This 
i«  shown  in  a  recent  study  by  Norman  Davey.  published  in 
The  Engineer,  in  which  the  writer  makes  a  comprehensive 
survey  of  the  available  tidal  power  as  shown  by  the  tide  tables 
of  the  British  Isles.  We  learn  that  at  the  extremity  of  Corn- 
wall the  mean  range  is  about  12  ft.  and  that  as  we  go  north 
ward  upon  the  west  coast,  it  increases  until  a  maximum 
mean  range  of  31  ft.  is  reached  at  Portished.  from  which  point 
the  value  decreases  until  it  drops  to  12  ft.  at  the  Mull  of 
Galloway.  Around  the  rest  of  the  west  coast  of  Scotland  it 
rises  to  between  7  and  10  ft.  On  the  east  coast  of  Scotland 
the  value  is  still  low,  the  average  being  about  11  ft  It  is 
IG  It.  in  the  River  number,  and  at  the  London  docks  the  mean 
tidal  range  is  17Vi  ft. 

Considering  the  use  of  bays  and  estuaries  lor  the  develop- 
ment of  tidal  power,  particular  note  must  be  taken  of  the  dif- 
ference in  the  area  of  the  surface  of  the  water  at  hish  and 
low  tide.  Thus,  the  estuary  of  the  Salcombe  River  in  Devon- 
shire shows  a  high  spring  tide  surface  area  of  2.4  square  miles, 
and  a  low  spring  tide  area  of  only  .^.S  square  miles,  and  this 
variation  is  found,  to  greater  or  less  degree,  at  all  the  sites. 
In  his  study  of  the  total  tidal  capacity  of  the  United  King- 
dom, the  choice  was  limited  by  the  conditions  of.  first,  a  mean 
tidal  range  of  not  less  than  15  ft.;  second,  a  total  output  re- 
duced to  continuous  work  of  not  less  than  10,000  HP.;  third, 
the  avoiding  of  building  dams  outside  of  large  seaports;  and, 
lastly,  the  necessity  for  keeping  the  length  of  the  dam  within 
reasonable  limits.  In  all  the  stations  thus  selected,  the  half- 
tide  system  working  at  a  constant  head  for  three  hours  in 
every  twelve  was  adopted,  and  power  factor  is  the  value  of 
the  total  power  output  reduced  to  a  continuous  average 
throughout  both  the  monthly  and  daily  cycles. 

Within  these  limitations  it  was  found  that  21  bays  and 
estuaries  were  available,  ranging  from  a  maximum  at  the 
mouth  of  the  Severn,  with  a  total  average  horsepower,  reduced 
to  a  continuous  basis,  ot  437,000,  to  a  minimum  at  Fleetwood 
where  it  is  estimated  that  the  total  average  horsepower 
works  out  at  18,300.  The  grand  total  of  horsepower  thus 
available,  in  intermittent  power,  but  expressed  as  an  average 
continuous  power  factor,  gives  a  grand  total  of  2.263,000  HP. 
A  survey  of  the  tidal  power  possibilities  of  the  world  shows 
that  there"  are  not  many  localities  in  which  the  tidal  range  is 
sufficient  for  profitable  power  development.— Editorial  in  the 
Scientific  American. 

Drainage  as  a  Malaria  Control 
Measure 

Drainage  as  applied  to  malaria  control  is  quite  different 
from  the  usual  drainage  for  agricultural  purposes.  Lands 
drained  for  the  latter  purpose  frequently  produce  mosquito 
breeding  places.  In  the  Proceedings  of  the  Florida  Engineer- 
ing Society  is  contained  an  article  by  A.  Bresth.  in  which 
are  outlined  some  of  the  effective  measures  to  be  observed 
in  malaria  control  drainage.  The  following  notes  are  taken 
from    the   article. 

For  mosquito  eradication,  not  only  must  the  land  be  prop- 
erly drained,  but  the  drainage  ditches  must  be  so  planned, 
constructed  and  cared  for  that  they  will  not  become  a  source 
or   propagating  jilace   for   mosquitoes. 

As  a  general  rule  shallow  water  is  more  favorable  to  mos 
quito  production  than  deep  water.  A  depth  of  an  inch  is 
sufficient;  therefore  in  order  to  prevent  mosquito  breeding 
we  must  remove  all  the  water  or  make  conditions  unfavorable. 
The  mistake  is  frequently  made  of  constructing  ditches 
chiefly  for  disposing  of  storm  water  or  "flood  water."  no  pro- 
vision being  made  for  subsequent  conditions  when  the  normal 
water  line  is  reached,  which  condition  may  favor  mosquito 
propagation. 

Many  persons  think  that  mosquitoes  come  from  stagnant 
water  only,  but  as  a  matter  ot  fact  mosquito  larvae  are  often 
found  in  large  numbers  in  streams  having  a  fairly  good  cui- 
rent.  Oi  course,  along  the  shallow  banks  of  streams,  and 
irregularities  in  the  path  of  streams  where  eddies  may  form, 
the  velocity  is  markedly  decreased.  In  most  streams  many 
places  occur  where  the  Water  is  almost,  if  not  absolutely. 
without  current.  It  is  in  these  places  that  mosquito  propaga- 
tion is  found  to  occur. 

A  stream  should  be  made  to  have  steep  hanks  directly 


above  and  bclciw  the  tlow  line,  miitoini  grade  and  width,  and 
a  straight  course,  and  be  free  from  grass,  sticks,  stones,  or 
other  obstructions  that  would  interfere  with  the  current. 
These  conditions  are  seldom  found  in  nature,  but  the  nearer 
a  stream  approaches  them  the  less  mosquito  breeding  will 
be  found. 

There  are  two  principles  to  be  observed  in  the  construction 
of  ditches  or  drains  for  anti-mosquito   work: 

They  should  have  clean  cut,  sloping  edges,  narrow  bottoms, 
and  straight  courses,  it  po.«sible.  In  average  soils  the  slopes 
of  the  sides  of  ditches  should  be  about  45°.  In  sard  and 
mud  the  s'lope  is  flatter,  while  in  hard  clay  and  soft  rock  it 
may  be  almost  vertical.  The  lining  of  ditches  may  be  em- 
Ijloyed  in  cases  where  maintenance  of  open  ditches  is  ex- 
pensive. Lined  ditches  are  more  permanent,  easily  cleaned, 
recjuire  less  inspection,  and  are  ultimately  less  costly. 

Sub-surface  drainage,  in  connection  with  mosquito  con- 
trol, is  used  for  two  purposes; 

la)  To  lower  the  water  table  or  ground  water  so  that 
pools  of  surface  water  will  be  absorbed  more  rapidly  by  the 
soil. 

(b)  To  intercept  seepage  planes  and  prevent  seepage 
water  from  hillsides  reaching  and  collecting  on  the  surface 
of  the  ground. 

The  advantage  of  sub-surface  drain,  as  compared  to  the 
open  ditches,  is  that  it  is  self-cleaning,  maintains  itself,  per- 
mits of  rapid  inspection,  needs  very  little  attention,  requires 
no  oiling,  and  permits  no  exposure  ot  water  accessible  to 
mosquitoes. 

AVhenever  the  topography  of  an  area  is  s^uch  that  there 
are  a  number  of  isolated  low  spots  which  have  no  surface 
outlet,  the  ordinary  methods  of  drainage  cannot  be  applied. 
In  a  geological  formation  such  as  in  Florida,  where  large 
fissures,  and  caverns  in  the  limestone  underlie  the  loam,  clay 
or  sand  which  forms  the  surface  mantle,  it  is  possible  to 
resort  to  what  is  termed  vertical  drainage.  This  is  accom- 
plished by  sinking  artificial  shafts  or  wells  into  the  ground 
until  this  porous  strata  is  reached.  Quite  frequently  \ve  find 
these  vertical  shafts  in  nature  and  they  are  commonly  desig- 
nated as  sink  holes.  This  method  is  very  successful  where 
provision  is  made  to  prevent  the  vertical  channel  from  being 
clogged  by  silt.  sand,  and  debris.  In  every  case  a  sanitary 
survey  of  the  drainage  area  should  be  made  to  see  if  any  of 
this  drainage  comes  from  polluted  sources  and  if  the  city 
supply  or  local  water  supply  is  obtained  from  the  same  strata 
into  which  the  drainage  well  is  discharging. 

Collections  of  water  that  cannot  be  economically  drained 
should  be  filled  when  practicable.  In  making  fills  with  earth 
or  clay,  care  is  taken  not  to  leave  depressions  on  the  sur- 
face of  the  fill  that  may  hold  water,  and  the  bottom  of  the 
"borrow  pits"  should  be  made  self  draining.  Porous  mate- 
rial, such  as  cinders,  is  very  good  for  filling  ground.  In  the 
vicinity  of  lumber  mills,  waste,  sawdust  and  shavings,  are 
available  in  quantity,  and  when  used  for  filling'  should  extend 
several  inches  above  the"  surface  of  the  ground  to  allow  for 
shrinkage. 

Oiling  ot  water  surfaces  as  an  anti-malaria  measure  should 
be  supplementary  to  proper  drainage.  When  funds  are  not 
available  for  drainage  mosquito  propagation  can  be  largely 
controlled  by  oiling. 

The  ob.ject  to  be  attained  in  using  petroleum  or  other  oils 
is  to  destroy  larvae  of  mosquitoes.  To  attain  this  the  sur- 
face ot  the  water  must  be  completely  and  continuously  cov- 
ered with  a   film  of  oil. 

The  effects  thus  produced  in  preventing  mosquito  breed- 
ing are; 

1  Where  mosquito  larvae  are  present,  such  larvae  can  not 
penetrate    the    oil    film    with    their    breathing    tubes    and    so 

drown   and   die. 

2  Mosquitoes  do  not  lay  eggs  on  the  oiled  surface  ot  water. 
There  are  many  grades  of  oil  on  the  market  that  will  serve 

for  mosouito  destruction,  ranging  from  the  very  light  oils, 
such  as  kerosene  to  the  heavier  oils,  known  as  crude  oil. 
The  disadvantages  of  using  oil  are  rapid  evaporation,  high 
cost,  and  possible  waste  due  to  the  invisible  oil  film  formed. 
It  has  three  advantages.  It  forms  a  thin  film;  it  spreads 
rapidly  and  it  is  readily  obtained  in  small  or  large  quantities. 
When  drainage  is  impossible,  and  oiling  is  ineffective  or 
costly,  the  number  of  mosquitoes  may  be  kept  down  by  in- 
troducing fish  into  the  pools,  streams  and  ditches.  In  Florida, 
a  top  minnow.  Gambusia  Affinis,  is  very  effective  in  the  con- 
trol  of  mosquitoes. 
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Results  of  Run-off  Experiments 
With  Muck  Soil 

Experiments  having  for  their  object  the  determinatiim  of 
a  reliable,  reasonable,  economical  run-off  for  providing  tliat 
degree  of  drainage  considered  advisable  for  the  Everglades  of 
Florida,  conducted  by  the  Everglades  Drainage  District,  were 
described  by  Mr.  F.  C.  Elliott  in  a  paper  presented  at  the  last 
annual  meeting  of  the  Florida  Engineering  Society.  An  ab- 
stract of  the  paper  follows: 

Principal  Factors  Investigated.— In  arriving  at  final  results 
the  follov.ing  principal  factors  entering  into  the  problem 
were  investigated: 

1.  Storage. — Determining  the  storage  or  absorption  value 
of  muck  soil  under  actual   field  conditions. 

2.  Evaporation. — Determining  the  amount  of  evaporation 
from  such  soil  including  transpiration  of  water  from  vegeta- 
tion growing  upon  it. 

'i.  Water  Table. — Determining  the  most  advantageous 
water  table  for  the  growing  of  crops,  combined  with  a  hi.iih 
degree  of  flood  protection. 

4.  Subsidence. — Determining  soil  subsidence,  the  effect 
of  the  water  table  and  land  tillage  upon  the  same,  and  the 
degree  to  which  subsidence  should  be  compensated  for  in 
ditcli  construction. 

Each  ot  the  subjects  above  named  have  a  direct  and  im- 
portant bearing  upon  drainage  and  ditch  design.  Of  the 
above,  1  and  2  have  been  determined  within  reasonably  close 
limits:  3  and  4  show  decided  general  tendencies,  but  experi- 
ments and  observations  thus  far  have  not  given  results  re- 
ducible to  figures,  nor  can  they  be  set  down  within  closely 
defined  limits 

Apparatus  Used  in  the  Experiment. — The  apparatus  for 
conducting  these  experiments  consists  of  a  sheet  iron  box 
2  ft.  square  and  4  ft.  deep,  the  seams  being  riveted  and  sold- 
ered to  secure  perfect  water  tightness.  To  the  outside  of  the 
box  is  attached  a  water  gage  glass  extending  vertically  from 
top  to  bottom  and  connected  with  the  box  by  a  valve  at  the 
bottom  and  a  pipe  nipple  at  the  top.  The  glass  has  a  gage 
divided  into  inches  reading  zero  at  the  top  and  graduated 
downwarf..  corresponding  to  depths  below  the  surface  of  the 
soil.  The  box  rests  near  the  ground  and  is  enclosed  and  pro- 
tected by  a  lattice  against  the  rays  of  the  sun.  A  section  of 
muck  soil  in  its  natural  condition  was  placed  in  the  box. 
filling  it  level  full.  Some  suitable  vegetable  growth,  in  this 
instance  Augustine  grass  and  Bermuda  grass,  was  planted 
and  water  added  to  the  box  to  bring  the  water  table  to  a  con- 
venient starting  point.  In  conjunction  with  the  soil  box  a 
rain  gage  is  observed.  Soil  water  levels  are  recorded  from 
test  holes  in  the  natural  muck  soil  at  the  station.  Water 
evaporation  pans  are  also  kept  for  comparison  of  evapora- 
tion between  water  surface  and  losses  from  evaporation  and 
transpiration  from  the  soil  box. 

How  the  Experiments  Were  Conducted. — The  experiments 
were  co-ordinated  as  nearly  as  practicable  with  actual  field 
conditions  as  observed. 

The  operation  of  the  box  is  as  follows:  The  water  gage  is 
read  and  tabulated  as  inches  depth  from  the  surface  of  the 
soil,  records  being  taken  each  morning  and  after  such  rains 
as  require  additional  measurements.  Observance  is  made 
upon  the  growing  vegetation.  The  rain  gage  is  read  and  re- 
corded.    The  level  of  water  in  the  test  hole  is  recorded. 

The  philosophy  of  the  foregoing  is  as   follows: 

■Water  can  enter  the  box  only  through  rainfall.  This  is 
measured  by  means  of  the  rain  gage.  Water  can  escape  from 
the  box  only  by  (a)  evaporation,  which  is  measured,  and  fbl 
drawing  off  water  through  the  valve  at  the  bottom  of  the 
box.  which  represents  drainage. 

Under  the  term  "evaporation"  is  inchuied  all  the  loss  of 
waier.  by  evaporation  direct  from  the  soil  and  transpiration 
through  the  vegetal  cover. 

The  effect  of  evaporation  upon  the  soil  is  disclosed  by  the 
lowering  of  the  water  table  and  of  course  rainfall  produces  a 
rise  in  the  water  table.  The  rain  gage  measures  the  amount 
of  rain,  and  the  water  glass  on  the  soil  box  shows  the  rise  in 
the  water  table  due  to  that  rain.  By  numerous  repetitions 
fliere  is  dii-closed  a  ratio  between  rainfall  and  rise  of  water 
tab'.e.  and  likewise  a  ratio  between  evapor:ition  and  the  lower- 
ing ol  the  water  table.  The  following  for  instance  would  be 
an  observation  of  a  hypothetical  case:  On  the  morning  of 
a  given  date  the  soil  box  gage  shows  -32  in.,  which  is  a  water 


table  reading.  During  the  day  a  rain  of  .6  in.  is  recorded. 
On  the  next  morning  the  gage  shows  29  in.  Ignoring  evapora- 
tion for  the  moment  it  appears  that  13  in.  of  soil  were  required 
to  store  or  absorb  .6  in.  of  rain. 

To  determine  the  evaporation  which  took  place  from  the 
soil  daily  and  for  the  month,  the  rainfall  is  gaged  for  the 
month  and  at  the  end  of  the  period  water  is  either  added  to 
or  drawn  from  the  box  to  restore  the  water  table  to  the  same 
level  as  at  the  beginning  of  the  month.  In  addition  to  the 
amount  of  water  added  or  drawn  off.  allowance  is  made  for 
rainfall.  Whereupon  the  water  which  entered  the  box,  hav- 
ing been  measured,  is  a  known  quantity,  the  amount  drawn 
off  as  drainage,  if  any,  being  measured  is  a  known  quantity, 
it  follows  that  the  quantity  not  otherwise  accounted  for  rep- 
resents evaporation.  Through  the  conduct  of  the  experiments 
the  storage  value  of  the  soil  is  also  ascertained.  After  the 
experiments  progressed  for  several  months  and  reliable  fac- 
tors were  obtained  for  reducing  the  amount  of  evaporation 
from  soil  readings  to  actual  depths  and  vice  versa,  the  boxes 
were  permitted  to  operate  as  nearly  as  possible  under  con- 
ditions imposed  by  nature  and  their  behavior  thereunder  was 
observed  and  recorded.  This  brief  reference  to  the  use  of 
the  experimental  apparatus  will  suffice  to  afford  information 
by  which  the  accompanying  diagram  may  be  analyzed. 

What  the  Drainage  Experiment  Diagram  Shows. — Referring 
to  the  diagram  the  following  conventions  are  used: 

Inches  of  depth  are  plotted  as  ordinates. 

Time  elements  are  plotted  as  abscissas. 

The  shaded  horizontal  line  represents  ground  surface. 

The  line  4  represents  rainfall  in  inches,  that  part  below  the 
surface  line  representing  the  trace  of  the  water  table  begin- 
ning at  .50  in.  below  ground.  This  line  represents  a  water 
movement  with  no  loss  from  any  source.  It  is  purely  a  hypo- 
thetical line  plotted  for  the  purpose  of  aiding  in  graphically 
developing  other  lines,  which  are  in  part  resultants  of  the 
rainfall  curve. 

The  diagonal  lines  5  represent  evaporation  curves  for  their 
respective  months. 

The  broken  line  6  is  a  resultant  of  rainfall  and  evaporation. 
This  line  shows  what  would  have  occurred  in  the  soil  with 
an  initial  soil  water  level  at  50  in.,  under  the  prevailing  rain- 
fall and  evaporation  conditions,  but  with  no  drainage  taking 
place. 

The  broken  line  7  represents  combined  rainfall  as  it  pre- 
vailed and  drainage  as  expressed  by  the  factors  in  the  follow- 
ing table  for  varying  depths: 

ASSUMPTION"  FOR  DRAIN'AGE. 

Water  level                                Cu.  ft.  per  Depth  inclies  per  24  hours. 

helow  bank.  .second  per 

In.                                       square  mile.     Neat  inches.  Soil    equiv. 

12 ?1.2                        .80  4.0 

18 17.8                        .67  3.4 

24 14.5                          .54  2.7 

30 n.5                         .43  2.2 

36 8.5                        .32  1.6 

42 6.0                        .23  1.2 

48 4.2                        .16  .80 

50 3.S                        .14  .70 

The  solia  shaded  line  8  represents  the  resultant  of  three 
forces,  rainfall,  evaporation,  and  drainage,  each  acting  in 
manner  and  degree  as  shown  by  their  respective  curves  under 
the  conditions  prevailing.  The  factor  used  in  conversion  of 
neat  measurements,  of  rainfall,  evaporation  and  drainage  to 
sub-surface  equivalents,  is  the  ratio  1  to  5.  This  expression 
represents  the  water  movements  in  the  soil  resulting  from 
rainfall  or  evaporation  measured  directly  in  inches.  This  ratio 
was  developed  from  soil  experiments,  and  indicates  that  in  a 
fairly  compact  muck  soil  after  drainage,  cultivation  and  crop- 
ping for  three  or  four  years,  each  inch  of  rainfall,  drainage 
or  evaporation  will  affect  the  water  table  five  fold.  As  above 
stated  therefore,  readings  below  surface  are  expanded  five 
times  from  actual  readings  in  inches  expressing  neat  quanti- 
ties. The  ratio  of  1  to  5  is  subject  to  a  variation  of  5  per  cent 
in  either  direction. 

Field  observations  indicate  that  a  depth  to  water  table  of 
50  in.  is  favorable  to  drainage,  and  to  agriculture.  A  base 
lino  50  in.  below  the  surface  line  is  therefore  used,  from  which 
to  plot  vertical  measurements. 

The  diagram  relates  its  own  story.  The  line  4  shows  that 
during  July,  August,  September  and  October,  there  were  29. S2 
in.  rainfall.  The  peak  period  was  from  Sept.  15  to  Oct.  5,  dur- 
ing which  20  days  13'.17  in.  ot  rain  fell.  The  line  G  represent- 
ing the  resultant  of  rainfall  and  evaporation,  shows  that  9(5 
days  were  required  to  bring  the  water  to  the  surface  under  a 
rainfall  of  23, vS  in.     The  total  amount  lost  bv  evaporation  and 
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trauspiration  lor  the  four  months'  period  was  1().52  in.  The 
remainder  of  the  rainfall,  U.SO  in.,  was  the  amount  necessary 
to  be  removed  by  drainase  in  reducing  the  ground  water  level 
to  the  original  depth.  Taking  the  period  from  Sept.  15  to  Oct. 
5,  oi  the  i:{.17  in.  of  i)recipitation,  air  losses  represent  2.65  in., 
or  slightly  more  than  .IM  in.  per  day.  The  chief  value  of  evap 
oration,  therefore,  appears  to  be  not  the  particular  amount  of 
water  which  will  be  removed  from  the  soil  during  the  actual 
time  of  the  flood,  but  rather  its  cumulative  effect  in  prepar- 
ing the  soil  for  the  reception  of  water  before  the  Mood  comes, 
and  after  it  passes;  in  other  words  its  augmenting  effect  on 
soil  storage.  The  broken  line  7  representing  the  resultant  of 
rainfall  and  drainage,  shows  that  drainage  in  amounts  indi- 
cated by  the  table,  but  with  no  allowance  for  evaporation, 
would  have  kept  the  water  entirely  below  ground,  the  level 
reaching  the  maximum  of  15  in.  on  Oct.  5,  after  which  it  Went 
down. 

The  shaded  line  S  representing  the  resultant  of  evaporation, 
drainage,  and    rainfall,   under   the  conditions   imposed   during 


lion  of  dollars  and  cents,  the  general  proposition  being  to 
afford  the  maximum  flood  protection  consistent  with  cost  of 
such  system,  and  the  ability  of  the  district  to  bear  the  cost 
burden.  As  the  district  develops  and  becomes  financially  able 
to  incur  larger  expenses  the  drainage  system  may  be  enlarged 
if  advisable  by  way  of  improvement  rather  than  as  an  initial 
necessity. 

Storage  Capacity  of  Muck  Soil. — An  important  disclosure 
shown  by  the  experiments  is  that  muck  soil  has  a  very  im- 
portant and  valuable  storage  capacity  when  the  water  table 
is  at  a  favorable  level.  The  records  of  the  soil  boxes  showed 
in  the  beginning  on  virgin  muck  soil  that  each  3  in.  of  soil 
above  water  level  was  capable  of  storing  1  in.  of  rain.  Later 
after  the  soil  became  more  compact  by  tillage  and  drainage, 
the  storage  factor  was  reduced  to  1  to  4,  and  finally  to  the 
ratio  of  1  to  5,  which  latter  has  been  maintained  for  the 
past  three  years.  It  is  probable  that  further  reduction  of 
storage  value  would  take  place  in  time,  and  conservative 
drainage    design    would    require    taking    this    probability    into 
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the  months,  July.  August,  September  and  October  of  1920, 
brings  out  the  value  of  evaporation  in  conjunction  with  soil 
storage  and  drainage  for  affording  increased  flood  protection. 
It  may  here  be  stated  that  only  the  above  four  months  have 
been  used  because  they  represent  the  heavy  rainfall  period 
producing  most  nearly  Hood  conditions.  Furthermore,  tor  the 
past  six  years,  during  which  those  experiments  have  been 
conducted  representing  upwards  of  11,000  recorded  observa- 
tions, this  was  the  first  season  of  a  nature  to  afford  the  infor- 
mation desired,  it  being  the  only  one  which  has  nearly  enough 
approached  the  severe  flood  condition,  and  as  the  determina- 
tion of  drainage  load  rests  w'ith  ascertaining  the  maximum 
load,  the  ordinary  or  average  run  offs  is  of  little  or  no  conse- 
quence in  designing  a  drainage  sytem.  We  are  interested  here 
with  the  peak  load,  and  though  the  past  season  can  not  be 
said  to  have  afforded  rainfall  sufficient  to  produce  a  maximum 
flood,  yet  it  was  an  unusually  severe  season,  being  by  far  the 
heaviest  since  1912,  and  the  data  taken  can  be  relied  upon 
under  the  conditions  imposed.  Furthermore,  knowing  the  in- 
tensity of  the  rain  storms  during  the  past  rainy  season,  and 
the  intensity  of  storms  of  other  rainy  seasons,  opportunity 
is  afforded  to  determine  by  comparison  the  needs  as  dictated 
by  other  storm  periods,  and  thereby  to  forecast  probable  fu- 
ture requirements.  Again  it  is  not  intended  to  provide  a  run- 
off capacity  sufficient  to  prevent  overflow  under  the  maximum 
flood  condition,  which  is  likely  ever  to  occur  in  the  Everglades. 
The  intention  is  to  provide  as  much  safety  against  overflow- 
as  agricultural  needs  require  under  an  economical  and  prac 
tical  plan  of  drainage.  To  provide  such  an  adequate  and  elab- 
orate drainage  system  as  would  take  care  of  the  severest 
storms  ever  likely  to  occur,  would  mean  an  expenditure  far 
beyond  the  ability  of  the  drainage  district  in  its  early  stages 
to  bear.     The  degree  of  drainage,  therefore,  is  largely  a  ques- 


consideration.  The  factor  of  1  to  5  is  here  used  for  the  rea- 
son thai  the  intention  was  to  set  down  the  observed  results 
from  actual  cases.  Later  on  a  hypothetical  case  will  be  sug- 
gested, which  would  appear  to  be  warranted  by  the  data  at 
hand. 

On  the  assumption  of  water  table  at  50  in.  as  the  work- 
ing level  to  start  with,  and  the  soil  in  fair  tillage  condition, 
the  same  is  capable  of  temoprarily  storing  10  in.  of  rain  to 
the  saturation  point.  The  amount  capable  of  being  tempo- 
rarily held  between  the  saturation  point  and  the  drained 
point  by  no  means  represents  the  total  amount  of  water  in 
the  soil.  This  is  simply  the  difference  between  the  saturated 
condition  and  the  drained  condition.  It  is  the  gravity  water 
of  the  soil.  There  further  remains  in  the  soil  a  large  rela- 
tive amount  of  water  which  is  not  suspectible  of  abstraction 
through  drainage,  but  which  is  readily  available  in  greater 
part  for  plant  growth  and  for  evaporation.  This  is  capillary 
water.  There  still  remains  a  small  residue  of  moisture  as 
hygroscopic  water,  not  susceptible  of  removal  by  natural 
processes,  of  no  import  as  far  as  drainage  is  concerned.  Water 
of  capillarity,  though  of  first  importance  for  agricultural  pur- 
poses, is  of  secondary  importance  in  so  far  as  drainage  is 
concerned.  Even  though  the  capillary  water  content  is  re- 
duced during  the  spring  before  the  rainy  season  comes  on, 
the  first  heavy  rains  will  restore  this  part  of  the  soil  water, 
and  thereafter  the  absorptive  power  of  the  soil  is  confined 
to  gravity  water  only.  The  value  of  capillary  action  lies  in 
its  assistance  in  reducing  the  water  table  by  its  draft  upon 
the  same  for  supplying  evaporation  and  transpiration  needs. 
It  does  not  necessitate  intricate  analysis  to  show  that  this 
storage  coupled  with  other  favorable  hydrological  conditions 
in  muck  soil  is  of  great  value  from  a  drainage  and  flood  pro- 
tection standpoint.    An  examination  of  the  diagram  on  which 
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are  graphically  shown  the  records  from  the  cases  under  ob- 
servation, suggest  certain  things  as  corollary  to  the  principal 
proposition,  some  of  which  may  he  stated  as  follows: 

1.  The  storage  capacity  of  muck  soil  is  a  valuable  drain- 
age factor. 

2.  The  value  of  this  storage  varies  directly  as  the  depth 
of  soil  above  the  water  table. 

:;.  The  storage  capacity  of  the  soil  under  favorable  water 
table  conditions  will  permit  taking  advantage  of  evaporation 
to  assist  drainage. 

4.  That  in  designing  a  drainage  system  for  muck  land,  ac- 
count may  be  taken  of  the  storage  value  of  the  soil,  provided 
ditches  of  relatively  deep  section  are  used  and  at  sufficiently 
close  intervals  to  secure  a  good  depth  of  water  table  and 
for  restoring  and  preserving  the  storage  value  of  the  soil. 
This  operation  will  approach  in  its  nature  sub-surface  drain- 
age. 

5.  That  soil  storage  tends  to  equalize  run-off  and  the  effect 
of  the  same  will  extend  to  the  main  canal  system  as  well  as 
to  the  lateral  system. 

6.  That  deep  soil  above  water  table  is  a  tremendous  pro- 
tection against  flood. 

It  may  be  interesting  to  know,  in  connection  with  the  ex- 
periments, that  in  a  certain  section  of  the  Everglades  imme- 
diately south  of  Lake  Okeechobee  where  the  main  canals  had 
been  provided,  but  where  no  laterals  had  been  dug  the  water 
table  in  July,  1920,  was  at  practically  4  ft.,  and  that  under 
the  rainfall  conditions  which  prevailed,  and  as  shown  by  the 
diagram,  combined  with  the  condition  due  to  complete  ab- 
sence of  lateral  ditches,  and  therefore  the  absence  of  drain- 
age, except  an  entirely  negligible  amount  due  to  deep 
seepage,  there  occurred  precisely  the  thing  shown  on 
the  diagram  by  the  evaporation  line.  That  is  to  say,  the  rain 
which  fell  and  which  soaked  into  the  ground,  having  no  way 
of  escape,  gradually  accumulated  through  successive  rains, 
finally  reaching  the  saturation  point,  and  thereafter  the  sur- 
plus water  which  could  not  soak  in  and  did  not  evaporate, 
stood  upon  the  ground.  The  date  on  which  water  first  ap- 
peared on  the  surface  in  the  field  was  two  days  later  than 
the  date  developed  from  plotting  the  records  on  the  diagram 
taken  from  the  soil  box  experiments.  In  other  words  the 
behavior  of  the  soil  boxes  was  the  same  as  the  behavior  in 
the  field,  and  to  that  extent  results  with  the  soil  boxes  are 
supported  by  the  concordant  behavior  in  the  field  under  the 
similar  conditions  prevailing. 

Effect  of  Soil  Subsidence  on  Drainage  Water. — Over  selected 
areas  in  the  Everglades,  level  lines  have  been  run  from  time 
to  time  to  determine  the  amount  of  soil  settlement.  During 
the  past  six  years  subsidence  has  taken  place  generally  over 
the  upper  Everglades  on  the  land  drained  or  partly  drained 
and  varying  in  amount  from  2  to  3%  ft.  according  to  depth 
of  soil,  character  of  the  muck,  extent  of  cultivation,  and 
depth  of  normal  water  table. 

Shrinkage  of  soil  takes  place  through  three  dimensions, 
but  (he  resultant  of  all  three  is  inevitably  downward.  The 
resuliing  subsidence  diminishes  ditch  capacity  principally 
in  two  ways.  First,  and  most  important,  by  the  material  re- 
duction in  ditch  section  through  diminished  depth  of  ditch. 
Second,  by  reducing  the  slope  or  grade  of  the  ditch.  In  the 
first  case  we  will  suppose  that  since  the  original  cutting  of 
the  ditch  5  ft.  deep,  a  soil  subsidence  of  2  ft.  has  taken  place. 
The  result  of  this  subsidence  is  literally  that  there  remains  a 
ditch  3  ft.  deep,  which  originally  had  a  depth  of  5  ft.  This 
is  no  more  and  no  less  than  the  actual  result  for  the  reason 
that  .-subsidence,  in  so  far  as  we  have  been  able  to  observe, 
takes  place  from  the  surface  downward,  and  is  confined  al- 
mcst  entirely  to  the  zone  above  water  level.  No  discussion 
i>  needed  to  disclose  the  serious  nature  of  this  action  upon 
a  drainage  system  constructed  without  ample  provision  to 
cOiTipensate  for  this  loss  by  soil  subsidence. 

in  the  second  case  the  degree  of  effect  upon  the  drainage 
works  and  its  import  depends  upon  whether  or  not  the  areas 
are  those  of  flat  low  sections  which  can  ill  afford  to  lose 
even  this  small  elevation,  and  which  will  thereby  suffer  by 
redr.ced  velocities  of  flow  from  the  flattened  grades.  With 
reference  to  subsidence,  the  ultimate  extent  to  which  this 
may  take  place  on  muck  soil  has  not  yet  been  determined 
for  the  Everglades.  It  appears  to  depend  largely  upon  depth 
ot  the  muck  soil  at  least  up  to  12  or  14  ft.  In  sections  where 
soil  was  10  to  12  ft.  deep,  which  has  been  drained  or  partly 
so,  there  shows  for  the  past  six  years,  as  has  already  been 
stated,  a  settlement  of  2  to  3%  ft.  In  the  light  of  existing 
conditions,    and    through    experiences    elsewhere    on    similar 


soils  a  total  subsidence  of  4  to  G  ft.  in  10  to  12  years  more 
under  drainage  and  cultivation  does  not  seem  improbable. 
For  soils  of  given  depths  the  amount  and  rate  of  subsidence, 
our  experiments  disclose,  are  largely  affected  by  the  depth 
of  water  table.  The  deeper  the  greater  and  more  rapid  the 
subsidence,  and  the  shallower  the  slower  the  settlement. 
Therefore,  too  deep  drainage  should  be  guarded  against.  And 
this  not  only  from  the  standpoint  of  subsidence,  but  also 
because  muck,  when  it  becomes  too  dry,  has  the  peculiar 
property  of  resisting  the  reabsorption  of  moisture,  the  con- 
tinual replenishing  of  which  is  necessary  to  optimum  plant 
growth. 

The  kind  and  intensiveness  of  cultivation  of  the  land  also 
affects  both  the  amount  and  the  rate  of  subsidence,  and  this 
factor,  too,  must  be  considered  in  designing  a  drainage  sys- 
tem. The  above  appear  from  our  experiments  to  be  the  two 
chief  factors  producing  soil  subsidence;  to  wit:  depth  of 
water  table  and  intensiveness  of  cultivation.  There  are  doubt- 
less many  other  contributing  causes  such  as  oxidation,  ad- 
vanced soil  decomposition,  etc.,  the  combination  of  all  re- 
ijuiring  careful  handling  of  much  soil  undergoing  drainage. 
Nature's  changes  are  slow  and  orderly.  The  artificially  in- 
duced and  sudden  metamorphosis  from  water  area  to  land 
area  is  bound  to  be  accompanied  by  consequences  which 
should  receive  close  observation  and  continual  watchfulness. 
The  idea  commonly  entertained  that  muok  soil  through  drain- 
age is  sub,iect  to  only  a  few  inches  subsidence,  is  a  completely 
exploded   theory. 

Drainage  Layout  for  Muck  Soils.— Based  on  observation  of 
muck  soil  under  the  condition  met  with  in  the  Everglades, 
the  following  conforms  to  the  author's  opinion  of  a  satis- 
factory drainage  layout  i:or  muck  land  such  as  heretofore 
described.  Discharge  capacities  are  represented  by  the  equa- 
12 

lion    D  = (-16.      Under   the    following   assumptions: 

l-f  V  A 
"D"  equals  discharge  in  cubic  feet  per  second  per  square 
mile;  "A"  equals  area  in  square  miles;  Maximum  water  level 
in  ditch,  1  ft.  below  ground  surface:  Depth  of  lateral  ditches 
not  less  than  5%  ft.;  Reduction  of  water  level  before  begin- 
ning of  rainy  season,  to  not  less  than  50  in.  below  gi-ound  sur- 
face. Lateral  ditch  intervals,  not  over  %  mile.  Faim  ditch 
intervals  not  over  660  ft.,  depth  not  less  than  4^4  ft.  Farm 
drains  according  to  needs— 110  ft.  suggested  interval.  The 
foregoing  refers  to  the  collecting  system.  The  larger  ditches 
should  be  sufficient  of  course  to  carry  the  water  brought  to 
them  by  the  smaller  ditches;  the  same  equation  is  applicable. 
The  above  further  necessitates  giving  due  consideration  to 
soil  subsidence  and  the  building  of  the  ditches  and  canals 
suflSciently  deep  to  compensate  for  loss  from  this  source.  In 
virgin  muck  soil  8  ft.  or  more  in  depth  the  ditches  should  be 
cut  S  ft.  deep  in  order  to  have  as  much  as  .5%  ft.  after  3  or 
4  years  of  drainage  and  cultivation,  and  this  minimum  depth 
of  5%  ft.  must  be  preserved,  and  can  be  through  mainte- 
nance from  time  to  time.  Where  partial  subsidence  has  al- 
ready taken  place  allowance  may  be  made  accordingly. 

Ditches  within  reasonable  limits  and  where  practicable 
should  be  deep  and  narrow  rather  than  broad  and  shallow. 
The  sides  should  be  as  steep  as  the  nature  of  the  material 
will  allow.  Side  slopes  of  %  to  1  stand  very  well  in  ordinary 
muck.  The  steeper  the  sides,  the  less  trouble  from  weed 
growth,  which  is  the  most  serious  source  of  ditch  deteriora- 
tion in  muck  soil. 

There  are  numerous  other  considerations  in  addition  to 
that  of  maximum  drainage  eflSiciency,  which  will  influence 
ditch  design.  The  existence  of  rock  at  4  to  5  ft.  below  sur- 
face would  probably  dictate  broader,  shallower  lateral  ditches 
to  eliminate  costly  rock  digging,  but  having  greater  discharge 
capacity.  Also  the  matter  of  practical  construction  should 
always  be  borne  in  mind.  Ditches  of  odd  sizes,  requiring 
many  different  sizes  of  machines  to  excavate,  would  almost 
certainly  be  more  expensive  than  a  system  made  up  of  stand- 
ard ditches  within  the  limits  of  the  fewest  different  types 
of  machines  to  dig,  and  not  only  first  to  dig,  but  forever  to 
maintain.  These  are  questions  merely  alluded  to  and  can- 
not be  discussed  here. 


Pointers  on  Painting  Steel  Water  Tanks.— In  a  discussion  of 
a  paper  presented  last  December  before  the  New  England 
Waterworks  Association,  Mr.  Henry  A.  Symonds,  consulting 
engineer,  Boston,  Mass.,  stated  that  the  secret  of  first  class 
painting  of  steel  tanks  was  to  be  sure  of  a  clean  surface  and 
to  rub  the  paint  out  to  a  uniformly  thin  film. 
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The  Relation  of  the  Engineer  to 
Public  Health  Work 

There  uppuais  to  be  luuth  unci-TtaiiUy  and  misunderstand- 
ing as  to  the  place  of  the  engineer  in  public  health  work. 
This  applies  not  only  to  the  average  citizen  but  also  to  en- 
gineers themselves.  "What  has  an  engineer  to  do  with  pub- 
lic health?"  is  a  question  frequently  asked,  according  to  C. 
M.  Baker,  Wisconsin  State  Sanitary  Engineer.  He  answers 
this  in  a  paper  presented  by  him  before  the  Engineering  So- 
ciety at  Wisconsin  at  its  recent  annual  meeting.  The  fol- 
lowing nuUerial  is  taken  from  his  paper. 

Engineers  have  been  employed  in  the  United  States  Public 
Health  Service  for  not  to  exceed  ten  years,  but  it  is  only 
within  the  last  three  or  four  years  that  any  appreciable  num- 
ber of  engineers  have  been  engaged  in  public  health  work 
with  the  federal  government. 

The  Organization  for  Public  Health  Betterments.— The 
foundation  of  any  organization  for  the  betterment  of  public 
health  consists  of  a  statistical  department  where  all  vital 
and  morbidity  statistics  are  more  important  from  a  purely 
public  health  standpoint.  Without  these  statistics  there  is 
nothing  on  which  to  base  the  work. 

The  aim  and  object  of  all  public  health  work  is  to  prevent 
disease,  but  the  matter  of  prevention  depends  upon  the  char- 
acter of  the  disease.  This  necessitates  a  careful  study  of 
these  statistics  in  order  to  determine  which  diseases  are 
prevalent  and  where  they  exist,  also,  in  some  instances,  pos- 
sible causes.  A  department  of  preventable  diseases  to  de- 
termine which  diseases  are  preventable,  and  their  causes  con- 
constitutes  the  framework  of  the  organization,  while  the  body 
of  the  structure  consists  of  the  various  departments  organized 
for  executing  the  work  such  as  that  of  sanitary  engineering, 
industrial  hygiene,  child  welfare,  and  public  health  nursing. 
Covering  the  whole  structure  of  the  organization,  as  the  roof 
of  a  building,  should  be  a  department  of  education,  for  public 
health  work  to  be  successful  must  be  largely  educational. 
There  are  three  classes  of  preventable  diseases  with  which  a 
department  of  health  has  to  contend. 

(i)  Those  communicable  by  direct  infection  as,  menin- 
gitis, chickenpox,  smallpox,  diphtheria,  measles,  poliomyetitis, 
scarlet  fever,  tuberculosis,  whooping  cough,  venereal  dis- 
eases, etc. 

(2)  Those  communicable  by  indirect  infection  as  typhoid 
fever,  cholera,  and  other  intestinal  diseases,  typhus  fever, 
malaria,  yellow  fever,  plague,  hookworm,  etc. 

(3)  Those  preventable  but  non-communicable  as  the  oc- 
cupational and  industrial  diseases. 

The  Engineer  As  a  Factor  in  Public  Health  Work. — The 
control  of  the  first  class  of  these  diseases  is  principally  the 
work  of  a  physician,  but  the  control  of  the  last  two  classes 
depends  mainly  upon  work  of  an  engineering  character.  The 
intestinal  diseases  are  controlled  by  providing  adequate  sew- 
erage, pure  water,  milk  and  foods;  typhus  fever  by  extermina- 
tion of  lice  which  are  instrumental  in  transmitting  the  dis- 
ease; malaria  and  yellow  fever  by  drainage  and  mosquito 
eradication;  plague  by  rot  extermination,  and  hookworm  by 
proper  disposal  of  sewage;  while  the  industrial  diseases  are 
largely  controlled  by  modifications  in  the  process,  by  pro- 
viding adequate  ventilation,  etc.  It  is  thus  apparent  that 
the  engineer  is  an  important  factor  in  public  health  work, 
but  it  is  also  evident  that  a  physician  is  likewise  necessary. 

In  view  of  the  important  phase  of  engineering  w-ork,  some 
have  gone  so  far  as  to  contend  that  a  sanitary  engineer. 
trained  in  public  health  work,  is  better  qualified  as  a  health 
oflBcer  than  a  physician,  and  there  is  quite  a  strong  feeling 
that  engineers,  properly  trained,  are  at  least  fully  as  well 
qualified. 

Why  Physicians  Predominate  in  Public  Health  Work. — In 
the  beginning  of  modern  public  health  work  there  were  only 
a  few  sanitary  engineers,  and  this  work,  because  of  its  char- 
acter, was  naturally  associated  with  the  work  of  a  physician. 
Physicians,  therefore,  took  up  and  pushed  this  line  of  work 
in  its  inception,  frequently  because  of  their  interest  in  public 
affairs,  an  interest  which  I  regret  to  say  has  not  been  very 
prominent  in  the  past  among  engineers,  or  at  least,  if  en- 
gineers have  been  Interested,  they  have  been  very  inactive. 
Another  very  important  reason  for  the  majority  of  health  of- 
ficers being  doctors  is  that  every  small  community  has  Its 
physician,  while  even  now  sanitary  engineers  are  compara- 
tively few,  and  aside  from   the  engineer  there  are  probably 


no  other  iiidividuiiis  so  well  qualified  for  public  health  work 
as  physicians.  The  most  logical  procedure,  therefore,  has  been 
to  appoint  physicians  as  local  health  officers.  Necessarily, 
therefore,  the  medical  profession  predominates  in  public 
health  work.  This  should  not  be  misconstrued.  Neither  a 
sanitary  engineer  nor  a  physician,  as  such,  is  fully  qualified 
to  become  a  health  officer  until  he  has  had  special  training 
or  experience,  but  their  preliminary  training  is  basis  for  pub- 
lic health  work.  In  other  words  they  are  more  qualified  than 
others  to  take  up  this  work. 

That  sanitary  engineers  can  become  efficient  health  officers 
has  been  thoroughly  demonstrated,  but  the  number  engaged 
in  this  profession  is  so  small  compared  with  those  engaged 
in  the  medical  profession  that  the  sanitary  engineer  can  make 
but  a  very  small  impression  upon  public  health  work  as  a 
whole. 

Whether  the  engineer  or  the  physician  should  be  in  execu- 
tive charge  of  public  health  administration,  depends  upon  the 
training  and  executive  ability  of  the  individual.  In  fact  any 
other  individual,  properly  trained,  may  become  an  efficient 
administrative  officer  in  public  health.  The  engineer  doubt- 
less receives  more  training  as  an  executive  than  a  physician. 
On  the  other  hand,  however,  the  physician  meets'  the  public 
to  a  greater  extent,  and  has  undoubtedly  been  more  active  in  / 
public  affairs  than  the  engineer,  and  furthermore,  because  of, 
the  preponderance  of  physicians,  it  is  only  logical  that  they 
predominate  in  public  health  work.  The  place  of  engineers  in 
this  work,  as  in  other  public  affairs,  depends  largely  upon  their 
activity  in  this  respect.  There  now  appears  to  be  a  move- 
ment among  engineers  to  become  more  active  in  general  pub- 
lic affairs.  If  this  duty  had  been  recognized  long  ago  by  en- 
gineers, they  would  undoubtedly  now  occupy  a  more  promi- 
nent position  in  the  eyes  of  flie  public. 

Relations  of  the  Engineer  to  Health  of  Community. — We 
have  discussed  the  work  of  the  engineer  directly  engaged  in 
public  health  work.  Let  us  now  consider  the  relation  that 
engineers  not  engaged  in  public  health  work  may  have  in- 
directly upon  the  health  of  a  community,  or  upon  health  or- 
ganizations. M'ater,  sewerage,  garbage  and  refuse  disposal, 
plumbing,  heating  and  ventilating,  and  industrial  hygiene  are 
some  of  the  most  important  subjects  affecting  public  health. 
They  are  also  primarily  engineering  subjects;  subjects  that 
are  being  daily  handled  by  engineers,  and  with  which  every 
engineer  comes  more  or  less  in  contact.  The  effect,  there- 
fore, that  the  engineer  has  upon  public  health  depends  largely! 
upon  the  manner  in  which  he  handles  these  problems.  Pur-" 
thermore,  by  taking  an  active  part  in  all  public  affairs  he  can 
increase  his  prestige,  and  because  of  his  training  he  should 
be  able  to  give  sound  advice  in  public  health  matters  of  an 
engineering  nature,  and  should  be  an  influence  for  the  im- 
provement of  health  in  his  community.  The  question  is,  what 
does  he  actually  do? 

Waterworks  are  designed  by  engineers;  the  source  of  sup 
ply  is  of  vital  importance  both  regarding  quantity  and  quality 

There  are  numerous  instances  where  engineers  have  de 
signed  and  constructed  sewers  so  as  to  discharge  without 
purification  into  a  stream  a  short  distance  above  a  water 
supply  intake.  Even  though  the  water  supply  ,is  purified, 
such  a  practice  increases  the  load  upon  the  purification  plant, 
and  very  materially  increases  the  potential  danger  that  al- 
ways exists  where  purification  must  be  relied  upon  to  remove 
dangerous  pollution  from  a  water.  Furthermore,  in  the  con- 
struction of  sewerage  systems,  there  appears  to  be  a  tendency 
among  engineers  to  provide  a  minimum  amount  of  purifi- 
cation. 

While  garbage  and  refuse  disposal  have  only  an  indirect 
bearing  on  public  health,  there  are  included  either  directly 
or  indirectly  in  all  health  departments,  and  are  wholly  en- 
gineering problems.  Plumbing  and  heating  and  ventilating 
are  also  engineering  problems  that  must  be  considered  by 
health  departments. 

It  has  been  previously  stated  that  educational  work  is  one- 
of  the  most  important  factors  in  public  health.  What  is  the 
engineer  doing  along  this  line?  When  the  consulting  engineer 
is  employed  to  design  a  waterworks  or  sewerage  system  for 
a  municipality,  does  he  always  give  proper  consideration  and 
impress  upon  the  municipality  the  sanitary  aspects  of  the 
problem?  Does  he  impress  upon  the  municipality  officials  the 
necessity  of  adequate  purification  of  the  water,  and  of  proper 
treatment  of  the  sewage?  Too  often  these  important  fac- 
tors are  neglected. 

Engineers  are.  of  course,  largely  guided   in   their  work  by 
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available  appropriations  and  by  the  direction  of  higher  of- 
ficials. In  this  way  they  are  frequently  hampered  and  are 
unable  to  carry  out  the  work  as  they  desire,  but  if  they  were 
more  insistent  as  a  whole  body  in  maintaining  a  higher  stand- 
ard of  work,  much  better  results  could  be  obtained.  Fre- 
quently a  water  purification  or  sewage  treatment  plant  is 
properly  designed  and  constructed  hy  an  engineer,  but  sub- 
sequent to  the  completion  of  this  structure  his  connection 
with  the  project  ceases  and  because  of  inefficient  operation, 
due  to  lack  of  knowledge  on  the  part  of  local  officials  the 
plant  is  a  failure;  as  a  result  of  which  both  public  health 
and  the  prestige  of  the  engineer  suffer.  For  his  own  pro- 
tection the  engineer  should  thoroughly  instruct  the  local  of- 
ficials in  the  operation  of  these  plants,  and  should  maintain 
certain  supervision  over  their  operation  for  some  time,  prob- 
ably a  year,  after  they  are  put  in  operation. 

It  may  seem  that  these  criticisms  are  too  severe.  Truly 
they  do  not  apply  to  all,  but  they  do  exist  to  such  an  extent 
that  many  public  health  officials  feel  that  engineers  as  a  body 
have  little  or  no  interest  in  public  health.  It  has  been  pointed 
out,  however,  that  engineering  plays  a  very  important  part  in 
public  health  work.  Obviously,  therefore,  the  engineer  can 
assist  greatly  in  developments  along  this  line.  If  engineers 
are  to  be  given  proper  consideration  in  this  line  of  work, 
however,  they  must  take  an  active  part  in  all  public  affairs, 
and  use  their  influence  in  the  betterment  of  sanitary  condi- 
tions, not  only  in  their  own  community,  but  also  in  connec- 
tion with  all  lines  of  work  with  which  they  come  in  contact. 
Merely  criticising  doctors  and  public  health  officials  for  not 
recognizing  the  importance  of  the  engineer  is  unjustifiable, 
and  will  not  assist  in  giving  the  engineer  the  prestige  that 
should   be  his. 


Stream  Pollution  in  Wisconsin 

Some  idea  as  to  the  extent  of  stream  pollution  in  Wisconsin 
is  conveyed  in  the  recent  report  of  the  Sanitary  Engineering 
Committee  of  the  Engineering  Society  of  Wisconsin  by  W. 
G.  Kirchoffer.  chairman.  This  report  states  that  there  are 
some  26  distinct  watersheds  comprising  the  drainage  area 
of  the  state  of  Wisconsin,  each  one  coursed  by  a  stream 
of  considerable  size.  Into  these  rivers  and  their  tributaries 
are  discharged  the  refuse  and  wastes  from  IGO  public  sewer- 
age systems,  (JO  pulp  and  paper  plants,  SO  or  more  pea  can- 
neries, .5.5  or  more  condenseries,  124  gas  plants  and  tanneries, 
60  state  and  county  institutions,  and  55  chemical  and  glue 
factories  and  woolen  mills,  making  a  total  of  594  definitely 
known  plants  contributing  to  the  pollution  of  Wisconsin 
waters.  These  are  in  addition  to  some  3,000  minor  waste 
disposal  plants,  such  as  those  in  connection  with  residences, 
stores,  offices,  public  buildings,  industrial  plants,  creameries, 
cheese  factories,  and  school  buildings,  which,  in  the  aggre- 
gate, are  a  factor  in  polluting  streams,  rivers,  lakes,  or  other 
sources  of  naturally  safe  water  supplies. 

About  53  out  of  160  communities  having  public  sewer  sys- 
tems have  provided  for  sewage  purification  by  treatment  sys- 
tems. The  majority  of  these,  however,  are  of  questionable 
efficiency  because  of  faults  in  design  and  operation.  A  small 
percentage  of  the  pulp  and  paper  plants  have  provided  for 
partial  purification  of  the  water-carried  wastes.  About  30 
per  cent  of  the  pea  canneries  have  satisfactory  treatment 
systems.  Approximately  50  per  cent  of  the  condenseries  dis- 
pose of  their  wastes  through  treatment  systems.  Approxi- 
mately 500  of  the  3.000  creameries  and  cheese  factories  em- 
ploy purification  systems  in  connection  with  their  waste  dis- 
posal. So  far  as  known  but  a  small  percentage  of  gas  plants 
and  tanneries  employ  purification  systems.  The  majority  of 
the  state  and  county  instittitions  dispose  of  their  sewage  in 
a  satisfactory  manner.  A  very  small  percentage  of  the  chem- 
ical and  glue  manufactories  and  woolen  mills  have  given  the 
purification  of  wastes  attention  in  the  way  of  providing  for  a 
satisfactory  degree  of  purification  prior  to  discharge  into 
rivers  and  streams  or  other  bodies  of  water. 

The  estimated  water-carried  wastes  from  the  60  pulp  and 
paper  mills  is  approximately  30,000,000  gal.  daily;  from  the 
pea  canneries  5,000,000  gal.  a  day;  from  the  55  condenseries 
',000,000  gal.;  from  the  124  gas  plants  and  tanneries  5,000,000 
-al.;  from  the  state  and  county  institutions,  nominal;  and 
from  the  55  chemical  and  glue  factories  and  woolen  mills, 
about   5,000,000   gal. 

In  addition  to  this,  the  minor  waste  disposals,  some  3,000 
m  number,  discharge  3,000,000  gal.  daily,  making  altogether 
a  total  of  sewage  and  waste  disposal  of  hu^e  proportions. 


Mosquito  Suppression  at  Cam- 
bridge, Mass. 

In  June,  1918,  the  city  council  of  Cambridge,  Mass.,  appro- 
liriated  $5,000  for  the  suppression  of  the  fly  and  mosquito 
nuisance.  The  U.  S,  Navy  Department  also  made  an  allott- 
ment  of  $1,000.  The  work  was  carried  out  under  the  direction 
of  L.  M.  Hastings,  city  engineer.  In  his  annual  reports  for 
1919  and  1920  Mr.  Hastings  gives  an  account  of  what  was 
(lone. 

Work  began  June  IS,  1918,  and  was  continued  until  Oct. 
18.  1918,  along  the  following  principal  lines. 

There  are  about  2,270  street  catch  basins  in  the  city.  These 
were  dosed  with  a  small  quantity  of  oil  regularly  every  two 
weeks,  giving  about  20,000  oilings  for  the  season. 

In  addition  to  these,  about  30  ponds  and  pools  in  which  it 
was  likely  that  mosquitoes  would  be  propagated  were  oiled 
nine  times  during  the  season.  Prior  to  this  oiling,  large  areas 
of  heavy  growth  of  sedge  and  rank  grass  were  cut  on  the 
borders  of  the  ponds.  In  all  about  2,200  gal.  of  fuel  oil  was 
used  in  the  various  ways  mentioned. 

In  three  sections,  lands  which  were  low  and  covered  with 
shallow  water  were  drained  by  ditching  and  the  construction 
of  culverts.  In  this  work  about  5,900  ft.  of  ditching  was  dug 
and  about  200  ft.  of  wooden  culvert  were  constructed. 

Where  possible,  low  areas  were  filled  with  ashes  and  other 
material.  Considerable  time  was  also  devoted  to  reducing 
Ihe  opportunity  of  mosquito  propagation  in  old  cans,  pails, 
pans,  etc.,  found  at  many  dumps,  by  perforating  the  bottom 
of  each  vessel  or  burying  it. 

In  the  above  work,  the  board  of  health  co-operated  by  pre- 
paring a  circular  relating  to  this  subject  of  which  20,000 
copies  were  printed  and  distributed  to  the  householders  and 
inhabitants  of  the  city. 

The  amount  expended  on  the  work  is  as  follows: 

For  labor   $2,916.6!) 

For  hire  of  teams,  auto  and  repairs 860.28 

For  oil 245.3? 

For  iniscellanpous   supplies 346.89 

Total    $4,369.23 

The  satisfactory  results  obtained  in  1918  in  the  efforts  to 
suppress  the  -mosquito  pest  led  to  the  continuation  of  the 
work  during  1919.  The  sum  of  $3,000  was  appropriated  and 
the  work  was  carried  on  during  the  season  from  about  May 
1  to  Oct.  15,  along  the  same  lines  as  in  the  previous  year. 

The  drainage  ditches  dug  that  year  were  opened  up  and 
when  necessary  cleaned  out.  The  drainage  ditches  on  the 
lands  adjoining  the  esplanade  in  the  vicinity  of  Fowler  street 
were  extended  about  670  feet  and  about  120  feet  of  wooden 
culverts  were  built.  All  the  ponds,  pools  and  ditches  with 
stagnant  water  were  systematically  oiled. 

During  the  early  part  of  the  season  all  the  catch  basins, 
about  2,300  in  number,  were  oiled  every  two  weeks.  In  the 
latter  part  of  the  season,  owing  to  depleted  appropriation, 
the  number  of  men  employed  was  reduced  and  the  time  be- 
tween oilings  of  the  catch  basins  was  lengthened. 

A  few  invasions  of  mosquitoes  were  experienced  during  the 
season  apparently  coming  from  sections  outside  the  city 
limits.     The  amounts  expended  were: 

For  in.spector  labor $2,995.39 

For  hire  of  auto,  team  and  repairs 776  09 

S?""  oil  326.92 

Miscellaneous   91.03 

Totai     $4,189.43 


Expense  Ratios  of  Waterworks  Operations  of  Pasadena, 
Calif.— The  expense  ratios  for  the  Pasadena  Water  Depart- 
ment and  cost  of  water  sold  are  summarized  as  follows  in  the 
7th  annual  report  of  the  department,  covering  the  year  end- 
ing July  30  last: 

Percent- 
age of 
^  ear  ending  June  30.  1920.  total 

expense. 
<i!ravity  supply  expenses...         2.80 
Pumping  expenses 31.62+ 

Water  production 24.42 

Distribution    7,35 

Commercial   9.57 

General    7,40 

Operation  &  maintenance.         4S.74 

Depreciation    29.17 

Interest    22.09 

Total    1 00.00  74.93 


Percent- 

Cost   of 

age  of 

water  per 

water 

1011  ou.  ft. 

revenue. 

(in  cents). 

2.10 

.21 

16.20 

1.59 

18.30 

1.80 

5.51 

.54 

7.17 

.70 

5.54 

.54 

36.62 

.^.6S 

21.86 

2.14 

16.55 

1.62 

7.34 
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Operating  Data  of  Wurl  Screen  and 
Imhoff  Tanks 

Inlnresting  data  on  tlic  ruinoval  of  solids  by  tile  Wurl 
screi'n  and  Imhoff  tanks  based  on  '1  years'  operation  of  the 
i'lalntield,  North  Plainflelrt  and  Dunellen  (N.  J.)  joint  sew- 
age disposal  works  were  given  by  Mr.  John  D,  Downes.  Super- 
inlo-ndeut  of  the  plant,  in  a  paper  presented  Feb.  18  at  the  att 
luial  meeting  ot  the  New  Jersey  Sewerage  Works  Assoniation. 
His  i)aper  follows. 

General  Features  of  the  Plant.— The  plant  was  designed 
lor  40.000  peoiile,  and  is  of  the  separate  domestic  type.  The 
sludge  separating  portion  of  the  plant  originally  consisted 
ot  six  Imhoff  tanl<s,  each  with  a  total  flow  length  ot  64  ft. 
and  a  total  width  of  25  ft.  Each  tank  has  four  longitudinal 
settling  compartments  with  effective  width  of  .5  ft.  each.  Two 
gas  vents,  each  22  in.  wide  in  the  clear,  extend  the  entire 
length  of  the  tank.  The  walls  extend  perpendicularly  to  5 
ft.  6  in.  below  the  flow  line.  The  slopes,  about  1  on  1,  extend 
to  the  slot  11   ft.  below  the  flow  line. 

The  tanks  were  put  into  operation  at  the  end  of  Novem- 
ber, 1916,  and  operating  experiences  during  the  ensuing  year 
indicated  the  necessity  of  removing  the  coarser  solids,  paper, 
fiber,  hair  and  fecal  matter  from  the  sewage  before  it  was 
admitted  to  the  tanks;  such  solids  not  being  amenable  to 
treatment  in  the  tanks.  For  the  purpose  of  removing  these 
coarse  solids  a  Wurl  screen  was  added  to  the  sludge  separat- 
ing equipment  and  was  put  into  operation  in  September,  191 S. 

The  Wurl  screen  is  essentially  a  brass  disk.  10  ft.  in  diam- 
eter, revolving  on  a  shaft  inclined  15°.  The  disk  is  perforated 
with  some  12,000  slots,  each  1/16  by  2  in.,  and  is  submerged 
to  about  half  its  depth  in  the  flowing  sewage.  The  solids, 
which  are  caught  on  the  surface  of  the  screen,  are  swept  into 
a  trough  by  the  revolving  brushes  which  continually  scour  the 
unsubmerged  portion  of  the  disk.  A  1-HP.  electric  motor  which 
can  be  adjusted  to  run  at  speeds  from  600  to  1,S00  r.p.m. 
operates  the  screen  mechanism. 

Operating  Data  for  Screen  and  Tank. — Table  I  gives  infor- 
m.'ition  concerning  the  suspended  solids  in  p. p.m.,  as  deter- 
mined by  the  Gooch  crucible  method,  the  number  of  cubic 
yards  ot  digested  sludge  removed  from  the  tanks  (measured 
by  shutting  off  the  tank  during  drawing  of  sludge  and  meas- 
uring the  depression  ot  the  water  level),  the  number  of  cubic 
yards  of  air-dried  sludge  removed  from  the  drying  beds  (cart 
measurement),  the  sewage  flow  in  million  gallons  and  the 
number  of  house  connections  at  the  end  of  each  month. 

Two  of  the  municipalities  contributing  to  the  plant  were 
installing  sewers  for  the  first  time,  and  the  third  took  in 
large  sections  ot  sewers,  so  that  the  increase  in  number  ot 
connections  during  the  first  year  was  very  rapid.  In  order 
to  make  the  complete  sludge  data  of  the  four  years  available 
for  estimation  of  per  capita  and  per  connection  quantities, 
the  number  of  connections  at  the  end  of  each  month  have 
been  added  together  and  multiplied  by  30  to  get  the  number 
of  connection  days  contributing  the  observed  quantity  of 
sludge;  five  times  this  figure  is  considered  the  number  of 
person-days;  this  figure  checks  up  well  with  the  known  popu- 
lation. 

Screenings  were  measured  in  a  wagon,  most  of  the  free 
water  having  drained  away  before  measurement  was  made. 
The  dry  solids  =  11  per  cent. 


Sludge  Accumulation  and  Disposal. — At  the  end  of  the 
fourth  yejr  of  operation  a  sludge  survey  of  the  digestion 
compartments  indicated  that  there  remained  at  that  time 
750  cu.  yd.  ot  sludge.  In  three  ot  the  tanks  the  sludge  was 
at  the  bottom  of  the  hoppers,  and  in  the  other  three  it  was 
almost  entirely  floating  at  the  surface  of  the  gas  vents  (this 
in  spite  of  constant  effort  to  beat  it  down). 

In  addition  to  the  above  solids  there  has  been  removed 
from  the  gas  vents  a  quantity  of  partly  digested  sludge  esti- 
mated at  1,000  cu.  yd.  This  was  removed  by  pumping  and 
by  wheelbarrows  and  ranged  in  consistency  from  a  watery 
96  per  cent  sludge  to  a  viscous  88  per  cent  mass,  containing 
much  hair  and  fiber. 

The  sludge  digestion  portion  of  the  plant  consists  of  10 
sludge  hoppers  to  each  tank — these  are  in  two  rows  of  five 
each — directly  beneath  the  gas  vents.  The  depth  between  the 
slot  communicating  with  the  settling  compartment  and  the 
top  of  the  hoppers  is  6  ft.,  providing  a  total  settled  sludge 
capacity  of  57,000  cu.  ft. 

With  any  operating  program,  which  we  have  been  able  to 
develop,  there  accumulates  in  time  a  mass  of  floating  sludge 
of  so  slight  a  specific  gravity  that  it  will  never  settle.  This 
does  not  refer  to  the  thick,  viscous  sludo  appearing  at  the 
top  of  the  gas  vents  and  which  may  be  wheeled  off  in  wheel- 
barrows, but  to  a  sludge  of  9,t  per  cent  water  content  and 
thoroughly  digested.  This  sludge,  floating  throughout  the 
entire  depth  of  the  digestion  compartments  and  gas  vents, 
is  naturally  carried  back  via  the  .slots  to  the  settling  com- 
partments by  various  currents.  The  result  is  a  black  film  on 
the  surface  of  the  settling  compartment  and  a  very  poor  look- 
ing aflSuent  with  an  avidity  for  oxygen  which  is  a  serious 
drain  on  the  sprinkling  filter. 

It  now  appears  that  it  will  be  necessary  to  pump  out  the 
upper  portions  of  the  digestion  compartments  at  least  once 
a  year,  in  order  to  dispose  of  this  digested  but  unsettleable 
sludge. 

With  regard  to  sludge  drying,  we  find  that  with  35,000  con- 
nected population,  we  have  approximately  4,000  cu.  yd.  of 
sludge  to  be  removed  from  the  tanks  each  year. 

Our  experience  shows  that  it  is  not  economical  to  put  over 
9  in.  of  wet  sludge  on  a  bed,  since  this  quantity  will  dry  in 
a  week  or  10  days  of  good  weather,  while  any  greater  quan- 
tity will  require  a  time  measured  in  weeks. 

It  is  surprising  to  find  that,  in  spite  of  the  fact  that  a  coat 
of  sludge  9  in.  thick  will  become  spadable  in  a  week  or  10 
days  of  good  drying  weather,  under  actual  climatic  conditions, 
we  have  averaged  only  a  scant  6  dryings  per  year.  The  fig- 
ures for  three  years  are  5.S,  6.0  and  5.S  dryings  per  bed  a  year. 

Therefore  to  dry  4.000  C.  Y.  =^  108  cu.  ft.  of  sludge  per  year, 
requires  108,000-^.75  =  144,000  sq.  ft.  of  drying  surface  per 
year,  and  144,000-^6  =  24.000  sq.  ft.  drying  area  required  to 
take  care  of  35,000  people  under  local  weather  conditions. 
This  amounts  to   .086  sq.   ft.   per  person. 

Operating  Costs. — Operating  costs  for  1920  outside  of  super- 
vision and  organization  charges  are  shown  in  Table  II.  It 
would  hardly  be  worth  while  to  go  into  operating  costs  for  the 
other  three  years  on  account  of  the  sliding  scale  value  of  the 
dollar,  but  the  proportional  distribution  will  be  very  nearly 
the  same  as  for  1920. 

It  is  interesting  to  note  that  outside  of  interest  charges  the 
comparative   costs   as   between   screening  and    removing  the 


TABLE  I— OPERATING  DATA  FOR  SCREEN"  AND  TANK. 


Year. 

1917    

1918    

1919   

1920— 

December   

January  ...    

February   

March     

April  • 

May 

.Tune    

,Tuly    -. 

Auerust  

.September  

Orlober    

November    

1520— 
Average  

Sludge  from  tanks  =  6  to  4%  solids. 

(+)  =  Raw  in  1917.  191S.  1919.     Higher  results  in  1920  due  to  mixing  and  comminuting  effect  of  screen  on  the  solids. 
1919  were  taken  before  sewage  passed   the  screen. 

Bulk  of  settleable   solids  =  7%  on  dry  basin  and  10%   of  total    settled. 

Screenings  indicated  in  above  table  amount  to  .001.5  cu.  ft.  per   person  day. 

Di.a-^sted  sludge  indicated  in  above  table  amounts  to  .0083  cu.  ft.    per  per.son  dav. 


-—Suspended 

solids,-^ 

House 

P.  P. 
Screen 

M. 
Imhoft 

^Sludge 
Tanks. 

from — ^ 
Beds. 

, FI 

Total 

connections. 
4,500— Start 

Total 

nailv 

Dailv 

effluent. 

efBuent. 

Cu.  yd. 

Cu.  yd. 

cu.  ft. 

cu.  ft. 

M  a. 

M.   o.  n. 

5.400  6  mos. 

(4-)  148 

37 

1.609 

586 

939 

2.6 

5853 

(  +  )  140 

49 

3.520 

1.009 

1 .253 

3.4 

6398 

(  +  )  142 

38 

4,069 

!.77 

18.250 

50 

1.301 

3.6 

6804 

176 

VI 

12 

1.220 

47 

110 

3.6 

6905 

135 

70 

1.362 

45 

109 

3.5 

6909 

12.3 

69 

28 

1.273 

44 

lOO 

3.5 

6912 

116 

67 

415 

1,393 

46 

133 

4.3 

6921 

l.'i- 

66 

230 

97 

1.3»3 

46 

113 

3.8 

6943 

14S 

80 

24S 

61 

1.364 

44 

105 

3.4 

6969 

181 

57 

631 

202 

1.302 

43 

93 

3.3 

6993 

175 

57 

47S 

92 

1.426 

46 

96 

3.5 

7003 

152 

48 

523 

129 

l.-i2n 

46 

97 

3.4 

7036 

174 

65 

575 

251 

1  289 

41 

96 

3.2 

7076 

19S 

66 

364 

109 

1.567 

52 

97 

3.1 

7078 

208 

82 

346 

69 

1.359 

45 

95 

3.1 

7111 

161 


66 


3.807 


1.140 


16,351 


12.430 


.Samples  during 
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objectionable  solids  from  the  tanks  by  hand  are  just  about 
equal;  that  is  to  say.  the  time  now  spent  by  a  watchman  on 
the  screen  and  the  cost  of  power  about  equal  the  cost  of 
labor  in  removing  the  coarse  solids.  The  plant,  however,  is 
much  more  workable  and  the  nature  of  the  labor  much  less 
objeciiouable  when  the  solids  are  removed  before  reaching 
the  tanks. 

Outside  of  the  Imhoff  tanks  and  the  W  url  screen,  which, 
in  view  of  the  above  statement,  must  be  considered  as  a 
charge  against  the  tanks,  one  man  could  do  all  that  is  neces- 
sary about  the  plant.  To  this  other  work  we  will  suppose 
the'  highest  paid  laborer  to  be  assigned  and  charge  all  ordi- 
nary labor  to  care  of  screen  and  tanks  and  to  sludge  removal. 

TABLE   II— COST   OF   OPKRATION- 

Total. 

I^Vior    $G. 437.66 

Heat,  lig-iit,  power,   etc }'n?l'« 

Supplies,   tools    , •••  '  ViVnc 

Machine  repair,  tractor,  spreaders.etc.  ,^|I-2? 

.Screen,  motor  repair o-n  Sa 

Gasoline,    oil,    etc ,!itKM> 


-1920. 

Chargeable  to 
screen,   tanks 
and    sludge 
removal. 
$4,6S7.66 
240.00 
1,017.59 
247.05 
186. 2S 
,^70.80 


$9,390.77  $(=.699.38 

Expressed  in  man  liours,  the  labor  required  to  operate  the  plant 

For  general  attention  to  plant. .  2.450  man  hours  per  year. 

For  night  watch  on  screen 5.630  man  hours  per  year. 

Care  of  tanks  5,820  man  h.mrs  per  year. 

Drawing  and  hauling  sludge. ...  1.242  man  hours  per  year. 

Or  E-eneral  nlant  8  hours  week  days. 

Wafch  on  s?;tenatnight 16  hours  week  days  and  Sundays. 

Care  of  tanks  1^   hours  week   days. 

Drawing  and  iiaulmg  sludg..  . .  .    4  hours   week  days. 

Notes  on  Operation  of  Wurl  Screen.— The  screen  has  run 
practically  continuously  for  two  years.  The  first  set  of  screen 
cleaning  brushes  lasted  exactly  tw^o  years  before  requiring 
replacement.  The  speed  control  apparatus  on  the  motor  is 
the  only  thing  that  has  given  any  trouble— ?151. 01  has  been 
expended  to  date  on  this  item.  Two  broken  brush  flanges, 
cost  for  replacement,  and  a  duplicate  of  each  tor  stock.  $3S. 
The  current  consumption  is  from  9  to  12  K.  W.  H.  per  day. 

The  maximum  (working)  loss  of  head  on  the  screen  is  13 
in.,  and  the  capacity  of  the  screen  with  13  in.  loss  of  head 
and  full  screen  speed  (about  1  r.p.m.)  is  at  the  rate  of  4,750.- 
000  gal.  per  day. 


Calculating  Evaporation  Loss  from  Storage 
Reservoirs  of  Hydro-Electric  System 

Daily  calculations  of  the  loss  by  evaporation  from  the 
storage  reservoirs  of  the  San  Joaquin  Light  &.  Power  Corp., 
of  Fresno,  Calif.,  are  made  during  the  months  of  the  year 
when  evaporation  is  appreciable.  The  method  of  making 
these  measurements  is  described  as  follows  by  Mr.  R.  C. 
Denny,  in  an  article  in  the  Feb.  S  issue  of  Power: 

To  measure  the  evaporation,  a  galvanizediron  pan  7.45  ft. 
in  diameter  and  2  ft.  deep,  with  a  %in.  iron  pipe  rim,  was 
made  and  placed  in  the  reservoir  near  the  gate  tower.  The 
pan  is  provided  with  a  hook  gage  and  filled  up  to  this  gage 
with  water.  A  pail  was  made  holding  just  enough  water  to 
raise  the  level  0.002  ft.  when  poured  into  the  pan.  Water 
is  poured  into  the  pan  each  morning  to  make  up  for  that 
evaporated  during  the  previous  day,  and  account  is  taken  of 
the  number  of  pailfuls  needed  to  bring  the  water  in  the  pan 
hack  to  the  same  level  as  shown  by  the  gage.  Having  been 
telephoned  the  reservoir  level  and  the  number  of  pailfuls 
used,  the  dispatcher  ascertains  from  his  curve  the  area  at 
that  particular  elevation  and  applies  the  formula. 

Number  of  pails  X  0.002  X  area  of  reservoir 
=  acre-feet  evaporation 
The  daily  evaporation  from  the  Crane  Valley  reservoir  has 
run  as  high  as  39  acre-feet  during  the  summer  months,  with 
the  reservoir  at  the  higher  elevation — 110  ft.     Some  concep- 
tion may  be  gained  of  the  enormous  quantities  of  water  evap- 
orated daily  by  thinking  of  it  in  more  familiar  terms.     For" 
instance,  a  train  of  1,061   tank  cars,  each   of  12,000  gal.  ca- 
pacity, would  be  required  to  contain  39  acre-feet,  the  quan- 
tity lost  in  a  single  day. 


Air  in  Gravity  Water  Mains* 

By  J.  W.  LEDOUX, 
Consulting  Engineer,  Philadelphia,  Pa. 
Nearly  every  water-works  superintendent  has  experienced 
trouble  in  connection  with  some  phase  of  air  in  pipes.  A 
leaky  suction  pipe  often  reduces  the  plant  efficiency  mate- 
rially, and  sometimes  results  in  serious  damage  to  the  pump- 
ing machinery.  Where  the  discharge  pipe  is  perfectly  tight, 
if  a  small  quantity  of  air  be  pumped  with  the  water  it  is 
likely  to  accumulate  on  the  summits  and  appreciably  reduce 
the  capacity  of  the  pumping  main,  or,  what  is  the  same, 
thing,  increase  the  frictional  head  due  to  the  reduced  cross- 
section  of  the  pipe  at  the  summits.     The  remedy  is  to  pre- 


Men    Needed    for  Corps   of   Civil    Engineers   of    Navy. — The 

Secretary  of  the  Navy  has  announced  that  applications  would 
be  received  at  the  navy  department  to  fill  vacancies  in  the 
corps  of  civil  engineers  of  the  navy  with  the  rank  of  junior 
grade  lieutenant.  Preliminary  examination  papers  must  be 
submitted  by  candidates  before  May  16.  A  final  examination 
will  be  given  later.  The  initial  salary  is  approximately  $3,200 
per  annum. 


Fig.    1. 

vent  the  ingress  of  air  at  the  pumping  plant;  but  even  at 
best  more  or  less  air  is  entrained  with  the  water,  and  under 
reduced  pressure  at  the  summits  this  air  may  at  times  ac- 
cumulate, and  then  the  only  remedy  is  to  provide  on  these 
suu'mits  automatic  air  valves.  However,  this  difficulty  is 
not  common,  for  several  reasons.  Unless  it  enters  the  pump- 
ing main  in  large  quantities  it  is  generally  carried  along 
with  the  water,  and  if  an  air  obstruction  develops  the  auto- 
matically increased  pumping  pressure  tends  to  drive  it  over 
the  summits  by  attrition.  Also,  air  will  escape  through  aper- 
tures too  small  to  show  water  leaks,  and  there  are  usually 
enough  of  these  to  prevent  noticeable  trouble  from  pumping 
discharge  mains.  This  property  of  air  is  often  the  cause 
of  leaks,  for  in  discharging  at  a  high  velocity  It  increases 
the  size  of  the  aperture  by  washing  out  fine  particles  of  ma- 
terial that  would  remain  in  place  if  the  pipe  were  full  of 
water. 

While  the  cushioning  effect  of  air  in  mains  often  prevents 
serious  water  hammer,  on  the  other  hand  its  sudden  escape 
at  a  high  velocity,  as  sometimes  happens,  will  produce  seri- 
ous water  hammer. 

The  accumulation  of  air  in  summits  of  gravity  mains  has 
frequently  resulted  in  the  complete  interruption  of  the  supply 
on  large  portions  of  the  system;  and  sometimes  this  phe- 
nomenon is  troublesome  and  difficult  of  correction. 

Examples  of  Stoppage  of  Supply  by  Air  Pockets. — In  one 
case  in  the  experience  of  the  writer  a  14-in.  main  extended 


Fig.    2. 

from  a  distributing  reservoir,  at  elevation  62S,  across  a  val- 
ley the  elevation  of  which  was  150,  to  the  opposite  hill  at 
elevation  550,  where  there  was  a  considerable  amount  of 
poimlation  and  very  variable  topography.  Branches  from 
this  main  extended  at  right  angles  in  both  directions  to  lower 
elevations.  It  was  foimd  that  no  water  could  be  furnished 
on  one  of  these  branches,  as  was  evidenced  by  the  complaints 
of  the  consumers.  The  spigots  were  opened  in  houses,  and 
the  water  would  not  flow  even  at  the  ground  floor.  After 
many  hours'  investigation,  a  pocket  of  air  under  pressure 
was  discovered  at  one  of  the  summits,  and  as  soon  as  this 
was  released  the  supply  was  immediately  resumed. 


•Paper   presented    Nov.    10    at    a    meeting    of    the    New    England 
iVaterworks  Association. 
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Another  case  consisted  of  a  16-in.  gravity  main  from  an  im- 
poundlnK  reservoir  eight  miles  to  two  standpipes  supplying 
the  railroad  service.  It  was  found,  one  afternoon,  that  no 
water  would  flow  into  the  standpipes.  and  it  was  immedi- 
ately assumed  that  somebody  had  closed  a  valve  or  that  the 
reservoir  was  empty,  because  there  had  not  been  experi- 
enced any  trouble  since  the  line  was  installed  several  months 
previously.  An  inspection  was  made;  air  valves  were  opened 
all  along  the  mountain  at  the  various  summits;  no  water 
(lowed  and  no  air  came  out  of  the  main.  It  was  finally  learned 
that,  on  the  day  before,  a  valve  had  been  closed  near  the 
reservoir  to  make  some  slight  repair  on  the  line;  on  inquiry 
it  was  found  that  this  valve  had  been  reopened,  and  this 
was  verified.  It  had  been  the  intention  to  locate  automatic 
air  valves  at  all  the  summits.  One  of  these  summits  was 
close  to  the  impounding  reservoir.  Kinally,  this  air  valve 
was  examined  and  to  the  surprise  of  every  one  it  was  found 
disconnected  and  lying  in  the  valve  pit.  On  opening  the  air 
valve  connection  the  air  escaped  and  the  water  began  to 
flow  freely.  This  particular  summit  was  so  close  to  the  reser- 
voir and  so  small  as  compared  with  the  others  on  the  line 
that  no  one  suspected  that  trouble  existed  at  that  point. 

The  diagram.  Fig.  1.  illustrates  the  principle. 

In  this  case  the  impounding  reservoir  is  shown  200  £t. 
above  the  distributing  reservoir,  and  under  these  conditions 
no  water  can  flow  through  the  line  until  the  air  is  relieved 
at  the  summits. 

Figure  2  illustrates  about  the  conditions  that  occurred  in 
the  gravity  supply  to  the  railroad  tanks.  The  above  examples 
show  condition.s  of  static  equilibrium  and  a  balance  which 
is  fre(iuently  \ery  delicate.  This  condition  is  not  likely  to 
take  place  with  pumping  mains,  where  the  pressures  fluctuate. 
but  is  characteristic  of  fixed  levels  of  water  as  occur  in 
gravity  mains.  At  least,  that  has  been  the  experience  of  the 
writer. 

One  of  the  most  important  conditions  where  serious  dam- 
age can  be  caused  on  a  pipe  line  is  in  the  case  of  a  large 
wood  or  steel  pipe  laid  over  summits  and  valleys.  If,  due 
to  water  hammer  or  detect  in  the  pipe,  an  actual  split  or 
break  of  the  pipe  takes  place  in  the  valley,  permitting  a 
large  quantity  of  water  to  discharge  faster  than  the  water  can 
pass  over  the  summit  to  keep  the  pipe  full,  a  partial  vacuum 
occurs,  and  unless  the  pipe  is  designed  to  resist  it,  collapse 
will  take  place.  The  only  remedy  for  this  danger  is  to  main- 
tain a  sufficient  number  of  poppet  valves  designed  to  take 
large  quantities  of  air  into  the  line  automatically;  some  very 
serious  damage  has  taken  place,  due  to  the  absence  or  in- 
sufficient  size   of  these  automatic   poppet   valves. 

A  vacuum  is  sometimes  caused  in  a  pipe  line  for  another 
reason:  Let  us  suppose  a  large  wood  or  steel  pipe  line  extends 
from  a  distributing  reservoir  down  the  hillside  to  a  flat  200 
ft.  below,  and  that  the  pipe  line  is  full  of  water  but  not 
flowing.  Now,  if  between  the  base  of  the  hill  and  the  dis- 
tributing reservoir  a  valve  be  shut,  the  pressure  at  the  dowTi- 
stream  side  of  the  valve  will  at  once  drop  to  almost  a  com- 
plete vacuum,  because  this  part  of  the  pipe  line  is  relieved 
of  the  atmospheric  pressure  acting  on  the  distributing  reser- 
voir. Under  these  conditions  collapse  of  the  pipe  is  likely 
to  take  place. 

How  to  Fill  a  Gravity  Pipe  System. — In  connection  with 
this  subject,  it  may  be  well  to  call  attention  to  the  best  meth- 
od of  filling  a  gravity  piping  system  that  has  been  for  some 
cause  emptied.  The  writer  has  heard  many  experienced 
water-works  men  advocate  filling  the  pipe  line  by  sections. 
This  is  a  very  bad  practice.  The  best  method  is  to  open  air 
valves  at  all  the  summits,  and  open  the  blow-off  valves  in 
all  the  hollows  and  a  sufficient  number  of  hydrants  in  the 
town.  Then  the  valve  at  the  impounding  reservoir  is  opened 
a  sufficient  amount  to  fill  the  line  in  a  predetermined  time. 
As  soon  as  the  water  appears  at  the  first  blow-off  and  flows 
full,  this  is  shut,  and  as  soon  as  it  flows  full  at  the  second 
blow-off,  that  is  also  shut,  and  so  on,  until  the  water  appears 
at  the  city  hydrants,  shutting  the  low  ones  first  and  follow- 
ing them  up  until  the  high  ones  are  shut;  finally,  the  air 
valves  on  the  line  are  closed  and  the  line  is  in  service,  and 
no  danger  of  water  hammer  has  been  experienced,  and  the 
line  is  filled  in  a  shorter  time  than  can  be  done  by  any  other 
method. 


Rainfall  in  Massachusetts. — The  normal  yearly  rainfall  in 
Massachusetts  as  deduced  from  long  continued  observations 
in  v.irious  parts  of  the  state  is   14..";',  in. 


Pipe  Extension  Charges 

Charges  for  pipe  extensions,  although  but  a  small  part  of 
the  entire  charges  for  public  service,  is  frequently  one  of 
the  most  vexing  to  water  works  superintendents.  With  the 
present  conception  of  a  public  utility,  whether  publicly  or 
privately  owned,  it  is  not  fair  for  the  utility  to  incur  the  cost 
of  extensions  which  do  not  pay,  for  it  places  an  unfair  bur- 
den upon  existing  consumers. 

A  man  about  to  build  a  house  1.000  to  1,500  ft.  from  the 
present  mains  asks  for  an  extension  to  give  him  service.  The 
total  amount  that  he  will  pay  for  water  under  existing  rates 
will  but  a  drop  in  the  bucket  compared  to  the  total  revenue 
required  to  pay  a  fair  return  on  the  extension.  This  prob- 
lem of  ascertaining  the  fair  return  on  the  extension  is  dis- 
cussed at  length  by  Nicholas  S.  Hill.  Jr..  consulting  engineer. 
112  East  19th  street.  New  York,  in  a  paper  presented  before 
the  recent  meeting  of  the  New  England  Water  Works  Asso- 
ciation.    The  following  is  an  abstract  of  this  paper. 

The  problem  of  ascertaining  the  fair  return  on  the  exten 
sion  proper,  the  taxes  on  the  extension  proper,  and  the  de- 
preciation on  the  extension  proper  is  simple,  but  the  alkcation 
of  a  fair  proportion  of  the  gross  cost  on  the  entire  system 
to  the  extension  proper  is  not  so  easy. 

The  greatest  stumbling  block  in  connection  with  the  prob- 
lem of  charging  for  extensions  is  the  desire  for  mathematical 
accuracy.  The  problem  is  not  one  of  ascertaining  the  proper 
charge  to  the  last  mill,  but  to  allocate  the  costs  fairly  so 
that  the  extension  will  pay  its  just  and  reasonable  propor- 
tion of  the  general  expenses  of  the  plant. 

If  the  rate  structure  of  a  utility  is  properly  developed  and 
cost  is  distributed  between  fixed  or  static  costs  and  propor- 
tional costs  the  problem  is  not  so  difficult.  As  a  rule,  the 
proportion  of  the  so-called  fixed  charges  on  the  property,  that  is. 
the  proportion  of  the  fair  return,  taxes  and  depreciation,  on  a 
plant  which  may  properly  be  allocated  to  fixed  service  or 
static  costs  varies  between  30  per  cent  and  50  per  cent  in  an 
average  water  works  plant.  Similarly,  the  proportion  of  op- 
erating expenses  on  the  entire  plant  chargeable  to  fixed  serv- 
ice or  static  costs  varies  between  15  per  cent  and  40  per  cent. 
The  total  fixed  service  or  static  costs,  which  do  not  vary 
in  proportion  to  the  amount  of  service  taken  but  remain  sta 
tionary  whether  service  is  taken  or  not,  amount  to  from  20  per 
cent  to  40  per  cent  of  the  total  cost  of  service  in  an  ^verage 
water  works. 

How  to  Determine  Proper  Charges  for  an  Extension. — 
Briefly,  the  rules  for  determining  the  proper  charge  for  an 
extension  are  as  follows: 

1.  Asceitain  the  cost  of  the  extension. 

2.  Determine  the  annual  cost  of  the  extension,  including: 
a.     Fair  return  on   the  cost  of   extension. 

h.     Taxes  on  the  extension. 

c.  Depreciation  on  the  extension. 

d.  Maintenance  on  the  extension. 

?,.     Take  from  20  per  cent  to  40  per  cent  of  the  gross  cost     | 
of  service  (gross  cost  of  service  =:  fair  return,  taxes,  de-     ' 
preciation  reserve  and  operating  expenses)  as  the  proper 
portion  chargeable  to  fixed  service  or  static  costs. 

4.  Divide  the  total  fixed  service  or  static  cost  by  the  number 
of  inch-feet  in  the  distribution  system  to  determine  the 
proper  fixed  service  or  static  charge  per  inch-foot  of  main 

5.  Multiply  the  number  of  inch-feet  in  the  proposed  exten- 
sion by  the  fixed  service  or  static  charge  per  inch-foot  as 
determined  to  ascertain  the  fair  proportion  of  fixed  service 
or  static  costs  whicli  should  be  allocated  to  the  extension. 

6.  Add  the  fixed  service  or  static  charge  for  the  extension 
to  the  costs  chargeable  to  the  extension  proper  to  obtain 
the  total  annual  cost  chargeable  to  the  extension. 

Payment  for  Extension. — Now  comes  the  question  as  to  how 
the  consumer  is  going  to  pay  the  cost  of  an  extension,  and 
in  my  judgment  it  is  better  to  have  a  flexible  rule  by  which 
the  individual  preference  of  the  applicant  or  guarantor  for 
the  extension  may  be  satisfied.  Some  prefer  to  pay  a  sum 
sufficient  to  cover  the  cost  of  the  extension  at  the  time  the 
extension  is  made.  Others  prefer  to  pay  an  annual  sum  equal 
to  the  estimated  annual  charge  for  the  extension,  or,  in  other  \ 
words,  to  pay  for  the  extension  in  installments.  Some  water 
works  allow  the  applicant  to  i)ay  for  the  entire  cost  of  the 
extension,  but  such  a  payment  does  not  cover  the  cost  of  an 
extension  as  it  saves  the  water  works  nothing  but  th'j  inter- 
est on  the  money  which  it  would  have  to  secure  to  pay  for 
the   extension.      If   the   guarantor   is   allowed   to   pay   for   the 
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cost  of  the  extension  it  should  be  uiulerstood  in  the  extension 
agreement  that  the  difference  between  the  revenue  at'tually 
received  from  the  extension  and  the  fair  annual  cost  of  the 
extension  as  determined  shall  be  deducted  year  by  year  from 
his  payments  until  such  time  as  the  revenue  from  the  exten- 
sion is  sufficient  to  pay  the  annual  charges  against  the  exten- 
sion, and  that  there  will  be  returned  to  him  only  the  net  bal- 
ance due  him  after  deducting  the  total  annual  payments  from 
his  deposit. 

A  better  way  to  handle  a  flat  payment  is  to  estimate  what 
the  total  annual  charges  on  the  extension  will  be  for  a  cover- 
ing period,  say  ten  years,  and  to  require  the  guarantor  to 
deposit  this  sum  with  his  extension  agreement.  In  such  a 
case  the  extension  agreement  will  provide  that  only  the  ac- 
tual differences  between  revenues  from  the  extension  and 
charges  to  the  extension  will  be  deducted,  and  any  balance 
remaining  at  the  termination  of  the  extension  contract  will 
be  refunded  to  the  guarantor. 

Another  way,  as  I  have  already  suggested,  is  to  have  the 
guarantor  guarantee  the  annual  revenue  required  to  pay  the 
annual  charges  for  the  extension,  and  if  this  is  done  it  is 
necessary  for  the  guarantor  to  furnish  security  so  that  the 
water  works  may  be  assured  that  the  annual  charges  for 
the  extension  will  be  paid. 

Revenue  from  the  Extension. — As  soon  as  an  extension 
goes  into  service  it  usually  pays  some  revenue.  Statistics 
which  I  have  collected  on  different  water  systems  indicate 
that  a  large  percentage,  possibly  80  per  cent  or  90  per  cent, 
of  all  extensions  pay  the  extension  charges  within  ten  years. 
It  is  undesirable  to  have  long  extension  agreements  as  it 
increases  the  number  of  such  agreements  outstanding  un- 
necessarily, making  unnecessary  bookkeeping  and  unneces- 
sary trouble.  Moreover,  there  is  some  question  as  to  whether 
or  not  a  special  extension  does  not  within  a  certain  reason- 
able time,  whether  it  pays  or  not,  become  a  part  of  the  dis- 
tribution system,  so  it  is  usually  a  good  plan  to  agree  to 
return  the  balance  due  from  a  cash  deposit,  or  to  release  the 
bond  under  the  annual  payment  plan,  at  the  end  of  ten  years. 
The  water  works  will  suffer  very  little  loss  on  this  basis  and 
it  removes  many  causes  of  complaint  against  extension 
charges.  The  extension  contract  should  provide  in  any  event 
that  it  will  be  automatically  cancelled  whenever  the  revenue 
received  from  the  extension  equals  or  exceeds  the  amount 
required  to  pay  the  annual  char,ges  on  it.  In  the  case  of  a 
cash  deposit  the  balance  due  is  returned  at  the  period  of 
cancellation  whenever  it  occurs,  and  in  the  case  of  a  guaran- 
tee the  bond  is  cancelled  in  the  same  way.  In  that  way  the 
extension  takes  its  place  as  a  permanent  part  of  the  distri- 
bution system  as  soon  as  it  commences  to  earn  sufficient  to 
carry  it  and  it  ceases  to  be  a  special  extension. 
'  There  is  one  more  point  that  I  should  touch  upon  and  that 
is:  What  revenues  should  be  deducted  from  the  gross  charges 
above  outlined?  The  methods  of  charging  for  service  are 
so  different  in  different  water  works  at  this  time  that  it  is 
almost  impossible  to  make  a  general  rule  on  this  question. 
I  can  do  no  more  than  outline  the  principle  involved. 

In  the  case  of  many  extensions  a  water  works  will  be  im- 
mediately possessed  of  the  income  from  the  hydrants  set  on 
the  line.  If  the  entire  fire  service  revenue  of  a  water  works 
is  obtained  from  hydrant  rentals  it  would  be  unfair  to  deduct 
the  entire  revenue  from  hydrants  from  the  extension  charge 
as  a  portion  of  this  charge  goes  to  repay  the  water  works 
for  the  fair  return,  interest,  depreciation  and  maintenance  of 
the  hydrant  and  its  connections. 

Where  fire  service  charges  are  paid  on  the  inch-foot  basis 
the  inch-foot  revenue  on  the  extension  is  a  proper  deduction. 
Where  the  hvdrant  charge  is  a  nominal  one  and  only  suffi- 
cient to  cover  the  fair  return,  depreciation,  taxes  and  main- 
tenance of  the  hydrant,  the  hydrant  charge  should  not  be  de- 
ducted. The  revenue  which  a  water  works  receives  from 
consumers  along  a  line  cannot  all  be  treated  as  a  proper 
deduction  from  the  extension  charges.  A  sufficient  amount 
should  be  reserved  from  the  water  service  revenue  along 
the  extension  to  pay  for  a  fair  return,  depreciation,  taxes  and 
maintenance  of  the  meters  and  service  connections  ?s  well 
as  the  inspection,  repairs  and  renewals  of  meters,  and  the 
reading  and  billing  of  meters.  This  will  usually  amount  to 
from  40  per  cent  to  60  per  cert  of  the  minimum  charge. 
The  rule  in  relation  to  water  service  revenue  from  consumers 
along  the  line  should  be,  therefore,  lo  deduct  40  per  cent  to 
60  per  cent  of  the  minimum  charge  from  the  water  revenue 
received  from  each  consumer  and  apply  the  retnainder  as  a 
credit  to  the  extension  charges. 


Hydrogen    Ion    Concentration    of 
Water* 

By   R.   EDMAN   GREENFIELD, 
Chemist,  State  Water  Survey  Division,  Urbana,  111, 

What  is  hydrogen  ion  concentration  and  why  is  it  of  inter- 
est to  waterworks  men?  The  purpose  of  this  paper  is  to 
answer  that  question.  It  has  been  found  by  a  large  number 
of  experiments  carried  out  in  the  past  30  to  40  years,  that 
any  acid  when  put  mto  solution  in  water  tends  to  break  apart 
into  the  hydrogen  ion  and  other  ions  of  which  it  is  com- 
posed. In  the  case  of  hydrochloric  acid,  hydro.gen  ions  and 
chloride  ions  would  be  produced.  Acetic  acid  gives  hydrogen 
ions,  and  acetate  ions  a  rather  complex  radical  which  we 
abbreviate  Ac.  Boric  acid  gives  hyarogen  ions  and  borate 
ions.     We  call  this  splitting  up  into  ions,  "ionization." 

It  has  also  been  proved  that  not  all  acids  ionize  to  the 
same  extent.  For  example,  in  the  hydrochloric  acid  solu- 
tion, the  hydrochloric  acid  ionizes  about  90  per  cent,  but 
the  acetic  acid  only  ionizes  about  2  per  cent,  and  the  boric 
acid  ionizes  only  very  slightly — about  0.005  per  cent.  An 
acid  which  ionizes  greatly,  such  as  hydrochloric,  we  call  a 
strong  acid,  and  it  will  have  a  very  sour  taste,  and  the  ability 
to  smart  and  burn  the  skin,  and  will  give  an  acid  color  to 
all  indicators.  Those  that  do  not  ionize  to  such  a  great 
extent  we  call  weak  acids,  and  we  find  that  the  above-men- 
tioned properties  vary  in  intensity,  according  to  the  amount 
of  ionization. 

What  the  Hydrogen  Ion  Concentration  Is, — From  this 
reasoning  v,-e  see,  therefore,  that  the  sour  taste  and  ability 
to  change  indicators,  depends  not  upon  the  total  amount  of 
acid  per  unit  volume,  but  upon  the  total  amount  of  ionized 
hydrogen  per  unit  volume.  And  that  is  what  the  hydrogen 
ion  concentration  is:  The  total  amount  of  ionized  hvdrogen 
per  unit  volume  of  the  solution  under  consideration. 

Alkalies  ionize  in  a  similar  manner,  as  do  all  salts.  The 
properties  of  the  alkalies  depend  upon  the  extent  of  the 
ionization  in  a  manner  similar  to  the  acids. 

In  most  natural  water  we  find  carbon  dioxide  or  carbonic 
acid  in  solution.  This,  like  the  boric  acid,  is  a  very  weak 
acid,  but  it  is  an  acid  and  gives  a  definite  hydrogen  ion  con- 
centration. This  hydrogen  ion  concentration  has  recently 
attracted  much  attention.  Biologists  have  found  that  the 
small  plants  and  animals  growing  in  water  are  much  affected 
by  changes  in  it.  Some  organisms  are  unable  to  exist  in 
certain  streams  because  of  too  high  or  too  low  hydrogen 
ion  concentration.  For  this  reason  considerable  interest  is 
attached  to  the  determination  of  the  hydrogen  ion  concentra- 
tion of  surface  waters. 

One  way  of  making  this  determination  is  by  means  of  indi- 
cators. An  indicator  is  selected  which  changes  color  at  about 
the  hydrogen  ion  concentration  that  the  water  is  thought 
to  be,  and  a  small  portion  is  placed  in  a  solution  of  known 
hydrogen  ion  concentration,  while  an  equal  amount  is  placed 
in  a  sample  of  the  water  being  examined,  and  then  the  colors 
are  compared.  If  the  color  is  the  same,  the  hydrogen  ion 
concentration  of  the  water  is  the  same  as  that  of  the  known 
solution:  if  they  are  different,  known  solutions  with  differ- 
ent hydrogen  ion  concentration  are  tried  until  a  match  is 
obtained.  Making  comparisons  in  this  way.  and  having  at 
hand  a  selection  of  indicators  and  a  set  of  solutions  of  known 
compositions,  the  hydrogen  concentrations  of  which  vary 
in  a  progressive  manner:  we  are  able  to  make  these  determi-  • 
nations  quite  accurately.  There  are  other  (and  for  some 
purposes  better)  methods  of  making  these  determinations,  but 
it  is  not  the  purpose  of  this  paper  to  go  into  those  methods. 

Hydrogen  Ion  Concentration  as  a  Factor  In  Cor- 
rosion of  Metals.  —  The  hydrogen  ion  concentration 
also  has  a  great  deal  to  do  with  whether  or  not 
water  will  corrode  metals.  If  we  were  to  drop  a  piece 
of  zinc  into  the  hydrochloric  acid,  which  has  a  high  hydrogen 
ion  concentration,  we  would  see  a  good  deal  of  gas  rising, 
indicating  that  the  metal  is  dissolving  or  corroding  rapidly. 
If  we  were  to  drop  zinc  into  acetic  acid,  which  has  3  lower 
hydrogen  ion  concentration,  there  is  also  an  evolution  of 
gas,  but  not  nearly  so  much.  A  boric  acid  solution,  which 
has  a  very  low  hydrogen  ion  concentration,  would  have  no 
apparent  effect  on  the  zinc. 

We  have  always   known  that   free   carbon   dioxide  or   car- 
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bonic  acid  in  water  would  cause  the  water  to  be  corrosive, 
but  It  is  now  obvious  that  the  corrosive  effect  is  to  a  con- 
siderable extent  due  to  the  hydroRen  ion  concentration  built 
up  by  the  carbonic  acid.  Two  waters  containing  the  same 
amount  oC  free  carbonic  acid  do  not  necessarily  have  the 
same  hydrogen  ion  concentration,  and  therefore  do  not  have 
the  same  corrosive  action. 

The  hydrogen  ion  concentration  produced  by  an  acid 
varies  inversely  with  the  concentration  of  the  other  ion  with 
which  the  hydrogen  is  associated  in  the  acid.  A  water  that 
contains  10  parts  per  million  of  carbonic  acid  will  have  a 
much  higher  hydrogen  ion  concentration,  and  therefore  be 
more  corrosive,  than  one  containing  the  same  amount  of 
carbonic  acid  and,  say.  200  parts  per  million  of  carbonates, 
for  the  carbonates  (such  as  calcium  and  magnesium  car- 
bonates) also  ionize  to  give  carbonate  ions  and  calcium  or 
magnesium  ions.  This  increase  of  carbonate  ions  serves  to 
decrease  the  hydrogen  ion  concentration.  This  effect,  which 
is  called  the  common  ion  effect,  can  be  illustrated  by  means 
of  acetic  acid: 

Take  a  test  tube  containing  acetic  acid,  and  an  indicator 
which  the  acetic  acid  causes  to  show  its  acid  color,  and  add 
a  small  amount  of  sodium  acetate,  a  salt  of  acetic  acid.  This 
addition  of  sodium  acetate  serves  to  increase  greatly  the  con- 
centration of  the  acetate  ions,  and  you  will  sen  from  the  al- 
most immediate  change  of  color  of  the  indicator  that  this 
has  caused  a  decided  decrease  in  the  hydrogen  ion  concentra- 
tion. 

We  see.  therefore,  that  a  study  of  the  hydrogen  ion  con- 
centration of  natural  waters  may  serve  to  throw  some  light 
upon  the  probable  effect  of  the  waters  upon  metals.  We  also 
see  that  the  same  information  cannot  be  obtained  by  simply 
determininis;  the  total  amount  of  carbonic  acid  which  the 
v\'aters  contain. 

Controlling  Coagulation  and  Water  Softening  Reactions. — 
The  third  point  of  interest  is  the  precipitation  of  the  alum 
in  the  coagulation  of  water  preliminary  to  sedimentation 
and  filtration  The  hydrogen  ion  concentration  is  of  impor- 
tance, since,  if  the  water  is  too  acid  or,  as  more  commonly 
stated,  deficient  in  alkalinity,  the  alum  will  be  precipitated  in- 
completely or  not  at  all,  making  the  use  of  lime  necessary. 

Since  this  precipitation  of  alum  depends  upon  the 
hydrogen  ion  concentration  of  the  water,  the  proper  control 
of  the  hydrogen  ion  concentration  should  be  all  that  is  neces- 
sary to  obtain  satisfactory  coagulation  results.  It  does  not 
seem  too  much  to  hope  that  very  soon  automatic  machines 
will  be  developed  which  will  bo  controlled  by  the  hydrogen 
ion  concentration  of  the  treated  water,  and  which  will  regu- 
late the  dosage  of  alum  and  lime  that  is  to  be  added  to  the 
water. 

The  precipitation  of  calcium  and  magnesium  in  a  water- 
softening  reaction  is  very  similar  to  the  alum  coagulation, 
and  it  would  seem  that  in  this  case  the  controlling  of  soften- 
ing plants  by  means  of  the  hydrogen  ion  concentration  might 
not  be  too  much  of  a  chemist's  dream. 

The  Illinois  State  Water  Survey  Division  is  at  present 
engaged  in  studying  the  last  three  reactions  with  a  view  to 
determining  the  changes  in  hydrogen  ion  concentration  which 
take  place  throughout  the  progress  of  the  reactions,  with  the 
hope  that  accurate  information  on  this  point  will  be  of  value 
in  working  out  better  methods  of  control. 


Cost  of  Icing  Drinking  Fountains. — The  city  of  Cambridge. 
"Mass.,  maintains  nine  ice  water  drinking  fountains  in  public 
locations.  The  cost  of  furnishing  these  fountains  with  ice 
during  the  summer  months  for  16  years  is  shown  in  the  fol- 
lowing summary,  abstracted  from  the  annual  report  of  the 
Cambridge  Water  Department  for  the  year  ending  March  31 
1920: 


Year. 

1901. 

190B. 

1!)0«. 

1907. 

190S. 

1909. 

1910. 

1911. 

1!.12. 

191.'!. 

1911 

191.^. 

1911- 

191T. 

191V 

mill. 


Total  cost 
ppr  year. 
$  460.35 
514.18 
795.64 
655.49 
705.99 
823.48 
712.65 
734.20 
918.75 
970.81 
747. 6S 
719.83 
623.64 
766. r,5 
1.216.ni 

l.nS6.1T 


Average  cost 

per  day  per 

fo'intain. 

$1.20 

.94 

1.57 

1.09 

1.04 

1.15 

1.24 

1.34 

1.25 

.97 

.78 

.74 

.79 

1.37 

1.57 

1.6"! 


Arch  Action  in  Curved  Dams* 

F.   A.    NOETZbJ, 

Chief    EnKinfcr.    BiTknian    &    I^indcn    i;ngin(crinB   Corporation. 

."^an  Krancisco,   Calif. 

In  general,  arch  dams  have  been  designed  by  means  of  the 
so-called  cylinder  formula.  It  was  assumed  that  all  the  water 
pressure  be  supported  by  horizontal  arching  and  that  the 
the  arch  thrust  in  any  horizontal  dam  slice  could  be  calcu- 
lalnil   !)y  means  of  the  relation: 

.\rch    Thrust  =  Water   pressure  X  Radius   of    Kxtrados. 

The  stresses  were  then  obtained  by  dividing  the  arch 
thrust  by  the  area  of  the  cross-section  of  the  arch.  The 
gravity  or  cantilever  action,  which,  of  course,  exists  besides 
pure  arching,  was  mostly  neglected  or  simply  assumed  as  in- 
creasing the  strength  of  the  structure  to  an  unknown  degree. 

.■Xs  a  matter  of  fact,  the  cylinder  theory  applied  to  arch 
dams,  is  defective  in  several  ways.  First,  it  indicates  a 
maximum  arch  thrust  near  the  base  of  the  dam,  although  it 
is  evident  that  no  arching  can  occur  there  and  the  arch 
thrush  vanishes.  Second,  the  arch  thrust  at  the  crest  would 
appear  to  be  zero,  as  there  is  no  water  pressure  at  that  ele- 
vation, while  in  general  the  deflections  of  arch  dams  are  a 
maximum    at    the    crest,    indicating    also    the    occurrence    of 
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-Drawing    Showing    Application    of    Graphical    Method    to 
Design   of   Wooling    Dam. 


correspondingly  large  stresses  to  produce  such  deflections. 
Therefore,  it  is  evident  that  the  cylinder  theory  is  100  per 
cent  wrong,  both  at  the  base  and  at  the  crest  of  every  arch 
dam. 

Investigations  made  by  the  writer  have  shown  that  in  most 
of  the  existing  arch  dams  evidently  a  much  higher  percent- 
age of  the  water  pressure  is  carried  by  vertical  cantilever 
action;  that  is,  by  gravity,  than  by  horizontal  arching.  These 
conclusions  are  substantiated  by  similar  investigations  made 
by  B.  A.  Smith,  and  published  in  the  Proceedings  of  the 
American  Society  of  Civil  Engineers  (March,  1920).  Mr. 
Smith  considers  an  arch  dam  as  a  portion  of  a  cylinder, 
fixed  at  the  base  and  free  to  move  at  the  crest.  His  calcula- 
tions lead  to  the  conclusion  that  a  large  bending  moment 
exists  at  the  base  of  every  arch  dam  and  there  is  the 
tendency  of  developing  cracks  at  the  heel  if  the  dam  is  not 
anchored  sufliciently  to  the  rock  foundation  by  means  of 
■reinforcing   bars. 

Graphical  Method  of  Designing  Arch  Dams. — The  writer 
has  developed  a  simple  graphical  method  of  designing  arch 
dams.  This  method  is  based  upon  the  assumption  that  an 
arch  dam  for  the  purpose  of  design  may  be  imagined  as  con- 
sisting at  one  time  of  separate  radial  vertical  dam  slices, 
considered  as  cantilevers,  and  at  another  time  of  horizontal 
arch  slices.  Both  vertical  and  horizontal  dam  slices  are 
preferably  taken  1  ft.  thick  and  are  to  be  considered  as  free 
to  move  relatively  to  each  other.  The  load  is  then  distrib- 
uted by  trial  on  cantilever  and  arches  in  such  a  manner  that 
the  deflections  of  identical  points,  calculated  separately  for 
cantilever  and  arch  system  under  divided  load  and  with  due 
consideration  of  shrinkage  and  temperature  deformations, 
are  identical. 

Such  a  division  of  the  water  pressure  between  cantilever 
and  arches  is  readily  obtained  by  trial  and  repeated  con- 
struction of  the  deflection  lines  for  divided  load. 

First,  it  is  assumed  that  the  arches  support  all  the  load. 
The  arch  crowns  then  would  be  deflected  along  a  line  which 
may  be  called  the  arch  deflection  line  for  full  load.  Then  it 
is  assumed   that  all  the  water  pressure  be  acting  upon  the 
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cantilever  which  would  be  deflected  along  the  cantilever 
deflection  line.     This  line  Is  best  found  graphically. 

It  is  a  well  known  principal  in  graphic  statics  that  the 
elastic  line  of  a  beam  for  any  load  can  be  found  graphically 
as  the  funicular  polygon  for  the  beam  loaded  by  its  moment 
area.t  In  the  case  of  a  beam  with  varying  moment  of  inertia. 
I  the  ordinates  of  the  moment  area  have  to  be  divided  in 
each  section  of  the  beam  by  the  respective  I.  The  area  thus 
obtained  and  applied  as  load  area  to  the  beam  furnishes  in 
the  funicular  polygon  to  proper   scale   the   deflection   line. 

The   deflection   of   circular   arches   under   radial   load   may 
be  obtained  from  the  formula: 
3    L 

D  = AL     (1) 

16    h 
in  which    D  =  the  deflection  of  the  arch  at  the  crown 
L^the  length  of  the  arch 
h  =  the  rise  of  the  arch 
AL  =  the  shortening  or  lengthening  of  the  arch  due 
to  any  reason,  as  compression,  shrinkage,  tem- 
perature, etc. 
The   shortening,   AL,   of   an   arch    under   axial    pressure,   as 
in  dams,  is  calculated  by  means  of  the   relation 

fc         ' 

AL  = L 

E 
where 

f,  ^  unit  stress 

E^  modulus  of  elasticity. 

Equation   (1)  may  then  be  written  in  the  form 
3    t..  L= 

IG    E    h 
In  circular  arcs  with  central  angles  between  40°  anri   110°. 

the  value  — ^S.3  R  (approximately  I  if  R  is  the  radius  of  the 

h 
arc.     Therefore 
1..56 

D  = Rf,      (3) 

E 

PR,. 

or  because  f.  = ' 

t 
1  ^^    PRRu 

D  = f  4 ) 

E  t 

where  P  is  the  water  pressure  per  square  unit.  R„  the  up- 
,stream  radius,  and  t  the  dam  thickness  at  the  depth  inves- 
tigated. 

A  variation  in  temperature  of  :=T'  produces  a  change  in 
the  length,  U  of  the  arch  of  AL  =  cTL,  where  c  is  the  co- 
efiicient  of  linear  expansion.     By  equation  fl)  we  obtain 

3     L- 
DT  =  —     —  cT 
16      h 
L= 
and  by  replacing  —  by  8.3  R,  we  have 
h 

DT  =  1.5G  RcT     (5) 

The  shrinkage  of  the  concrete  during  setting  and  hardening 
of  the  cement  is  about  AL  =  14  in.  per  100  ft.  length.  The 
corresponding  arch  deflection  is  readily  obtained  by  means 
of  formula   (1  1. 

Application  of  Graphical  Method  to  Design  of  Wooling 
Dam  in  Australia. — An  arch  dam  named  tlie  Wooling  Mim  has 
been  built  recently  in  Australia,  for  which  the  design  was 
made  according  to  more  scientific  principles  than  are  involved 
by  the  use  of  the  simple  cylinder  formula.  The  statical  calcu- 
lations for  this  dam  are  published  in  the  Proceedings  of  the 
American  Society  of  Civil  Engineers,  March,  1920,  page  410, 
Those  lesults  were  arrived  at,  as  mentioned  previously,  by 
considering  the  dam  as  a  portion  of  a  monolithic  cylinder, 
fixed  at  the  base.  It  will  be  of  interest  to  apply  the  writer's 
.graphical  method,  which  is  based  upon  the  assumption  of  com- 
bined vertical  cantilever  and  horizontal  arch  action,  to  this 
same  structure.  It  will  be  seen  that  both  methods  load  to 
practically  the  same  results. 

iSec-  Mcchanir.Tl  Engineers'  Hanilbciolj,  by  T^.  S.  Marks.  First  Edi- 
tion, 191H.  p.  4)2. 


The  dimensions  of  the  Wooling  Dam  as  shown  on  Fig.  1 
(b),  are  as  follows: 

Height   3.3.0     ft. 

Radius  of  upstreairi  face 135        ft. 

Crest  width    2.20  ft. 

Base  width  4.40  ft. 

Modulus  of  elasticity  for  the  horizontal  di- 
rection B  = 2,000.000  lb.  per  sq.  in. 

Modulus  of  elasticity  for  the  vertical  dii'ec- 
tion,  considering  a  certain  amount  of  ver- 
tical reinforcement  E  = 2,600.000  lb.  per  sq.  in. 

It  is  assumed  for  this  investigation  that  only  deformations 
and  stresses  due  to  water  pressure  shall  be  considered.  The 
deformations  from  shrinkage  of  the  concrete  and  from  tem- 
perature changes  shall   be  neglected  for  the  present. 

If  all  the  water  pressure  were  supported  by  the  horizontal 
arches,  the  deflection  of  the  crowns  of  these  arches  calcu- 
lated by  Equation  (4)  would  be  as  given  in  Col.  2  of  Table  I. 

If  the  cantilever  had  to  support  all  the  water  pressure  and 
was  strong  enough  to  do  so,  it  would  be  deflected  in  such  a 
way  that  the  original  dam  axis  would  be  a  tangent  to  the 
deflecticMi  line  at  the  base  of  the  dam.  At  the  crest  the  de- 
flection would  be  a  maximum. 

As  to  actual  load  on  the  cantilever  it  is  known  only  that  it 
amounts  to  the  full  water  pressure  at  the  base,  where  no 
arching  can  occur,  and  diminishes  in  the  upper  elevations  by 
those  amounts  which  are  taken  by  the  horizontal  arches. 
Under  this  partial  load  the  cantilever  tends  to  be  deflected 
with  a  maximum  at  the  crest.  The  highest  arch  is  subject 
to  practically  no  direct  water  pressure  and  therefore  would 
not  deflect  if  not  the  upper  end  of  the  cantilever  exerted 
some  pressure  upon  this  arch  on  account  of  the  tendency  of 
the  free  end  of  the  cantilever  to  deflect  also  at  the  crest  of 
the  dam.  Therefore,  an  extra  pressure  besides  direct  water 
load   is   exerted   against  the   upper  arches. 

By  trial  computation  it  was  found  that  in  the  case  of  the 
Wooling  Dam,  for  a  distribution  of  the  water  pressure  be- 
tween vertical  cantilever  and  horizontal  arches,  as  shown  on 
Pig.  1  (a)  the  cantilever  under  its  share  of  the  load,  that  is, 
the  triangle  E  F  K  plus  the  reaction  K  G  N  of  the  upper 
arches,  deflects  at  all  elevation  about  as  much  as  the  hori- 
zontal arches  under  their  portion  of  the  load,  which  is  repre- 
sented  by  the  area   F  K  N  G. 

This  is  the  criterion  for  the  fact  that  the  water  p-essure 
is  really  divided  between  cantilever  and  arches  as  shown 
in  Fig.  1    (a). 

Fig.  1  shows  how  the  deflection  line  of  the  cantilei'er  of 
varying  moment  of  inertia  and  loaded  by  the  pressure  repre- 
sented by  the  areas  E  F  K  and  K  G  N  can  be  found  graphi- 
cally. First,  compute  for  sections  at  different  elevatirns  the 
moment  of  inertia  and  the  bending  moment  due  to  the  water 
pressure.  Column  1  of  Table  I  gives  the  elevations  of  the 
horizontal  sections  through  the  cantilever,  Column  (3)  shows 
the  corresponding  moments  of  inertia,  I,  Column  (4)  gives  the 
bending  moments.  M,  due  to  the  portion  of  the  load  above  the 
sections.  In  figuring  M  it  has  to  be  considered  that  the  load 
represented  by  the  area  K  G  N  acts  in  opposite  direction  to 
the  water  pressure  as  K  G  N  is  the  reaction  of  th°  upper 
arches  upon  the  cantilever.  In  Columns  (5)  are  given  the 
values  M.    The  M  and  M  curves  are  shown  on  Fig  1   (c)  and 

I  I 

also  the  W  —  areas  which  are  to  be  considered  as  loads  for 
the  cantilever. 

TABLE    I. 

Arch.  Bend.  Arch, 

deflect.  moment.  deflect. 

Elev.           Total  Moment           M.                M  Load        Partial 

load.  of  in.            Ft,-              —  area,           load. 

In.  I.        .        lbs.                X  W.              In. 

(1)                (2)  (3)                (4)               (5)  (6)               (7) 

3:! 9  9.88                        0               0)  9.18 

24 0.23  1.S3         —     CSno  —  3,720  (  16,200            0.14 

16 0.37  3.0.1          -f     1.600-1-       518  21,200            o.fIS 

S 0  47  4.82          +  64.000  -1-13, :;00  .54.000            ii.O.'! 

0 ()..^4  7.10          4-219.000 +30. SOD  172.000            0.00 

In  Fig.  1  (di  and  1  (e)  the  force  and  string  polygons  hav(^ 
been  drawn.  The  curve  AB  inclosed  by  the  string  polygon 
is  the  deflection  line  of  the  cantilever. 

The  deflections  of  the  arches  under  their  share  of  thi' 
load  are  given  in  Column  (7)  and  the  corresponding  deflec- 
tion line  A  C  is  shown  in  dashes  on  Fig.  1  (e). 

The  coincidence  between  the  cantilever  and  arch  deflection 
lines  A  B  and  A  C  is  rematj<ably  .close  (within  0.01  in.)  in 
view  of  the  fact  that  the  load  areas  have  been  roughly  as- 
sumed as  triangles.  A  slight  modification  of  these  load  areas 
would  result  in  complete  coincidence  of  the  two  deflection 
lines,  which  in  the  dam.  of  course,  has  to  occur. 
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A  coiiiparison  of  Mr.  Smith's  results  as  given  in  the  table 
on  pago  I  Hi  and  his  diagrams  on  page  417  (Proceedings  Am. 
Soc.  C,  )•:.,  March,  1!»20)  with  the  above  results  of  the  graphi- 
cal investigation  shows  that  both  methods  lead  to  practically 
the  same  values  for  bending  moments  and  deflections. 

For  iristance,  the  bending  moment  at  the  base  of  the  dam 
was  found  by  Mr.  Smith  to  be  22(1, l»Ol)  ft.  lb.  per  foot  width 
and  in  the  graphical  investigation  above  it  is  '219,000  ft.  lb. 
The  niaxinnim  dellection  at  the  crest  of  the  dam  was  found 
b.v  both  methods  to  be  0.19  in.  The  stresses  at  the  heel  of 
the  Wooling  Dam  with  the  reservoir  full  would  be  about 
40n  lb.  per  sq.  in.  tension  in  an  unreinforced  section.  In  case 
of  ;i  coincidence  of  low  dam  temperature  and  reservoir  full, 
thi^  cantilever  stresses,  of  course,  would  be  still  higher  so 
lliat  the  dam  undoubtedly  would  have  developed  tension 
*  racks  on  the  upstream  side  if  the  occurring  tension  stresses 
had  not  been  taken  care  of  by  vertical  reinforcement. 

l'>oni  Fig.  1  (a)  it  is  seen  that  the  proportion  of  the  water 
pressure  carried  by  arching  is  less  than  20  per  cent  of  the 
full  water  pressure.  This  is  remarkably  little  in  view  of 
the  slender  cross  section  of  the  Wooling  Dam. 

A  further  discussion  of  the  above  investigation  leads  to 
I  he    conclusion   that 

1.  The  amount  of  load  carried  by  horizontal  arching  is 
much  less,  and  the  stresses  in  the  highest  arches  arc  much 
larger  than  the  cylinder  formula  would  lead  one  to  believe. 

2.  Te  cylinder  formula  gives  correct  values  for  the  arch 
stresses  only  for  a.  very  small  portion  of  this  dam  (near 
IClev.  27). 

.!.  The  arches  near  the  crest  have  to  carry  more  load  than 
full  water  pressure. 

4.  The  amount  of  load  carried  by  the  vertical  cantilever  is 
much  larger  than  generally  is  assumed.  This  load  is  in  most 
arcli  dams  so  large  that  there  exists  the  tendency  for  very 
considerable  tension  stresses  at  the  heel  of  such  dams,  and 
many  among  them  probably  have  developed  open  cracks  as 
indicated  by  deflection  measurements  made. 

The  graphical  method  of  design  shown  in  this  article  will 
permit  the  building  of  arch  dams  in  which  cantilever  and 
arches  act  harmoniously  together.  Such  dams  will  be  more 
economical  and  safer  than  eitlier  gravity  or  pure  arch  dams. 


Ditching  With  Dynamite  in  Anti-Malarial 

Work 

A  demonstration  of  ditcliing  with  dynamite,  wliereby  a 
20acre  mosquito  breeding  swamp  near  Miller,  Ga.,  was  con- 
verted into  valv:able  pasture  land,  was  carried  out  in  Feb- 
ruary by  the  Central  of  Georgia  Ry.  and  a  representative  of 
an  explosive  manufacturer.  The  following  account  of  the 
work  is  given  by  H.  N.  Old,  Assistant  Sanitary  Engineer,  U. 
S.  Public  Health  Service,  in  Public  Health  Notes. 

The  mucky  soil  along  the  proposed  line  of  ditch  was  almost 
completely  under  water.  Stumps  of  green  sweet  gum,  black 
gum,  and  pine,  up  to  2i^  ft.  in  diameter,  stood  about  6  to  S 
ft.  apart. 

Owing  to  the  presence  of  large  roots  the  entire  1,500  ft. 
of  ditch  was  not  blown  at  one  time,  but  in  10  sections,  with 
a  resulting  economy  in  the  size  of  charge.  One  stick  of  50 
per  cent  nitroglycerine  dynamite  was  used  in  each  hole.  Tlie 
holes  were  24  in.  deep,  and  in  a  straight  line,  with  a  spacing 
of  10  to  16  in.,  averaging  12.  At  times  extra  Iioles  were 
placed  to  blow  stumps  clear  of  the  ditch  banks.  A  No.  ?,  blast- 
ing machine  was  used  as  detonator,  and  No.  G  electric  blast- 
ing caps  as  primers.  The  immersion  of  some  of  the  dyna- 
mite in  w'ater  for  as  long  as  four  hours  between  loading  and 
firing  was  not  apparently  detrimental  to  the  dynamite. 

Within  30  minutes  after  the  last  shot  there  was  a  freely 
running  stream  in  the  bed.  The  resulting  ditch  averaged 
~V2  ft.  at  the  top,  2%  ft.  at  the  bottom,  and  .■;%  ft.  deep. 
Approximately  970  cu.  yd.  of  material  were  removed,  or  0.G5 
cu.  yd.  per  linear  foot.  No  hand  trimming  of  the  sides  was 
found  necessary,  as  is  often  the  case. 

The  total  cost,  including  1,000  lb.  of  dynamite  at  25.5  ct., 
44  man-hours'  labor  at  20  ct.,  and  $6.20  for  incidentals, 
amounted  to  $270.  The  unit  cost  was  27. S  ct.  per  cubic  yard, 
or  18  ct.  per  linear  foot.  It  is.  estimated  that  the  blowing 
of  stumps  cost  25  per  cent  of  the  total.  Under  similar  condi- 
tions, hand  ditching  would  be  extremely  difficult,  and  a 
ditch  of  the  same  size  would  probably  cost  40  to  50  ct.  per 
line:ii-  fmit 


A  Classification  of  Indiana  Public 
Water  Supplies 

A  recently  made  compilation  of  data  for  the  public  water 
supplies  in  Indiana  shows  the  existence  of  211  plants  fur- 
nishing drinking  water  to  a  total  i)opulation  of  over  1,600,000, 
or  practically  half  the  population  of  the  state.  These  data 
have  been  compiled  under  The  direction  of  John  ('.  Diggs. 
sanitary  engineer,  Indiana  State  Board  of  Health,  and  were 
presented  in  a  paper  by  him  before  the  recent  annual  meet- 
ing of  the  Indiana  Sanitary  and  Water  Supply  Association 
from  which  the  following  is  taken. 

Of  this  total  of  211  plants  in  the  state,  162  use  natural 
Kround  water  as  a  source,  6  use  treated  ground  water,  14  use 
untreated  surface  water,  and  29  use  treated  surface  water  as 
a  source  of  supply.  There  are  Stt  treatment  plants  in  all 
supplying  water  to  a  population  of  860,000  or  more  than  2.'i 
per  cent  of  the  total. 

Methods  for  classifying  public  water  supplies  have  been 
worked  out  in  New  York  State  but  such  methods  are  not 
available  for  Indiana  where  the  total  annual  appropriation 
is  less  than  S  per  cent  of  that  in  New  York.  Nevertheless, 
it  was  thought  that  some  method  of  classification  could  be 
worked  out  and  a  considerable  amount  of  benefit  be  derived 
from  comparisons  with  the  meagre  information  available. 
The  following  factors  will  show  the  best  aid  in  the  work  of 
classification. 

1.  The  source  of  supply  with  reference  to  geologic  forma- 
tions from  which  the  water  is  drawn  and  possible  contamina- 
tion by  domestic  sewage  and  industrial  wastes. 

2.  The  purity  of  the  supply  is  gaged  by  chemical  and  bac- 
teriological examinations. 

3.  The  equipment  of  the  water  purification  plant  treating 
the  supply. 

4.  The  character  of  the  personnel  responsible  for  the 
operation   of  the  water  plant. 

With  the  utilization  of  these  factors  five  classes  of  public 
water  supplies  were  made. 

CHass  1  water  supplies  are  comprised  of  those  plants  which 
obtain  their  supply  from  wells  adequately  protected  not  only 
witli  reference  to  general  water  bearing  formations  but  to 
local  conditions  as  well.  Such  supplies  must  show  both  a 
satisfactory  sanitary  survey  and  chemical  and  bacteriological 
examination  and   must  indicate  a  potable  water. 

A  second  group  of  waters  placed  in  Class  I  are  those  pro- 
duced by  water  purification  plants  which  are  adequately 
equipped  to  purify  the  raw  water,  which  maintains  suitable 
laboratory  control  and  which  are  in  charge  of  operators  who 
are  not  only  technically  qualified  to  produce  a  satisfactory 
water  but  who  are  conscientiously  disposed  to  exert  them- 
selves to  see  that  such  a  supply  is  produced. 

Class  II  water  supplies  are  those  ground  water  supplies 
usually  consisting  of  a  water  of  good  quality  but  which  have 
some  unfortunately  situated  suction  line,  reservoir  or  well 
by  which  contamination  might  gain  access  to  the  city  system. 

Class  HI  water  supplies  includes  waters  from  improperly 
protected  ground  water  sources,  springs,  shallow  wells,  etc., 
and  purification  plants  not  properly  equipped  or  oper.Tted  by 
inefficiently  trained  men  and  not  including  adequate  labora- 
tory control  for  the  constant  production  of  a  safe  water. 

Class  IV  water  supplies  include  those  waters  obtained 
from  surface  source,  impounding  reservoirs  or  ground  waters 
exposed  to  contamination  at  times  and  from  water  purifica- 
tion plants  not  properly  operated  or  not  controlled  by  lab- 
oratories. These  waters  are  normally  of  poor  qualitv  and 
often  grossly  polluted. 

Class  V  water  supplies  are  from  supplies  which  are  un 
questionaijly  bad  through  the  constant  contamination  by  sani- 
tary sewage  or  other  wastes. 

Table  I  shows  the  plants  of  eacli  class  with  the  population, 
persons  served  and  typhoid  fever  death  rate  for  each  city 
and  town  having  a  public  water  supply. 

TABI^K  I— SUMMARY  FOR  ALJj  SUPPLIES. 

Ave.  t.vphoid 
No.  of      Pop.  1920  Pop.  deaths 

''l:i^j<.  plants.       census.  served.       per  year.     Rate. 

I     102  72S.17S  52S,614  118  16.1 

II     3,^  394.911  .?.50.210  65.1  16.3 

III    41  364.196  3(13, alS  70.1  19.3 

IV     21  U2.04S  102.200  41.5  37.0 

V    12  24.173  10,700  8.5  35.4 

Total     211  t.i;23.f.:!4  1.295.647  303.2  IS. 7 

To  eliminate  to   some  extent   the  effect  of  rural   elements 
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which  prevail  in  the  small  cities  and  towns  a  summary 
(Table  II)  has  been  made  including  only  plants  which  supply 
water  to  communities  having  population  of  over  5,000. 

T  ^BI-E  II— SI-  PPUKf^  Ftin  CITIES  OF  OVER  5,000  POPULATION, 

-We,  typhoid 
No.  of      Pop.  1920  Pop,  deaths 

r^iTco  plants.       census.  served,       per  year.      Rate. 

f  13  568,373  422,250  70,4  12.4 

,T It;  353, 28S  314,650  53.1  15.0 

Jfr  11  309,522  266,500  54.6  17.7 

iv    6  76.439  75,000  27.0  35.5 

Y   .'.'.'■.■,■, 0  00.0 

Total   49  1.307.622  1.078.400  205.1  15.6 

Perhaps  particular  reference  should  be  made  to  the  water 
purification  plants  (Table  III)  for,  though  limited  in  number, 
these  plants  supply  over  50  per  cent  of  the  citizens  of  the 
state  supplied  by  public  water  systems  and  it  is  probable  that 
efforts  devoted  toward  the  improvement  of  such  sapplies 
would  be  most  profitable  in  the  accomplishment  of  results. 

TAIILE  lit— WATER  PURIFICATION  PLuVNTS  IN  INDIANA. 

Ave,  typhoid 
No.  of      Pop.  1920  Pop.  deaths 

riass.  plants.       census.  served.       per  year.      Rate. 

i     4  472.059  340,500  59.6  12.6 

in    IS  2.S8,34.S  245,700  54.1  18.4 

IV   16  102. 21S  100,400  30. 0  35.3 

Total    35  862,625    ■  686,000  149,7  17,3 

Arrangements  have  been  made  for  more  frequent  sampling 
of  supplies  of  water  purification  plants  not  controlled  ade- 
quately by  laboratories.  The  laboratories  of  the  Water  and 
Sewage  Department  of  the  State  Board  of  Health  are  now 
receiving  weekly  samples  from  20  such  plants.  It  is  felt 
that  this  plan  will  give  the  really  conscientious  water  works 
superintendent  an  opportunity  to  better  his  city  supply  and 
at  the  same  time  keep  the  State  Board  of  Health  informed 
as  to  the  quality  of  the  water  produced.  It  is  hoped  that 
arrangements  can  also  be  made  for  more  frequent  inspection 
which  will  bring  about  more  efficient  operation.  Work  along 
this  line  is  very  decidedly  limited  with  the  present  organiza- 
tion and  appropriation  available  for  personnel.  It  is  be- 
lieved, however,  that  for  the  proper  supervision  of  the  public 
water  supplies  of  the  state  a  routine  system  of  inspection 
and  sampling  should  be  outlined  as  follows: 

Class  I  supplies. — A  very  careful  inspection  should  bo  made 
once  each  year  and  laboratory  examination  at  least  semi- 
annually 

Class  II  supplies. — A  survey  should  be  made  once  each  year 
and  quarterly  analysis  of  samples  submitted. 

Class  III  supplies. — Surveys  of  these  supplies  should  be 
made  quarterly  and  samples  submitted  weekly  tor  exami- 
nation. 

Class  IV  supplies. — Surveys  should  be  made  quarterly  and 
analyzed  weekly  or  semi  weekly. 

Class  V  supplies. — Surveys  of  such  supplies  are  useless 
except  as  a  means  of  urging  the  installation  of  an  improved 
system. 

The  writer  is  pleased  to  state  that  he  is  receiving  very 
active  co-operation  of  the  water  utilities  in  carrying  out  this 
plan  for  the  improvement  of  the  state's  drinking  w-ater  sup- 
ply. The  weekly  reports  from  all  water  purification  plants 
are,  with  the  exception  of  a  very  few  delinquents,  being  re- 
ceived in  very  satisfactory  order  and  the  recently  introduced 
system  of  weekly  samples  to  the  State  Board  of  Health  has 
receiver)  the  hearty  support  of  all  water  purification  plants. 
A  continuation  of  this  co-operation  will  greatly  assist  the 
State  Board  of  Health  in  its  plan  to  render  service  to  the 
citizens  of  the  state  through  the  water  utilities. 


Cost  of  Wasting  Water. — Mr.  Henry  E.  Perry,  superintend- 
ent of  Waterworks  of  Dover,  N.  H.,  includes  the  fol'owing 
table  in  his  annual  report  for  the  year  1920,  to  show  the 
amount  of  water  wasted  by  leaks  of  various  sizes  and  for 
various  pressures: 

Pounds  pressure  per  s(|,   in.  at  orifice ^ 

50  lb.  65  lb.  85  lb. 
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Cost  of  Cleaning  and  Painting  Steel 
Standpipes 

In  a  discussion  of  a  paper  'Cleaning  and  Painting  Stand- 
pipes"  presented  last  December  before  the  New  England 
Waterworks  Association.  Mr.  H.  K.  Barrows,  consulting  en- 
gineer, Boston,  Mass,,  gave  the  following  information  regard- 
ing the  cleaning  and  painting  of  steel  standpipes  at  Fall 
River  and  Gardner,  Mass. 

The  tanks  at  Fall  River  were  of  the  following  dimensions: 

Townsend  Hill,  1  tank,  73  ft.  in  diameter  by  37  ft.  high. 
Bedford  Street,  2  tanks,  each  65  ft.  in  diameter  by  56  ft.  high. 
Haskell  Hill,  1  tank.  65  ft.  in  diameter  by  55  ft.  high. 

The  total  area  of  surface,  including  outside  and  inside  of 
tanks  and  bottom,  is  about  99,300  sq,  ft. 

In  1915  the  four  tanks  were  cleaned  by  scraping,  and  painted 

inside,   bottom,    and    outside    two    coats   of    Detroit    graphite 

paint,  the  cost  being: 

I'aint,  furnished  by  the   city,   cost *^'llJI'oS 

Labor  cleaning  and  painting,  by  contract,  cost 1.036,80 

Total    »2,204,78 

Or  about  $22.20  per  1,000  sq.  ft.  of  surface. 

In  1919  the  four  tanks  were  cleaned  by  scraping,  and  painted 
inside,  bottom  and  outside  one  coat  of  Detroit  graphite  paint. 
The  cost  was: 

Paint,  furnished  by  city,   at  cost  of $1,320.25 

Labor  of  cleaning  and  painting,  day  work,   cost 896.00 

Total    ?2, 216,25 

Or  about  $22. SO  per  1,000  sq,  ft. 

It  will  be  noted  that  the  cost  per  1,000  sq,  ft.  was  almost 
identical  in  1915  and  1919,  but  in  the  former  case  included 
two  coats  of  paint  and  in  the  latter  case  but  one  coat. 

The  standpipe  at  Gardner  State  Colony,  Gardner,  Mass,, 
is  25  ft,  diamater  by  82  ft.  high,  with  conical  roof  20  ft.  higher. 
It  was  cleaned  by  scraping,  and  painted  in  191C,  two  coats 
inside  and  outside,  of  red-lead  paint— "Government  formula" 
—at  a  total  cost  of  $45S,  the  state  purchasing  the  paint  and 
contracting  for  labor. 

The  total  area  covered  was  about  15.200  sq.  ft.  of  surface, 
or  at  the  rate  of  about  $30  per  1,000  sq.  ft. 


Cost  of  Water  Main  Construction  at  Pasadena,  Calif,— The 

following  table  reprinted  from  the  7th  annual  report  of  the 
Water  Department  of  Pasadena,  for  the  year  ending  June  30, 
1920,  shows  the  cost  qf  cast  iron  water  main  construction  in 
that  city  by  fiscal  years  since  1913; 


Fiscal  year 
ending 
Size.  June  30. 


4"  Class  B. 


■  Class  E. 


,S"  Class  B. 


10"  Class  B 


12"  Class  B 


14"  Class  B 
20"  Class  B 
24"  Class  B 


1914 
1915 
1916 
1917 
1918 
1919 
1920 
1914 
1915 
1916 
1917 
191S 
1919 
1920 
1914 
1915 
1916 
1917 
1918 
1919 
1914 
1915 
1917 
1914 
1917 
1919 
1916 
1915 
1917 


Ft. 

laid, 

15,713 

27.021 

12.4r,3 

14,670 

11,020 

4,890 

5,576 

19.878 

6.691 

12.546 

11,636 

9.247 

3.583 

9.396 

11.955 

1.622 

2.748 

7.323 

1,774 

2,007 

3,541 

1.831 

749 

8,588 

1,674 

688 

1,200 

3.053 

2,266 


Labor, 
$0,222 
.241 
.268 
.267 
.298 
.424 
.437 
.257 
.356 
.296 
252 
.333 
.458 
.419 
.323 
.374 
.478 
.419 
.390 
.474 
.385 
.422 
.494 
.410 
.643 
.813 
.568 
.781 
1.870 


Costs  per  lin.  ft 

Auto.  Material. Ove 
$0,012       $0,487 
.430 


.016 
.024 
.015 
,022 
.061 
.056 
.017 
.031 
.022 
.015 
.029 
.071 
.041 
.018 
.031 
.021 
.024 
.027 
.068 
.006 
.025 
.033 
.024 
.056 
.082 
.032 
.061 
.251 


.457 

.477 

.743 

.885 

.846 

.678 

.668 

,610 

.673 

1.120 

1.157 

1.368 

1,042 

1.063 

.829 

1.010 

1.617 

1.679 

1.290 

1.270 

1,413 

1.600 

1.953 

2.986 

1.834 

2.732 

5.742 


rhead 
1.059 
.063 
.097 
.058 
.107 
.155 
.171 
.076 
.097 
.117 
.071 
,148 
.188 
223 
;i07 
.135 
.171 
.110 
.203 
.240 
.123 
.158 
.147 
,180 
.195 
.421 
.291 
.315 
.594 


Total. 
$0,780 
.750 
.846 
,817 
1.170 
1.525 
1.510 
1,028 
1.152 
1.045 
1.011 
1.630 
1.874 
2.051 
1.490 
1.603 
1.499 
1.563 
2.237 
2,461 
1.804 
1.875 
2.087 
2.214 
2,847 
4.302 
2.725 
3.889 
8.457 


Engineering  Societies  Affiliate  with  F,  A.  E,  S, — The  two 
latest  local  engineering  societies  to  become  affiliated  with  the 
Federated  American  Engineering  Societies  are  the  Boston 
Society  of  Civil  Engineers  and  the  Engineering  Society  of 
Milwaukee.  There  are  a  number  of  other  societies  that  are 
either  voting  upon  this  step  at  the  present  time  or  have  it 
under  consideration  by  the  executive  board.  It  is  stated  to 
be  reasonably  sure  that  a  number  of  other  societies  will  be- 
come affiliated  with  the  A.  F.  E,  S.  before  July  1,  at  which 
time  the  opportunity  of  coming  in  as  a  charter  member  will 
expire. 
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Construction  Features  of  New  18|- 

Mile  Gas-Welded  Pipeline  of 

Midway  Gas  Co. 

The  Midway  Cas  Co.  ot  Talt,  Calif.,  lias  recently  completed 
23  miles  ot  10-in.  gas  trunk  lines  from  its  Elk  Hill  wells  to 
connect  with  Bakersfield,  Calif.,  paralleling  its  6-in.  line  that 
»ias  heretofore  served  the  Bakersfield  territory.  The  welded 
portion  of  this  line,  some  18^4  miles,  is  ot  especial  interest 
because  of  certain  features  of  construction  and  handling  em- 
ployed to  meet  unusual  conditions  of  terrain  and  climate. 
The  line  is  practically  a  cross-country  straightaway,  with 
very  few  bends,  traversing  open  prairie  and  marsh  lands  at 
points  miles  away  from  even  the  crudest  pretense  of  a  high- 
way. The  temperature  variations  are  always  considerable 
during  the  day.  ranging  from  sharp  chill  in  the  morning  and 
e\ening  to  scorching  heat  at  midday,  modified  at  times  by 
stifl    winds   that   rise  almost   to  the  velocity   of  gales.     It   is 


liipe  was  lowered  into  the  ditch  only  at  the  coldest  periods 
of  the  day.* 

After  3  or  4  miles  of  pipe  had  been  welded,  painted  and 
lowered  in  the  ditch,  a  temporary  tie-in  to  the  parallel  6  in. 
line  was  made  and  pressure  put  on  to  the  pipeline  for  leaks. 
The  end  of  the  line  was  blanked  off,  either  by  welding  a  cap 
jver  it  and  later  cutting  it  off,  or  by  a  clamp  with  a  rein- 
forced blind  flange,  the  latter  being  done  only  where  the 
pressures  were  comparatively  low.  There  were  but  three 
or  four  detective  welds  that  had  to  be  repaired  with  the  torch 
in  the  entire  18%  miles  aggregating  some  2,it.10  welds— ap- 
proximately 1  to  every  1,000  welds.  The  ratio  of  pinholes 
was  less  than  1  to  every  loo  welds,  and  these  were  easily 
closed  with  a  punch. 

In  the  entire  line  there  was  but  one  turn  of  90°,  and  this 
was  accomplished  by  two  mitre-welds  ot  4.t°  each,  placed 
about  4  or  5  ft.  apart.  Near  this  bend  was  installed  an  IN 
in  expansion  sleeve.  There  w-ere  but  five  expansion  sleeves 
in  the  entire  18'^  miles.  The  engineers  depended  primarily 
on  the  uniform  temperature  of  the  flowing  gas  to  counteract 


Welds   at   90°    Turn:   Welded    Joints,   and    Welding    Outfit   at    Work. 


obvious  that  the  welders  had  to  contend  not  only  with  the 
ordinary  difficulties  of  contraction  and  expansion,  but  with 
operating  obstacles  ot  an  unusual  nature. 

The  work  was  carried  on  under  the  supervision  of  Mr.  H. 
P.  George,  general  superintendent  of  the  Midway  Co.,  and 
air.  J.  W.  Farner,  foreman.  Mr.  C.  R.  Haynes  was  the  head 
Wilder  on  the  work.  Eleven  welding  crews,  composed  of 
welder  and  helper,  were  stationed  at  successive  stages  of 
the  work  at  such  intervals  that  it  was  necessary  to  move 
camp  but  three  times  to  complete  the  line.  Oxygen  and 
acetylene  tanks  were  moved  from  one  joint  to  the  next  on 
impivised  sledges  draw-n  by  mules.  The  pipe  and  other 
material  were  shipped  to  the  nearest  railroad  point  and 
'rucked  from  there  to  the  work,  horses  being  used  whenever 
marsh  lands  had  to  be  crossed. 

The  pipe,  lO-in.  inside  diameter,  weighing  27.37  lb.  per  linear 
foot,  the  sections  averaging  35  ft.  in  length,  was  delivered 
aiready  beveled  to  45°  at  the  ends,  the  bevels  carrying 
through  to  the  base  or  inside  circumference  of  the  tube.  The 
ditch  for  the  pipe  was  dug  under  contract  with  a  machine 
aitchcr,  and  was  2  ft.  in  width  and  3  ft.  deep. 

Twenty  lengths  of  pipe  were  assigned  as  the  operating  unit 
tor  each  welding  crew.  The  pipe  was  laid  on  the  side  of  the 
ditch  and  rested  on  skids,  the  crews  welding  the  joints  suc- 
cessively, rolling  the  pipe  into  place  and  turning  it  as  the 
work  progressed  to  keep  the  work  horizontal.  When  a  series 
of  20  sections  was  welded,  the  completed  work  was  rolled  on 
the  skids  until  directly  over  the  trench  and  lined  up  with  the 
preceding  series  by  means  of  chains  and  tongs.  If  it  was 
found  that  the  two  20-section  lengths  overlapped,  the  overlap 
was  cut  away  and  the  abutting  ends  welded.  In  cases  where 
there  was  a  gap  instead  of  an  overlap,  the  space  was  filled 
by  welding  in  a  short  section  of  the  right  length. 

During  the  actual  welding,  expansion  and  contraction  of 
the  pipe,  due  to  atmospheric  changes,  were  ignored,  except- 
ing when  tying  in  the  20th-Iength  sections.  The  welding  of 
the  latter  was  always  done  in  the  cool  of  the  morning  to 
avoid  any  possibility  of  contractional  ruptures.  This  was 
necessary,  because,  while  expansion  would  take  care  of  it- 
self in  effecting  slight  undulations  in  the  line,  without  this 
provision  for  uptake,  contraction  tension  might  result  in  a 
break  where,  as  in  this  case,  the  extreme  variations  in  sec- 
tion lengths  at  different  hours  of  the  day  sometimes  amounted 
to  as  much  as  six  or  eight  inches.     For  this  reason  also  the 


the  slight  contraction  and  expansion  that  would  occur  in 
the  pipe  after  finally  in  place  under  the  ground  with  gas 
feeding  through  it.  It  has  been  found  that  the  variations  of 
temperature  under  operating  conditions  are  very  slight  in 
this  part  ot  the  country  compared  to  those  which  the  work 
is  exposed  in  construction.  One  drip  pot  was  installed,  and 
was  designed  by  the  Midway  engineers. 

This  line  is  for  the  purpose  of  conveying  gas  from  the 
Elk  Hill  Wells,  near  Taft,  to  the  Kern  River  Oil  fields  in 
the  Bakersfield  country.  The  gas  leaves  the  wells  under  a 
pressure  of  about  350  lbs.  to  the  square  inch,  and  reaches 
its  destination  at  a  pressure  of  from  75  to  150  lbs. 

It  was  originally  intended  that  the  Midway  line  should 
be  entirely  of  oxy-acetylene  welded  construction,  but  shortly 
after  w-ork  was  begun  it  was  found  necessary  to  use  about 
4%  miles  ot  second-hand  pipe  with  screwed  joints  on  the 
Elk  Hill  end  of  the  line,  diverting  the  pipe  originally  planned 
for  this  line  to  another  line  leading  from  Elk  Hill  toward 
Taft.t  In  the  construction  of  the  18%  miles  of  welded  line 
Linde  oxygen  and  Prest-O-Lite  acetylene  were  used  exclu- 
sively. Definite  data  covering  gas  consumption  are  not  at 
present  available,  as  part  of  the  75,400  ft.  of  oxygen  and 
68,900  ft.  of  acetylene  delivered  for  the  line  was  converted 
to  other  uses.  On  the  basis  of  deliveries  the  consumptions 
would  average  25.56  cu.  ft.  of  oxygen  and  23.36  cu.  ft.  of 
acetylene  per  joint,  or  9.53  cu.  ft.  of  oxygen  and  S.71  cu. 
ft.  of  acetylene  per  linear  foot  of  welding — considerably  high- 
er than  normal  for  welding  Vi  in.  steel;  but  these  consump- 
tions include  oxygen  and  acetylene  used  in  cutting.  It  is 
expected,  however,  that  the  corrected  figures,  when  obtained, 
will  be  found  somewhat  above  normal  also,  owing  to  adverse 
conditions  of  work  in  this  particular  field,  where  high  winds 
retarded  the  welding  much  ot  the  time  and  mosquitoes  in  the 
marshy   stretches   interfered   with  normal   manipulation. 

•The  expedients  relating'  to  provision  for  expansion  and  contrac- 
tion in  pipe  lines  are  comparatively  recent  engineering  develop- 
ments, but  are  not  so  new  as  to  be  regarded  in  any  sense  experi- 
mental. Indeed,  there  is  not  the  slighest  doubt  that,  had  similar 
precautions  been  taken,  some  of  the  earlier  difBculties  encountered, 
notably  in  the  mid-continent  field,  might  have  been  effectually 
removed.  This  is  indicated  by  the  success  of  welded  lines  in 
Wyoming,  where  even  greater  extremes  of  temperature  are  experi- 
enced. 

tThe  Midway  Gas  Co.  is  now  engaged  in  constructmp  a  12-in. 
welded  gius  pipe  line  from  Taft  to  lyos  Angeles,  a  distance  of  60 
miles.  The  work  on  this  line  will  be  similar  to  that  described 
above. 
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Use  of  Fluorescein  in  Tracing 
Water  Underground 

I'luorescein,  a  coal-tar   product,   stands   at   the   top   of   the 
list  of  chemicals  and  dyes  used  for  tracing  water  underground. 
This   substance   has   a    reddish-orange    color,    but    when   dis- 
solved in  water  and  diluted  appears  by  reflected  light  a  bril- 
liant green.     Its  pre-eminence  as  an  aid   to   tracing  gi'ound 
water  lies  in  the  fact  that  minute  quantities  can  be  detected 
by  the  eye  without  resort  to  chemical  analysis.     If  material 
of  good  quality  is  used  1  part  of  fluorescein  in  -10,000,000  parts 
of  water  will  be  visible  to  the  naked  eye  and  1  part  in  10,- 
(iOO. 000,000  can  be  detected  with  the  aid  of  a  long  glass  tube 
so  prepared  as  to  give   full  value  to  the  green  color.     It  a 
secret  test  is  desired,  do  not  use   fluorescein,  for   it  makes 
its  presence  known  in  an  unmistakable  manner  and  will  prove 
its  case  to   the  most  prejudiced   observer.    It   is  useless  for 
waters  containing  free  mineral  acids,  which  render  it  color- 
less, and  is  unsuitable  for  percolation  tests  on  peaty  soils  for 
this  reason.    With  this  exception  it  is  available  for  practically 
universal  application.     Some  mineral  constituents  of  ordinary 
waters,  particularly  carbonates,  will  reduce  the  visibility  of 
fluorescein,  some  of  the  coloring  matter  will  be  absorbed  by 
soils  through  which  it  passes  slowly,  and  a  part  tends  to  set- 
tle out  in  pools  or  basins,  perhaps  later  to  be  washed  out  on 
agitation  by  a  large  inflow  of  water.     These  effects  are  small 
in  most  cases  but  should  be  considered   in   determining  the 
"dose"  of  the  indicator  to  be  used.     Generally  speaking  the 
dose  should  be  computed  to  give  about  1  part  in  10,000,000  in 
the  effluent  if  results  visible  to  the  naked  eye  are  desired.  The 
conditions   under  which   the   individual   experiment   is   to   be 
undertaken  will,  of  course,  furnish  some  guide  to  the  dosage. 
In  the  March  Reclamation  Record,  Mr.  Herman  Stabler,  Chief 
Engineer,  Land  Classification  Board,  U.  S.  Geological  Survey, 
gives  the  results  of  some  tests  made  by  him  several  years  ago. 
A  kilogram  fluorescein  was  placed  in  a  stream  of  1.2  sec- 
ond-feet flowing  into  a  sink  hole  in  limestone.     It  was  next 
seen  24  hours  later  at  the  outlet  of  an  underground  stream 
flowing  3.5  second-feet  and  at  a  point  12,000  ft.  distant.    This 
stream  was  turbid  and  the  time  required  for  the  flow  was  so 
great  that  passage  through  large  pools  was  indicated.    How- 
ever, the  effluent  stream  showed  a  maximum  of  0.1.5  parts  per 
million  of  fluorescein  and  the  flow  continued   visible  to  the 
naked  eye  for  60  hours.     Apparently  12.5  acre-feet  of  water 
were  colored  with   an  average   intensity  of  1   part  in  15  or 
16  million,  and  a  maximum  Intensity  of  more  than  1  part  in  7 
million.    With  these  small  quantities  and  the  rather  unfavor- 
able   conditions— turbid    water,    passage     through     pools     or 
basins,  and  high  carbonate   content — there  was  no  question 
whatever  of  the  successful  tracing  of  the  flow. 

A  second  experiment  from  another  sink  hole  leadmg  to 
the  same  outlet  stream  was  even  more  noteworthy.  In  this 
case  the  dye  was  placed  in  a  stream  flowing  only  0.1  second- 
foot  at  a  point  4,000  ft.  from  the  outlet.  The  effluent  again 
showed  green  for  about  60  hours,  the  average  intensity  being 
about  1  part  in  34  million.  The  maximum  intensity  was 
greater  than  before,  however,  and  a  comparatively  clear  sur- 
face stream  of  3.3  second-feet  discharge  that  received  the 
flow  was  colored  green  to  the  naked  eye  for  several  miles  and 
gave  rise  to  considerable  comment  by  the  residents  of  the 
region. 

A  third  experiment  was  made  with  2  ounces  of  fluorescein 
placed  in  the  sink  (sandy  bed)  of  a  stream  flowing  0.1  sec- 
ond-foot. The  color  appeared  11/2  hours  later  in  what  was 
supposed  to  be  a  spring  free  from  surface  contamination. 
The  spring  and  sink  were  only  150  yd.  apart.  The  color  disap- 
peared from  the  spring  in  30  hours  but  was  visible  3  days 
later  in  pools  of  the  branch  into  which  it  discharged.  This 
indicates  the  tendency  to  settle  out  in  pools. 

A  fourth  experiment  of  the  series  involved  placing  1.5 
lb.  of  fluorescein  in  a  sink  hole  in  limestone  in  the  bed  of  a 
stream  flowing  half  a  second-foot.  This  resulted  in  coloring 
a  2  second-foot  spring  a  bright  green  for  two  days,  beginning 
25  hours  later.  The  distance  between  sink  hole  and  spring 
was  2,500  ft.  and  the  difference  in  elevation  175  to  200  ft.  In 
this  case  4  acre-feet  of  water  was  colored  with  an  average 
intensity  of  about  one  part  in  7  million.  The  water  was 
clear  and  the  brilliant  green  coloring  of  what  was  normally 
a  beautiful  blue  limestone  "spring"  was  a  most  satisfying 
proof  of  the  connection  that  was  suspected  by  some  an^l  vigor- 
ously denied  by  others. 

In  all  these  experiments  an  attempt   was  made  to  make  the 


dose  large  enough  to  give  results,  for  no  damage  from  the 
excess  could  result  and  undeniable  proof  of  underground  con- 
nection was  desired.  Probably  half  of  the  material  could 
have  been  saved,  but  the  conditions  to  be  encountered  were 
unknown.  The  slow  and  varying  velocities  of  the  under- 
ground streams,  as  measured  by  surface  distances,  500  ft. 
per  hour,  200  ft.  per  hour,  300  ft.  per  hour,  and  100  ft.  per 
hour,  were  unsuspected. 

If  simple  tracing  of  an  underground  connection  is  desired, 
as  in  the  foregoing  cases,  the  proper  method  is  to  dissolve 
the  calculated  dose  of  fluorescein  in  a  small  quantity  of  water 
and  place  it  in  a  single  charge  at  the  plant  where  water  dis- 
appears underground.  Then  watch  all  possible  springs  or 
vi'ells  for  results,  collecting  samples  and  examining  them  in 
a  long  tube  of  colorless  glass  (long  to  get  the  color  of  a  great 
depth  of  water,  and  colorless  to  avoid  confusion  with  the 
anticipated  green)  at  reasonably  frequent  intervals.  Seep- 
age from  a  canal  can  be  traced  by  placing  fluorescein  in  pits 
or  borings  alongside  or  in  the  bed  of  the  canal,  or,  if  the 
canal  is  closed  down,  by  impregnating  a  minimum  amount  of 
stagnant  water  in  the  suspected  part  of  the  canal  prism.  In 
such  cases  the  rate  of  underground  flow  is  likely  to  be  only 
a  few  feet  per  day,  and  there  may  be  a  wide  diffusion  of  the 
waters.  A  calculated  overdose  of  fluorescein  should  there- 
fore generally  be  used,  and  observations  should  be  continued 
long  enough  to  make  sure  of  a  result. 


The  Cost  of  a  Typhoid  Fever  Epidemic 

The  Importance  of  a  safe  city  water  supply  is  brought  tu 
our  attention  with  a  fresh  emphasis  by  reason  of  a  severe 
typhoid  fever  epidemic  that  broke  out  in  Salem,  Ohio,  in 
October.  More  than  850  cases  of  typhoid  fever  and  approxi- 
mately 50  consequential  deaths  were  reported  during  the 
course  of  the  epidemic.  The  Ohio  State  Department  of  Pub- 
lic Health  attributes  the  cause  of  the  outbreak  to  "Sewage 
entering  the  water  supply  system  through  leaks  in  a  tile  pipe 
line"  and  estimates  the  cost  of  the  epidemic  at  $450,000  on 
the  following  basis: 

State   appropriation %     5,000 

Red  Cross  appropriation 50,000 

Municipal   appropriation    15,000 

Private    expenditure    for    medical    service    and    drugs    (850 

cases  at  $50  eacn) 42,500 

Private  expenditure  for  nursing  service  (200  cases  at  jlOO) . .     20,000 
Loss  cf  time  by  wage  earners  (one-third  of  cases,  six  weeks 

each  at  $5  per  day) 60.000 

Funeral  expenses  (approximately  50  deaths  at   $150) 7,500 

Value  of  lives  lost  (approximately  .^0  at  $4,000  each) 200,000 

Business  losses   (due  to  lowered   earning  power  of   workers 

and  to  avoidance  of  city  by  out-of-town  persons) 50,000 

Estimated  total  cost $450,000 

The  tile  pipe  line  cost  $1,500  less  than  an  iron  pipe  line 
would  have  cost.  About  $1,000  each  year  would  have  cov- 
ered the  cost  of  bacteriological  supervision  over  the  water. 
A  total  saving  of  $2,500  appears  against  the  epidemic  cost 
of   $450,000. 

Examples  of  cities  in  Illinois  that  have  paid  the  same  kind 
of  a  price  for  maintaining  defective  water  supply  systems  are 
not  wanting.  Only  a  few  months  ago  the  city  of  Bloomington 
experienced  a  sharp  outbreak  of  typhoid  fever  and  diarrhea 
due  to  a  cross-connection  between  the  city  water  supply  and 
an  impure  industrial  supply.  The  actual  money  cost  of  this 
epidemic  ran  into  thousands  of  dollars.  Many  cities  and  towns 
in  this  state  still  maintain  cross-connections  and  other  dan- 
gerous defects  in  the  public  water  supply  system  regardless 
of  the  frightful  experiences  of  other  communities. 

We  ask  again  "will  cities  ever  learn  from  the  experiences 
of  other  cities  how  to  protect  their  public  water  supply?"  It 
seems  that  such  terrible  experiences  as  those  of  Bloomington, 
Illinois,  and  Salem,  Ohio,  would  be  sufficient  to  awaken  the 
officials  in  the  most  backward  community  in  the  country  to 
the  dangers  that  lurk  behind  cross-connections  and  other 
dangerous  defects  in  public  water  supply  systems. — Editorial 
in  Illinois  Health  News,  the  official  monthly  bulletin  of  the 
State  Department  of  Public   Health. 


Public  Water  Supplies  in  Massachusetts. — Of  the  354  cities 
and  towns  in  Massachusetts,  215  are  provided  with  public 
water  supplies.  The  total  population  of  these  places  is  about 
0(5  per  cent  of  the  population  of  the  state.  Many  of  the  re- 
maining towns  are  very  small,  with  no  considerable  aggrega- 
tion of  population  at  any  point,  but  at  the  end  of  1910  there 
were  still  21  towns,  which  had  by  the  census  of  1915  a  popu- 
lation in  excess  of  2,000,  in  which  the  domestic  water  supply 
of  the  inhabitants  derived  wholly  from  private  wells. 
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The  Basis  for  Extension  of  Water 
Mains 

The  extension  ol  water  mains  is  always  a  problem  pai- 
ticiUarly  when  it  comes  to  determining  the  income  which 
should  be  received  from  the  extension.  In  the  past  few  years 
the  problem  has  been  still  further  complicated  by  reason  of 
high  and  uncertain  prices. 

As  a  basis  for  determining  the  proper  income,  Dow  R. 
Gwinn,  president  and  manager,  The  Terre  Haute  Water 
Works  Co..  Terre  Haute,  Ind.,  prepared  a  paper  which  was 
presented  before  the  recent  annual  meeting  of  the  Indiana 
Sanitary  and  Water|Supply  Association.  The  following  notes 
are  taken  from  his  paper. 

Previous  to  the  war  cast  iron  pipe  was  delivered  f.  o.  b. 
Terr''  Haute  tor  $22  per  ton;  in  October,  1920,  the  price  was 
$77.60.  Fire  hydrants,  valves,  special  castings  and  valve 
boxes  are  also  very  much  higher  in  price.  Common  labor 
costs  twice  as  much  as  formerly. 

It  costs  a  little  over  $1.80  per  foot  to  furnish  and  lay  6in. 
Class  B  cast  iron  pipe  at  present  price — $64  per  ton.  On  this 
basis  the  cost  of  an  extension  for  a  block  of  say  :!b5  ft.,  in- 
cluding the  fire  hydrant,  valves,  valve  boxes  and  6-in.  tee, 
is  $829.  If  it  is  necessary  to  cut  into  a  main  and  insert  a 
special  for  a  connection,  the  cost  would  be  greater. 

In  estimating  cost  of  pipe  laying,  the  cost  of  connecting  with 
existing  mains  is  sometimes  overlooked.  It  is  expensive  to 
shut  off  a  main,  cut  a  piece  out  of  it,  pump  out  the  water  that 
!s  in  the  main,  insert  a  special,  cut  a  piece  of  pipe  to  close 
the  gap.  put  on  a  sleeve,  and  make  four  lead  joints.  It  some- 
times happens  in  Terre  Haute  that  the  water  from  the  pipe 
softens  the  earth  so  that  there  is  a  caving  of  the  banks.  A 
number  of  valve  stems  have  been  broken  while  the  workmen 
were  trying  to  shut  the  water  off  so  that  the  cut  could  be 
made.  However,  for  present  purposes,  we  will  estimate  a 
block  of  6  in.  pipe  at  $829. 

Assuming  that  the  extension  Is  needed  and  that  the  water 
department  or  company  can  finance  the  improvement,  the 
next  question  would  be:  What  additional  income  should  the 
department  or  company  receive?  In  the  writer's  opinion, 
the  income  should  be  the  same  regardless  of  whether  the 
water  works  belong  to  a  municipality  or  company.  A  mu- 
nicipally owned  plant  should  be  conducted  on  business  prin- 
ciples and  should  charge  for  fire  hydrants  and  they  should  be 
paid  for  out  of  the  general  fund. 

The  Indiana  Public  Service  Commission  allows  water  com- 
panies a  rate  of  return  of  8  per  cent  and  1  per  cent  for  de- 
preciation. Assuming  that  the  cost  of  operation  and  taxes 
are  10  per  cent  of  the  valuation,  the  charge  against  an  exten- 
sion of  a  block  of  6-in.  pipe  with  one  fire  hydrant  should  be 
19  per  cent  of  $829,  or  $157  per  annum.  The  extension  should 
pay  its  proportionate  cost  or  rate  of  return  on  the  main  plant. 
Something  should  be  added  for  return  on  these  items. 

In  many  cases  it  would  be  necessary  to  put  in  Sin.  or 
larger  pipe.  If  8-in.,  the  cost  for  a  block,  including  hydrant, 
valves,  etc.,  would  be  $1,000.  In  that  case,  the  income  should 
be  $190  per  annum.  If  12-in.  pipe,  it  would  be  considerably 
higher  and  someone  must  pay  on  this  investment  and  also 
sufficient  to  cover  proportionate  cost  of  operation.  How  is 
the  $157  or  $190  to  be  paid?  It  should  be  paid  by  those  who 
are  benefited.  There  are  two  kinds  of  extensions,  one  where 
there  are  houses  where  water  supply  is  needed  at  once,  and 
another  in  virgin  territory  which  a  real  estate  owner  wants 
to  develop  and  sell  off  in  lots. 

First,  let  us  consider  an  extension  inside  the  city  where 
some  houses  have  been  built.  On  an  average  city  block  of 
365  ft.,  after  deducting  the  street,  there  would  be  say  14  42-ft. 
lots.  It  would  seem  only  fair  and  reasonable  that  there  should 
be,  say,  six  houses  on  the  14  lots:  that  each  of  those  should 
guarantee  a  $1.50  minimum  monthly  rate  (about  5  ct.  per  day) 
for  a  period  of  five  years.  Then  if  the  city  would  pay  $50  a 
year  for  the  fire  hydrant,  there  would  be  an  annual  Income 
of  $158. 

If  the  extension  required  S-in.  pipe  (60  per  cent  of  the  mains 
in  Terre  Haute  are  8-in.  and  larger),  then  the  six  prospective 
consumers  should  guarantee  $1.75  minimum  per  month  and 
the  hydrant  rental  should  be  $60  per  annum.  This  would 
mean  an  income  of  $186  per  annum,  if  all  the  consumers 
kept  up  their  payments. 

Second,  where  extensions  are  desired  for  the  development 
of  real  estate  so  that  lots  may  be  sold,  such  extensions  are 
for  the  benefit  of  the  landowner  and  he  should  pay  the  cost. 


and  be  reimbursed  by  the  water  department  or  company 
when  the  income  from  ths  water  consumers  and  hydrant 
rental  on  such  extensions  is  equal  to  the  rate  of  return  (on 
the  original  cost)  allowed  by  the  Indiana  Public  Service  Com- 
mission plus  depreciation  and  the  proportionate  cost  of  op- 
eration and  taxes. 

The  form  of  contract  with  the  land  company  provid-s  that 
the  landowner  will  be  reimbursed  for  the  cost  of  the  exten- 
sion, but  without  interest.  The  income  from  the  consumers 
and  also  any  hydrant  rental  belongs  to  the  department  or 
company  for  service  rendered.  The  plan  enables  th^;  land 
owner  to  improve  his  property  and  make  it  attractive  to  pros- 
pective buyers  at  the  cost  of  the  main  pipes,  meters  and 
service  pipes  to  curb  line.  He  is  not  required  to  make  an 
investment  for  immps.  boilers  and  filters.  He  does  not  have 
the  responsibility  of  operating  a  water  plant;  he  gets  the 
benefit  of  the  same  prices  for  material  that  the  department 
or  company  enjoys. 

The  cost  of  the  water  pipes,  etc.,  are  a  part  of  the  d"velop- 
ment,  like  sidewalks,  grading  and  trees,  except  that  if  good 
judgment  has  been  used  in  selecting  the  land  and  the  lots  are 
sold  at  profitable  prices  in  a  reasonable  period,  the  owner 
may  be  reimbursed  for  that  portion  of  his  investment  for 
water  mains.  Incidentally,  the  cost  of  all  improvements  are 
added  to  the  price  of  lots  when  they  are  sold. 

In  conclusion,  it  should  be  stated  that  a  community  can  not 
grow  and  prosper  unless  its  utilities  are  prosperous;  their 
interests  are  closely  related,  and  what  hurts  one  ultimately 
injures  both.  To  be  prosperous,  a  utility  must  have  adequate 
rates  which  will  produce  sufficient  earnings  to  make  its  se- 
curities attractive  to  the  investor. 


Building  Operations  in  IVlarch  Show  65  Per  Cent  Increase. 
— The  figures  for  Ijuildiug  activity  in  March,  as  published  by 
the  F.  W.  Dodge  Co.,  indicate  widespread  progress  toward 
resumption  of  normal  activity.  Contracts  awarded  during 
March  in  the  25  Northeastern  States  amounted  to  $164,194,- 
000.  an  increase  of  63  per  cent  over  the  February  figure.  The 
increase  is  largely  due  to  a  greatly  increased  number  of  small 
projects.  The  total  number  of  contracts  awarded  in  March 
was  78  per  cent  greater  than  in  the  preceding  month.  K  com- 
parison of  this  year's  activity  with  that  of  last  year  is  not  to 
the  point.  At  this  time  last  year  building  activity  was  ap- 
proaching the  crest  of  a  wave;  now  it  is  emerging  from  the 
trough.  The  conditions  of  this  year  are  more  nearly  like  those 
of  1919.  Contracts  awarded  during  the  first  quarter  of  this 
year  have  numbered  12.180  and  have  amounted  to  $376,631,000. 
During  the  first  quarter  of  1919,  contracts  numbered  10,724. 
amounting  to  $274,562,000.  Among  the  contracts  let  in  Mach. 
1921,  residential  projects  took  the  lead,  amounting  to  $60,69:5.- 
000,  or  37  per  cent  of  the  total.  Public  works  and  utilities 
amounted  to  $34,068,000,  or  21  per  cent  of  the  total;  business 
buildings.  $22,776,000,  or  14  per  cent  of  the  total;  educational 
buildings,  $19,030,000.  or  11  per  cent  of  the  total:  industrial 
buildings,  $10,640,000,  or  7  per  cent  of  the  total.  Contemplated 
new  projects  were  reported  in  March  to  the  number  of  10,184. 
at  an  estimated  cost  of  $398,071,000.  The  very  considerable  in- 
crease in  contemplated  new  work  is  largely  made  up  of  small 
projects. 


Killing  Pocket  Gophers  on  Irrigation  Projects. — Pocket 
gophers  burrowing  in  the  ditch  banks  and  adjacent  bottom 
lands  below  the  Elephant  Butte  Dam  in  Dona  Ana  County. 
N.  Mex..  cause  seepage  damage  estimated  at  $60,000  a  year. 
Irrigation  farmers  last  year  enlisted  the  directive  assistance 
of  the  United  States  Department  of  Agriculture  Biological 
Survey,  and  a  project  of  extermination  was  undertaken  in 
September.  Both  traps  and  poisoned  baits  were  used.  One 
method  was  for  a  workman  to  patrol  the  banks  of  the  main 
ditches,  setting  a  string  of  50  traps  at  short  intervals.  On 
his  return  he  would  find  pocket  gophers  in  two-thirds  of 
them.  In  doing  this  advantage  was  taken  of  the  rodents' 
dislike  for  warmth  and  light.  Runways  were  found  by  means 
of  a  prod  and  a  hole  was  broken  under  which  the  trap  was 
set.  The  gopher  would  hasten  to  the  spot  to  repair  the 
break  and  find  himself  in  the  trap.  Cubes  of  strychnine- 
mixed  bait  were  dropped  into  similar  holes  on  level  ground. 
.\  survey  taken  early  this  spring  by  a  roden  inspector  of  the 
Biological  Survey  indicated  that  95  per  cent  of  the  pocket 
gophers  had  been  exterminated,  practically  eliminating  the 
$60,000  annual  damage.  The  total  cost  to  fhe  farmers  was 
about  $3,500. 
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The    Depletion  of  Ground-Water 
Supplies* 

By  ROBERT   E.   HORTON, 
Consulting  Hydraulic   Engineer.   Voorhcesvillo,    N.    V. 

Time  Required  for  a  Well  to  Reach  Equilibrium  with  Con- 
stant Draught. — It  not  Irequently  occurs  where  wells  are  used 
lor  public-  water  supply  or  for  Irrigation  that  there  is  a  pro- 
"Tessiva  depression  of  the  water  table,  sometimes  continuing 
for  years.  It  is  evident  that  a  new  well  might  derive  an 
initially  large  but  ever  decreasing  supply  from  connate  water, 
even  with  no  infiltration.  In  general,  with  constant  draught 
and  infiltration,  the  well  will  reach  equilibrium  when: 

Total  inflow  +  Storage  draught  =  Total  draught. 

For  a  horizontal  or  nearly  horizontal  water  table,  the  inflow 
take.s  place  by  infiltration  over  the  cone  of  depression  created 
by  the  well.  If  the  slope  of  the  cone  influence  is  known,  then 
the  radius  and  volume  of  the  cone  for  any  depth  of  depletion, 
and  the  area  over  which  infiltration  supplies  the  well  at  any 
moment  can  be  determined.  Miller-Brownliet  has  attacked 
this  problem  at  a  different  angle  from  other  investigators. 
Instead  of  assuming,  as  is  often  done,  a  constant  maximum 
radius  of  the  cone  of  influence,  he  assumes  a  minimum  con- 
stant slope  of  the  water  table  within  the  limits  of  the  cone, 
which  slope  he  assumes  will  be  quickly  reached  after  pump- 
ing begins  and  will  remain  constant  as  depression  advances. 
He  says: 

Observations  made  during  the  past  few  years  of  the  subsoils 
o£  the  Punjab  have  shown  that  tlie  slopes  necessary  to  cause  water 
motion  have  varied  from  1  in  260  in  moderately  coarse  sand  to  1 
in  175  for  fairly  fine  sand.  In  gradients  flatter  than  this  in  each 
type  of  .sand  there  is  no  apparent  motion.  Capillary  attraction  in- 
terferes with  the  true  flow,  and  investigation  into  the  forward 
motion  becomes  greatly  involved.  Observations  indicate  that  any 
lateral  or  forward  motion  of  water,  where  the  hydraulic  gradients 
are  slightly  less  than  those  mentioned,  is  so  slow  that  for  practical 
purposes  it  may  be  neglected,  the  actual  velocity  probably  not  ex- 
ceeding a  few  inches  per  day. 

In  effect  this  amounts  to  the  assumption  that  there  is  a 
minimum  angle  of  friction  for  ground  water  similar  to  the 
angle  of  friction  for  solids.  If  the  slope  of  the  water  table 
is  at  less  than  this  minimum  angle,  motion,  or  at  least  ap- 
preciable motion,  in  supplying  a  well,  will  not  occur. 

Miller-Brownlie  applies  this  principle  to  the  determination 
of  the  progressive  depletion  of  wells,  making  computations 
by  yearly  intervals. 

The  same  results  may  be  obtained  by  the  use  of  a  general 
formula  derived  as  follows:     Referring  to  Pig.  1,  let 

r  =  radius  of  cone  of  influence  at  time  t  in  years; 

111  —  assumed  minimum  slope  for  the  given  soil; 

h  =  the  true  or  cone  depression  of  the  water  table  at  the  well. 
due  to  the  slope  of  the  water  table. 
This  is  designated  by  Miller-Brownlie  as  the  "vertex  head," 
This  does  not  include  the  abrupt  depression  ht  due  to  en- 
trance resistance  immediately  around  the  well,  which  may 
amount  to  a  few  feet.  This  is  designated  by  Miller-Brownlie 
as  the  ''trumpet  head,"  from  the  resemblance  of  the  form  of 
depression  at  the  well  to  the  mounth  of  a  trumpet. 

h  =  mr  and 

H  n=  h  -f-  ht  =  total  depression. 

P  =  available  porosity  of  the  medium. 

I  =  infiltration  depth  inches  on  surface  per  year. 

P  =  infiltration  rate  at  time  t.  cubic  feet  per  year. 

Q  =  rate  of  draught  or  pumpage,  cubic  feet  per  year. 

Hz  -=  rate  of  draught  or  pumpage.  millions  of  gallons  per  21  hrs 

S  =  total  storage  depletion  in  cubic  feet  at  time  t. 
Then  in  units  of  cubic  feet  per  year: 

irP 

S  =— mV (1) 

3 
I 

F    =—-nr- (2) 

12 
The  limit  of  the  cone  of  influence  for  constant  pumping  will 
be  reached  when  P^Q,  or  when 

iiFQ  ;i2Q 

r  ='\f or  h,:  =  m  '\ (''1 

ttI  ttI 

To  determine  the  time  when  this  limit  will  be  reached,  or 


when  any  less  depletion  will   be  reached,  it  is  necessary  to 
solve  the  storage   equation 

Inflow  =1  Outflow  +  Gain  or  —  Loss  of  storage (4) 

Por  an  increment  of  time  dt,  during  depletion,  the  loss  of 
storage  is  the  difference  of  volume  of  porosity  in  two  cones 
of  altitudes  h  and  h  +  dh  respectively,  and  side  slopes  m. 
This  is  very  approximately  equal  to  the  convex  surface  of  a 
cone  of  base  radius  r  and  altitude  h,  or  Trf-  sec.  A  multiplied 
by  PcosAdh  or 

dS  =  Pirr'dh ( .5) 

Substituting  (2)  and  (5)  in  (4)  for  time  dt. 
I 

—      irrdt  =  Qdt  —  PTi-r-dh («) 

12 
But  r  =  h  /m 

Irr  Ptt 

Let  A  = B  =  —    (  7 ) 

12  m'  m- 

AhMt  =  Qdt  ^  Bh=dh    (S) 

Divide  bv  dt  and  transpose  — 

Bh^ 

dt  = dh (il) 

Q  — Ah- 
This  can  be  integrated  by  known  forms,  giving 
BQ  V  Q  +  b  V  A        Bh 

t  =  2.30 log,„ (10) 

2AV'AQ  VQ  — hVA  A 

Miller-Brownlie's  treatment  of  this  subject,  and  the  au- 
thor's formula  based  thereon,  differ  from  the  usual  mode  of 


Fig.   1 — Conditions  Adjacent  to   a   Pumped   Well.     Fig.  2 — Shrinkage 
of   Artesian   Area   With    Increased    Draught   of  Water. 

treatment  in  that  it  is  assumed  that  the  supply  of  the  well  is 
ultimately  derived  entirely  from  infiltration  over  the  area 
covered  by  the  cone  of  influence,  whereas  in  the  usua'  meth- 
od of  treatment  heretofore  it  is  assumed  that  the  well  is 
supplied  by  water  flowing  into  the  cone  of  influence  around 
the  periphery  of  this  cone,  and  infiltration  on  the  area  of  in 
fluence  is  neglected.  The  usual  formulas  give  the  yield  of 
the  well  in  terms  of  the  depth  of  depression  of  the  water 
table.  The  author's  formula  not  only  gives  the  ultimate 
depth  of  depression  which  is  approached  as  a  limit  as  pump- 
ing continues,  but  it  will  also  give  the  depression  of  the 
water  table  at  the  well  at  any  chosen  time  intervnl  after 
pumping  begins. 

Inspection  of  the  formula  shows  that  the  value  of  t  be- 
comes infinity  when  the  denominator  of  the  logaritlimic  term 
becomes    zero,   that   is   when 

VQ  =  hVA (11) 

or  when 


,.=xl!i 


.(12) 


•From  the  March  Journal  of  the  AmeVican  Waterworks  As- 
sociation. .       ,    _ 

f'Subsoil  Water  in  Relation  to  Tube  'WVlls  for  Irrigation.  En- 
Kineering  and  Contracting.  March  31,  1920.  page  35ii. 


Illustration  of  Method  by  Miller-Brownlie  Formula.-  This 
is  the  limit  of  the  vertex  head,  and  this  formula  gives  the 
same  result  as  that  obtaino<l  by  the  solution  of  equation  (3). 


(97) 
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Ill  tlie  exiiniple  given  herewith,  tlie  limiting  depression  ap- 
proaelies  :;:i.G.S  I't.  Table  I  contains  the  results  of  a  solution 
of  equation  (10)  for  a  well  used  as  an  example  to  illustrate 
tlie  method  by  Miller  Brownlie.  The  results  agree  substan- 
tially with  those  obtained  by  Miller-Brownlie  by  solution 
for  successive  finite  increments  of  h. 

TADLK  I— CALCULATION  OF  DEPLETION  Ol^  GROUND  WATEl! 
IN    A  WELL  FOR  Q  —  i  c.f.s.     I  =  O.S  FT.  PKR  YEAR. 
M  =  0.00555  AND   P  =  0.;iO  WHERE 
9592  +  285h 

t  =  14.54  l^e.,0 0.375h. 

9592  —  28511 

t  —  col.  (7) 
Col.  (3)       Log.         14.51  —col.  (8). 

H-  col.  (4)  col.  (5)  X  col.  (C)  0.375hc    years 


9592 

9592 

he 

285hc  +  285hc   - 

- 285h. 

(1) 

(2) 

(3) 

(4) 

5 

1,425 

11.017 

8,167 

10 

2,850 

12,442 

6,742 

15 

4,275 

13,867 

5,317 

20 

5,700 

15,292 

3,892 

25 

7,125 

16.717 

2,467 

2S 

7,980 

17.572 

1.612 

30 

8,55n 

18,142 

1.042 

31 

8,835 

18,427 

7."i7 

32 

9,120 

1S.712 

472 

33 

9,405 

18,997 

1S7 

33.5    9,547.5  19,140 
Let  Q  =  3  c.f.s. 


1/12  : 


O.S. 


:0.30. 


1 


(5)              f6)  (7) 
1.348       0.129G9  1.88 
1.845       0.26600  4.]0 
2.608       0.41631  6.03 
3.92S       0.59417  S.61 
6.78         0.83123  12.04 
10.89         1.03703  15.08 
17.42         1.24080  17.98 
24.35         1.38650  20.16 
39.65         1.59824  23.20 
101.50         2.00647  29.08 
45.5  421.00         2.62428  38.04 
92.016,000  cu.  ft.  per  year. 
1 
11  =  —  =  0.00555. 
180 
1 
=  32.400. 


(8) 

1.87 

3.75 

5.62 

7.50 

9.38 

10.50 

11.25 

11.62 

12.00 

12.38 

12.56 


(9) 

0.01 

0.35 

0.41 

1.11 

2.66 

4.58 

6.73 

8.54 

11.20 

16.70 

25.48 


—  =  ISO. 

m  m- 

A  =  0.8  X  IT  X  32,400  =  81,389. 

B  =  0.3  X  IT  X  32,400  =  30.521 

B/A  =  3/8  —  0.375. 

VQ  =  9591.7. 

VA  =  285. 

VAQ  —  2,733,720. 

2  VAQ  =  5,467,440. 

Q/2  VAQ  =  16.83. 

9592  +  285h 
t  -  14.54  Los.,0— — 


0.375h. 


9592  —  285h 

In  this  example  a  depletion  of  nearly  20  ft.  occurs  in  the 
first  year  because  the  infiltration  area  is  naturally  small, 
and  the  supply  is  at  first  drawn  mainly  from  ground-water 
storage.  After  the  first  few  years  the  infiltration  rate  ap- 
proaches the  draught  rate,  and  the  depletion  approaches  the 
limit  r,3.(;,S  feet  more  and  n\ore  gradually  as  time  goes  on. 

Determination  of  IVIaximum  Yield. — If  a  well  is  put  down 
in  the  surface  ground  water  horizon,  and  this  is  underlain  by 
an  impermeable  stratum,  then  the  maximum  draught  from 
the  well  will  be  that  for  which  tne  depression  of  the  vertex 
head  plus  the  trumpet  head  equals  the  depth  of  the  ground 
water.  Until  this  depression  is  attained  a  greater  rate  of 
pumping  can  be  carried  on.  Formula  (3)  is  therefore  adapted 
to  the  determination  of  the  maximum  yield  which  can  be  per- 
manently derived  from  a  given  well.  For  this  purpose  it 
takes  the  form 

rf/H,.-h,\' 

Q=— ( )    ii:i) 

12\       m       / 

in  which  H^.  is  the  total  depHi  of  ground  water.  The  trumpet 
head  ht  is  the  only  factor  that  varies  with  the  diameter  of 
the  well.  For  a  given  draught  rate,  this  varies  about  in- 
versely as  the  circumference  of  the  bore. 

For  example,  with  the  other  factors  the  same  as  before, 
Ht  =  20  ft,  and  h,  =  5  ft.,  Q  =  18,300.000  cu.  ft.  per  year,  or 
33,400  gal.  per  day,  a  comparatively  small  yield,  because  of 
the  limited  area  of  infiltration  tributary  to  the  well.  This 
shows  the  importance  of  a  deep  ground  water  bed  as  affecting 
the  yield  of  a  well  in  the  surface  zone  of  ground  water.  The 
formula  has  limitations  in  its  applicability  to  a  well  penetrat- 
ing a  definite  vein  of  free  flowing  ground  water,  in  which 
case  mis  practically  zero. 

If  a  well  is  put  down  into  a  groundwater  horizon  in  a  deep 
permeable  stream,  the  surface  of  the  water  table  being  nearly 
flat,  but  there  being  a  gradual  flow  or  drift  in  one  direction, 
then  it  is  evident  that  water  will  flow  into  the  cone  of  de- 
pression from  one  side,  and  a  nearly  equal  amount  will  flow 
out  from  the  opposite  side.  The  effect  will  be  to  distort  the 
form  of  the  area  of  depression  making  it  eccentric  to  the 
well,  with  the  shorter  radius  on  the  upstream  and  longer  on 
the  downstream  side,  but  without  much  influence  on  the  yield 
of  the  well.  In  fact,  it  is  evident  that  if  a  series  of  uniformly 
spaced  wells  was  put  down  and  pumped  at  such  rates  that 
their    cnnes    of    influence    were    tangential   circles,   then   the 


supply  to  each  well  would  be  derived  necessarily  from  infil- 
tration over  the  area  of  influence. 

The  Miller-Brownlie  formula  applies  directly  to  this  case, 
whereas  the  ordinary  formulas  are  inconsistent  in  that  they 
assume  in  such  a  case  that  t'le  well  is  supjilied  from  the  area 
between  the  tangential  cones  of  influence,  in  spite  of  the  fact 
that  at  the  points  where  the  circle's  of  influence  are  tangen- 
tial there  is  no  infiltration  whatever. 

Depletion  of  Artesian  Basins. — The  matter  here  considered 
is  entirely  distinct  from  the  reduction  in  flow  of  artesian 
wells  by  mutual  interference  of  wells  spaced  too  closely.  An 
artesian  basin  may  have  a  capacity  so  great  that  the  pressure 
over  the  basin  as  a  whole  is  not  materially  affected  by  a 
limited  number  of  wells,  but  if  two  or  more  wells  are  spaced 
too  closely,  cones  of  pressure  reduction  adjacent  to  the  wells 
will  overlap,  and  the  supply  available  from  each  well  will  be 
reduced. 

On  the  other  hand,  a  large  number  of  wells  distributed  over 
a  basin,  and  so  spaced  as  to  avoid  mutual  interference,  may 
gradually  deplete  the  artesian  supply  to  such  an  extent  that 
some  of  the  wells,  usually  those  at  higher  elevations  or  near- 
est the  intake  beds,  will  cease  to  flow.  This  condition  has 
developed  notably  in  some  of  the  great  artesian  basins  of 
Australia,   and    in    Southern    California. 

It  is  convenient  here  to  consider  artesian  basins  of  four 
kinds: 

(1)  Inclined  basins   with   ocean   outlets. 

(2)  Inclined  or  saucer-shaped  basins  with  outlets  through 
artesian  springs  only. 

(3)  Inclined  or  saucer-shaped  basins  without  natural  out- 
lets. 

(4)  Buried   or   imbedded   artesian   basins. 

The  various  artesian  horizons  adjoining  the  Gulf  of  Mexico 
in  Southern  Texas  afford  illustrations  of  the  firjst  type.  Here, 
before  wells  were  bored,  a  balance  was  maintained  between 
the  inflow  to  the  basin  through  the  intake  beds,  and  the  out- 
flow where  the  beds  are  exposed  beneath  the  sea  level,  by 
slight  fluctuations  in  the  volume  of  storage  in  each  artesian 
horizon. 

The    conditions   are    illustrated    by    Fig.    2.      The    pipe    AB 

corresponds  to  the  water-bearing  beds.     As  long  as  the  out 

let  at  B  remains  unchanged  in  size,  the  water  level  at  D  will 

fluctuate  only  to  such  an  extent  as  is  required  to  satisfy  the 

storage  equation 

r.  tn        /+  Gain  or  \ 

■  =  Outflow  (   '  ,  _,.  1 

\ —  Loss  of  Storage./ 

If  in  addition  to  an  outlet  at  B.  wells  are  put  down  along  the 
line  DB,  aft"ording  additional  outlets,  then  a  less  head  will 
be  required  to  discharge  a  quantity  of  water  equal  to  the 
inflow  at  A  and  the  ground-water  horizon  adjacent  to  the  in- 
take will  fall  to  some  level  lower  than  D.  As  the  flow  of 
wells  is  increased  between  A  and  D,  the  pipe  will  not  be 
filled  with  water  and  a  well  put  down  in  this  region  will  have 
no  pressure  in  excess  of  that  of  the  atmosphere.  As  the  num- 
ber of  wells  between  D  and  A  is  increased,  the  static  water 
level  in  the  ground-water  horizon  on  the  intake  side  of  the 
basin  will  further  recede,  the  artesian  pressure  over  the  en- 
tire basin  will  be  decreased,  and  if  the  number  of  outlets  is 
sufficient,  the  artesian  horizon  will  fall  to  some  level  C,  and 
w'ells  located  between  D  and  C  will  cease  to  flow,  while  these 
between  C  and  B  will  continue  to  flow  but  under  greatly  re- 
duced heads. 

It  is  evident  from  these  considerations  that  excessive 
draught  from  an  artesian  basin  in  general  has  the  effect  of  re- 
ducing the  artesian  area  on  the  side  of  the  basin  located 
nearest  the  intake  beds.  Precisely  this  result  has  followed 
excessive  pumping  from  the  artesian  basin  of  Los  Angeles 
County,  Cal.,  where  the  intake  beds  lie  to  the  northeast.  In 
such  cases  the  depletion  of  the  artesian  horizon  and  the  re- 
duction in  the  artesian  area  may  be  very  gradual,  if  the 
basin  is  large,  owing  to  the  fact  that  during  the  period  of  de- 
pletion to  a  given  level  the  available  supply  equals  the  simul- 
taneous inflow  plus  the  water  previously  stored  in  the  water- 
bearing beds  of  the  depleted  area. 

Reverting  to  Fig.  2,  the  available  supply  during  depletion 
from  level  D  to  level  C  equals  the  inflow  plus  the  initial  stor- 
age in  the  prism  DC,  when  saturated,  minus  the  limited  vol- 
ume of  water  remaining  in  this  prism  after  depletion  of  the 
water  horizon  to  the  level  C. 

The  lower  peninsula  of  Michigan  apparently  affords  ex- 
amples of  large  saucer-shaped  artesian  basins,  in  which  the 
natural   outflow    was   through   artesian   springs   in   the   river 


Inflow  =  ( 


(98) 
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vallevs.  The  conditions  governTng  the  depletion  of  artesian 
areas  without  ocean  outlets  are  the  same  as  for  inclined 
basins  with  ocean  ounets.  but  the  effect  may  be  somewhat 
more  complicated. 

Sealed  artesian  basins  of  type  Z.  for  which  there  are  no 
natural  outlets,  the  water  remaining  stagnant  until  the  wells 
are  put  down,  are  probably  rare  in  occurrence  and  usually 
of  limited  extent.  Such  a  basin  having  no  natural  outlets 
may,  if  tapped  by  a  bore,  yield  at  first  a  large  supply  of 
water,  but  if.  as  is  likely  to  be  the  case,  the  storage  in  the 
water-bearing  beds  and  the  intake  area  are  limited,  the  avail- 
able supply  and  the  artesian  head  may  decrease  rapidly, 
[t  is  possible  that  such  an  artesian  bed  may  have  been  satu- 
rated with  salt  or  connate  water,  and  the  effect  of  an  ar- 
tesian bore  in  such  a  basin  may  be  the  production  of  a  well 
from  which  the  salt  or  other  mineral  constituents  of  the  water 
will  gradually  decrease  as  the  original  stagnant  water  is  re- 
placed by  fresh  water  taken  in  through  the  intake  beds. 

Obviously,  an  artesian  horizon  without  natural  outlets,  but 
with  an  intake  bed.  would  fill  up  to  the  surface  level  at  the 
intake  beds.  The  intake  beds  in  such  a  case  would  prob- 
ably be  permanently  or  intermittently  moist  or  swampy  The 
draught  of  water  from  the  basin  through  artesian  bores  would 
have  a  tendency  to  drain  the  swampy  intake  area.  There  is 
some  evidence  that  a  few  instances  of  this  kind  may  have 
occurred  in  the  case  of  shallow  artesian  horizons  underlying 
the  deposits  of  glacial  drift  in  Southern  Michigan. 

It  is  of  course  possible  that  beds  of  porous  material  laid 
down  in  the  bottoms  of  shallow  fresh-water  lakes,  and  around 
their  margins,  may  be  covered  with  impervious  materials 
while  saturated,  in  such  a  manner  as  to  be  completely  sealed. 
leaviuK  no  outlet  nor  permeable  intake  area.  An  inclined  bed 
of  porous  material  bearing  connate  water,  but  without  an 
intake  area,  would,  if  tapped  by  a  bore  under  suitable  condi- 
tions, afford  a  yield  of  artesian  water  which  might  be  fresh 
but  would  probably  be  highly  mineralized.  Theoretically,  at 
least,  air  must  enter  the  bed  before  water  can  flow  out.  unless 
the  bore  reaches  the  ground  surface  at  a  level  more  than  34 
ft.  below  the  uppermost  water  surface  level  in  the  water- 
bearing bed.  However,  more  or  less  air  and  other  gases  are 
always  contained  in  the  pores  of  even  the  most  impervious 
rocks,  and  air  will  flow  through  openings  which  water  will 
not  enter,  so  that  a  bed  of  connate  water  such  as  described, 
and  which  represents  virtually  a  fossil  lake,  may  yield  at 
first  a  liberal  supply  of  artesian  water.  Having  no  intake 
supply  the  flow  from  the  well  will  rapidly  decrease  and  soon 
cease,  and   the  supply  cannot  be  replenished. 

In  the  case  of  artesian  basins  of  the  first  three  types  men- 
tioned, having  intake  beds,  the  original  conditions  can  be 
, restored  after  depletion  by  a  cessation  of  draught  from  the 
wells  sufficient  to  restore  natural  equilibrium  by  filling  up 
the  water-bearing  beds  to  their  initial  level.  It  is  important 
to  note  that  repletion  occurs  only  when  the  inflow  exceeds 
the  draught.  A  reduetion  of  the  draught  rate  to  the  equiva- 
lent of  the  inflow  rate  after  the  artesian  horizon  is  depleted 
affords  no  remedy.  An  equal  quantity  of  water  can  be  drawn 
from  the  same  basin  continuously  under  greater  heads,  over 
a  larger  area,  and  in  larger  volumes  per  individual  well,  if 
the  original  conditions  of  equilibrium  are  restored. 

For  example,  the  artesian  basins  of  Los  Angeles  Tounty. 
Cal.,  may  be  capable  of  yielding  permanently  200  cu.  ft.  per 
second  or  more.  Under  present  conditions,  as  a  result  of 
excessive  draught,  this  volume  of  water  can  only  be  obtained 
at  great  cost  by  pumping  from  excessive  depths.  By  per- 
mitting a  restoration  of  the  original  storage  in  the  artesian 
horizon,  the  majority  of  the  wells  would  again  flow  at  the 
surface,  pumping  could  be  dispensed  with,  and  a  great  econ- 
omic saving  would  result. 

In  connection  with  the  use  of  artesian  wells  for  public  water 
supply,  a  similar  condition  sometimes  pertains.  A  proper 
mode  of  procedure  in  such  cases  is  to  obtain  an  auxiliary 
source  of  supply  adequate  tor  present  uses,  allowing  the  ar- 
tesian supply  to  rest  for  a  period  of  years  until  restoration 
of  the  artesian  horizon  is  accomplished.  From  then  on,  the 
artesian  supply  may  be  used  as  an  auxiliary  to  meet  in- 
creased water  requirements,  and  so  long  as  the  draught 
does  not  exceed  the  available  inflow  to  the  intake  area,  the 
cost  of  procuring  the  water  will  be  a  minimum. 

It  is  particularly  to  be  noted  that  in  general  an  artesian 
supply  differs  from  a  ground-water  supply  derived  from  shal- 
low wells  in  the  surficial  ground-water  zone,  in  that  the  intajie 
area  of  artesian  supply  is  fixed  by  natural  rnnditions  and  does 


not  vary  with  the  draught  from  the  ground-water  horizon, 
whereas  in  the  case  of  shallow  wells  in  the  surface  zone,  the 
infiltration  area  generally  increases  as  the  depth  of  depletion 
of  the  ground-water  horizon  increases  tiy  pumping.  As  a  re- 
sult, artesian  supplies  are  likely  to  be  lowered  by  excessive 
pumping  more  rapidly  than  surface  ground-water  supplies. 

The  continent  of  Australia  consists  of  an  arid  interior 
basin,  surrounded  by  mountain  ridges.  There  are  several 
great  artesian  horizons  within  this  basin,  the  largest,  at  least, 
of  which  is  of  the  interior  type  with  artesian  spring  outlets. 
The  extent  to  which  agriculture  can  be  carried  on  in  Australia 
is  determined  by  the  water  supply.  A  given  number  of  sheep 
can  be  raised  per  miner's  inch  of  available  water.  The  yield 
of  artesian  bores  in  the  Australian  basins  has  gradually  de- 
creased since  the  utilization  of  these  waters  began. 

The  decrease  in  the  yield  of  artesian  bores  may  be  due  to 
various   causes   other   than   excessive   draught. 

(1)  These  causes  include  caving  in  of  the  bottom  of  the 
well,  thus  plugging  the  outflow  pipe. 

(2)  Partial  closing  of  the  pores  in  the  water-bearing  bed, 
closely  adjacent  to  the  well,  by  silt. 

(3)  Leakage  from  the  well  into  overlying  non-artesian 
strata  as  a  result  of  corrosion  of  the  well  casing. 

While  these  conditions  are  all  experienced  in  Australia, 
yet  accurate  measurements  of  the  yield  of  hundreds  of  bores 
indicate  that  the  average  yield  per  well  is  decreasing  at  a  rate 
of   nearly   8   per   cent   per   annum. 

In  the  Los  Angeles  County  artesian  basin  the  area  in  which 
wells  flow  has  decreased  from  an  original  extent  of  1.50  square 
miles,  to  10.5  square  miles  in  1004.  In  the  Downey  district 
there  were  more  than  3,000  wells  in  1004,  and  in  the  adjacent 
Las  Balsas  District  300  wells.  At  that  time  a  supply  of  265 
cu  ft.  per  second  was  derived  from  pumped  wells,  and  an 
estimated  supply  of  500  cu.  ft.  per  second  was  derived  from 
flowing  wells,  making  a  total  draught  from  the  artesian  hori- 
zon of  some  750  cu.  ft.  per  second. 

In  conclusion,  experience  shows  extensive  depletion  of 
ground-water  supplies  in  some  instances  over  large  areas. 
The  analysis  of  well  problems  by  Miller-Brownlie's  method 
leads  to  results  concordant  with  experience  in  such  cases. 
This  method  depends  on  the  assumption  that  the  ground- 
water slope  in  the  cone  of  influence  approaches  a  minimum 
limit  as  depletion  progresses,  and  that  the  supply  to  the  well 
is  derived  from  storage  within  this  ultimate  region  of  influ- 
ence plus  infiltration  over  the  depleted  area. 

This  differs  from  ordinary  well-yield  formulas  in  which, 
while  it  is  assumed  that  there  is  a  maximum  limit  of  the 
cone  of  influence,  the  assumed  limit  is  usually  smaller  than 
that  used  in  the  Miller-Brownlie  method.  In  ordinary  formu- 
las, infiltration  over  the  cone  of  influence  is  usually  neglected, 
and  it  is  assumed  that  the  supply  is  derived  from  ground- 
water flow  from  outside  the  cone  of  influence.  Both  meth- 
ods of  analysis  are  based  on  convenient  working  hypotheses. 
Neither  one  completely  replaces  the  other,  but  each  has  its 
special   applications. 


Cost  of  Surveys  for  Irrigation  Project. — The  cost  of  surveys 
on  the  Minidoka  North  Side  Pumping  Unit,  Idaho,  are  sum- 
marized as  follows  by  Mr.  Ferd  Schlapkohl,  Assistant  Engi- 
neer, U.  S.  Reclamation  Service,  in  the  March  Reclamation 
Record: 

121.L'1S-  acies  of  detail  topography  at  $0.24fi  per  acre. 
476  miles  of  level  control  at  J13.09  per  mile. 
606  miles  of  subdivision  at   .$15.60  per  mile. 
Sfi.OOO  acres   reconnaissance   toi>ogTaphy  at  $0.13   per  acre. 

The  above  cost  on  subdivision  and  topography  does  not 
cover  these  features  to  completion.  In  the  case  of  topography 
the  cost  given  covers  the  field  work,  inking  in  of  topographic 
sheets,  reducing  scale  from  1  in.  =  400  ft.  to  1  in.  =:  1,000  ft., 
inking  in  and  tracing  of  the  reduced  sheets,  and  tracing  of 
about  one-third  of  the  1  in.  =  400-ft.  sheets;  there  remain 
about  two-thirds  of  the  sheets  to  be  traced,  which  will  not 
affect  the  above  cost  to  any  great  extent. 


Results  of  Cleaning  Water  Mains. — The  Committee  on 
Water  Service  of  the  American  Railway  Engineering  Asso- 
ciation in  its  report  submitted  last  month  at  the  annual  con- 
vention of  the  association  cited  the  following  cases  of  the 
results  obtained  from  cleaning  water  mains: 

S-in.  main,  WXu^  ft.  lonp,  cleaned  September.  1909.  Pressure 
rc(|iiire;i  btfore  cleaning  140  lb.  for  400  gal.  per  minute.  After 
(leaning  49  lb,  v/as  required  to  deliver  450  gal. 

6-in.  main  7.200  ft.  long-.  Former  prc.?.sure  at  pumps  84  lb.  New 
lires.siirc  K,  11).  Former  capaoity  ISO  gal.  per  minute:  new  '■apacity 
22»  ;,al.  per  minute. 
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Union  College  to  Have  Course  in  Admini- 
strative Engineering 

The  Civil  Engineoring  Departuifut  ot  rnioii  College. 
Schenectadv,  N.  Y.,  has  revised  its  curricula  and  now  offers 
two  4vear  courses  of  study:  One  a  technical  course,  and  the 
other  an  administrative  engineering  course.  The  studies  ot 
the  freshman  and  sophomore  years  in  the  technical  and  ad- 
ministrative courses  are  identical,  and  are  also  exactly  like 
those  of  the  freshman  and  sophomore  years  in  the  electrical 
engineering  course.  It  is  only  in  the  junior  and  senior  years 
that  the  various  engineering  courses  differ.  The  new  ad- 
ministrative course  is  planned  to  give  general  and  scientific 
training  in  such  suhjects  as  mathematics,  physics,  chemistry, 
French.  Spanish  or  German,  and  to  furnish  a  broad  en.?ineer-  ■ 
ing  foundation  combined  with  training  in  business  admini- 
stration. Although  the  course  is  especially  planned  to  tram 
young  njeii  for  administrative  positions  in  manufacturing,  the 
great  value  of  applied  science  is  realized,  and  training  in 
the  most  important  engineering  subjects,  such  as  structural 
engineeriog.  electrical  engineering,  and  machine  design,  is  in- 
cluded in  the  course.  That  the  course  is  well-balanced  is 
shown  by  the  fact  that  studies  in  science  comprise  26  per 
cent  of  the  total  four  years'  instruction;  engineering  39  per 
cent;  business  administrative  10  per  cent;  cultural  studies 
25  per  cent. 

Cost  of  Living 

The  National  Industrial  Conference  Board's  estimate  of 
changes  in  the  cost  of  living  to  March  1,  1921,  shows  that 
the  cost  of  living  among  wage-earners  in  the  United  States 
has  fallen  4.4  per  cent  during  February,  and  was  es.6  per 
cent  higher  on  March  1,  1921.  than  it  was  in  July,  1914,  as 
against  Tfi.:?  per  cent  higher  than  the  1914  base  on  Feb.  1, 
1921.  There  was  a  drop  of  35.9  points  or  17.6  per  cent  be- 
tween July,  1920,  the  highest  point  reached  since  1914,  and 
March  1,  1921. 

It  should  be  noted,  however,  states  The  Iron  Age,  from 
which  this  article  is  taken,  that  the  percentage  of  decrease 
from  a  higher  to  a  lower  base  is  always  less  than  the  per- 
centage of  increase  from  the  same  lower  base  to  the  same 
higher,  although  the  change  in  index  points  is  the  same  in 
both  cases.  Thus,  while  a  drop  of  35.9  points  from  an  index 
of  204.5  to  an  index  of  168.6  represents  a  decrease  of  17.6  per 
cent,  a  rise  of  35.9  points  from  168.8  to  204.5  represents  an 
Increase  of  21.3  per  cent.  In  the  same  way  the  drop  of  4.4  per 
cent  from  February  to  March  represents  corresponding  in- 
crease of  4.6  per  cent. 

Changes  in  the  average  cost  of  living  in  the  TJnited  States 
between  July,  1914,  and  March  1.  1921,  are  shown  in  the  tab- 
ulation below: 


and  gas,  21,700.000  M.  cu.  ft.    The  total  coal  mined  is  approxi- 
mately 650.(;00,0<i0  tons.     Its  use  is  divided   as   follows: 

Per  cent. 

I'scd  in  industrial  plants 28 

Coal  for  coke   make   (steel   Industry) 13 

Total   in    industries 41 

Coal   for   public   utilities 5 

Railroads    28 

Domestic 16 

export    4 

Steamship  bunker  coal 2 

Coal  gas 1 

-Miscellaneous  . , 3 

100 
It  is  interesting  to  know  that  of  the  total  power  used  by 
industrial  plants  the  last  census  showed  that  but  16  per  cent 
was  supplied  by  public  utilities.  Of  the  heat  generated  by  coal 
used  in  industry  about  50  per  cent  is  charged  to  power  and  50 
per  cent  to  process  work  and  to  heating.  Because  of  the 
necessity  in  industrial  work  for  the  use  of  heat  for  process 
manufacturing  and  for  heating,  33  per  cent  of  the  number  ol 
industrial  plants  are  considered  by  engineers  to  offer  no 
hope  for  the  sale  of  power  from  public  utilities.  These  rep- 
resent the  larger  plants  of  the  industries  and  a  very  much 
greater  proportion  of  the  power  consumed  in  manufacturing. 


Personals 

David  J.  Nason  has  bet-n  elected  city  engineer  ot  Bangor.  Me. 
.J.  B.  McKee  has  bi-en  elected  city  engineer  of  Plattsmouth.  Neb. 
Nels  J.  Anderson  has  been  elected  city  engineer  of  Stromsburg, 

W.  H.  Houser  has  been  elected  city  engineer  of  Blue  Springs, 
Neb. 

Char:ts  M.  Reppert,  consulting  engineer  with  Morris  Knowles, 
Inc..  Pittsburgh.  Va..  has  been  appointed  chief  engineer  of  the  De- 
partment of  Public  ^\■orks  of  Pittsburgh.  Pa. 

Dr.  Ernest  Fox  Nichols,  former  president  of  Dartmouth  College, 
has  beer,  i-ppointed  president  of  Massachusetts  Institute  of  Tech- 
nology-. He  will  take  office  July  1.  Dr.  Nichols  has  been  a  pro- 
fessor of  physics  at  Yale  University  and  has  been  engaged  in  pri- 
vate research  work  for  the  last  year.  He  succeeds  the  late  Dr. 
Richard  C.  MacL-aurin.  who  died  more  than  a  year  ago.  During 
the  war  Dr  Nichols  developed  valuable  optical  devices  for  the 
Bureau  of  Naval  Ordinance.  As  a  student  at  the  University  of 
Berlin  from  1894  to  1S96  he  discovered  the  metallic  reflection  of 
quartz  and  its  anomalous  dispersion  in  the  infra  red  spectrum^ 
leading  to  what  was  characterized  as  a 
spectrum  analysis. 


wholly   new   method    of 


Industrial  Notes 

The  Western  Wood  Pipe  Publicity  Bureau,  in  order  to  foUow 
more  closelv  the  irrigation,  water  supply  and  other  hydraulic  de- 
velonments  of  the  great  southwest  as  well  as  provide  closer  con- 
tacrwith  the  CalifOTnia  companies  it  serves,  has  opened  an  office 
at  775-777  Monadnock  building.   San  Francisco.  Cal 


has  recently 
annXc"jd^"re';°ner;rency"onTecUonsln-Vhe  eastern  portion  ^ 

El-iiliiti^e^  rc',;"<^p°hkri^;hra^°^auer's^^^^ 

S??£Sd-^<'thfi^t^Si?-c^lIn?°^iU^n^?Jll 
^"  ^U'''ln''gt"ee^rn^g'Bus1n«'s"Exchange  announces  the  opening  of 

LiFrliiS*^  s;''j:.n7''d^^e?tor^ir"i.=^^ 

SToz.n  o'ylarfone\>f  the 'principal  offlcers  of  the  UnU^ed_^ States 
Geological    Survey.     During    the    past 


three    years    he    has 
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budget. 
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Percentages  ot  increase  in  the  cost  of 

living  above  average  prices  m 

July.   1914.   to 
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Food :..... .•.:.•..•.. 

Shelter  . ., .■■.■■■■■r 

Clothing   

Fuel  and  light 

(Fuel)     

(Ught)    

Sundries  : 

'''"'^SJ§''pHcT^g1ir%'s''aVe'rr'th;i5ihotthe  preceding  month,  from 
The  continued  downward  movement  in  the  cost  of  living 
during  February  was  due  largely  to  the  big  drop  in  the  cost 
ot  foodstuffs  as  shown  by  the  Bureau  of  Labor  Statistics 
index  numbers  of  retail  food  prices.  Average  clothing  prices 
declined  slightly,  although  there  was  an  increase  in  the  cost 
of  a  number  of  items  in  the  woman's  clothing  budget.  Aver- 
age rents  remained  stationary;  the  cost  of  coal  and  of  cer- 
tain 
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Percentages  of  decrease  m 

the  cost  of  living  on  March 

1   1921.  from  average  prices  m 


-Tuly. 
1920. 

27.9 
5.1t 

36.5 

18.7t 

a4.6t) 

(32.2t) 

No  change 

17.6 


the  United  States  Bureau  of  Labor  Statistics. 


t  Increase. 


February. 

1921. 

8.1 

No  change 

2.9 

.5 

(2.2) 

t4.8t) 

2.6 

4.4 


of  the  National   Service  Committee   of  the  Engineering 


Council.     Associated    with    Mr.    Leighton    in 


carrying   on    the    ex 


sundries  dropped  while  average  rates  for  light  advanced. 


Pow/er  Production  in  the  United  States.-Some  interestmg 
statistics  regarding  the  production  ot  power  in  the  United 
States  were  given  bv  Mr.  David  B.  Rushmore,  Chief  Engineer 
Power  and  Mining  Department  of  the  General  Electric  (^o^  in 
a  recent  address  before  the  Engineers  Club  of  Philadelphia. 
He  stated  that  in  1920  the  average  daily  production  of  elec- 
tricity -was  approximately  120,000.000  kw.  hours  and  of  this 
approximately  40  per  cent  was  produced  by  water  pow-er  and 
60   per  cent  from  fuel.     The  total   fuel  consumption  for  the 


territory  from  Maryland_to^Alabama.  inclusive. 

Trade  Publications 

ng   trade   publications   of   interest   to   engineers   and 

Tank   Co.,   Toungstown,   O.     20- 

Circular    illus- 


The   followi..^    ;^    r^       „„„„,!,.. 

fonlractors  have  been  issued  recently  . 

Tanks.— Youngstown    Boiler   &    lai 
page  illustrated  bulletin  on   storage  tanks. 

Service    Box.— H.    V.  .    Clark    1..0 
tratin?  and  describing  new  C    M.  B 

Tanks.— Lancaster    Iron    Works, 
horizontal    oil   storage   tanks,    pressure 
storage  tanks.  _,  „...^,,„,  D..„n= —Layne  &  Bowler  Co 


Mattoon.    III. 
service  box. 

Lancaster,    Pa.      Circular    on 
tank5.   and   standard   field 

Mem- 


phirTenn^"T4%a%"e''  Ju^l^X^p'^ThrdlveTopment-of  ground  water 


su^uas-^d  deep>ell^J^rmnn^.^ch^ery^^^^  ^^ 


year  1919  was:    Coal,  35,000,000  short  tons;  oil,  11,050,000  bbl 


BuluTu'cu'scriMng  the-fdeal   pump   governors 
and   eip'.anation  of   installation   and  operation. 


.  Newark.  N.  J. 

contains  drawings 
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Roads  and  Streets — 1st  Wednesday 


ta)   Roads 
(b)   Streets 


(f)    Street    Cleaning 

(  d  )    Municipal    Jliscellanies 


(e)    Management    ana    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers   and   Sani 

tation 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)    Quarries    and    Pits 

(b)  Management    and        (d)   Steam   Railways,   Con- 
Ofiice    System  struction   and   Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

tc)   Harbor    Structures 


id)    :\Iiscellaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management     and    Office 

System 
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Scientific   Research  and    the   Bell 
Telephone  System 

Scientific  research  already  claims  the  services  of  several 
thousand  engineers,  chemists  and  physicists  in  America. 
Most  of  these  men  are  employed  by  great  industrial  com- 
panies. Not  long  ago  we  read  that  the  du  Pont  company 
employ.s  more  than  a  thousand  chemists  in  its  research 
laboratories.  In  the  last  annual  report  of  the  American 
Telephone  &  Telegraph  Co.  (the  Bell  System)  we  read: 

The  year  just  closed  has  been  one  of  remarkable  activity  in  the 
Department  of  Development  and  Research.  In  this  depai'tment, 
inelu.ling  the  laboratories  at  the  Western  Electric  Co..  2,S00  em- 
ployes are  engaged  exclusively  in  research  and  the  developinenl 
and  impiovement  of  telephone  and  telegraph  apparatus  and  ma- 
terials and  methods.  Of  these,  1,100  are  engineers,  chemists, 
physicists  and  other  scientists,  among  whom  are  graduates  of  inore 
than  100  American  colleges  and  universities.  The  remainder  are 
laboratory  assistants,  draftsmen,  stenographei-s.  .  clerks,  model 
makers  and  administrative  personnel. 

At  the  close  of  th?  year,  upwards  of  2,500  research  and  develop- 
ment projects  were  in  hand,  all  these  calculated  to  improve  the 
service  v;hich  the  associated  companies  are  rendering  to  the  public 
or  to  make  it  more  economical. 

During  the  year  hundreds  of  new  patents  relating  to  the  tele- 
phone :ind  telegraph,  issued  in  various  countries,  have  been  exam- 
ined i.r.d  studied:  the  latest  discoveries  in  science  have  been  fol- 
lowed with  care  by  our  scientific  staff,  and  over  1,000  United  States 
patents  relating  to  telephony  and  telegraphy  have  been  applied  for 
by,  or  issued  to  or  acquired,  for  the  use  of  this  coinpany.  Not 
only  has  attention  been  given  to  fundamental  improvements  in 
transmission  and  in  apparatus  and  materials,  but  minute  care  and 
.study  have  been  devoted  to  improvements  in  the  thousands  of 
diversified  parts  which  are  required  for  the  most  effective  and 
economical  operation  of  the  Bell  System.  In  the  magnitude  of  Its 
operations,  the  nuinber  of  its  personnel,  and  in  the  size  and  equip- 
ment of  its  laboi-atories,  this  research  and  development  organiza- 
tion frr  exceeds  that  maintained  by  the  telephone  and  telegraph 
administration  of  any  government  or  by  any  other  corporation 
on.^aged  in  similar  or  related  work. 

Electrical,   chemical   and   metallurgical   periodicals   contain 


many  articles  relating  to  research  work,  but  civil  engineering 
periodicals  contain  relatively  few.  This  may  be  ascribed, 
we  think,  to  the  fact  that  the  great  majority  of  civil  engi- 
neers are  employed  by  the  public  and  by  railways  and  other 
public  utility  companies.  The  public  has  yet  to  be  taught 
the  enormous  value  of  experiment  and  scientific  investiga- 
tion. Managers  of  railways  and  other  public  utilities  have 
been  so  busy  trying  to  get  adequate  rates  during  the  past 
decade  that  little  of  their  time  has  been  devoted  to  a  con- 
sideration of  the  value  of  research  work.  Moreover,  where 
is  the  incentive  to  reduce  costs  if  public  service  commis- 
sions stand  ready  to  lower  rates  as  soon  as  lower  costs 
enable  them  to  do  so? 

The  Bell  Telephone  System  has  been  singularly  for- 
tunate among  utility  companies  in  having  been  evolved  from 
one  great  invention.  With  the  striking  example  of  its  foun- 
der before  it,  we  need  not  wonder  that  the  American  Tele- 
phone and  Telegraph  Co.  became  a  pioneer  in  research,  for 
research  is,  after  all,  little  else  than  organized  invention 
and  discovery.  Moreover,  the  telephone  "monopoly,"  in- 
complete though  it  was  as  a  monopoly,  was  not  ruined  by 
excessive  competition  or  by  the  ever  present  fear  of  mu- 
nicipal ownership.  In  these  respects  the  Bell  System  dif- 
fered from  most  of  our  railways  and  other  utilities. 

Finally,  the  stock  of  the  Bell  System  has  long  been  widely 
distributed.  There  are,  in  round  numbers,  140,000  share- 
holders, exclusive  of  about  20,000  employes  who  are  buying 
stock  on  the  installment  plan.  Of  American  corporations  the 
company  is  third  in  the  amount  of  stock  outstanding,  but  it 
is  first  in  the  number  of  shareholders.  The  effect  of  this 
wide  distribution  of  stock  has  been  to  remove  the  Bell  Sys- 
tem from  the  arena  of  "high  finance"  and  from  the  control 
of  men  more  skilled  as  market  manipulators  than  as  in- 
dustrial managers.  It  is  also  of  interest  to  engineers  to  know 
that  a  great  many  engineers  occupy  important  managerial 
positions  in  the  Bell  System. 

Occasionally  some  politician  urges  government  ownership 
of  telephones,  and  points  to  Europe  tor  example  of  such 
ownership.    But  the  pointing  is  rarely  to  the  relative  growth 
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of  telephone  pcrvice.  and  never  to  the  relative  quality  of 
service  nor  to  the  relative  progress  in  the  art.  America 
stands  so  far  ahead  of  every  other  nation  in  telephone  ser- 
vice and  telephone  progress,  that  there  is  no  comfort  to  gov- 
ernment ownership  advocates  in  telephone  statistics. 


Prospective  Changes  in  Wages  and 
Salaries 

That  daily  wage  rates  have  risen  much  more  than  weekly 
or  monthly  salaries  is  known  to  all  business  men.  But  what 
the  average  difference  in  the  increasement  has  been  is  a 
questicn  that  is  only  just  beginning  to  be  answered  con- 
vincingly. U.  S.  census  data  as  to  manufacturing  industries 
are  now  available  for  six  states  (Delaware,  South  Dakota, 
Colorado,  Wyoming,  Nevada  and  Arizona)  and  the  District  of 
Columbia,  and  they  show  that  for  the  year  1919  the  average 
yearly  payment  to  wage  earners  was  $1,274,  as  compared 
with  $580  ior  191-4.  or  an  increase  of  120  per  cent;  whereas 
the  average  salary  paid  tor  the  year  1919  was  $1,930.  as  com- 
pared with  SL-SSS  for  1914,  or  an  increase  of  only  44  per  cent. 
In  other  words,  during  those  five  years  wages  increased  al- 
most three  times  as  fast  as  salaries. 

It  is  probable  that  when  the  entire  manufacturing  census 
shall  have  been  c:orapleted.  we  shall  find  no  great  departure 
from  the  data  relating  to  the  si.v  states  above  named. 

The  U.  S.  Bureau  of  Labor  has  recently  published  an  "in- 
dex" of  hourly  wages  that  shows  a  raise  of  134  per  cent  be- 
tween 1914  and  1920;  but  as  there  was  a  fi  per  cent  re- 
duction in  the  average  number  of  w-orking  hours  in  the  week, 
it  may  be  estimated  that  the  increase  in  the  weekly  wage 
was  120  per  cent,  which  exactly  corresponds  with  the  wage 
increase  indicated  by  the  census  of  manufacturing  in  the  six 
states. 

We  believe  that  the  census  of  manufacturing  in  the  entire 
country  will  show  an  average  increase  of  wage  rates 
amounting  to  a  trifle  more  than  100  per  cent,  as  compared 
with  an  increase  of  about  .50  per  cent  in  salaries. 

The  great  "smelting  trust"  has  just  announced  a  reduction 
of  30  to  40  per  cent  in  wage  rates  and  20  per  cent  in  salary 
rates,  the  difference  being  due  to  the  greater  increase  in 
wage3  during  the  war. 

For  reasons  previously  given,  it  is  our  belief  that  wages  and 
commodity  prices  will  eventually  settle  at  a  level  about  60 
per  cent  above  the  pre-war  level.  Therefore,  if  the  average 
wage  is  now  100  per  cent  above  the  pre-w-ar  level,  or  an 
"index"  of  200.  there  will  occ<ir  an  average  decrease  of  20 
per  cent  in  wages.  If  average  salaries  are  now  at  an  "index" 
of  150.  there  will  be  an  average  increase  of  6  per  cent  in 
salaries. 

Bear  in  mind  that  many  clerks,  accountants  and  profes- 
sional men  are  still  working  at  salaries  but  slightly  above  the 
pre-war  level,  and  that  their  salaries  will  surely  rise  event- 
ually. Many,  it  is  true,  are  working  at  salaries  that  are  75 
to  100  per  cent  above  the  pre-war  level,  and  most  of  them 
must  face  a  decrease  in  salary. 


Book  Review 

Maintenance  of  Way  Cyclopedia,  a  Reference  Book. — Compiled  by 
E.  T.  Howson.  Western  Editor  of  the  Railway  Age  and  Editor 
of  the  Railway  Maintenanne  Engineer,  and  other  engineers  in 
co-oper&tion  with  a  special  committee  of  the  American  Rail- 
way Engineering  Association.  Slmmons-Bo.-irdraan  Publishing 
Co..  Woolworth  Building.  New  York.  1921.  !ixl2  in.,  860  pp.. 
2.500  lllus.    Buckram.  $10;  leather.  ?15. 

This  review  will  be  confined  to  a  general  survey  of  the 
contents  of  the  volume,  and  the  single  comment  that  it  is 
true  to  its  title  and  is  so  well  balanced  and  of  such  uniform 
merit  as  to  leave  no  reason  for  discussion  of  particular  fea- 
tures or  items.  The  book  is  divided  into  8  sections,  in  each 
of  which  the  subjects  are  arranged  alphabetically.  The  sec- 
tions are  (1)  Track,  (2)  Bridges.  (3)  Buildings,  (4)  Water 
Service.  (5)  Signals,  (6)  Wood  Preservation,  (71  General 
subjects.  (8)  Catalog  Matter. 

In  the  first  7  sections  are  included  definitions,  descriptions, 
illustrations  and  methods  of  use  of  the  materials,  tools  and 
equipment  employed  in  the  maintenance  of  the  fixed  prop- 
erties of  railways.  In  an  effort  to  standardize,  terminology 
and  avoid  the  confusion  resulting  from  carrying  local  usages 
of  many  words,  the  nomenclature  of  the  Manual  of  the  Amer- 
ican Railway  Engineering  Association  has  been  followed  ex- 


cept in  a  few  cases  where  better  known  trade  names  have 
been  substituted. 

Typical  examples  of  subjects  defined  or  treated  are  as  fol- 
lows: In  the  Trade  Section— Alinement,  Clearance,  Derail. 
Dump  Car,  E^asement  Curve,  Fence,  Frog  (15  pages  with 
many  illustrations  and  sub-heads).  Station  Ground,  Switch 
Key:  in  the  Bridge  Section— Arch,  Bolt  (Drift,  Hook,  etc.). 
Continuous  Beam,  Culvert,  Reamer,  Turntable,  Water  Jet: 
in  the  Building  Section  -Brace,  Coaling  Station,  Ice  House, 
Metal  Lath;  in  the  Water  Service  Section— Hardness,  Intake, 
Meter  Siiillway;  in  the  Signal  Section— Ampere  Hour,  Block 
System,  Dog  Chart,  Phase,  Signal  Bridge,  Wire;  in  the  Wood 
Preservation  Section — Annual  Ring,  Creosote.  Knot.  Pecky, 
Teredo;  in  the  General  Section —Anneal,  Brush  Hook,  Camp, 
Cement,  Kngine   (Gas),  Material  Testing,  Vise,  Warp. 

The  volume  includes  the  latest  revisions  of  specifications 
adopted  by  the  American  Railway  Engineering  Association, 
the  American  Railway  Association,  the  Railway  Signal  As- 
sociation, the  American  Wood  Preservers  Association  and 
the  Manganese  Track  Society.  It  also  includes  sets  of  in- 
structions to  inspectors,  full  diagrams  of  switch  layouts,  etc. 
The  illustrations  vary  from  half  tone  pictures  of  large  struc- 
tures and  pieces  of  equipment  to  drawings  of  small  details 
such  as  spike  dimensions.  Signal  systems  are  illustrated  in 
much  detail. 

The  Catalog  Section  is  arranged  alphabetically  by  names 
of  manufacturers.  It  is  partly  of  an  advertising  character, 
and  is  obviously  limited  in  the  number  of  its  references,  but 
nevertheless  it  supplements  the  text  advantageously.  As  a 
time  saver,  page  references  to  the  catalog  section  are  made 
throughout  the  text. 

At  the  front  of  the  book  there  is  provided  an  index  of  about 
2,000  references,  which  covers  all  the  subjects  treated  in 
all  the  sections,  thus  adding  to  the  convenience  of  reference 
and  giving  assurance  that  in  doubtful  cases  a  subject  need 
not  be  missed.  There  are  further  provided  a  directory  of 
manufacturers,  arranged  alphabetically  by  products,  a  trade 
name  index  of  the  Catalog  Section  products,  and  an  al- 
phabetical index  of  manufacturers  represented  in  the  catalog. 


Revolving  Funds  Railroads  Loan 

Out  of  the  $300,000,000  revolving  fund  created  by  Section 
210  of  the  Transportation  Act,  the  following  loans  have  been 
made: 

Atlanta,  Birmingham  &  Atlantic %  200,000 

Baltimore  &  Ohio  3,000,000 

Bangor  &  Aroostook  20,000 

Boston  &  Maine  11,656.479 

Buffalo,    Rochester   &    Pittsburgh 1,000,000 

Carolina.  Clinchfield  &  Ohio 3.000.000 

Central  New  England    300.000 

Chi  ;ago  Great  Western       2.445,373 

Chicago.  Indianapolis  &  Louisville 200.000 

Chicago,  Milwaukee  &  St.  Paul 25.340.000 

Chicago,  Rock  Island  &  Pacific 9,862.000 

Chicago  &  Western  Indiana 8,000,000 

Erie    8.900.000 

Fort  Smith   &   Western,   receiver 156,000 

Great  Northern    17,910,000 

Gulf.   Mobile   &  Northern 515,000 

Illinois  Central    4,440,000 

Kansas  City,  Mexico  &  Orient,  receiver 2.500,000 

Maine  Central   1.653.008 

Missouri  Pacific   8.871,760 

New  York  Central 26.775,000 

New  York,  New  Haven  &  Hartford 6,730.000 

Northern  Pacific   6.000.000 

Pennsylvania   6.780.000 

Rutland    61,000 

Salt  Lake  &  Utah 300.000 

Seaboard  Air  Line    6.073.000 

Trans-Mississippi  Terminal    1,000.000 

Terminal  Railroad  Co.  of  St.  Louis 896.925 

Virginian     1,000.000 

W^at?rloo,  Cedar  Palls  &  Northern 60,000 

Western  Maryland    300,000 

Wheeling  &   Lake  Erie 1,400.000 

Total    $166,445,937 

Production  and  Use  of  Explosives. — In  a  recent  bulletin 
of  the  U.  S.  Bureau  of  Mines,  it  is  intimated  that  there  are 
probably  more  than  500,000  individual  consumers  of  explo- 
sives in  the  United  States.  The  bulletin  states  that  in 
normal  times  over  31,000  mines  and  quarries  use  explosives. 
About  55,000  wholesale  and  retail  dealers  handle  explosives 
and  over  18,000  concerns  engaged  in  the  construction  of 
railroads,  highways  and  waterways  use  explosives.  Alto- 
gether, there  are  over  100,000  concerns  using  such  compara- 
tive large  quantities  of  explosives  that  special  magazines 
for  their  storage  are  an  absolute  necessity.  The  produc- 
tion of  explosives  in  1919  in  the  United  States,  according 
to  the   Bulletin,  totaled  416,634.470  lb. 
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How  Much  Conceit  Is  Beneficial? 

When  a  young  man  finishes  college  and  begins  work  in 
earnest,  he  finds  himself  the  object  of  an  indirect  campaign 
to  "take  the  conceit  out  of  him."  His  elders  and  business 
associates  see  to  it  that  he  gets  only  such  work  and  con- 
sideration as  will  show  him  how  small  he  is  in  the  scheme 
of  things.  If  he  doesn't  have  good  luck  and  get  promoted 
within  a  reasonable  time,  he  is  likely  to  feel  downcast  and 
to  be  glad  to  cling  to  the  industrial  machine  by  any  kind 
of  insignificant  job.  Especially  if  he  has  the  temerity  to 
marry  within  a  year  or  two  after  finishing  college  and  before 
he  has  established  himself,  he  loses  his  conceit  almost  en- 
tirely and  becomes  as  meek  as  any  employer  could  wish. 

The  question  is.  Should  young  men  be  bullied  out  of  their 
conceit?  Whiting  Williams,  author,  of  "What's  on  the  Work- 
er's Mind?"  thinks  that  conceit  is  what  makes  complicated 
and  highly  specialized  industry  possible,  and  he  advocates  that 
employers  encourage  their  men  to  feel  their  individual 
"worth-while-ness."  He  explains  that  the  mechanic  comes 
regularly  to  his  bench  and  the  millionaire  to  his  desk,  and 
make  sincere,  valuable  citizens  because  each  feels  that  he 
is  an  important  part  of  the  industrial  fabric.  Each  one, 
though  he  has  grievaBces  and  further  ambitions,  is  proud 
of  what  he  has  achieved  and  can  do,  and  this  pride 
brings  him  daily  to  his  work  and  adds  zest  to  what 
otherwise  would  be  drudgery.  As  an  experienced  per- 
sonnel-manager, Mr.  Williams  suggests  that  this  self-pride 
or  individual  conceit  is  the  very  basis  of  the  social  system. 
Labor  unrest  conies  rather  from  the  neglect  of  employers  to 
permit  their  men  this  incentive  than  from  differences  about 
wages  and  salaries,  says  Mr.  Williams.  There  are  more  fore- 
men and  officials  who  take  unnecessary  joy  out  of  lite  than 
there  should  be  for  healthy  conditions,  is  the  conclusion  of 
his  book,  written  after  seven  months  spent  working  as  a  com- 
mon laborer  in  overalls.  In  other  words,  too  many  of  the 
wrong  kind  of  bosses  have  been  promoted,  and  their  driving, 
narrow  ways  have  brought  resentment.  Common  laborers, 
as  well  as  young  engineering  graduates,  have  been  given  too 
little  opportunity  to  feel  the  sense  of  individual  worth-while- 
ness  that  Mr.  Williams  recommends.  After  all,  as  so  many 
philosophers  from  Plato  to  Herbert  Spencer,  have  pointed 
out,  each  individual  is  the  center  of  his  own  world.  Every- 
thing revolves  around  the  ego,  in  spite  of  temporary  cam- 
paigns to  discredit  individualism.  The  most  important  thing 
to  each  man  is  himself.  When  he  feels  moderately  happy, 
great  accomplishments  are  possible;  when  he  is  browbeaten 
and  depressed,  he  is  a  force  for  evil  in  the  world. 

The  nation  which  has  most  encouraged  individualism  is 
England.  Just  as  an  example,  a  letter  to  the  London  Times 
generally  receives  respectful  consideration  both  from  the  edi- 
tor and  from  a  wide  circle  of  readers;  they  have  learned  that 
excellent  suggestions  are  made  in  that  way.  that  national 
benefits  accrue  from  permitting  individuals  to  express  them- 
selves, as  the  canny  Adam  Smith  long  ago  pointed  out.  In  spite 
of  the  hamperings  of  class  distinctions  in  British  society,  in- 
dividual geni'.is  is  probably  more  quickly  recognized  than  in 
America.  Those  in  control  of  things  there  are  influenced  by 
a  tradition  to  help  original  thinkers  who  appear  to  possess 
talent  of  value  to  the  nation. 

In  America  there  is,  of  course,  what  is  called  "rampant 
Individualism,"  but  it  results  in  everyone  being  so  busy  with 
his  own  affairs  or  so  shortsighted  in  his  own  troubles  that 
the  young  man  of  exceptional  talent  is  as  likely  to  remain 
unrecognized  as  not.  Why  was  it,  for  instance,  that  Herbert 
Hoover  found  more  scope  for  his  extraordinary  ability  in 
London  than  in  America,  at  least  until  he  was  a  well-known 
and  successful  engineer?  Without  doubt,  if  he  had  been  a 
more  conventional  type  he  would  have  found  plenty  of  oppor- 
tunities in  this  country,  but  because  his  combination  of  gifts 
was  of  the  kind  that  the  ordinary  American  employer  did  not 
recognize,  he  found  more  attractive  openings  in  British  firms 
directed   from  London. 

Taking  a  historical  case,  the  record  of  Benjamin  Thomp- 
son, who  died  over  a  century  ago,  shows  that  that  notable 
scientist  and  administrator  found  instant  recognition  and  en- 
couragement in  Europe,  where  he  was  made  Sir  Benjamin 
Thompson  in  England  and  Count  Rumford  in  Bavaria.  In 
America,  although  he  was  of  an  old  New  England  family, 
he  encountered  only  enmity  and  jealousy.  It  is  true  that  he 
left  his  fortune  to  Harvard  College,  but  most  of  his  work 
benefited  Europe,  since  he  founded  the  Royal  Institution  in 
London  and  has  a  statue  to  his  honor  in  Munich.    It  was  a 


pity  that  America  did  not  profit  more  by  his  unusual  talents 
in  both  pure  and  applied  science — sucli  as  his  researches  in 
the  physics  of  heat  and  his  experiments  with   explosives. 

These  are  not  the  only  Americans  who  have  found  greater 
success  abroad  than  was  possible  in  their  own  country.  Many 
others  could  be  mentioned,  and  many  more  who  never  had 
the  chance  to  try  their  fortunes  abroad  undoubtedly  would 
have  succeeded  better  there  than  here.  In  other  words, 
Europe  is  quicker  to  recognize  certain  kinds  of  talent  than 
is  America,  not  only  in  literature  and  art — as  is  commonly 
admitted — but  also  in  engineering  and  general  science.  Amer- 
ica is  quicker  than  Europe  to  help  certain  other  kinds  of  abil- 
ity; we  all  know  of  immigrants  who  have  amassed  a  fortune 
in  short  order.  But  the  point  is  that  it  is  more  important 
to  recognize  ability  among  native  Americans,  such  as  Hoover 
and  Thompson,  than  to  make  the  fortunes  of  Italian  or  Rus- 
sian immigrants.  The  good  that  a  great  constructive  thinker 
or  critic  can  do  is  more  essential  to  the  nation  than  is  the 
operation  of  the  corner  fruitstand  or  the  business  of  a  get-rich- 
quick  Ponzi.  America's  first  consideration  should  be  the  en- 
couragement for  her  own  young  men  to  express  themselves 
in  ways  helpful  to  national  interest. 

That  young  men  are  conceited  is  an  excellent  sign.  In- 
stead of  bullying  them  into  forgetting  their  ambitions,  the 
men  in  control  of  industry  should  take  youth  more  seriously 
and  train  it  more  broadly  and  more  sympathetically,  grant- 
ing opportunities  that  appeal  to  the  adventurous  and  eager. 
In  Germany,  before  1917,  visitors  remarked  that  when  the 
Kaiser  or  his  generals  passed  down  the  street,  people  lit- 
erally held  their  breath.  That  was  conceit  grown  unhealthy 
beyond  all  reason,  but  the  moderate  conceit  that  Mr.  Williams 
advocates  is  healthy  and  beneficial. — Editorial  in  Chemical 
and  Metallurgical  Engineering. 


Incentives  for  Greater  Production 

The  incentives  which  induce  men  to  labor  in  railroad  shops, 
or  any  branch  of  railroad  or  industrial  service,  may  be 
summed  up  as  wages,  opportunity  for  training  and  advance- 
ment, and  confidence  in  the  security  of  their  positions.  Under 
present  conditions,  the  third  of  these  factors  has  little  effect 
on  the  personal  efficiency  and  output  of  workmen,  since  it  is 
practically  impossible  to  discharge  a  man  as  long  as  he  re- 
ports for  work  and  does  not  absolutely  refuse  to  obey  orders. 
The  first  two  incentives  mentioned,  however,  may  or  may 
not  provide  increased  production,  depending  upon  conditions. 
It  is  only  human  to  expect  a  special  reward  for  unusual  en- 
deavor, and  production  managers  throughout  the  country  have 
found  the  installation  of  bonus  or  piecework  systems,  where- 
by wages  are  proportional  to  the  work  done,  an  effective 
method  of  increasing  the  personal  efficiency  and  output  of 
workmen.  While  there  is  no  pressing  need  at  present  fot 
greater  railroad  shop  output,  it  is  undoubtedly  true  that 
within  a  few  months  at  the  most  the  railroads  will  once  more 
be  working  to  capacity,  and  will  want  to  install  every  possi- 
ble capacity  and  eflSciency-increasing  method  in  railroad 
shops.  One  of  the  strongest  arguments  against  the  contin- 
uance of  the  national  agreements  is  the  fact  that  they  prohibit 
piecework  and  eliminate  the  incentive  for  greater  individual 
output.  Ordinarily,  the  opportunity  for  securing  training  and 
advancement  impels  ambitious  workmen  to  strive  for  higher 
positions,  but  railroad  shop  managers  are  denied  the  benefit  of 
this  incentive,  also,  since,  under  the  national  agreements,  pro- 
motion must  be  made  in  accordance  with  seniority  rules  and 
length  of  service.  It  is  time  that  the  capacity  decreasing 
rules  and  regulations,  promulgated  by  the  national  agree- 
ments, be  revoked  and  railroad  shops  brought  up  to  the  same 
standard  of  efficient,  economical  operation  as  other  indus- 
trial   plants. — Editorial  in   Railroad   Age. 


The  Drill  Steel  Problem 

A  real  problem  confronts  the  makers  and  users  of  rock 
drill  steels.  At  the  February  meeting  of  the  mining  and 
metallurgical  engineers,  it  was  emphasized  that  the  failures 
of  such  steel  in  actual  use  run  as  high  as  7  per  cent  per 
.shift  in  the  case  of  heavy  drills  and  is  excessive  in  other 
cases.  The  waste  merits  the  research  planned  as  sum- 
marizod  in  The  Iron  Age,  Feb.  24. 

Steel  incorporated  in  drills  for  mining  pur^ioses  is  sub- 
jected to  notoriously  harsh  treatment.  It  is  usually  a  hol- 
low hexagonal  tool  steel  delivered  to  the  user  as  long  rods. 
In  its  fabrication  into  a  drill  It  is  subjected  to  a  heating 
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and  forging  by  a  man  at  the  mine,  under  conditions  which  do 
not  favor  scientHic  attention.  Then  in  actual  use  it  is  under 
many  varied  stresses  in  drilling  operations  which  are  ex- 
ceedingly severe.  !t  must  be  capable  of  taking  a  sharp  cut- 
ling  edge  and  yet  lie  able  to  withstand  repeated  vibrations 
from  the  driving  piston  or  the  hammer  blows  of  the  sturdy 
miners.  There  is  evidently  needed  an  almost  flawless  steel 
of  considerable  haidness  and  yet  tough  and  sound  enough 
to  stand  up  against  severe  shocks  and  at  the  same  time  capa- 
ble of  a  heat  treatment  that  is  reasonably  fool-proof. 

The  present  carbon  drill  rod  steels  do  not  seem  to  meet 
fully  the  reqtiirements.  While  fatigue  may  be  a  major  cause 
of  the  failures.  Prof.  H.  F.  Moore  claimed  no  case  of  steel 
failure  under  repeated  stress  was  found  which  could  not  be 
explained  as  arising  from  some  physical  defects  or  over- 
strain in  the  steel,  and  not  in  an  alteration  in  crystallization 
or  elastic  limit. 

The  solution  of  the  problem  may  be  found  in  some  alloy 
steel.  The  proper  steel  needs  to  have  a  wide  heat-treatment 
range.  Of  prime  importance  is  the  use  of  a  process  of  man- 
ufacture to  insure  a  steel  as  flawless  as  possible.  There  still 
remains  further  education  of  the  forgers  at  the  mine  or  the 
employment  of  proficient  heat  treaters.  The  solution  of  the 
problem  is  assured  by  the  co-ordinated  efforts  of  the  steel 
maker,  the  steel  treater  and  the  research  engineer. — Editorial 
in   The  Iron   Age. 


Test  to  Determine  Cost  of  Pneu- 
matic Tie  Tamping 

A  test  was  recently  conducted  by  the  Delaware,  Lacka- 
wanna &  Western  Ry.  in  conjunction  with  the  Ingersoll- 
Rand  Co.  of  New  York,  for  the  purpose  of  establishing  some 
basic  cost  data  on  pneumatic  tie  tamping.  The  test  was 
made  on  a  stretch  of  main  line  track  between  Boonton.  N. 
.1.,  and  Lincoln  Park,  the  railroad  furnishing  the  equipment 
and  men  to  do  the  work.  The  plant  consisted  of  an  IngersoU- 
Rand  -l-tool  compressor  with  hose  and  tampers.  The  work 
was  done  by  a  contractor  who  paid  his  men  5.5  ct.  an  hour, 
but  the  data  on  the  test  have  been  compiled  in  such  a  way 
that  the  cost  for  any  other  rate  of  pay  may  be  readily 
ascertained.  We  are  indebted  to  the  Railway  Age  of  March 
18  for  the  following  details: 

The  Lackawanna  required  that  only  such  time  and  other 
costs  be  charged  as  actually  applied  to  the  machine  and  its 
operation  in  the  performance  of  its  duty  of  tamping  ties,  and 
on  that  basis  the  following  methods  were  used.  For  in- 
stance, the  machine  being  a  four-tool  outfit,  four  men  were 
used  on  the  "guns"  or  tampers  and  their  time  was  charged 
only  w^hen  actually  employed  tamping.  The  foreman's  time 
was  chaiged  only  during  the  period  that  the  machine  was  in 
actual  operation,  while  the  operator's  time  was  charged  for 
the  full  day  whether  or  not  the  machine  was  in  actual  use. 
This  was  done  in  view  of  the  tact  that  it  was  deemed  good 
policy  to  have  the  operator  go  over  his  machine  carefully  and 
thoroughly  when  not  in  operation. 

The  gang  consisted  of  40  to  50  men.  However,  only  those 
actually  working  with  the  machine  were  charged  to  tamping. 
Such  work  as  jacking  up  the  track,  cleaning  the  ballast,  re- 
placing ballast,  putting  in  new  ties  equipped  with  tie  plates 
and  screw  spikes,  was  conducted  by  the  remainder  of  the 
gang.  The  ballast  consisted  of  crushed  stone  of  2%-in. 
mesh,  with  105-lb.  rail  laid  on  ereosoted  ties  with  tie 
plates  and  screw  spikes,  all  of  the  Lackawanna  standard 
specifications. 

The  man  compiling  the  data  was  in  no  w-ay  connected  with 
the  operation  of  the  machine  nor  did  he  make  any  repairs 
and,  with  the  exception  of  selecting  a  capable  operator  and 
instructing  him  originally  in  its  operation,  etc.,  he  had  noth- 
ing to  do  with  the  machine.  The  operator  was  not  a 
mechanic,  and,  although  he  was  fairly  familiar  with  automo- 
biles, he  possessed  no  particular  qualifications  with  reference 
to  the  machine  or  its  operation.  The  men  used  on  the 
tampers  were  all  picked  at  random  and  were  changed  about 
every  three  or  four  days  so  that  no  specially  trained  men 
were  used  in  connection  with  the  operation  of  the  machine 
or  the  tampers.  In  determining  the  number  of  ties  and  the 
lineal  feet  of  track  tamped,  owing  to  the  fact  that  the  track 
was  raised  as  high  as  G  in.  in  many  instances,  run-offs  were 
necessary  and   such   ties  as  were   tamped   in   the   run-ofC  as 


well  as  the  lineal  feet  covered  were  counted  in  on  the  total 
for  the  day. 

Throughout  the  duration  of  the  entire  test,  which  covered 
eight  consecutive  weeks,  the  tamping  outfit  was  out  of  serv- 
ice 21A  hours,  of  which  1  hour  was  due  to  the  battery  being 
exhausted  and  time  consumed  in  waiting  tor  a  renewal,  while 
the  remaining  IV2  hours  was  due  to  dirt  and  water,  making 
it  necessary  to  remove  and  clean  the  carburetor  and  feed 
pipe.  All  the  time  so  consumed  was  charged  against  the 
machine. 

The  summary  of  the  results  shows  that  for  the  eight  weeks' 
run  the  average  cost  for  tamping,  including  all  items,  was 
11.3  ct.  per  tie  or  6.2  ct.  per  lineal  foot  of  track. 

To  determine  a  fair  comparison  or  equation  it  is  necessary 
to  separate  the  average  total  cost  into  its  component  parts 
and  to  then  reduce  each  part  into  its  determining  factors. 
These  factors  consist  of  a  constant  which,  multiplied  by  the 
wage  scale,  will  give  the  cost  per  tie  for  that  particular  item 
of  the  total  cost.  In  reducing  the  total  cost  of  $1,155.92  for 
tamping  10,220  tics  or  18,358  lin.  ft.  of  track,  it  will  be  found 
that  this  is  made  up  as  follows: 

Items. 

Foremr.n    

Operator    

Labor    

Gasoline     

Oil    

Grease   

Repairs    


Cost  per 

Cost. 

Per  cent. 

tie.  ct. 

Constant. 

i    169.06 

14.62 

1.66 

0.024  X  wage 

258.50 

22.36 

2.53 

0.046  X  wage 

565.40 

48.90 

5.52 

0.103  X  wage 

148.06 

12.82 

1.45 

0.053  X   price 

9.38 

0.81 
0.18 
0.31 

0.10 
0.02 
0.03 

2.04 

3.48 

Total    fl.lS5.92  100.00  11.13  

The  constant  as  shown  in  the  right-hand  column  consists 
of  the  figure  which,  multiplied  by  the  wage  scale  of  the  man 
or  men  doing  the  work  of  tamping,  will  give  the  cost  per  tie 
for  tamping  by  compressed  air.  For  example,  with  a  fore- 
man receiving  $5.27  per  day,  or  66  ct.  per  hour,  with  labor 
at  46. 4  ct.  per  hour  and  gasoline  at  2714  ct,  per  gallon  the 
proportionate  cost  per  tie  would  be  0.024  times  6G  or  1.58 
ct.;  0.046  times  4G.4  or  2.12  ct.;  $0,103  times  4G.4  or  4.78 
ct.,  and  0.053  times  27.5  or  1.45  ct.  This  adds  up  to  9.93  ct., 
to  which  should  be  added  0.15  ct.  for  oil.  grease  and  repairs, 
this  cost  remaining  practically  the  same  with  the  machine 
in  good  order.  The  result  is  a  total  cost  of  10.08  ct.  per  tie 
for  tamping  pneumatically  or  on  a  basis  of  20  ties  per  rail 
length,  a  cost  of  6.11  ct.  per  lineal  foot.  Other  wage  scales 
may  be  substituted  in  the  manner  outlined  and  the  basic  cost 
for  any  particular  piece  of  work  derived. 


Blastinq  Pole  Holes. — Any  kind  of  dynamite  will  blast  a 
hole  in  the  grourd.  but  not  the  kind  of  a  hole  a  construc- 
tion foreman  wants.  A  telegraph  or  telephone  pole  hole 
should  not  be  any  larger  than  necessary  and  the  soil  around 
it  should  not  be  loosened  up  any  more  than  is  necessary. 
If  it  is.  the  pole  is  apt  to  lean. 

Mr.  Frank  A.  Huntington,  of  New  York,  reports  that  he  has 
good  success  with  a  straight  N.  G.  "fast"  dynamite  in  get- 
ting holes  in  shale.  The  dynamite  was  loaded  in  a  bore 
hole  put  down  to  within  6  in.  of  the  desired  bottom.  The 
charge  was  not  tamped.  The  fast  dynamite  blew  out  a  nice 
vertical  hole,  having  not  much  more  spread  than  would  be 
made  with  long-handled  shovels.  The  surrounding  soil  was 
not  disturbed  enough  to  hurt.  The  charge  used  in  each  hole 
was  l>i  lb.  For  hard  clay,  1  lb.  or  even  less  would  doubtless 
be  sufficient.  But  it  is  easy  to  decide  on  the  proper  charge 
after  noting  the  effect  of  one  or  two  trial  shots  in  the  soil 
in  which  the  blasting  is  being  done. 


U.  S.  Chamber  of  Commerce  to  Consider  Plans  for  Solving 
Railroad  Pro'blem. — Proposed  plans  for  reducing  the  cost 
and  increasing  the  efficiency  of  railroad  transportation  in 
the  United  States  will  be  discussed  by  representative  busi- 
ness men  from  all  parts  of  the  country  at  the  Ninth  Annual 
Meeting  of  the  Chamber  of  Commerce  of  the  United  States 
to  be  held  at  Atlantic  City  April  27  to  29.  This  discussion 
will  take  place  at  the  railroad  group  meeting  to  be  held 
on  the  first  day  of  the  annual  meeting.  Speakers  will  in- 
clude a  prominent  railroad  executive,  a  large  shipper,  a 
leadine  banker  and  an  eminent  engineer.  In  addition  to  these 
special  speakers,  there  will  be  a  general  discussion  of  the 
whole  railroad  question  in  which  the  different  railroad  in- 
terests will  participate.  In  this  way,  the  National  Chamber 
hopes  to  bring  about  a  greater  degree  of  co-operation  and 
understanding  between  the  different  groups  and  thus  aid 
in  the  development  of  a  plan  looking  to  a  solution  of  the 
railroad  problem. 
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Theory  and  Practice  in  the  Drill 
Sharpening  Shop 

It  is  becoming  generally  recognized  that  the  rule  of  thumb 
methods  usually  followed  in  the  drill  sharpening  shop  must 
be  supplanted  by  a  systematic  yet  practical  application  of 
known  facts  about  the  physical  properties  of  high  carbon 
steel.  Some  useful  practical  suggestions  regarding  the  proper 
heating,  forging  and  tempering  of  this  material  are  given  in 
the  April  issue  of  Mine  and  Quarry  by  J.  A.  Noyes  and 
Frank  M.  Lee.  The  matter  following  is  taken  from  their 
article: 

Steel  is  not   a   simple   substance  like   gold  or  silver.     It  is 
a   complex,    artificial    product    made    up    of    many    elements. 
In   our  consideration   of    drill    steel,   the    most    important   of 
these  elements  are  iron  and  carbon.     Iron  with  2.5  per  cent 
carbon  or  over  is  cast  iron.     Iron  with  0.03  per  cent  carbon 
or  less  is   wrought   or  ingot   iron.     Steel  lies   between  thesfe 
two,   the   carbon   content   of   drill    steel    averaging   from    0.50 
per  cent  to  1.2  per  cent.     The  carbon  con- 
tent   makes    the    steel    susceptible    to    heat 
treatment    and    also    increases     its     tensile 
strength    md    decreases     its     ductility    and 
otherwise    affects     its    physical     properties, 
particularly    during    heating,     forging    and 
cooling. 

In  the  last  few  years  the  greatest  strides 
in  the  metallurgy  of  steel  have  been  in  the  ^ 
art  of  heat  treatment.  Until  recently  very 
little  scientific  knowledge  was  available  re- 
garding the  heat  treatment  of  steel,  the 
art  being  limited  to  the  practical  blacksmith's  e.xperience 
example,  in  his  determination  of  the  temper  of  steel  he  de- 
pended on  the  unreliable  method  of  watching  the  color.  Even 
his  knowledge  was  beclouded  with  uncertainty  and  secrecy 
la  the  automobile  industry  every  conceivable  variety  of  alloy 
steel  is  developed  to  its  full  value  by  elaborate  and  exact  heat 
treatment  processes,  and  this  industry  is  responsible  for  much 
of  the  treatment.  Any  steel  in  its  natural  state  does  not 
present  its  full   value. 

In  the  drill  shop  only  one  class  of  steel  is  used  and  only 
one  result  is  wanted.  In  the  majority  of  the  drill  steel  shops, 
however,  the  improvement  to  be  secured  by  the  simple  ap- 
plication of  a  few  known  facts  about  the  proper  heat  treat- 
ment of  steel  is  unbelievable.  The  cost  of  affecting  these 
improvements  is  infinitesimal  compared  to  the  enormous 
saving  made.  The  saving  is  not  only  in  steel,  by  having  less 
breakage  and  less  labor  and  handling  cost  in  the  blacksmith 
shops;  the  greatest  saving  shows  up  underground  in  the 
improved  performance  of  the  steel  at  its  work  of  drilling 
rock. 

The  heat  treatment  of  drill  steel  starts  with  the  initial 
heating  preparatory  to  forging.  If  the  initial  heating  for 
forging  or  the  foreinc  operation  itself  is  improperly  carried 
out,  any  later  attempt  at  heat  treatment  in  the  way  of 
securing  a  proper  temper  for  the  drill  bits  is  a  useless  effort 
to  get  something  out  of  the  steel  that  is  not  there. 

Importance  of  Critical  Range.— In  the  discussion  of  the 
proper  forging  and  tempering  temperatures,  mention  of  the 
critical  range  or  the  critical  point  of  the  steel  is  frequently 
made.  A  practical  understanding  of  what  is  known  as  the 
critical  range  can  be  had  by  watching  the  slow  heating  of  a 
piece  of  steel  in  the  furnace.  The  steel  brightens  in  color 
with  the  rising  heat  of  the  furnace  until  a  point  is  reached 
where  the  '<teel  apparently  becomes  a  trifle  darker  and  cooler 
than  the  furnace.  If  the  heating  continues,  the  steel  again 
increases  in  brightness,  once  more  assuming  the  same  bril- 
liancy and  temperature  as  the  furnace.  The  darkening  is  due 
to  the  absorption  of  heat  and  the  temperature  at  which  this 
absorption  takes  place  is  known  as  the  decalescent  or  critical 
point.  At  this  point  the  Ferrite  and  Pearlite  are  converted 
into  Austenite.  If  the  furnace  is  now  allowed  to  cool  slowly, 
a  point  will  be  reached  where  the  steel  remains  visibly 
brighter  than  the  furnace,  but  in  a  few  seconds  it  again 
assumes  the  color  of  the  furnace  and  darkens  with  it.  This 
brightening  of  color  is  due  to  the  throwing  off  of  heat  and 
is  the  recalescent  point,  where  the  Austenite  changes  back 
to   Ferrite   and    Pearlite. 


The  decalescent  point  on  the  rising  heat  is  at  a  higher  tem- 
perature than  the  recalescent  point  of  cooling.  For  practical 
purposes,  the  critical  pomt  is  the  decalescent  point  and  the 
critical  range  includes  the  temperatures  just  above  the  criti- 
cal point.  The  critical  point  of  steel  is  different  for  steels 
of  different  carbon  contents.  For  drill  steel  averaging  0.60  per 
cent  to  0.90  per  cent  carbon,  the  critical  range  is  from  1,420° 
F.  to  1,350°  F. 

By  coincidence  this  steel  becomes  non-magnetic  at  a  tem- 
perature, which  for  all  practical  purposes  is  the  same  as  the 
critical  temperature  of  the  steel.  This  fact  therefore  affords 
a  simple,  easy  method  of  determining  the  critical  point  of 
any  drill  steel  regardless  of  its  carbon  content.  By  bringing 
the  heated  drill  bit  up  close  to  an  ordinary  horseshoe  mag- 
net, it  can  be  determined  whether  or  not  the  temperature 
of  the  bit  is  above  the  critical  range  of  the  steel  by  merely 
noting  whether  or  not  the  magnet  is  attracted  by  the  hot 
steel.  If  the  magnet  is  attracted,  the  temperature  is  below 
the  critical  point.  If  it  is  not  attracted  by  the  steel,  the 
critical  temperature  has  been  passed. 


Fig.   1. —  Fractures   in    Piece   of    Hollow    Drill   Steel. 

Hammering  Improves  Steel.  The  resulting  structure  and 
physical  properties  of  the  drill  bit  depend  absolutely  on  the 
temperatures  used  for  heating  the  steel  preceding  both 
forging  and  quenching,  as  well  as  on  the  care  exercised  in 
the  mechanical  working  or  forging  of  the  bit.  The  finest 
grain  size  obtainable  exists  just  as  the  steel  passes  through 
the  critical  range  on  the  rising  heat.  Further  heating  above 
the  critical  temperature  coarsens  the  grain,  and  this  coarse 
structure  remains  in  the  steel  if  it  is  allowed  to  cool  undis- 
turbed. If,  instead  of  allowing  the  steel  to  cool  undisturbed, 
it  is  vigorously  hammered,  the  coarse  crystalline  structure 
can  be  broken  up  and  the  grain  refined.  If,  however,  the 
hammering  is  stopped  above  the  critical  range,  the  coarse 
crystallization  sets  in  again,  and  the  higher  the  temperature 
above  the  critical  range  at  which  the  forging  stops,  the 
coarser  the  structure  will  be.  The  finishing  temperature  for 
the  forging  operation  of  the  drill  steel  bit  should  therefore  be 
at  or  slightly  above  the  critical  temperature,  and  the  forging 
should  be  by  rapid,  vigorous  hammering  and  not  by  bull- 
dozing or  squeezing.  It  is  a  well  known  fact  that  hammered 
forgings  command  a  much  higher  price  than  drop  forgings, 
w'here  the  metal  is  literally  pressed  into  shape  at  high  tem- 
peratures. The  forging  operation  should  not  continue  below 
the  critical  range,  because  "cold  working"  below  this  heat 
causes  distortions  and  internal  strains,  which  result  in  brit- 
tleness  and  in  steel  breaking. 

Figure  1  show's  several  fractures  of  a  piece  of  hollow  arm 
steel.  The  bar  was  nicked  on  both  sides  with  a  hack-saw 
at  distances  1  in.  apart,  starting  from  one  end,  then  heated 
in  a  furnace  until  the  extreme  end  of  the  steel  was  at  a  white 
heat  and  the  heat  graduated  back  to  the  last  notch,  where 
it  was  cold.  The  steel  was  then  quenched  in  water  and 
broken  off  at  the  places  previously  nicked.  Section  A  shows 
the  natural  condition  of  the  cold  bar.  Section  B  shows  the 
same  structure  as  Section  A.  Section  C  shows  the  finest 
grain  size  possible,  as  here  the  critical  temperature  has  been 
reached  and  at  this  point  the  steel  has  the  qualities  of 
toughness,  and  maximum  density,  with  maximum  hardness. 
The  other  sections  from  D  up  to  I  show  increased  coarseness 
of  structure.  Sections  H  and  I  were  very  badly  burned. 
Steel  in  this  condition  is  granular,  brittle  and  useless  for 
making  a  wear-resisting  drill  bit.  Section  E  shows  the  struc- 
ture of  the  steel  at  the  maximum  temperature  permissible 
for  starting  the   forging  operation. 

Even  Heating  Essential. — Heating  in  a  coal  forge  is  un- 
satisfactory, as  the  abundance  of  oxygen  required  for  the 
combustion  of  the  coal  gives  a  heavy  oxidizing  flame,  caus- 
ing excessive  scaling  of  the  steel.  Coke  is  only  slightly  bet- 
ter as  a  fuel.  With  both  coal  and  coke  furnaces,  it  is  nearly 
impossible  to  get  a  close  regulation  of  temperature.  In 
heating    steel,    it    expands,    except    in    passing    through    the 
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critical  range,  at  which  point  it  contracts.  Therefore,  It  a 
piece  of  cold  steel  la  thrust  Into  a  raging  hot  fire,  the  outer 
surfaces  are  passing  through  the  critical  range  and  are  con- 
tracting, whereas  the  center  of  the  bit  ia  Rtlll  expanding, 
having  not  yet  reached  the  critical  temperature.  This  causes 
cracking  and  checking  of  the  steel.  In  the  same  way,  even 
if  the  steel  is  not  thrust  directly  into  a  raging  open  Are, 
but  is  only  inserted  directly  into  the  combustion  chamber 
of  a  furnace,  where  the  extreme  high  temperature  flames 
are  allowed  to  impinge  directly  against  the  drill  bits,  this 
same  condition  will  result,  and  either  cracking  or  checking 
of  the  bits  takes  place.  It  Is  a  well  known  fact  that  if  the 
higher  carbon  steels  are  allowed  to  remain  in  a  hot  furnace 
for  any  great  length  o£  time  the  carbon  is  precipitated  In 
the  form  of  graphite,  and  when  this  occurs,  the  steel  is 
greatly  reduced  in  efficiency,  even  If  not  entirely  ruined.    It 


Device    fOt  Indicatino  Criticmi 
TtMPBRATUPE  OF  Steel 


Fig.  2. — Device  for    Indicating   Critical   Temperature   of   Steel. 


is  common  practice  in  drill  sharpening  shops  for  the  tool- 
smith  to  allow  the  drill  steel  to  remain  in  the  furnace  while 
making  adjustments  on  the  drill  sharpening  machine,  chang- 
ing dollies,  or  making  minor  repairs,  and  this  is  sure  to  prove 
costly  in  the  end.  as  the  outer  surface  of  the  steel  becomes 
decarbonized  and  will  not  respond  to  the  same  heat  treat- 
ment that  is  effective  before  the  "soaking"  takes  place. 
This  "soaking"  also  increases  the  coarseness  of  structure, 
as  coarseness  of  structure  not  only  increases  with  high  tem- 
peratures, bvit  also  with  the  length  of  time  for  which  the 
steel  is  held  at  the  high  temperature.  The  maximum  tem- 
perature for  forging  drill  steel  should  not  exceed  1,050°  to 
1,750°  F.  Temperatures  higher  than  this  coarsen  the  struc- 
ture to  such  an  extent  that  even  the  thorough  hammering 
during  the  forging  operation  cannot  again  refine  the  grain. 
The  result  of  too  high  a  forging  heat  is  checked,  cracked 
and  brittle  bits,  irrespective  of  what  the  subsequent  temper- 
ing treatment  may  be. 

Overheating  Ruins  Steel. — In  tempering  all  drill  bits, 
quenching  should  take  place  at  the  critical  temperature  or 
at  about  50°  F.  above  this  point  and  on  a  rising  heat.  When 
quenching  takes  place  at  this  temperature,  maximum  density 
and  toughness,  with  maximum  hardness,  are  secured.  The 
'■eating  preceding  the  quenching  should  be  slow,  uniform, 
•nd  thorough,  and  at  the  lowest  possible  temperature  that 
win  secure  the  desired  results.  The  furnace  temperature 
shoul.l  be  slightly  above  the  critical  point  of  the  steel  to 
compensate  for  some  loss  of  heat  while  transferring  the  steel 
from  the  furnace  to  the  quenching  bath.    Heating  for  quench- 


ing cannot  be  done  satisfactorily  in  a  coal  or  coke  furnace, 
where  close  regulation  of  temperature  is  impossible.  Over- 
heating is  the  cause  of  90  per  cent  of  the  bad  results  from 
drill  steel.  Unfortunately  many  practical  blacksmiths  still 
believe  in  the  efficacy  of  high  temperatures  for  greater 
hardening  effect.  While  to  a  very  limited  extent,  it  may  hold 
true  that  the  higher  the  temperature  the  harder  the  steel, 
the  questionable  gain  in  hardness  is  more  than  offset  by  in- 
creased coarseness  in  the  grain  of  the  steel,  and  by  internal 
strains,  both  resulting  in  taster  wear  on  the  bits,  and  more 
breakage.  Heating  for  hardening  requires  great  care.  The 
rapid  quenching  of  hot  steel  is  the  most  severe  test  that 
steel  can  be  put  to.  If  the  heating  is  not  uniform,  it  naturally 
follows  that  the  bit  after  quenching  will  be  subjected  to  se- 
vere internal  strains.  Hardening  cracks  are  therefore  more 
often  a  result  of  improper  heating  than  of  any  defect  in  the 
steel. 

To  emphasize  the  importance  of  quenching  the  steel  at  the 
lowest  possible  temperature  and  still  be  above  the  critical 
point,  we  cite  a  test  that  was  made  on  two  gears  that  were 
machined  from  the  same  bar  of  steel,  and  given  identically 
the  same  heat  treatment,  with  the  single  exception  that  gear 
B  was  quenched  at  a  temperature  of  50°  higher  than  gear 
A.  Both  gears  showed  the  same  degree  of  hardness.  While 
it  required  48  blows  of  a  10  lb.  hammer  dropping  30  in.  to 
break  a  toofh  out  of  gear  B,  it  required  200  blows  of  the  same 
hammer  falling  the  same  distance  before  a  tooth  could  be 
broken  out  of  gear  A.  This  difference  of  only  50°  lower 
quenching  temperature  resulted  in  400  per  cent  increase  in 
toughness.  This  example  clearly  illustrates  that  in  order  to 
get  the  maximum  wear-resisting  qualities  in  a  drill  bit.  the 
quenching  should  be  at  the  temperature  at  which  the  mag- 
netism leaves  the  steel,  and  thus  theory  and  practice  both 
support  the  old  rule  that  the  lowest  temperature  that  giv6s 
the  desired  results  is  the  best  temperature. 

One  of  the  conditions  that  works  a  hardship  on  the  drill 
smith  in  the  average  drill  shop  is  having  to  handle  steel 
which  contains  varying  percentages  of  carbon.  Steel  con- 
taining 0.90  per  cent  carbon  does  not  require  as  high  a  tem- 
perature tor  hardening  as  a  piece  which  contains  0.50  per 
cent  carbon.  If  both  steels  were  quenched  at  a  temperature 
suitable  for  the  higher  carbon  steel,  the  other  steel,  having 
a  lower  percentage  of  carbon,  would  be  too  soft.  If  the 
quenching  temperature  Is  raised  high  enough  to  secure  the 
proper  hardness  of  the  0.50  per  cent  carbon  steel,  and  if  the 
steel  with  the  higher  carbon  content  is  quenched  at  this 
higher  temperature,  breakage  and  chipping  of  the  bit  is 
practically  certain.  This  may  cause  the  blacksmith  a  great 
deal  of  trouble,  as  in  one  section  of  the  mine  there  may  be 
a  complaint  about  the  steel  being  too  soft,  while  other  sec- 
tions in  the  same  mine  will  report  the  steel  as  being  too 
hard. 

Magnet  Shows  Critical  Point. — Figure  2  shows  an  inex- 
pensive electrical  indicator  for  determining  when  the  steel 
has  reached  the  decalescent  point.  This  is  an  ordinary  horse- 
shoe magnet  hung  from  a  fibre  or  other  non-conducting  sup- 
port. At  the  upper  end  of  the  support  is  a  copper  contact 
for  closing  an  ordinary  light  circuit.  This  indicator  is  more 
serviceable  in  the  shop  than  an  ordinary  horseshoe  magnet 
hung  from  a  cord.  When  the  heated  bit  is  pressed  against 
the  copper  plate  the  light  will  flash  if  the  steel  is  at  too  low 
a  temperature  for  quenching.  The  correct  heat  for  quench- 
ing is  when  the  magnetism  leaves  the  steel.  This  indicator 
gives  one  of  the  two  necessary  facts  about  the  temperature 
of  the  steel  for  quenching.  It  is  the  fact  that  the  steel  is  hot 
enough,  having  passed  the  critical  temperature. 

Signalling  Pyrometer  Prevents  Overheating. — The  second 
fact  that  must  be  known  is  that  the  temperature  is  not  too 
high.  This  can  be  assured  by  using  an  oil  or  gas  furnace, 
the  maximum  temperature  of  which  is  indicated  by  a  pyrom- 
eter. If  the  maximum  temperature  of  the  furnace  is  main- 
tained at  a  predetermined  point,  there  will  be  no  danger  of 
overheating  the  steel,  irrespective  of  the  time  the  steel  re- 
mains in  the  furnace,  within  reasonable  limits.  In  the  past 
it  has  been  the  general  practice  to  insert  the  drill  bits  into 
a  raging  hot  furnace  and  depend  on  the  watchfulness  and 
skill  of  the  operator  to  judge  when  the  proper  temperature 
has  been  reached.  Naturally  the  results  have  varied  with 
different  men,  different  light  conditions,  and  with  the  con- 
glomeration of  steel  of  several  makes  and  various  chemical 
compositions. 

Quenching  Liquids. — When  the  proper  temperature  is  se- 
cured, quenching  should  be  rapid.    The  object  of  quenching  is 
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to  retain  the  characteristics  which  the  proper  heating  has 
developed.  The  most  satisfactoiT  quenching  medium  for 
drill  steel  is  circulating  cold  water.  For  uniform  results  the 
temperature  of  the  water  should  be  hept  fairly  constant.  The 
effectiveness  of  water  as  a  quenching  medium  falls  off  rap- 
idly above  100°  F.  Brine  solution  is  a  faster  quenching  me- 
dium than  water,  but  its  effectiveness  decreases  with  in- 
creased temperature,  particularly  above  150°  F.  It  is  dif- 
ficult to  maintain  a  brine  solution  at  constant  temperature, 
particularly  where  large  quantities  of  steel  are  handled.  Oil 
is  used  as  a  quenching  medium  where  a  high  degree  of  hard- 
ness is  not  necessary. 

Summary  of  Practice.— To  summarize  the  suggestions  here 
made  that  are  fruitful  of  good  results  in  applying  theory 
to  practice  in  the  drill   shop: 

(1)  The  use  of  a  coal  or  coke  furnace  should  not  be  con- 
sidered, as  uniform  results  would  be  impossible. 

(2)  Oil,  gas  or  electric  furnaces  are  desirable,  as  close 
regulation  of  temperature  can  be  had. 

(3)  Heating  for  both  forging  and  tempering  should  be  in 
a  non-oxidizing  furnace  atmosphere.  An  oxidizing  flame  or 
furnace  atmosphere  causes  scaling  and  decarbonization. 

(4)  An  indirect  or  reflected  heat  is   desirable. 

(5)  Forging  the  bits  should  be  begun  at  a  temperature 
above  the  critical   point. 

(6)  The  steel  should  not  be  allowed  to  "soak"  in  the 
furnace.  "Soaking"  increases  coarseness  of  structure  and 
decarburization   of  the  outer  surface. 

(7)  The  coarseness  of  structure  not  only  increases  with 
increased  temperature  above  the  critical  point  but  it  also 
increases  with  the  time  during  which  it  is  held  at  the  high 
temperature. 

(8)  The  forging  should  stop  at  or  just  above  the  critical 
range.  Working  below  the  critical  range  or  "cold  working" 
induces  internal  strains.  It  the  forging  is  stopped  at  a  tem- 
perature above  the  critical  range,  the  steel  becomes  coarse 
in  structure  again. 

(9)  Mechanical  working  or  forging  should  be  by  vigorous, 
rapid  hammering  and  not  by  squeezing  or  bulldozing. 

(10)  The  more  rapid  the  hammering  is  during  the  forging 
operation,  the  finer  will  be  the  resulting  grain  structure  and 
the  lower  the  teperature  required  for  proper  forging. 

(11)  The  heating  preceding  quenching  should  be  slow 
for  uniform  and  proper  distribution  of  heat  throughout  the 
mass  of  the  bits. 

(12)  Maximum  temperature  in  the  tempering  furnace 
should  he  only  slightly  above  the  critical  temperature  and 
kept  at  this  temperature  by  pyrometer  check. 

(13)  Each  bit  should  be  tested  by  a  magnet  to  see  that 
temperature   is  above   the   critical   range. 

(14)  For  hardening  or  quenching  the  lower  the  tempera- 
ture is  and  still  be  above  the  critical  range  the  better  the 
results.  Maximum  density,  hardness,  and  toughness  are  then 
secured. 

(15)  Quenching  should  be  done  quickly  and  on  the  rising 
heat. 

Competition  for  Plans  for  Sewerage  for  French  City. — 
An  inter-allied  competition  for  a  plan  for  a  sewerage  system 
in  Chauny,  France,  in  which  American  sanitary  engineers 
are  especially  invited  to  join,  has  been  announced  by  the 
American  Committee  of  La  Renaissance  des  Cites.  La 
Renaissance  des  Cites,  whose  president  is  M.  Charles  Du- 
mont.  reporter-general  of  the  budget,  and  whose  membership 
includes  some  of  the  leading  engineers,  architects,  and  other 
technical  men  in  France,  is  the  chief  agency  aiding  the  de- 
stroyed communities  of  the  war  zone  in  scientific  planning 
and  permanent  rebuilding.  It  has  helped  with  the  plans  of 
more  than  200  towns,  including  Rheims,  and  is  being  as- 
sisted by  the  American  committee  in  rebuilding  Pinon  as 
a  demonstration  of  the  possibilities  of  city  planning  for  the 
benefit  of  the  entire  war  area.  From  the  competition  for 
Chauny's  sewerage  system.  La  Renaissance  des  Cites  hopes 
to  develop  ideas  which  will  be  useful  in  many  manufacturing 
towns  of  medium  size.  The  first  prize  in  the  contest  is 
10,000  francs  and  the  second  5,000.  The  time  limit  for  sub- 
mitting plans  is  June  10,  1921.  The  sketches  and  other 
documents  needed  by  contestants  may  be  obtained  from  the 
French  headquarters  of  La  Renaissance  des  Cites,  23  rue 
Louis-le-Grand,  Paris,  France,  for  65  francs  ($4.55  at  present 
rates  of  exchange),  of  which  50  francs  will  be  returned  when 
the  documents  are  sent  back.  Further  details  may  be  ob- 
tained from  the  American  committee,  whose  headquarters  are 
at  24S  Boylston  St.,  Boston,  Mass. 


Methods  of  Providing  Mechanical 
Protection  for  Piles 

In  an  appendix  to  its  annual  report  in  Bulletin  233,  the 
Committee  on  Wood  Preservation,  of  the  American  Railway 
Engineering  Association,  has  presented  a  resume  of  the 
various  methods  for  giving  mechanical  protection  to  piles  in 
addition  to  creosoting  them  in  the  ordinary  manner.  It  has 
long  been  recognized  that  creosoting,  while  an  excellent 
process  to  prevent  decay,  and  well  worth  while  as  a  deterrent 
against  marine  borers,  is  not  a  sure  or  long-lived  preventa- 
tive in  the  worse  infested  water  of  the  southern  coasts. 
The   following   is   taken   from   the   committee's   report: 

Cast  Iron  Cases. — These  cases  have  been  used  at  points 
on  the  Gulf  for  many  years.  The  cast  sections  are  made  in 
halves  so  that  they  can  be  placed  in  position  after  the  piles 
have  been  driven  and  capped.  As  the  castings  are  bolted 
together  the  casing  is  lowered  to  the  mud  line  and  forced 
dov;n  into  the  mud.  The  space  between  the  case  and  pile 
is  usually  filled  with  sand  and  capped  with  cement  mortar 
to  prevent  the  sand  being  washed  out  by  the  waves.  This 
protection  is  entirely  eflScient  as  long  as  the  jacket  remains 
intact.  Cast  iron  corrodes  very  slowly  in  sea  water  and  if 
made  thick  enough  will  resist  corrosion  a  great  many  years. 
Some  of  these  cases  at  points  on  the  Gulf  have  been  in 
position  about  30  years.  Care  must  be  observed  that  the 
cases  go  far  enough  into  the  mud  so  that  the  piles  will  not 
be  uncovered  by  the  washing  away  of  the  mud,  or  by 
dredging  operation.  In  this  event  the  sand  escapes  and 
the  entire  pile  is  exposed  to  a  current  of  sea  water  and 
then  to  attack  by  the  borers. 

At  present  prices  of  cast  iron  these  cases  are  almost  pro- 
hibitive in  cost. 

Vitrified  Pipe  Cases. — In  locations  not  exposed  to  wave 
action  and  the  pounding  of  drift  vitrified  pipe  can  be  substi- 
tuted for  cast  iron.  It  does  not  corrode,  but  is  easily 
broken. 

The  pipe  sections  are  preferably  in  one  piece  and  placed 
over  the  pile  before  it  is  capped.  The  sections  are  cemented 
together,  lowered  to  the  bottom  and  forced  into  the  mud. 
The  space  between  the  case  and  the  pile  is  filled  with  sand 
and   capped  with  cement  mortar. 

This  protection  has  been  much  used  along  the  Gulf  and 
Pacific  Coast,  where  full  length  protection  is  necessary,  and 
is  entirely  efficient  as  long  as  it  remains  intact.  Any  de- 
fects in  the  case  below  the  water  will  be  shown  by  the 
escaping  sand  and  any  broken  pipe  sections  can  be  easily 
replaced.  It  is  the  custom  in  maintaining  these  cases  to 
make  inspections  and  repairs  about  once  a  year.  The  borers 
will  not  have  gained  suflScient  headway  in  creosoted  timber 
in  that  length  of  time  to  cause  trouble. 

For  protecting  piles  after  they  have  been  capped,  or  for 
making  renewals,  the  pipe  sections  are  made  in  halves  and 
are  joined  together  with  some  form  of  lock  or  copper  wire, 
or  treated   wooden  plugs. 

Reinforced  Concrete  Cases. — Cases  less  fragile  than  vitri- 
fied pipe  and  less  expensive  than  cast  iron  can  be  made  of 
reinforced  concrete. 

The  sections  can  be  made  in  one  piece  for  placing  before 
the  pile  is  capped,  or  in  halves  for  placing  afterward.  One 
of  the  designs  provides  for  a  lock  by  leaving  some  of  the 
reinforcing  wires  projecting  so  that  they  can  be  twisted  to- 
gether and  covered  with  cement  mortar  after  the  halves  have 
been  joined.  For  these  cases  the  concrete  casing  over  the 
reinforcement  is  rather  thin,  and  there  is  some  question 
whether  the  reinforcement  will  corrode  and  the  cases  go 
to  pieces  under  the  action  of  sea  water.  Service  tests  are 
needed  to  develop  this  point. 

The  above  methods  afford  full  length  protection,  which 
can  be  placed  at  any  time  after  the  piles  have  been  driven. 
Concrete  Jackets  Cast  in  Place. — Considerable  protection 
work  has  been  done  of  late  in  Charleston.  S.  C,  waters  by 
casting  concrete  jackets  in  place  about  the  piles.  In  these 
waters  the  teredo  is  less  active  than  at  points  on  the  Gulf, 
and  is  successfully  controlled  by  careful  creosoting.  The 
limnoria  is  very  active  and  will  finally  cut  off  creosoted 
piles  at  about  low  water  mark.  It  does  not  seem  to  work 
progressively  on  treated  piles  at  depth  greater  than  2  ft. 
below  low  water  mark,  although  piles  that  have  been  pulled 
show  traces  of  attack  in  isolated  patches  all  the  way  to  the 
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miul  line.  Under  these  conditions,  protection  tor  a  length 
of  about  in  ft.,  extpnding  from  about  3  ft.  below  low  water 
to  about  2  ft.  above  IiIkIi  water,  is  efficient.  Some  of  these 
jackets  are   plain  concrete  and  some  are  reinforced. 

The  reinforced  jackets  have  been  applied  as  follows^ 

Sixpenny  nails  were  driven  into  the  piles  in  rings,  the 
nails  being  about  fi  in.  apart,  and  the  rings  about  18  in. 
apart.  They  were  left  projecting  about  3  in.  and  extended 
the  length  of  the  jacket.  The  reinforcement  was  No.  10 
gage  iron  wire  and  was  twisted  around  the  nails.  It  was 
placed  in  two  directions,  both  along  and  around  the  pile, 
and  located  about  1%  in.  from  the  pile.  The  form  was  of 
'<t-in.  wood  veneering  placed  around  the  piles,  resting  against 
the  heads  of  the  nails  and  bound  with  wire.  This  veneering 
cante  in  lengths  of  about  4  ft.  and  when  one  length  was 
filled  with  concrete  another  was  added  and  the  jacket  carried 
to  the  top.  The  form  stretched  sufficiently  to  allow  the 
mortar  in  most  cases  to  cover  the  heads  of  the  nails.  1:2:4 
concrete  was  used  with  %-in.  stone.  No  great  difficulty  was 
found  in  placing  the  concrete.  Most  of  the  jackets  were  on 
piles  exposed  to  the  mud  at  low  water,  and  the  jackets  were 
carried  down  to  and  into  the  mud.  Where  the  water  was 
deep  the  forms  were  carried  about  3  ft.  below  low  water, 
and  bagging  placed  about  the  bottom  to  keep  the  mortar 
from  running  out.  This  feature  is  very  important,  tor  unless 
the  bottom  of  the  form  is  carefully  stopped,  the  mortar  will 
leak  out  and  a  failure  will  result. 

A  lot  of  these  jackets  were  placed  in  191.5  and  have  not 
shown  any  sign  of  failure,  except  in  a  few  cases  the  concrete 
has  broken  away  at  the  bottom — due  possibly  to  a  leaky  stop 
for  signs  of  corro=ion  in  the  reinforcement,  but  no  corrosion 
has  been  evident.  The  work  of  protecting  piles  in  deep 
water  should  be  performed  in  warm  weather,  as  it  is  neces- 
sary for  the  workman  to  be  working  in  the  water  much  of 
the  time. 

Casting  the  concrete  jacket  in  place  has  the  advantage 
of  restoring  in  a  measure  the  strength  of  the  pile,  even  though 
its  section  may  have  been  reduced  materially. 

When  it  is  necessary  to  work  around  bracing  attached  to 
the  piles  the  advantage  of  the  use  of  the  veneering  tor  the 
form  is  considerable,  as  it  can  be  easily  cut  to  fit  the  ob- 
structions. Where  there  Is  much  pounding  from  drift  or 
bending  in  the  piles,  or  it  it  is  desired  to  strengthen  as  well 
as  to  protect  them,  the  jackets  should  probably  be  rein- 
forced, but  it  is  certain  that  if  the  reinforcement  can  be 
omitted  the  work  can  be  done  much  cheaper  and  generally 
better  concrete  will  be  obtained. 

On  a  protecting  job  now  going  on  in  Charleston  jackets 
of  plain  concrete  are  being  used.  These  are  about  3  in. 
thick  iind  the  concrete  is  1:2:4  mix  with  fine  aggregate. 
The  forms  are  No.  24  gage  galvanized  iron,  the  sheet  being 
vide  enough  to  form  a  complete  section.  The  two  edges  are 
nailed  to  wooden  strips  about  214  in.  square,  one  of  which 
has  a  tongue  and  the  other  a  groove.  The  sheets  are  placed 
around  the  pile  and  the  wooden  strips  clamped  together.  A 
tight,  smooth  concrete  form  is  obtained.  These  forms  are 
made  in  different  sizes  and  lengths  to  fit  the  different  sized 
piles  and  different  depths  of  water.  By  using  forms  made 
in  this  way  concrete  jackets  have  been  carried  as  much 
as  12  feet  below  low  water,  and  it  was  evident  when  exam- 
ined by  a  diver  that  good  results  had  been  obtained.  The 
general  experience  is,  however,  that  it  is  not  safe  to  trust 
to  concrete  that  is  deposited  in  more  than  3  or  4  ft.  of 
water. 

When  it  is  possible  to  pump  out  the  form  good  concrete 
can   be  placed   at   greater  depths. 

Gutiite. — In  1919.  near  Seattle.  Washington,  a  large  num- 
ber of  piles  were  coated  with  gunite.  The  committee  has  this 
work  imder  observation,  but  it  is  too  soon  to  report  on  the 
success   of  this   particular  job. 

If  the  gunite  coating  proves  durable  it  possesses  certain 
advantages,  as  it  can  be  quickly  applied  and  should  be  com- 
paratively  cheap. 

Nails. — The  oldest  method  of  protection  of  which  we  have 
knowledge  is  studding  the  exposed  surface  with  nail  heads. 
This  was  practiced  by  the  Romans  to  protect  against  the 
teredo  and  the  method  has  been  used  in  European  waters 
tor  centuries. 

Us  virtue  does  not  seem  to  lie  entirely  in  covering  the 
exposed  surface  with  nail  heads,  but  is  still  effective  when 
not  more  than  one-fourth  the  surface  is  covered  by  the 
heads. 

Several  plain  piles  studded  with  nails  were  driven  abotit 


2%  years  ago  in  Charleston  harbor.  The  nails  have  heads 
about  J,'i  in.  in  diameter  and  are  driven  %  in.  to  %  in. 
apart.  The  piles  are  entirely  free  from  attacks  by  borers, 
whereas  a  plain  pile  without  the  nails  driven  at  the  same 
time  has  been  reduced  at  low  water  line  by  the  action  of 
the  limnoria  from  about  10  in.  to  about  5  in.  in  diameter. 

Some  tests  of  these  nails  have  been  made  by  the  New 
York  Dock  Department,  but  it  seems  that  elsewhere  this 
method  has  not  received  the  attention  and  study  it  deserves, 
and  the  committee  suggests  that  the  association  arrange  to 
have  some  service  tests  made.  It  is  anticipated,  however, 
that  the  work  of  applying  the  protection  would  he  found 
rather  expensive. 

Sheet  Metal. — Sheets  of  copper  and  zinc  have  been  used 
with  success  in  many  places  tor  protection  against  marine 
borers.  This  protection  is  entirely  efficient  as  long  as  it 
remains  intact.  However,  full  length  protection  must  be 
applied  before  the  pile  is  driven  and  it  is  likely  to  be  broken 
in  handling.  Copper  is  not  affected  by  salt  water,  but  zinc 
soon  coirodes.  It  is  stated  Miat  some  of  the  brands  of  rust- 
resisting  sheet  iron  will  withstand  the  action  of  .sea  water 
for  several  years,  and  it  is  possible  that  that  material  could 
be  used  to  advantage  under  some  conditions  rather  than 
copper,   which  is  too  expensive. 

Coatings  of  Tar,  Asphalt,  etc, — Many  attempts  have  been 
made  to  provide  a  durable  protection  by  applying  coatings 
of  tar  or  asphalt  eirher  alone  or  combined  with  some  fabrics. 
These  coatings  are  efficient  as  long  as  they  can  be  kept 
intact,  but  they  arc  likely  to  be  broken  by  handling,  or  by 
the  pounding  of  drift,  and  they  have  in  general  proved  un- 
reliable. 

Bark. —  Bark  left  on  piles  will  protect  marine  borers,  there- 
fore, when  plain  piles  are  used  in  infested  waters  their  life 
can  generally  be  strengthened  by  leaving  the  bark  on. 


Leather  Mats  for  Cold  Car  Floors 

After  considerable  study  and  experimenting,  the  Chicago 
Elevated  Railways  have  adopted  leather  matting  to  over- 
come the  objection  made  to  their  composition  car  floors. 
Many  complaints  were  received  that  these  floors  were  cold. 
The  following  account  of  how  this  matting  is  used  is  taken 
from  the  Electric  Railway  .Journal: 

On  cars  equipped  with  longitudinal  seats,  the  matting  is 
used  in  a  wide  strip,  extending  from  one  bulkhead  to  the 
other  and  wide  enough  so  that  it  reaches  a  tew  inches  un- 
derneath the  edge  of  the  seat  cushions  so  that  a  passenger's 
heels  rest  on  it.  In  cars  equipped  with  cross-seats,  the  mat 
is  arranged  to  cover  the  aisle  space  between  the  seat  ped- 
estals, and  additional  pieces  of  matting,  hinged  to  this  main 
aisle  strip,  extend  in  between  each  seat.  An  arrangement 
of  the  matting  tor  the  longitudinal  seats  at  the  ends  of  these 
cars  is  made  similar  to  that  described  tor  the  all-longitudi- 
nal seat  cars.  In  cars  of  both  types  of  seating  arrangement, 
the  matting  is  laid  down  in  three  to  five  sections  per  car  so 
that  it  may  readily  be  rolled  up  and  handled  by  one  man. 
With  the  matting  tor  the  cross-seat  cars,  the  pieces  extend- 
ing between  the  seats  are  simply  folded  over  the  aisle  piece 
and  rolled  up  with  it  to  remove  from  the  car.  In  order  to 
prevent  passengers  from  stumbling  over  the  ends  of  the 
mat.  which  is  about  %  in.  thick,  a  wood  strip  beveled  off 
was  fastened  to  the  floor  at  each  bulkhead  and  the  first  sec- 
tion of  the  matting  laid  on  the  floor  against  this  strip.  No 
fastening  whatever  tor  the  floor  mat  is  required,  as  its 
flexible  chain-link  construction  and  weight  makes  it  lie  per- 
fectly flat  with  apparently  no  tendency  to  get  out  of  place. 
Not  only  is  the  leather  a  very  good  insulator  of  both  heat 
and  electricity,  but  it  has  the  air  space  openings  which  im- 
prove the  heat  insulating  properties  and  it  has  a  very  high 
anti-slip  property.  The  advantages  of  the  matting  are  par- 
ticularly noticeable  on  wet,  snowy  days,  tor  it  provides  a 
place  for  the  water,  snow  and  dirt  to  fall  where  it  is  not 
tramped  in  by  passengers.  Without  the  matting  on  such 
wet  days,  water  accumulates  into  puddles  on  the  composition 
flooring,  sometimes  clear  into  the  center  of  the  car,  through 
which  passengers  must  walk.  The  wearing  qualities  of  the 
leather  mat.  inasmuch  as  it  is  made  of  leather  punchings 
placed  on  edge,  is  thought  to  compare  favorably  from  the 
experience  thus  far  with  that  of  the  wood  strips  on  the  ordi- 
nary wooden  car  floor.  The  mats  are  used  only  during  the 
winter  months,  and  are  stored  for  the  eight  warmer  months 
so  that  this  additional  cleaning  trouble  and  expense  is  en- 
countered only  tour  months  of  the  year. 
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Method  of  Assembling  and  Hand- 
ling Floating  Pipe  Lines  in 
Dredging  in  Columbia 
River 

Metliods  of  assembling  and  handling  the  ponton  pipe 
lines  of  the  U.  S.  Dredges  "Multnomah"  and  "Wahkiakum," 
operating  on  the  Columbia  River  below  Portland,  Ore.,  are 
described  by  Mr.  R.  E.  Hickson.  V.  S.  Assistant  Engineer,  in 
a  recent  issue  of  the  Military  Engineer.  The  matter  fol- 
lowing is  taken  from  Mr.  Hickson's  article. 

The  floating  pipe  lines  average  about  1.800  ft.  in  length. 
They  are  made  up  of  tiO-ft.  lengths  of  2I-in.  lap  welded  steel 
pipe,  supported  on  wooden  pontons  and  connected  with  rub- 
ber  sleeves. 

The  Pipe  Line. — Sixt.v-foot  lengths  of  pipe  are  used  in 
order  to  reduce  the  number  of  sleeves,  and  for  the  reason 
that  longer  lengths  supported  on  two  pontons,  one  at  eacti 
of  the  quarter  points,  make  a  steadier  line  without  any 
vertical   angles   and   give   much    better   horizontal    alignment. 


through  the  center  of  this  bolster  and  down  into  the  longi- 
tudinal  bulkhead   below   deck. 

A  li/^-in.  king  pin  passes  through  the  center  of  this  bol- 
ster and  down  into  the  longitudinal  bulkhead  below  deck. 
A  14-in.  steel  plate  is  fastened  on  the  bottom  of  the  bolster 
and  a  similar  plate  on  a  raised  bed  on  the  deck  of  the  pon- 
ton. These  plates  take  the  wear  and  reduce  the  friction 
between  the  swinging  bolster  and  the  bed  on  the  deck.  The 
pipe  rests  only  on  this  bolster,  and  is  fastened  to  it  by 
means  of  two  sets  of  curved  straps  %  by  2  in.,  one  set  at 
each  end  of  the  bolster,  connected  and  tightened  with  bolts 
at  the  top  of  the  pipe.  The  ponton  itself  is  free  to  be 
swung  under  the  pipe  into  any  position  that  may  be  desired. 
A  walk  and  handline  are  fastened  to  the  top  of  the  pipe 
to  aid   men   in   walking  the  line   during   rough   weather. 

Handling  the  Pipe  Lines. — In  operation,  these  pipe  lines 
are  generally  set  up  across  the  current  and  the  pontons  are 
set  at  right  angles  lo  the  pipe  line.  If  it  is  necessary  to  lay 
the  pipe  at  any  other  angle  with  the  current,  the  pontons 
are  swung  accordingly,  and  at  times  it  may  be  necessary, 
in  order  to  relieve  the  side  pull  on  the  dredge  or  anchor 
scow,   to   "cut"   the   pontons   slightly    into   the    current   when 
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General    Layout    of    Pipe    Line    and    Anchors. 

than  shorter  lengths  each  supported  on  a  single  ponton,  as 
often  used.  In  general,  the  sections  of  pipe  should  be  as 
long  as  practicable  consistent  with  ease  in  handling  and 
size  and  number  of  pontons  necessary  for  their  support. 

No  rivets  are  used  in  construction  of  the  pipe,  as  these, 
even  with  countersunk  heads,  cause  excessive  wear  at 
some  points,  and  eventually  will  cause  leaks  and  perhaps 
scrapping  of  the  pipe  before  it  has  served  the  life  possible 
if  the  wear  were  evenly  distributed.  The  pipes  are  turned 
through  about  120°  every  four  or  five  months  of  service  in 
order  to  distribute  the  wear.  .  The  end  bands  on  the  pipe 
used  to  hold  the  sleeves  are  bored  to  the  outside  diameter 
of  the  pipe  tor  a  depth  of  1  in.  They  are^  slipped  over  the 
pipe  and  spot  welded  on  the  outside.  The  band  is  "  in.  wide 
and  accordingly  extends  2  in.  beyond  the  end  of  the  pipe, 
protecting  the  end  of  same  until  the  outer  2  in.  of  the  band 
has  been  worn  away.  T!ie  band  is  then  cut  off  and  a  new 
one  placed  on  the  pipe.  These  14 -in.  pipes  will  last  about 
six  or  seven  seasons,  or  about  1.400  to  1.600  working  days 
of  24  hours  in  the  sand  encountered  in  the  Columbia  River. 
The  elbow  used  at  the  angle  in  the  pipe  line  is  made  of 
cast  iron  with  flanged  ends,  which  are  bolted  to  the  adja- 
cent sections  of  pipe,  also  fitted  with  flanges.  Generally 
two  4.5°  ells  are  bolted  together  to  make  a  90°.  and  these 
are  generally  taken  from  the  interior  of  the  dredge  where 
they  have  served  their  safe  life  for  hull  piping.  No  new 
elbowr   are   now   bought   for  the   ponton   pipe   line. 

The  Pontons. — The  pontons  used  to  support  the  pipe  are 
built  of  Douglas  fir  lumber.  They  are  little  deck  barges. 
12  by  26  by  2%  ft.  They  are  submerged  about  13  in.  with 
the  pipe  empty  and  17  in.  with  the  pipe  full.  The  gunwale 
strakes  and  bulkhead  are  4  in.  thick,  deck  2  in.,  and  bottom 
2V4  in.  Hatches  are  provided  at  each  end  to  allow  air  to 
rirculate  through  the  ponton  during  fine  weather,  and  can- 
vas covers  are  used  over  these  in  stormy  weather.  In  the 
center  of  the  ponton  is  a  swinging  center  or  bolster,  consist- 
ing of  three  pieces  of  12  by  12  in.  timber,  4  ft.  long,  bolted 
together,  and  cut  out  to  a  depth  of  G  in.  in  a  cylindrical 
recess   to  receive  the  14-in.   pipe.     A   li/2-'n.   kingpin   passes 
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Plan   of   Ponton    and    Pipe    Line   Assembly. 

they  will  act  like  the  rudder  boards  on  a  shear  boom,  and 
thus  place  the  greater  strain  on  the  anchor  lines  at  the 
end  of  the  jiipe.  When  the  pipe  line  is  towed  any  distance, 
especially  up  stream,  it  is  absolutely  necessary  that  the 
pontons  be  lined  up  with  the  pipe  as  the  sui^ace  velocities 
of  the  Columbia  River  vary  from  about  3  to  5  ft.  per  second, 
and  it  will  be  understood  how  difficult  it  would  be  to  tow 
1..500  to  2.000  ft.  of  pipe  line  against  this  current  with  all 
the  pontons  connected  rigidly  at  right  angles  to  the  pipe, 
and  it  connected  longitudinally,  as  is  done  with  some  dredges, 
it  would  be  impracticable  to  hold  the  pipe  line  across  the 
current  when  set  up  for  operation.  The  bolster  or  swivel 
type  of  ponton  overcomes  these  difficulties  admirably. 

The  pipe  line  is  held  in  place  when  in  operation  by  means 
of  anchors,  two  of  which  weighing  2.000  lb.  each  are  placed 
beyond  the  end  of  the  pipe  line  and  are  connected  to  a  wind- 
ing engine  on  a  22  by  5G-ft.  scow  supporting  the  last  length 
of  pipe.  Dead  men  on  shore  are  often  used  instead  of  the 
anchors.  At  the  elbow  in  the  pipe  line  near  the  dredge  two 
anchors  are  also  connected.  These  two  sets  of  anchors  pull- 
ing in  nearly  opposite  directions  hold  the  pipe  line  in  po-  , 
sition.  One  or  more  smaller  anchors  are  also  used,  when 
necessary,  with  hand  winches  to  hold  up  the  sag  in  the 
middle  of  the  line.  These  winches  are  mounted  on  inde- 
pendent pontons,  whicli  can  be  shifted  to  any  point  in  the 
line  without  disturbing  the  main  pipe-line  connections.  Be- 
tween the  elbow  in  the  pipe  line  and  the  dredge  two  lengths 
of  pipe   are   generally  used. 

By  using  the  anchors  at  the  elbow  in  the  pipe,  nearly  all 
the  pull  of  the  floating  line  is  taken  off  of  the  dredge  and 
much  more  satisfactory  operation  on  channel  work  is  possi- 
ble than  when  the  long  pipe  line  leads  directly  from  the 
dredge.  Steam  for  the  winding  engines  connected  with 
the  anchors  is  furnished  by  an  upright  boiler  of  35  HP. 
on  each  of  the  scows.  Slab  or  block  wood  is  used  as  fuel 
for  these  boilers.  The  main  anchor  lines  are  %-in.  cables, 
1,000  or  1.200  ft.  in  length.  The  lines  to  the  smaller  an- 
chors and  hand  winches  are  %-in.  cables  about  I'.OO  ft.  in 
length. 


392 


Engineering   and   Contracting   for   April   ;>0,   1921. 


As  the  work  progresses  the  anchor  lines  are  gradually 
paid  out  and  a  tug  equipped  with  a  steam  winch  and  der- 
rick is  used  to  shift  the  aneliors.  This  is  generally  done 
once  each  day.  When  deep-draft  steamers  pass,  the  dredge 
is  swung  out  to  the  edge  of  the  cut  and  the  anchor  lines 
crossing  the  channel  are  slacked  off  and  drop  to  the  bot- 
tom while  the  steamer  is  passing.  When  the  vessel  has 
safely  passed  over  the  cables,  the  -donkey  man"  on  the 
anchor  scow  hauls  in  the  slack  of  the  cable,  and  again  tight- 
ens the  pipe  line  into  its  proper  position.  The  anchor  lines 
at  the  end  of  the  pipe  line  are  generally  not  disturbed  dur- 
ing the  passing  of  a  steamer,  as  the  end  of  the  pipe  may  be 
in  shallow  water  or  L'p  against  a  bank  or  dump,  and  cannot 
be  moved  any  farther  away  from  the  channel.  The  drawing 
herewith  will  show  the  general  layout  of  the  dredge,  pipe 
line  and  anchors  when  set  up  for  operation. 

It  has  been  observed  that  dredges  are  often  operated  with 
only  small  -mohors  holding  the  pipe  in  position,  and  that 
the  pipe  line  is  often  quite  slack.  This  results  in  excessive 
wear  on  rubber  sleeves  through  the  bumping  or  chafing  of 
ends    of   the   various   sections   of    pipe    and    buckling   of   the 


View  of   Pipe    Line,   Showing    Swinging    Bolster  and    Rope   Jacl<et. 

sleeves.  A  large  part  of  this  trouble  can  be  avoided  by  pro- 
viding winding  engines  of  sufficient  power  at  the  end  of  the 
pipe  line  to  keep  the  slack  out  of  the  line.  With  lines  over 
1,000  ft.  in  length  operating  where  there  is  any  wind  or 
current,  good  winding  engines  and  heavy  anchors  are  al- 
most indispensable.  In  addition  to  saving  rubber  sleeves,  a 
tight,  straight  pipe  line  offers  less  resistance  to  pumping 
than  a  slack  line  with  numerous  angles  and  sleeves  buckled 
up  to  restrict  the  flow. 

Life  of  Rubber  Sleeves  for  Joints  of  Pipe  Line. — Rubber 
sleeves  are  ustd  every  fiO  ft.  throughout  the  pipe  line.  These 
sleeves  are  Sfi  in.  long  and  23 ','2  in.  inside  diameter.  They 
are  now  manufactured  under  standard  specifications  of  the 
Engineer  Department  for  Class  "A"  sleeves.  Since  1914, 
when  the  dredges  Multnomah  and  Wakiakum  were  placed  in 
soroniission,  the  average  life  of  dredging  sleeves  has  been  24-5 
workinp  days  of  24  hours.  The  maximum  life  has  been 
739,  and  minimum  88  days.  Some  sleeves,  broken  through 
wrecks  or  unusual  causes,  have  been  eliminated  from  the 
averages.  It  has  been  found  from  the  sleeve  records  of  the 
dredges  that  the  average  life  of  the  sleeves  has  been  greater 
during  the  last  two  or  three  years  than  in  the  earlier  periods 
of  operation:  for  while  the  average  life  of  all  sleeves  for 
both  dredges  has  been  245  working  days,  the  sleeves  re- 
newed during  the  last  fiscal  year  had  an  average  life  of  272 
days  on  the  Multnomah  and  305  days  on  the  Wahkiakum. 
Two  sleeves  not  included  in  the  above  averages  were  re- 
placed on  the  Wahkiakum  during  the  month  of  August, 
after  serving  467  and  470  days,  respectively.  Both  sleeves 
broke  during  a  storm  on  account   of  kinks  in  the  pipe  line. 

Rope  IVIat  Protection  for  Rubber  Sleeve. — The  added  life 
in  the  later  records  may  be  due  to  better  quality  of  sleeves, 
but  it  is  believed  should  be  attributed  also  to  the  use  of 
rope  "mats"  or  "jackets."  which  have  in  recent  years  been 
placed  around  each  sleeve,  while  in  service,  to  take  the 
strain  from  excessive  pressures  and  prevent  to  a  great  ex- 
tent the  bulging  of  the  sleeves,  which  often  causes  a  rup- 
ture of  the  inner  tube  near  the  points  where  the  pipes 
end.     The  "jackets"  were  installed  first  on  the  Wahkiakum, 


which  it  is  believed  accounts  for  the  greater  average  life  of 
the  sleeves  on   that   dredge. 

These  "jackets"  are  made  up  of  1-in.  manila  rope,  woven 
in  the  form  of  a  mat  or  net  with  length  of  meshes  about  12 
in.,  the  meshes  being  fastened  with  a  seizing  of  marlin  (9 
turns)  instead  of  being  knotted  as  in  a  net.  The  "jacket" 
i.^  about  fi  ft.  long,  and  when  placed  around  the  sleeve  the 
two  '!nds  are  laced  together.  When  the  rope  stretches, 
this  lacing  can  be  tightened  up  at  any  time  the  dredge  is 
not  pumping.  About  100  ft.  of  rope  is  required  to  make  a 
"jacket"  for  a  24-in.  sleeve.  The  estimated  cost  is  about 
$8  or  $9  for  materials  and  about  4  hours'  time  for  one  man, 
for  which  no  charge  should  be  made,  as  it  is  all  in  the 
day's   work. 

If  is  believed  that  this  device  adds  25  to  50  per  cent  to 
the  life  of  the  sleeves,  although  this  would  be  difficult  to- 
prove.  Use  of  the  "jackets"  is  also  advantageous  in  re- 
ducing the  loss  of  head  in  the  pipe  line  caused  by  enlarge- 
ment of  the  pipe  section  at  the  joints.  The  sleeves  pur- 
chased recently  under  the  standard  specifications  of  the 
department  have  not  yet  been  in  service  a  sufficient  length 
of  time  to  determine  their  life,  but  it  is  expected  this  will 
be  considerably  greater  than  the  average  of  those  previ- 
ously used  on  account  of  the  high  tensile  strength  of  duck 
and  rubber  now  called  for  under  the  standard  specifications. 
The  proper  length  of  sleeve  to  use  with  a  given  diameter 
of  pipe  is  a  question  which  has  not  been  definitely  settled, 
but  must  probably  be  determined  by  the  conditions  to  be 
met  and  by  actual  trial.  With  tliese  dredges  working  under 
the  conditions  on  the  Columbia  River,  a  36-in.  sleeve  has 
been  found  most  satisfactory,  after  trial  of  30  to  32-in. 
length?.  The  trials  were  not  very  exhaustive,  however,  and 
the  experience  of  others  in  this  matter  would  be  of  interest 
and  value  to  the  writer.  The  price  of  3()-in.  sleeves  for 
24-in.  pipe  has  advanced  from  $50  to  $55  in  1913  to  about 
$115  in  1920.  Part  of  this  increase  is  no  doubt  due  to  the 
more  rigid  specifications. 

First  Cost  and  Maintenance  Cost  of  Pipe  Line. — Cost  of 
the  pipe  line?  of  the  dredges  in  1914  and  1920.  and  main- 
tenance cost  over  this  period,  are  shown  in  the  following 
tables: 

FIRST  COST  OP  60  FT.  OF  PIPE  LINE. 

1914.  1920. 

GO  feet  24  bv  "i   in.  lap-welded  pipe $360.00     $    590.00 

2  wooden  pontons  12  bv  26  bv  2%  ft 350.00  900.00 

1   36-in.  rubber  sleeve.  2514  in.  I.  D 55.00  115. Oa 

1  rope  jacket  "  ""^ 

60  feet  walk  handline.  etc 


5.00  9. GO' 

9. on  16.00 


Total  for  60  ft $779.00     $1,630.00 

Total   cost   per  foot 12.98  27.17 

COST  OF  MAINTENANCE. 

Depreciation,     . — Cost  basis- 


per  cent.  1914. 

.     100         $  360.00 

75  262.50 

.     600  330.00 

.      ...  100.00 


1920. 
$    590.00 
675.00 
690.00 
200.00 

$2,155.00 

35.91 

5.9? 


60  feet   pipe    

2  pontons    

1  rubber  sleeve    

Miscellaneous    repairs,    etc 

Total     $1,052.50 

Maintenance  cost  per  foot  for  6  years 17.54 

Maintenance  cost  per  foot  per  annum 2.92 

With  steel  pontons  of  the  catamaran  type  at  $1,600  per 
unit,  with  two  units  for  each  60  ft.  of  pipe,  the  first  cost 
of  pipe  line  per  foot  in  1920  would  become  $65.50,  and  if 
steel,  flexible  joints  were  also  used  in  place  of  rubber 
sleeves,  the  cost  would  be  about  $71.77  per  foot  of  pipe  line. 

Comparison  of  Wooden  and  Steel  Pontons. — A  com- 
parison of  the  cost  of  wooden  pontons  as  used 
here,  with  those  constructed  of  steel,  considering  the  life 
of  the  two  plants,  shows  r,  decided  economic  advantage  in 
the  wooden  plant.  Based  on  a  life  of  S  years  for  wooden 
plant  and  40  years  for  steel,  the  following  comparison  of 
cost  of  a  single  ponton  unit  is  drawn: 

Estimated  first  cost  of  -n-ooden  ponton ; $    450.00 

Estimated  first  cost  of  steel  ponton,  catamaran   type 1,600.00 

For  a  period  of  8  years:  „.,„., 

Wood.     Steel. 

Interest  on  first  cost  at  5  per  cent  per  annum $180.00     $640.00 

1  >epreciation   for  S  years ■'3S95       ^25S? 

Repairs,    etc 50O0         20.00 

Total    $680.00     $980.00 

Saving  in  a  wooden  ponton   in  S  years 300.00 

The  cost  of  repairs  to  wooden  pontons  given  above  does 
not  include  minor  repairs  made  from  time  to  time  by  the 
crew  while  the  plant  is  in  operation,  as  these  are  made  dur- 
ing spare  time  of  the  crew,  who  are  necessary  in  any  event 
for  handling  the  plant,  and  no  extra  labor  cost  is  involved. 
The  value  of  materials  used  is  small.  The  only  real  repairs 
made  on  these  pontons  has  consisted  in  lifting  them  out  on 
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a  dock  with  a  derrick,  setting  up  the  caulking  on  the  rakes 
and  repitching  the  decks.  The  cost  was  less  than  $50  each. 
In  the  above  estimates  the  life  of  wooden  pontons  Is 
given  at  8  years.  It  is  known,  however,  that  this  is  prac- 
tically a  minimum,  and  that  with  careful  selection  of  sea- 
soned lumber,  can  be  materially  increased.  Investigations 
are  now  beinp  made  as  to  the  probable  cost  of  construction, 
using  creosoted  lumber,  indications  being  that  the  life  of 
wooden  plant  will  be  thereby  increased  50  per  cent  to  100 
per  cent,  or  more,  depending  on  the  treatment,  at  a  com- 
paratively small  additional   cost. 

Method   of  Preventing  Slides  in 
Clay  Soil  in  Railway  Cut 

An  interesting  scheme  for  conquering  slide  troubles  at  a 
railway  tunnel  portal  was  described  in  a  committee  report 
submitted  at  the  recent  convention  of  the  American  Railway 
Engineering  Associatioii.  The  work  was  done  on  a  western 
railroad  at  a  tunnel  about  1>4  mile  long,  where  the  cut  slopes 
sloughed  in  and  blocked  the  portal  cut  with  material,  which 
was  of  the  consistency  of  thick  mortar.  This  trouble  usually 
occurred  in  the  spring,  coinc/dent  with  melting  snow  and 
thawing  ground.  The  water,  despite  several  surface  ditches, 
had  reached  the  cut  slope  in  sufficient  quantities  to  thor- 
oughly satu''ate  the  clay,  which  is  of  several  varieties  and 
mixed  with  soft  soapy  rock  in  a  shaly  formation.  The  upper 
formation  is  mostly  a  bright  yellow  clay,  shading  off  lower 
down  to  a  very  tough  red  clay.  Seams  run  through  this  to\- 
mation  in  all  conceivable  directions,  and  this  gives  the  water 
an  opportunity  to  thoroughly  saturate  the  mass,  and  in  this 
condition  the  clay  loses  all  cohesive  properties. 

All  ordinary  methods  to  prevent  this  slide  trouble  were 
tried.  Several  lines  of  drain  tile  and  French  drains  were  con- 
structed, only  to  become  filled  and  choked  with  silt  in  a  short 
time:  rows  of  piling  were  driven  near  the  lower  edge  of  the 
cut,  framed  together,  and  a  system  of  bracing  extended  to 
other  rows  of  piling  driven  about  half  way  up  the  side  of 
the  cut.  This  pile  protection  was  put  in  where  the  first  slide 
occurred,  but  subsequent  slides  went  through  and  around  it 
and  carried  some  of  it  down  to  the  track.  Another  slide  oc- 
curred a  short  distance  east  of  this  pile  bracing  after  the  ma- 
terial from  the  first  slide  had  been  removed,  and  it  was  then 
necessary  to  devise  some  other  methods  to  conquer  the  slide 
trouble.  It  was  finally  decided  to  construct  a  system  of  drain- 
age tunnels,  supplemented  by  a  series  of  ditches  filled  with 
clay  and  then  burned. 

A  12-in.  drain  tile  had  been  originally  installed  along  the 
foot  of  the  cut  slope  to  drain  the  railroad  tunnel,  including  a 
spring  that  had  developed  during  the  first  slide.  This  drain 
tile  now  serves  to  carry  oft  the  additional  water  from  the 
drainage  tunnels  and  trenches  mentioned.  Three  trenches 
were  dug  parallel  with  the  track,  and  six  cross  trenches,  ap- 
proximately at  right  angles.  The  average  depth  of  the  paral- 
lel trench  nearest  the  track  is  about  5  ft.  The  other  parallel 
trenches  and  the  cross  trenches  have  depths  of  over  20  ft.. 
in  the  deeper  parts  of  the  cut.  The  bottoms  of  these  trenches 
are  cut  to  a  grade  line,  which  leads  toward  the  track. 

After  the  trenches  were  excavated,  they  were  refilled  with 
kindling,  scrap  ties,  coal  and  clay,  the  layer  of  fuel  being 
about  2v„  ft.  thick,  with  next  a  layer  of  clay  about  2  ft.  thick, 
and  alternately  placed  to  fill  the  trenches  and  tunnels.  CUim- 
neys  of  6-in.  tile  to  afford  proper  draft  were  placed  a  short 
distance  apart.  Care  had  to  be  used  in  regulating  the  draft,  so 
as  to  keep  an  even  fire,  and  thereby  insure  a  thorough  baking  of 
the  layers  of  clay  and  sides  of  the  trenches.  As  the  fuel 
burned  out  and  the  clay  subsided  in  the  trenches,  more  clay 
was  put  on  top:  and  the  surface  thereby  restored.  The  ob- 
ject sought  was  to  get  trenches  and  cross-trenches  filled 
with  semi-vitrified  clay:  also  to  thoroughly  bake  and  stabilize 
the  surrounding  material.  Through  this  mass  of  baked  mate- 
rial, the  water  readily  finds  its  way  to  the  tile  drains  along 
the  track. 

In  addition  to  the  above-named  trenches,  three  drainage 
tunnels  were  driven  back  into  the  bank,  a  little  below  the 
grade  of  the  track:  tunnel  No.  1  was  driven  102  ft.;  No.  2, 
120  ft,:  and  No.  3,  142  ft.  Then  tunnels  2  and  ?,  were  con- 
nected at  the  inner  ends  by  a  tunnel  running  parallel  with 
the  track,  the  grades  being  about  0.6  of  1  per  cent.  The  tun- 
nels were  built  rectangular  in  section,  4  ft.  wide  by  G%  ft. 
high,  so  as  to  work  in  them  with  wheelbarrows  and  shored 
and  braced  with  timber,  similar  to  mine   work. 


The  inner  ends  of  these  tunnels  were  35  ft.  and  40  ft.  un- 
derground, and  tapped  the  springs  of  water  in  the  bank  be- 
neath the  system  of  trenches  described  above.  This  method 
of  drainage  has  proved  to  be  very  efficient  in  this  location, 
as  no  further  slides  have  occurred  in  about  10  years'  time. 

Method  of  Lining  the  Connaught 
Tunnel  of  Canadian  Pacific  Ry. 

Work  is  under  way  in  connection  with  completing  the  con- 
crete lining  of  the  5-mile,  double-track,  Canadian  Pacific  Ry. 
tunnel  at  Glacier,  B.  C.  We  are  indebted  to  The  Contract 
Record  for  the  following  details  regarding  this  work: 

This  longest  mountain  railway  tunnel  on  the  continent 
was  driven  but  a  few  years  ago  and  has  yet  about  17,000  ft. 
unlined.  The  tunnel  is  at  an  altitude  of  about  4.000  ft.  above 
sea  level  and  is  located  in  the  heart  of  the  Selkirk  Moun- 
tains, making  working  conditions,  therefore,  somewhat  diffi- 
cult.    The   snow   tall   in   winter  is  very  heavy — about  40   ft.. 


Concrete    Mixing    and    Placing    Plant. 

and  the  distance  to  the  nearest  city  where  supplies  may  be 
obtained   is   220  miles. 

The  plant  for  lining  the  tunnel  was  designed  with  special 
consideration  to  safety,  non-interference  with  railway  opera- 
tion through  the  tunnel,  non-interference  with  signal  and 
other  circuits,  fire  hazard,  reasonable  and  economic  speed  in 
performance  and  special  weather  conditions  in  the 
mountains. 

The  Electric  Power  Plant. — The  main  item  in  the  construc- 
tion plant  for  the  lining  work  consists  of  an  electric  power 
plant  which  it  was  decided  to  construct  to  supply  power  suffi- 
cient for  the  brilliant  lighting  of  the  working  zones  within 
the  tunnel  and  for  the  operation  of  a  plant  mounted  on  cars, 
consisting  of  air  compressor  with  its  operating  motor  and 
auxiliary  apparatus,  storage  space  for  the  materials  tor  the 
aggregate,  and  motor  operated  mechanical  pre-mixing  and  air- 
placin?  concrete  apparatus.  A  transmission  line  to  the  work- 
ing zones,  transformers.  low  tension  lines  to  the  lights  and 
motors,  and  a  gasoline  locomotive  for  hauling  this  plant  and 
the  supply  cars  are  necessary  adjuncts  of  the  plan. 

The  power  plant,  which  is  of  300  k.w.  nominal  generating 
capacity,  is  located  near  the  west  portal  of  the  tunnel,  but 
on  account  of  the  topography  it  was  not  feasible  to  place  the 
power  plant  at  main  line  level,  and  it  was  therefore  located 
on  an  embankment  south  of  the  railroad.  A  high  line  with  a 
switchboard  permits  the  delivery  of  coal  in  carload  lots, 
while  water  is  made  available  both  from  a  gravity  camp 
supply  and  from  the  Illecillewaet  river,  which  flows  by  the 
power  house. 

The  power  house  is  constructed  of  frame  on  concrete  foun- 
dations and  is  fitted  with  three  old  locomotive  boilers, 
equipped  with  forced  draft  blowers,  separate  stacks  and 
breeching.  There  are  two  generating  units,  each  of  150  k.w. 
nominal  capacity,  driven  by  direct  connected,  simple,  hori- 
zontal, non-condensing  engines.  The  units  may  be  run  sepa- 
rately or  in  parallel. 

Illumination  of  Working  Sections  Under  Smoke  Condi- 
tions.— Careful  consideration  was  given  to  a  variety  of 
schemes  for  illuminating  the  working  sections  under  smoke 
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coiKlitidiis   and   at    the   same   time   for   not    over   illuminating  *      Plcko    f/-k»-   Tn-tnf     i                      ■«■        "         lUf     ' 

ihe  work  after  the  smoke  hud  cleared.     Numerous  laboratory  -iV   J^lca    lOr   imprOVemenTS    111    iVlaill- 

experlments  were  made,  and  flood  lights  of  .lOO  watt  capacity  ■fpnjinfA    A  rTTHinf"!  n<5 

each    were    finally   deci<led    upon.     These   lights   are    portable  ICliaiH-C   i^CCUUIl  1111^ 

and  adjustable  as  to  diffusion  of  beam,  and  have  been  found  Mr.  c.  A.  .Mor.sf.  chief  engineer.  C'hieaKo.  Rock  Island  and 

to  work  out  in  practice  exceedingly  well,  permitting  iUumina-  Pacific   Railway  Co.,   points  out  some  of  the  important   rea- 

tion  to  be  varied   immediatelv  to  meet  any  particular  .set  of  .           ,.„,!„!„.>  „.     „i                •   .                            ..        ■ 

....            w.   1    1        •      .1       .           1      .      .   .   .i,«o      TV.OI-   oierv  '^""^  ^""^  ^  revision  of  railway  maintenance  accounting  in   a 

conditions  obtaining   in   the   tunnel   at   any  time.     The>    also  ,    .  , 

have   largely   cut    the   time   lost   due   to   smoke   and   show   a  ■""'ef  article   which   is  here   reprinted   in   lull   from   the   Rail- 
large  saving  in  labor  costs.  "ay  Age  of  March  1.5,  1921. 

Pneumatic  Concrete  Placing  Apparatus.— The  concrete  mix-  Under    the    Transportation    act    the    railroads    are    divided 

ini;  and  phuing  ;ii)paralus  consists  of  two  T,i-ton  pit  flat  cars  into   certain   group.?    which    are    permitted    to   charge   a   rate 

coupled    together.     On   one   car   there   is   located   a   1.300   ft.  that  will  return  for  the  group  as  a  whole  0  per  cent  interest 

motor-driven  compressor,  while  on  the  other  car  is  an  elec-  „„  ,he  value  of  the  railroads  in  that  group.     Consequently    it 

tricallvdriven  concrete  mixer  of  22  vd.  per  hour  capacity  and  ,,                     ^        ,    .                         ^       v                 i          j,    t 

a    pneumatic   concrete   placing   apparatus.     Storage   bins   for  ''•""^''  ^^^"^  ^"^  ^^"""^^  '^  was  going  to  be  necessary  for  the 

sand  and  gravel  are  provided  on  each  car  with   a  belt  con-  railroads   in   each   group   to   follow,   as    far   as   possible,    the 

veyor  to  carry  material  from  one  car  to  the  other.     Cement  same  practice  in  regard  to  maintenance,  and  that  it  is  going 

storage  is  located  convenient  to  the  mixer  and  the  necessary  to  be  necessary   to   follow   some  classification  as  to  the  im- 

water  tanks  are  provided.    All   storage  is  calculated  on  the  „„„„„„„     ,    ,.„■         ...            «,..,,            .          , 

,      ...  1,1      •                    1  .     .•             -.u     .         ,i„„     „»  ^f  ,t,^  portance   ot   different    portions   of   each    ra   road    so   that   all 
basis  ot  blowing  a  complete  tonn  without  coming  out  of  the 

tunnel   to   recharge.     Sand   and    gravel   are   delivered   to   the  '"«  railroads   in  a   group  will   maintain   the   portions   of   the 

mixer    skip    by    gravity    and    the    mixed    concrete    drops    by  road  under  each  classification  in  practically  the  same  way. 

gravity  into  the  air  placer.  Following   this   line   of   thought,   it   would   seem   as   though 

In   operation    the    cars   are   spotted    near    the   form    to    he  wages  and  working  conditions  should  be  the  same  on  all  the 

blown  and  are  connected  to  the  electric   power  line  through  railroads  in  a  group.     It  also  appear*  desirable,  if  not  abso- 

the  nearest  outlet  from  it.     Concrete  is  led  through  pipe  and  lutely   necessary,   to   have   some    plan    worked    out   by   which 

flexible  hose  connection-^  into  the  form  under  about  80  lb.  air  the  expenditures  for  different  items  included  in  maintenance 

pressure.  could   he  classified,  so  that   the  expenditures  of  all   roads  in 

The    Forms.-The    forms   consist   of   six   separate    units    of  ""  '5™""  ''■°"'''   ^^  ='f^o""''^'l  f"''  «  the  same  manner.     This 

the  Blaw  Knox  collapsible  pattern,  each  form  providing  about  V-«        ?      f  '"'"Parisons  to  be  made  not  only  between  the 

20  ft.  of  finished  tunnel  lining  at  one  placement.     They  clear  '''""ent  railroads  but  between  different  portions  of  the  same 

all   traffic  and   are  on   wheels   so   that   after   the   concrete   is  '■«'"";o=';l-  •"  °'''er  to  awaken  interest  in  the  most  economical 

blown  and  set.  the  top  plates  can  be  collapsed  and  the  form  >"*^'hod^'  'o''  liandling  the  various  classes  of  work, 

rolled   forward   to   its   new   position.     A    substantial    movable  Maintenance    of    way    and    structures    comprises    about    20 

platform  precedes  each  concrete  form  and   is  used  for  doing  P^i"  ^'pi"  ot  the  total   operating  expenses,  and  it  is  the  only 

the   necessary   advance   work,    which   consists   in   general    of  Portion   ot  the   operating   expenses   that   is   not   analyzed    in 

fastening   false   tonus   to   the    tunnel    roof   where   the   tunnel  such  a   way  as  to  give  compaiative   costs  as   between   opef- 

section  is  overbroken.  in   packing  slab  wood  lagging  back  of  ^ting   divisions   and    between    different    railroads.      The   only 

the  false   forms,   in  placing  reinforcing  steel   and   in   scaling  ''^si?    of   comparison    today    is   the    cost   of   maintenance    of 

rock.     These   advance   forms   clear   all   traffic   and    are   built  ""'^J'  P^""  'rack  mile  and  the  cost   per  1.000  gross  ton  miles. 

up  of  light  steel  and  timber  frame  work.     There   are  six  of  which  is  of  little  value,  owing  to  the  fact  that  the  operating 

them  altogether,  each  holding  considerable  amounts  of  con-  expenses  due  to  improvements  and  retirements  are  included 

struction  material  as  well  as  the  workmen.  '"  the  general  item   of  maintenance  ot  way  and   structures, 

and   the   division    or    railroad    that    has    a    big    improvement 

Gasoline   Locomotive   Handles    Mixer  and    IVlaterial    Cars.—  program  under  wav  shows  large  maintenance  of  wav  expen.ces 

A  27-ton  gasoline  locomotive  is  part  of  the  plant.     Its  duties  ^^   compared    with    the   division     or     railroad     that     happens 

are  varied  and  in.lude  the  handling  of  the  mixer  cars  in  and  ,„   j^^^.g   y^^^^^    fmprovement   work    in    progress    at    the    time. 

out  of  the  tunnel,  the  handling  of  rock  scaling  and  derrick  tc      u   »   „,        u     .           i        .•                 •   .                          i 

.     .   ,                     ..  ,  •           «              .        L             ,         ,    .  If   what    mav   be   termed    ordinarv    maintenance    was    kept 

cars,   materia!   cars,   switching   of   cars   in   the   yard   and   to        „»»••.  •  '    .•  •.,.  .,,     ...     c   r,., 

..'.,,.              ..    '.         ^        f     .   ,            .     .,_       ;               ^    J  separate  from  maintenance  m  connection  with  the     A.  &  B. 

the  high  line,  switching  of  material  cars  to  the  storage  sheds.  ,  ,         .,      •.                              .,      i     •        v  >.     »■  ._ 

.          .     '     ,              .         ...           ,  .          ,       ,                       ,  program,  and  trom  the  items  covering  rail  relaying,  ballasting 

running  ot  lunch  cars  into  the  tunnel  m  order  to  save  work-  j   .i       .■                   ,                              j    -^       .•             .            ,j   i, 

.....                       ,  t,     .,                   ■           .  i      ,       ,  anu  ttie   tie  renewal   prograins.   and   if  retirements  could   be 

ing  time  otherwise  consumed  by  the  men  goin";  out  for  lunch,  .                       .  ,                     ,  i    ,         w,      .            i 

,   .                 ,   .,                      •       ,,                    .-.  ,  ■  ■set   up   separately  we    would    be   able   to   make   proper   com- 

and  in  general  the  many  miscellaneous  switching  uses  con-  .              „        .      r>   ,.            ,,   ■   .                 r.     rr.-      r.            i 

,,         .   .                     ,...,.,.,      T,,.             ,  .        .         ^    ,  parisons    of:      A — Ordinarv    Maintenance.    B — Tie    Renewals, 

tinually  arising  on  work  of  this  kind.     The  machine  is  rated  ,-.,-,  n     .•        t^     r>  i     •          .-  n   ■,    t,     t,  .-            .        mi, 

*      u       n      o,n   .                     ■,                  .          1           ,    .                .J  C — Ballasting.  D — Relaying   ot   Rail.   E — Retirements.     These 

to  handle   210  tons  on  a   1  per  cent  grade  and   is  operated  , ,  ,            ,                 •,      ^             ^    ,  ,.                     ,  n^r. 

.                             ,         ,     .  •     ,            ..               , ,    iT         v^F^ioi  u  co,,i(j  he  made  per  mile  of  operated  line  or  per  1,000  gross 

by   one   man.     An    electric   locomotive   would    have    imposed  .           .,        i,   .   Ti,           ,                 ■                , ,    t,     «           j- 

.             .         J          .           ,            ..               ,,    ,  ton   miles,   but   the   real    comparison   would   be   for   ordinary 

excessive  costs  and   a   steam   locomotive   would   have   aggra-  .   .                    ,  ■  u     i      1 1    ■     ■    ,        ,,     «   .i.            >       <>   .i. 

.    ,           ,              ....          ■     .X.     .          ,      rr...       ,»■     .     „  ^,  maintenance,    which    should    include   all   of   the   work    of   the 

vated  smoke  conditions  in  the  funnel.     The  effect  of  the  ex-  ,             .   .                  ..                        .     ..         i,  .,.    ,  ,             j 

.         .               «          .u              11             .•                         ^  ,,  regular    maintenance    ot    wav    organization,    both    labor    and 

haust  gases  from  the  gasoline  locomotive  was  carefully  con-  .     .  , 

.,,,.,,.     r           1.   .1,                                           ■  material, 

sidered,  but  found  to  be  negligible.  ^         ,.  .,_            ,....,                  .               ..           ,       • 

One  ot  the  weak  points  in  the  present  accounting  rules  is 

that  which  calls  for  contract  work  to  be  charged  to  mate- 
Production  of  Explosives  in  the  United  States.— For  the  'ial-  There  is  no  reason  why  it  should  not  be  divided  into 
past  seven  years  the  Bureau  of  Mines  has  undertaken  the  labor  and  material  the  same  as  company  work.  Altogether 
compilation  of  annual  reports  showing  the  production  of  ex-  too  much  money  is  spent  under  the  name  of  material,  which 
plosives,  excluding  exports,  in  the  Tnited  States.  is  not  properly  supervised,  owing  to  the  fact  that  on  many 
The  following  statistics,  received  from  manufacturers.  railroads  the  allowances  only  cover  labor,  the  material  being 
show  the  production  of  explosives  in  the  United  States  from  f^?^»rea  as  a  certain  percentage  of  the  labor  charge  By 
191'   to  1919-  doing   certain   work    by   contract    local   officers   get   a    lot   of 

_                                                                                   .  work  done  which  thev  could  not  otherwise  get  done  and  keep 

Tear.                                                                                     Lb.  ..,.,.,, 

]gj2                                                                       489  493  131  inside  of  their  allowance. 

1913............. ................... 500011845  While   it   does   not   seem   as   though    this   close   supervision 

1914 450.25l!4S9  should    be   necessary,   much    expense    is    needlessly   incurred 

1915 460.900,796  in  the  luainten.ince  of  way  department  of  railroads,  due  to 

1916 505,415,052  persona!   equation  in  the  local  organization  and   an  ambition 

i**!' 582.475,327  to  get  the   individual  divisions  or  territory  in  as   good  con- 

^^1^ 499.224,660  ditiou   as   possible,    regardless   of   the   requirements   of   some 

This  production  was  of  explosives  used  for  domestic  pur-  other  part  of  the  railroad. 

po.=es  only,  and  does  not  include  the  amounts  manufactured  The   American   Railway   Engineering  Association    with    its 

for  export  by  the  various  powder  companies  nor   the   muni-  splendid  organizaticn  should   be  able  to  go  into  this  matter 

tions  of  war  or  explosives  manufactured  by  the  government  and  recommend  a  classification  of  tracks  and  also  a  set  of 

during  the  war.  accounting  forms  that  would  give  the  results  outlined  above. 
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Comparative  Costs  of  Tunnel  Driv- 
ing 1916-1920 

Comparative  costs  for  a  o-year  period  of  driving  the  Spiro 
'Irainage  and  transportation  tunnel  are  given  by  Mr.  Harry 
A  Lee  in  an  article  in  the  April  2  Engineering  and  Mining 
Journal,  from  which  the  data  following  are  taken: 

The  Spiro  tunnel  of  the  Silver  King  Consolidated  Mining 
Co   of  Utah,  is  situated  near  Park  City,  Utah. 

Work  was  started  during  the  summer  of  1916,  and  has 
been  continuously  prosecuted  since  that  time.  The  breast 
is  now  14,400  ft.  from  the  portal.  The  period  of  time  com- 
prised in  this  review  is  four  years,  extending  from  July  1, 
1910    to  July  1.  1920.  and   the  length  of  bore   considered  is 

12,944  ft. 

The  Spiro  tunnel  starts  at  the  base  of  the  mountain  and 
is  driven  on  a  tangent,  with  a  grade  of  0.3  per  cent.  Starting 
in  the  limestones  of  the  Thaynes  formation,  It  passes  into 
the  Woodside  shale.  Park  City  limestones,  and  the  Weber 
quartzite,  in  the  order  named.  These  formations  have  an 
average  dip  of  23°,  and  the  bore  cuts  the  beddings  at  an 
acute  angle. 

A  shift's  work  in  the  heading  consists  of  drilling  and 
firing  a  round.  In  the  12,944  ft.  no  rock  was  encountered 
in  which  a  round  could  not  be  completed  in  an  8-hour  shift 
by  competent  machine-drill  men.  The  material  and  labor 
demand  for  each  round  and  each  foot  of  progress  was  con- 
stant, the  only  exceptions  being  when  in  soft  or  swelling 
ground  that  required  timbering  close  up  to  the  breast  fol- 
lowing each  blast  before  it  was  practicable  or  sate  to  start 
the  next  round  and  when  the  haul  was  longer. 

The  machine   drills  were  operated   under  100-lb.   pressure. 

DETAILS  OF  SPIRO  TUNNEL  FOR  12,944  FT. 

Location — Park  City,  Utah. 

^Purpose — Development,  drainage,  transportation. 

■Character  of  rock  penetrated — Limestone,  shale,  qu.artzite. 

Size  broken— Sx9  ft.;  ditch  on  side,  3x4  ft. 
Cross  section — 84  sq.  ft. 
Crade— 3  ft.  rise  in  1,000  ft. 
Power— Purchased   electric  current. 

Air  pressure — lOO  lb,,   generated  by  electrically  driven   compressor. 

.\ir  line — 4-in.  O,  D,  casing. 

Ventilator  pipe — IS-in.  steel,  dipped. 

Water  line  to  drills — IVi-in,  black  pipe. 

Drills— Pneumatic  hammer, 

Drjll    mounting — Horizontal    bar. 

Explosives — JO    per    cent   gelatine   dynamite 
in  sides. 

Nunioer  of  holes  per  round — 16  to  24. 

Average  depth  drilled — 5  to  S  ft. 

Cars— 20  cu.  ft.,  roller  bearing. 

T>-pe  of  haulage — Horse. 

Tra?k  of  switches— 30-lb.  rail,  IS-in.  gage. 


cuts:    35    per    cent 


Each  machine  man  has  his  own  drill,  and  following  each 
shift  the  drill  was  trucked  out,  cleaned,  oiled,  tested,  and, 
it  necessary,  repaired.  This  method  insured  a  machine  that 
worked  perfectly  when  placed  on  the  bar  and  obviated  the 
claim  so  commonly  made  that  the  man  on  the  previous  shift 
had  left  a  "bum"  drill.  It  also  proved  a  big  saving  in  drill 
repairs. 

The  average  sizes  of  timber  used  were:  Sills,  6x10;  legs, 
SxS:  caps,  8x10:  and  lagging,  2-in.  rough.  These  sizes  were 
varied  somewhat  to  suit  heavy  or  swelling  ground.  The 
sets  were  placed  5  ft.  from  center  to  center  on  the  average, 
and  where  timber  sets  were  not  required  the  sills  were  placed 
on  grade  at  .5  ft.  centers  and  hitched  into  the  walls  for  the 
entire  distance. 

The  surface  plant  is  modern,  with  a  well-equipped  black- 
smith shop,  a  machine  shop,  a  carpenter  shop,  a  change 
room,  magazines,  and  adequate  storage  rooms. 

Costs  of  labor  and  material  for  the  5-year  period  1916  to 
1920  are  given  by  years  in  accompanying  tables. 

The  tables  do  not  take  into  consideration  the  initial  cost 
and  equipment  of  plant,  depreciation,  taxes,  legal  expense, 
fire  insurance,  office  expense,  or  administration.  The  daily 
wage  is  the  average  of  all  employees,  both  underground  and 
upon  surface,  including  bonuses,  average  for  the  year  from 
monthly  and  semi-monthly  payrolls.  The  figures  illustrate 
plainly  the  effect  of  increased  cost  for  material  and  labor 
and  the  inefficiency  of  labor;  also  that  an  increase  in  wages 
produced  no  improvement  in  results. 

By  reason  of  the  fact  that  a  shift's  work  per  man  was 
practically  fixed  at  the  Spiro  tunnel,  and  that  the  same 
wage  could  be  had  at  other  properties  in  the  district,  where- 

TABLE    III— COMBINED    LABOR    AND    MATERIAL.    COSTS, 

Per  cent  increase 

, Cost  per  foot ^    ,. over   1916 > 

$8,157  $16,032  $17,978  $21,947  $22,975    96.0  120.0  169.0  182.0 
7.912     10.384     12.09       15.089  ,17.08     31.2     52.8     90.7  128.6 


Ijabor  . . 
Material 


Totals...     $16.07  $26.42     $30.07     $37.03     $40.06    

.\verages    64.4     87.1  130 . 4  149 . 3 

in  a  shift's  work  could  not  well  be  measured,  it  is  possible 
that  the  inefficiency  of  labor  at  other  properties 
may  not  have  been  so  marked.  Conditions  have  been  im- 
proving, but  normal  routine  is  still  to  be  achieved. 


Cost  of  Railroad  Electrification. — In  a  discussion  of  a  paper 
presented  before  the  Electrical  Section  of  the  Franklin  Insti- 
tute at  Philadelphia,  Mr.  A.  H.  Armstrong  of  the  General-Elec- 
tric Co..  stated  that  the  original  440-mile  electrification  on  the 
Chicago,  Milwaukee  &  St.  Paul  cost  about  $13,000,000.  This 
included  42  freight  and  passenger  and  two  switching  locomo- 
tives. This,  he  said,  figures  out  at  about  $28,000  per  route- 
mile  or  $18,000  to  $19,000  per  single-track  mile.  The  freight 
and  passenger  locomotive  cost  about  $130,000  each,  and  they 
replaced  112  steam  locomotives,  worth  about  the  same  in 
total  as  the  electrics;  hence  the  items  of  locomotive  costs 
about  offset  each  other.  The  last  220-mile  electrification  on 
this  road  cost  more,  having  been  carried  out  in  war  time, 
the  increase  being,  roughly,  about  .tO  per  cent. 


TABLE   I— LABOR   COST. 

Increased 

Feet  Vverage  ■ost   per 

progress  wage»'  Cost  per  ft.       foot  over 

cf  tunnel.         per  shift.        (average).         i;n6,   per 

rent. 

-191?'"'                                                1.461  $3,857  $8,157  Base 

1917    3.539  4.294  16.0316  96 

19, S    '. 4.001  .              5.006  17,9782  120 

191,    ■>,622  5.403  !>1.9475  169 

192(1    V/.'.'.'.'.V.V.V.'.'.'.'.'.'.'.'.'.V. t,321  5.757  22.975  182 

12,944  $17.65 

''.\verr,ge   wage   \»  r  shill    ;>:iul   undergrouml  and   surface   employes. 

TABLE  II— MATERIAL  COSTS. 

Cost  per  foot v 

Article                                                                                           1916.               1917.               1918.  1919.  1920, 

Explosives                                                   52.547           $3.54             $4,601  $5,27  $5,537 

.-30-lb.   T-raii    (complete) 41                 .517               .749  .73  .43 

4-in.  O.  D.  casing  and  IVi-m.  iron  pipe 3.32               .46                 .6.!  .so  .80(5 

18-in.  steel  vent  and  pipe 95               1.2,5               1.6,  1,60  1.75 

Machine  drills,  repairs  and  couplings 58                 .(»                 ./»  i.i»  1.6U 

Timber  (per  ft.  timbered)    171               1.74               2.14  2.589  2.20 

Electric  power 1-56               1.099             1.26  1,064  2,16 

Drill   steel                 245               .489               .308  .47  .75 

Tlluminants  ■;::::: 09                 .244               .m  .26  .2SS 

Tools,  electrical  supplies  and  general  hardware.         .158               .094               .\iZ  ..iS  .363 

Lubricants         35                 .038               .064  .1.^5  .is. 

Horse  feed,  shoeing,  etc llj              -254              .46  ,8Si;  l„3nr. 

General  repairs  and  plant  mamtenance oi                .ii                .«»  .^u  ..i(» 

-Coal  and  coke .025               -13                  131  .274  .38 

Avf  rates    $7,912         $10,384         $12.09  $15,089         $17.08 

*T)enotes  decrease. 
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f Increased    Cost    Due 

to , 

.Additional    tim- 

ber haulage. 

Wage 

ditch  work. 

I.abor 

Micrease. 

rubber  bonus 

inefUciencv 

per  cent. 

and  compen- 
sation insur- 
ance, per  cent. 

per  cent. 

11.30 

17.0 

67.70 

29.79 

14.25 

75.96 

-10,08 

25.20 

103.72 

49.27 

33.20 

99.53 

-Per  rent  inci'ease  over  1916- 


1917. 

1918. 

1919. 

1930. 

38,83 

76.60 

106.70 

116.90 

27.0 

83.0 

79,0 

7?.1 

38,6 

89.8 

141.6 

142.8 

31.6 

76.8 

68,5 

84.3 

29.4 

36.3 

105.2 

158.7 

■    1.S 

26  2 

61.2 

28.7 

•;:n.2 

•19.3 

25,7 

38.5 

nil  2 

29.2 

96,0 

212.5 

ICK  11 

100,0 

188.0 

210.0 

'■43.7 

•18,7 

137,0 

125.0 

33,0 

100.0 

333,0 

500.0 

108,0 

283.0 

633,0 

990.0 

92,0 

223.0 

311,0 

419.0 

560,0 

550.0 

1.350.0 

1.900.0 

31. 


52. S 


90,7 


128.5 
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.     ,  J  iciliiirc    pumping,    especially    where    the    cul    runs    witli    the 

Analysis  of  Grading   (^Uantltl6S  and  ^ladp.      in    many    cuts    the   common    excavation    approaches 

Costs  on   New   iLn^land  -rhp    piices    shown    in    the    accompanying   tables    were    alt 

H  <a  1 1rr^kCirlQ  Mgureri  on  the  "one  way"  basis,  that  is,  on  a  single  price  from 

IvaiirOdUJ*  ,,„j  ^„  fill     ^j  jj,.gj  n  ^yyg  attempted  to  work  out  the  grading 

From   till'    Itailuay    Age    "!■   luiotc    the   following   data   and  ^^  ^^^^  basis  of  the  contract  price  without  the  overhaul  and 

tables.     They    were    prepared    by   a   committee    representing  ^^  dptermine  separately  a  price  for  overhaul.     It  was  found, 

the  New  England  railroads,  as  a  part  of  a  report  which  had  i,„wever.   that   not   only   was   there   no   consistency   between 

tor   its   aim   the   determination    of   the   cost   of   reproduction  ^^^   methods   adopted   by   the   Bureau   of   Valuation   and   the 

as   of   the   year   1914.  pract'cos    of    the    various    carriers,    but    that   no    continuous 

The   Investigation    covered    the   moving   of   over   .■?4,000,000  ^^^,^^  j^.^^,  j^g^j^  followed  in  the  case  of  the  individual  carriers 

cu.   yd.   of   excavation    from    bank   to   (ill,   exclusive   of   work  j^^,  .^^^^  considerable   number  of  years. 

on  the  Southern  New   Kngland   R.  R.     This  represents  all  of  ^j.   .^   y^,^^^^   f,(   this  condition,   the   only   common    liasis   to 

the   work  of  any   magnitude   which   has   been   done   between  y^-\^i(.h  nil  the  data  could  be  brought  was  "cost  in  place"  in- 

1880   to   lOLS   in   the   territory   covered   by   the   New   England  (.ijujinj,   i,aul. 

railroads.     The  results  obtained  from  the  data  and  the  dia-  

crams  confirm  what  is  a  matter  of  common  knowledge,  that  r»       ^  r»  _* 

frihnt  the  costs  between  i8or.  and  v.m  were  low  and  that  Superpower  Survey- Progrcss  Report 

from  1900  to  191.')  they  have  increased.  ]„  ,yyy  iss,je  of  Dec.  1.5,  1920.  we  gave  an  abstract  of  a  pre- 

The    section    of   country    represented    consists    topograph!-  |i,i,inj,ry  report  on  the  Superpower  Survey,  by  Mr.  \Vm.   S. 

cally   of   a   comparatively    narrow    coastal    plain    backed    by  jjurray.  which  contained  some  data  of  interest.     There  has 

foothills    which    become    mountainous    over    a    considerable  j.gcently  been  submitted   a  progress  report  to  the  President 

portion    of    New    Hampshire.    Vermont,    northwestern    Con-  ,j^.  the  Secretary  of  the   Interior,   from   which   the   following      j 

necticut  and  western  Massachusetts.     The  coast  line  is  very  j^  taken. 

irregular,  being  broken  by  rocky  headlands  and   indented  by  ^_^  ^^^  Boston-Washington   industrial  region   under   consid- 

tidal  estuaries  with  deep  deposits  of  silt,  causing  heavy  sub-  ^^_^^.^^^  ^^^  ^^p^^^  ^^^^^^  ^^^.^^  ^1^^^^  ^^^  2j,  ^^^^^  j  railways 

sidence  and  ditliculty  in  depositing  hlls  ^^.,^.^,^  ^^.^  ^.^.^^^^  ^^  follows: 

The   rock    is   largely   volcanic,    generally    granite   and    con-  i,-rn 

glomerates.     Slate  predominates  locally  in  some   sections  of  I'lrst   track,   14..o00   miles. 

Maine,  Vermont  and  eastern   New  York,  marble  in   parts  of  Second  track,  6,500  miles. 

Connecticut,    Massachusetts    and    lower   Vermont    and    sand-  Total   trackage,   including  yards  and  sidings,   36,000   miles, 

stone  with  fissures   filled   with   trap  rock   in  the   Connecticut  There  are  a  total   of   10.000   steam   locomotives,  of  which   44 

valley   south   of  the   Massachusetts-Vermont   line.     The   rock  pg^  pg„t  are  freight.  29  per  cent  passenger,  and  27  per  cent 

as  a  rule  is  hard  to  drill  and  difficult  to  handle.     It  generally  switching.    The  total  railroad  coal  consumption  tor  1919  was 

occurs  in  small  quantities,  in  saddles  and  pinnacles  covered  19,000,000  tons. 

by  an  overburden  of  earth  of  irregular  depth.  For  this  rea-  Apparently  one-third  of  this  mileage  can  be  economically 
son  the  grade  line  of  the  New  England  railways  has  usually  electrified,  including  the  greater  part  of  double  track  mile- 
been  kept  high  and  the  deficiency  made  up  from  borrow.  ^^^      ^^J  ^^^  j^^,^   ^^  traffic   densitv   upon   the   branch    lines 

Many  of  the  hills  are  full  of  springs  and  the  rainfall  and  ^j^^^^  ^^^  ^^^  ^^  profitably  electrified, 
snowfall    are   heavy.      These    springs    usually    make    trouble  ,^^^^^  ^1^^,^  -^ 

where  the   rock  lies  in   pinnacles   and   sadd  es  or   where   an  ^'^^g^^'"';;  the   traffic   and   bv   preferential   arrangement   of 

impervious  clay  underlies  the  sand  or  gravel,  and  frequently  P^^'^^^'^Vobabiy  go  per  cent  of  the  total  traffic  could  be  put 

■\VKimiTED    AVERAGE     PRICES     FOR    FIVE-YEAR     PERIODS  Over  this   mileage. 

WITH  OVERHAUL.   EXCAVATION— COMMON— ROAD-  Thrnneh  Mio  electrification  of  the  above  mileage  a  fuel  sav- 

WAY,  YARDS  AND  TERMNALS.  ^^^^^^  inj  of  6  000,000  tons,  or  $40,000,000  per  annum  would  be  ef- 

Contract  price.  Quantity  W.A.P.  Amounts     which  fected.     Added  to  this  saving  will  be  $50,000,000  annually  as 

Tr    Quantity    Price.     Amount.  '^"^7iocis'"'periods^"peHodl'"'aJpUe^:  a  difference  in  favor  of  electric  versus  steam  engine  repairs 

1890  172.546     $0,281     {  48,476.78        806,894     $0,308     $248,826.26     1SS8  j    maintenance 

1891  9.1,976         .282         27.076.3,5        902,850         .306       275.902.61     1889  ^""   mainieiuii.Le. 

1892  .■',36,333  .352  118,251.96  1,066.109  .307  327.415.35  1890  The  total  unit  cost  of  electrification  will  be  approximately 
"^■^^  f6t  fsirill  Ifo-^ll  fsl  lllfllil  nil  $40.00Opermile.of  main  line  track,  which  with  12,600  miles 
1895  962,'ll2  .312  .300.481.89  173..302  ..?26  563.920.12  1893  to  be  electrified  would  cost  $500,000,000.  In  addition,  yard  and 
111?   lUf^l       Ml      Ml^^:n    I^^U        .-111      9^0^':il;f9^    IMI  aiding  trackage  would  call  for  $300,000,000  or  a  total  of  $800- 

1898  4  772       .233         1.110. 60    2.829,358       .311      878.750.38    1896  000.000.     This  sum  will  cover  the  necessary  construction  anci 

1899  532.043       .230      122.214.76    3-i»-«S4       .292      912.«3.63    1897  equipment  for  the  railways  beginning  with  the  electric  sub- 

1901  215131        .198      ■42!6.'i9.3i    I'.sss.esG       '.302      419'.24l'.95    1899  stations  and  with  the  driving  wheel  of  their  electric  motive 

1902  242.804  .240         58.272.96         994.750         .225       224.237.63     1900  nnwer 

W^   Wsl       I^     lf5;^l?;?o    ]-}Mm       :i«      ^)^^    lltl  The'  electrification    above    outlined    will    displace    approxi- 

1905    527',427         .384       202,71.5.76     1.534.9.50         .292       449,222.35     1903  matelv    7  000    steam    locomotives,    which    at    salvage    value    Of 

,906    569.471        .286       162.624.22     1.889.290        .301      569,207.26     1904  ^^tely    .M^   ^_^^   ^_^^.^   ^^^   electrification   estimate   with   ap- 

1908    1.503.881       .32       480,914.38    1906  nroximatelv   $150  000,000.  leaving  a   net  investment  of   $650.- 

]E?ii   28111?        Ife      riill^ri?,?:!!       ill      ^^^    ]^  ."^OO.OOO,  wlfich  taken  m  connection  with,  the  afore-mentioned 

WKIGHTED  AVERAGE  PRICES  FOR  5-YEAR  PERIOD  ON  ALI.  savings  of  $90,000,000  per  annum  would  return  approximately 

NEW  ENGl>,\Nn  ROADS— KXCAV.VTION— COMMON— ROAD-  14  per  cent  on  the  investment. 

WAY.  YARDS  AND^^TKRMINALS-IN-CL,UDING  ^  Conference  with  the  coal  authorities  indicates  that  a  fair 

Totals  bv  vears.  Totals  by  5.vear  periods.       Year  figure  to  take  for  the  average  price  of  coal  during  the  period 

, '•^— V , * ^      to  1919,  was  $2.90  per  ton  at  the  mine,  and  that  during  the  period 

Tear.  Quantity.     Amount,  ^i'^^'.  Quantity.    Amount.     iSc'l:  w'!?'f.  from  that  date  to  1930,  $3.50  per  ton. 

1890  288,415       $82,353.31  $0,286  3.365.805  $1,041,967.59  $0,310     1890  WMh  reeard   to  water  power  for  the  zone,  a   summation  of 

1891  718.162        237.558.47       .331  3.554,564     1.114.484.53       .314     1891  "  "n  regdru    lo    waici    i  d„»„„,o^     Q„=nuphanm     Dela- 

1892  1,567,937       507,161.04      .323  3.6.';5,7n6    1,167,094.06      .319    1892  the   possible  outputs  from  the  Potomac,   husquenanna.   ueia 

1893  703,427       207.640.02      .295  4.647.220    1.482.718.89      .319    1893  .,,,.„    o*    Lawrence     (American   rights),     Raquette    and    the 

1894  377.765        132.381.22       .350  4.924.684     1.4S4.039.3T       .301     1894  ^"l^'^'    ^      ,  -  \,.„„,„    Umt    f^r    en    average    vear    there 

1895  1279  929       397,978.14      .311  3.993. 4ST    1.230,155.61      .30S    1895  Adirondack  powers  indicate  that  tor  an  d\erage  year  lueie 

1896  995,626       238,878.95      .240  3.294.832    1.023.626.19      .311     1S96  will  he  available  12  000.000.000  kilowatt-hours,  and  for  a  min- 

1897  636,740        253,277.28       .398  3.874.139     1.110.259.43       .287     1897  o  o^n  nrvnnnn  Vil^wuH  hours-    the  nlant  caoacitv  be- 
1S38          4  772           1.110.60      .233  2.76C.644       769.679.65      .278    1898  mium  year  8.360.000,000  kilow att-hours ,  the  plant  capacity  ue 

1899  957.072       219.014.46       .229  2.002.149        578.240.01       .289     1899  ;„„   9  QflO  000  kilowatts  to   furnish  this   amount  of  energy.     It 

1900  172.434  57.398.36       .333  4.133.664     1.271.981.81       .308     1900  *"   I-    /         *      *    n,!„    „„i„f    *„    <=tato    that    in    1930     the    total 

1901  231.131  47,439.31       .205  4.349.528     1.320,969.51       .304     1901  IS    of    interest    at    this    point    to    state    that    in    IMJU.    me    loiai 

1902  2,768,255       947.019.08      .342  2.951.409    1.263.981.96      .320    1902  nower   requirement    in    the    superpower    zone    indicated     by 

1903  220,636  50.098.30       .227  6.335.604     2.249.598.93       .355     1903  '       .      ,     ,  '     „„,,i,   ^.„,-uoc   will  hp  4S  000  000  000  kilowatt-hours, 

1904  5.58,953         162.026.91        .290  6,794,025     2,425.151.95       .357     1904  projected   growth   CUl  ves   tt  HI   be   4!5.UUO,IIUU.lPUU   huowautuouis, 

1905  2,556,629    1.043,015.33      .408  5,908.829    2.231.179.20      .378    1905  of  which  amount  the  superpower  system  could  supply  .36,000,- - 

1906  689.552        222.992.33       .323  5.716.809     2.192,527.30       .384     1906  „»„  .„,,    ^ilnwatt  hours        This     therefore     indicates    that    the 

1907  1.883.059        75.3,046.33       .400  6.402.517     2.6.57.637.07       .415     1907  000,000    kllow  att-hOUl  s.       1  nis.    tnereioic,    inuiLaics     i 

1908  28,616        11,446.40      .400  4.895.017    2.030.985.15      .415    1908  water  power  supplv  can  be  but  from  20  to  25  per  cent  ot  tne 

1909  1.244,661    627,136.68   .504  6,941.148  3.065.648.92   .442  1909  t  ,„i 

1910  1,049,129   416,363.41   .397  7,193,630  3,341,126.89   .464  1910  total. 
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Widening  a  Tunnel  for  Double 
Track 

It  is  not  often  that  the  traffic  on  a  newly  built  railway  in- 
creases in  density  so  rapidly  that  in  a  few  years  double- 
tracking  becomes  necessary.  Such  has  been  the  case,  how- 
ever, on  a  portion  of  the  Virginian  Ry.,  where  in  a  IG-mile 
stretch  to  be  double-tracked  there  were  five  single-track 
tunnels,  aggregating  3680  ft.  in  length.  According  to  the 
Railway  Review,  from  which  the  accompanying  data  and 
illustrafiou.s  are  taken,  the  work  involved  some  rather  un- 
usual engineering  features  to  widen  out  these  tunnels  to 
double  track  width. 

As  was  to  be  expected,  in  the  preliminary  studies  of  this 
work  the  construction  of  a  tunnel  in  a  separate  bore  for  the 
second  track  was  first  considered,  but  on  account  of  high 
viaducts  close  up  to  the  entrance  at  several  of  the  tunnels 
it  was  found  to  be  uneconomical  to  spread  the  tracks  far 
enough  apart  for  the  separate  bores,  as  such  a  plan  would 
have  required  the  erection  of  new  bridge  structures,  whereas 
by  widening  the  tunnels  out  to  double-track  width,  there  is 
the  usual  arrangement  of  a  double-track  bridge  floor  on  the 
viaducts. 

The  original   width   of  the   single-track  tunnel   was   18   ft., 
in  the   clear,   inside   the   timbering.     The   work   of   enlarging 
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East    Portal   of  Tunnel   Showing    Protective   Shield    In    Position    and 
Heading   for   the    Enlarged    Tunnel    "Turned." 

the  tunnels  for  double  track  consists  in  removing  the  tim- 
bering of  the  single-track  tunnel,  excavating  a  heading  of 
sufficient  width  for  the  double-track  bore,  placing  a  timber 
roof  lining,  and  later  removing  the  bench  of  rock  and  then 
constructing  a   concrete   lining   for   the   double-track    tunnel. 

The  method  of  widening  these  tunnels  without  interrupt- 
ing traffic  includes  the  erection  of  a  sectional  steel  shield 
over  the  track  to  protect  passing  trains  against  possible  fall 
of  rock  or  the  dropping  of  building  material  from  overhead. 
The  general  idea  and  the  details  of  the  work  were  devised 
by  the  chief  engineer,  Mr.  H.  Fernstrom. 

The  steel  shield  consists  of  arch  ribs  formed  by  steel 
plates  riveted  to  steel  angle  bars  5x3%  by  %  in.,  and  5x3% 
ty  7/16  in.,  bent  to  shape.  These  steel  ribs  are  used  in 
pairs  4  ft.  apart  with  4-ft.  plank  lagging  between.  In  other 
Words,  the  shield  consists  of  lagged  sections,  each  of  4-ft. 
length.  To  make  room  for  the  shield  the  side  wall  of  the 
tunnel  is  excavated  2  ft.  beyond  the  timbering  on  one  side, 
the  rock  is  drifted  and  wall  plates  to  support  the  steel 
arches  of  the  shield  are  set.  The  shield  is  erected  by  lift- 
ing the  arch  sections  to  place  with  a  hand  derrick  on  a 
flat  car,  and  15  sections  are  placed  at  one  time,  so  that  the 
work  is  done  over  60-ft.  lengths  of  protected  track.  The 
end  of  the  wall  plate  drift  is  kept  about  12  ft.  back  of  the 
forward  end  of  the  shield.  As  each  plumb  post  is  set  in  ad- 
vance a  shield  section  is  taken  down  behind  and  moved  ahead. 
The  side  wall  consists  of  two  straight  10-in.  I  beams,  lagged. 

On  the  side  for  the  second  track  the  rock  is  excavated 
to  a  width  of  18  ft.,  and  the  timbering  of  the  roof  of  the 
widened  tunnel  is  kept  close  up  to  the  work  of  driving  the 
heading.     The   heading  is   driven   entirely   through   the  tun- 


nel before  the  work  of  removing  the  bench  is  begun.  The 
rock  excavated  in  driving  the  heading  is  run  out  to  the  end 
of  the  tunnel  in  cars  on  narrow-gage  track  and  dumped  into 
standard    gage    cars    through    a    platform    or   trap. 

After  the   heading   has   been   driven    entirely   through   the 
tunnel  and  the  overhead  timbering  placed  the  bench  is  then 


West   Heading    in    Tunnel   Showing    Protective   Shield    in    Place   and 

Poof  Timbering   for   Enlarged   Tunnel   Advanced 

Up   to  the   Heading   Work. 

blasted  or  shaken  up,  removed  by  steam  shovel  and  loaded 
onto  cars  on  the  main  track  at  intervals  between  the  pass- 
age  of  the  traffic   trains. 

For  the  erection  of  the  concrete  lining  wooden  forms  are 
used.  The  concrete  is  machine  mixed  at  a  convenient  point 
outside  the  tunnel  and  loaded  onto  a  scaffold  car.  which  is 
run    forward    to    the    point    of   operation    and    back,    carrying 


Detailed    Section    of   Tunnel    for   Two   Tracks    on    Tangent,    Clark's 
Gap  Hill,  Virginian   Ry. 

about  2  yd.  of  material,  in  steel  buckets,  at  each  trip.  From 
the  scaffold  car  the  concrete  is  placed  in  the  forms  by  hand 
shoveling,    in    the    usual   manner. 


Advantages  of  Machine  Gleaning  of  Cement  Sacks. — The 
March  Monthly  Bulletin  of  the  Texas  General  Contractors' 
Association  summarizes  as  follows  the  advantages  of  ma- 
chine cleaning  of  cement  sacks:  The  use  of  a  machine  for 
cleaning  cement  sacks  will  result  in  securing  from  125  sacks 
approximately  1  sack  of  good,  first-class  cement.  Bundles 
of  60  sacks  weigh  on  an  average,  when  cleaned,  25  lb.  as 
against  50  lb.  to  75  lb.  per  bundle  when  not  cleaned,  thus 
reducing  freight  charges  on  the  return  shipments  to 'about 
half  that  of  uncleaned  sacks.  Again,  there  Is  no  trouble 
in  reading  the  owner's  name  on  machine  cleaned  sacks, 
thus  avoiding  the  shipping  of  some  of  the  sacks,  when  sev- 
eral brands  of  cement  are  used,  to  the  wrong  place. 
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The  Fundamentals  of  Helpful  Pub- 
lic Utility  Regulation 

At  an  anniversary  banquet  of  the  Journal  of  Electricity 
held  in  San  Francisco,  Feb.  1,  former  President  E.  O.  Edger- 
top.  of  the  Calif6rnia  Railroad  Commission,  spoke  so  perti- 
nently and  succinctly  on  public  utility  regulation,  the  attitude 
of  thp  public  toward  decisions  which  happen  to  be  displeas- 
inc.  thf  necessity  of  fairness  without  favoritism  to  capital, 
and  the  public  ownership  problem,  that  we  quote  in  full  Mr. 
Edgerton's  speech,  which  was  printed  in  the  Journal  at  Elec- 
tricity of  Feb.  1". 

The   Power  of  Regulation  and  the   Necessities  of  Capital. — 

1  speak  to  you  tonight  about  rcRulation— helpful  regulation. 
Of  course,  it  must  be  repressive  in  a  measure.  But  the  big 
element  of  regulation  that  is  really  worth  while  is  the  con- 
structive element  of  it.  I  assort,  with  confidence,  that  regu- 
lation will  be  a  vital  factor  in  the  development  of  the  West 
in  that  it  has  such  a  powerful  and  effective  Influence  on  the 
development  of  our  great  public  service  corporations.  You 
must  realize  this:  that  in  creating  state  regulatory  bodies 
the  people  have  created  an  agency  through  which  the  state 
itself  speaks.  You  must  remember  that,  when  your  regulat- 
ing body  makes  a  pronouncement  affecting  the  credit  of  these 
great  public  service  corporations,  the  state  itself  has  spoken. 
You  must  remember  that  not  only  those  in  other  states  but 
our  own  people  look  upon  those  pronouncements  as  the  pro- 
nouncements of  the  whole  people,  as  pronouncements  by  au- 
thority and  of  vital  effect. 

The  most  energetic,  and  perhaps  the  utility  service  which 
has  expanded  to  the  greatest  degree  and  will  have  the  great- 
est effect  upon  our  growth  in  the  West,  is  that  which  gen- 
erates and  distributes  electric  energy.  There  is  one  thing, 
and  one  thing  only,  that  will  get  the  money  to  finance  the 
tremendous  developments  planned  by  this  industry,  and  that 
is  the  confidence  of  the  investor  in  the  enterprise,  and  his 
confidence  ir  the  authority  of  the  state  of  California  to- 
wards his  investment.  It  he  lacks  that  confidence,  there  is 
no  power  on  earth  to  force  that  money  into  these  enterprises. 
That  illustrates  the  importance  of  regulation  in  the  devel- 
opment of  such  an  enterprise  having  so  vital  an  effect  upon 
the  West. 

The  Public  and  the  Unpopular  Decision. — The  test  is  com- 
ing in  California  as  to  whether  or  not  our  people  are  intelli- 
gent enough,  whether  they  either  will  be  informed  or  will 
inform  themselves  sufficiently  of  the  facts,  to  sustain  sound 
regulation,  and  upon  that  test  will  depend  the  development 
•of  this  state  and  the  states  of  the  West;  because  no  matter 
how  sound  a  regulating  body  may  be,  if  it  is  not  supported 
by  public  opinion  it  will  fail.  If  every  act  of  such  a  body 
is  to  be  criticized,  if  because  momentarily  a  decision  which 
it  makes  favorable  to  a  corporation  is  unpopular,  and  the 
•agencies  of  publicity  criticize  and  condemn  it  as  an  enemy 
of  the  people,  and  the  people  get  the  conception  that,  in- 
•stead  of  working  in  their  interests,  it  is  working  against 
them,  sound  regulation  will  fail.  Not  only  will  you  fall  to 
inspire  confidence  in  the  investors,  but  you  will  discourage 
"the  initiative  displayed  by  the  men  who  have  indulged  In 
these  great  visions  of  development.  The  fact  is  that  the 
more  development  !s  encouraged,  the  sounder  the  policy  of 
regulation  may  be,  the  greater  the  confidence  the  people 
Tiave  in  the  policy  of  the  state  of  California  towards  these 
great  enterprises,  the  cheaper  the  service  is  to  the  people. 
It  seems  an  absurd  proposition  that  the  people  should  de- 
liberately throw  away  the  great  asset  of  credit  which  is 
possible  through  the  sustaining  of  sound  regulation. 

Now.  I  have  great  confidence  in  our  people  as  a  whole, 
and  particularly  our  people  in  the  West,  that  if  they  know 
the  facts,  if  they  come  to  an  \inrterstanding  of  the  situation, 
there  will  be  no  question  about  their  attitude.  It  is  a  sober- 
ing thought,  surely,  which  must  come  to  those  in  charge  of 
the  agencies  of  publicity  that  they  carelessly  or  wantonly 
■criticize,  and  condemn,  perhaps,  some  little  local  situation 
which  in  the  broad  aspect  of  the  whole  matter  is  trivial,  and 
by  that  act  break  down  this  confidence  which  is  so  vital  to 
"the  development  of  the  West. 

Utility  Managements  Recognize  a  Duty. — Of  course,  sound 
repulation  al«ne  caimot  accomplish  this  task.  Sound  regu- 
iation  must  be  supported  by  the  proper  attitude  on  the  part 
«of  the  utility  corporations  themselves.     There  must  be  the 


conception,  from  the  management  clear  down  through  the 
organization,  that  the  prime  purpose  of  these  enterprises  has 
become  public  service,  and  that  a  selfish  attitude  will  prove 
disastrous.  Rut  I  can  say  to  you  now.  after  years  of  experi- 
ence, that  the  whole  tendency  and  the  marked  tendency  on 
the  part  of  the  management  of  the  great  public  service  cor- 
porations is  towards  that  viewpoint.  In  fact,  I  have  heard 
executives  of  the  greatest  companies  in  the  state  of  Califor- 
nia announce  that  they  are  public  servants,  that  the  prime 
purpose  of  their  organization  is  to  serve  the  public.  Of  course, 
they  are  trustees  for  their  stockholders;  of  course,  they  must 
conserve  the  interests  of  those  who  have  invested  their 
money,  but  their  conception  is  that  the  best  interests  of  their 
stockholders  lie  along  the  lines  of  the  best  service  to  the 
public. 

Immediate  Public  Ownership  Impossible. — I  can  say  to  you, 
after  a  very  considerable  experience,  that  the  only  agencies 
possible  to  perform  the  great  tasks  are  these  public  service 
corporations.  It  is  a  practical  impossibilty  for  the  public  to 
take  over,  at  this  time,  these  great  corporations  and  operate 
the  property  in  the  public  interests.  The  financial  aspect 
of  it  alone  makes  it  absolutely  impossible.  Conceive,  if  you 
please,  the  power  companies  alone  in  California,  and  suppose 
it  was  seriously  considered  that  the  state  immediately  take 
them  over  and  thereafter  do  the  development  and  operating 
of  these  properties  to  serve  the  public.  Of  course,  nobody 
knows  what  the  figure  would  be  as  to  the  purchase  price,  but 
use  a  billion — it  is  somewhere  in  that  neighborhood — a  bil- 
lion. Imagine  the  state  of  California  bonding  itself  for  a  bil- 
lion dollars  and  marketing  those  bonds.  And  then,  on  top 
of  that,  further  financing  another  billion  for  proper  develop- 
ment: and  in  addition  to  that,  imagine  the  immediate  crea- 
tion of  the  great  organizations  to  handle  the  highly  technical 
problems  involved  in  this  operation.  I  say  to  you  that  our 
people  would  not  seriously  consider  such  a  proposition.  If  it 
ever  comes  it  will  be  in  the  distant  future. 

So  that  today,  the  sound  and  the  intelligent  thing  to  do  is 
to  support  these  companies:  to  make  them  strong,  to  make 
them  prosperous,  to  make  them  able  to  do  the  job:  and  I  de- 
nounce, as  a  public  enemy,  the  man  who  deliberately  seeks 
to  tear  them  down,  because  he  is  not  hurting  alone  the  inter- 
ests of  those  who  have  invested,  he  is  hurting  the  whole 
people  of  the  West. 


Extending  Reach  of  Derrick  Boom 

A  simple  expedient  for  increasing  the  radius  of  action  of 
a  derrick  boom  is  described  in  a  recent  issue  of  the  Engineer- 
ing and  Mining   .lournal.     The   device   consists   of   a   timber. 


i 


=sl^'%Ai»-=" 


Device   for   Facilitating   Handling  of   Material   by   Derrick. 

usually  a  sjiare  derrick  boom.  A,  about  which  a  sling  is 
placed  in  such  position  as  to  almost  balance  the  load.  B. 
The  overbalance  is  left  on  the  free  end  of  boom  A.  to  which 
a  rope  is  attached.  WTien  the  load  B  is  approximately  in 
position,  it  may  be  easily  maneuvered  into  place  by  pulling 
down  on  the  rope  to  elevate  it  and  from  side  to  side  to  shift 
to  position.  Too  great  an  overbalance  on  the  free  end  of 
boom  A  would  make  the  arrangement  awkward  to  handle. 
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Rope  Mat  Reinforcement  for  Rub- 
ber Dredge  Sleeves 

The  Port  of  Portland.  Oregon,  for  the  past  22  years  has 
been  operating,  on  a  large  scale,  hydraulic  pipe  line  dredges, 
and  the  cost  of  rubber  sleeves  at  the  flexible  joints  in  the 
discharge  line  has  been  a  serious  question,  especially  on 
the  high  powered  30in.  dredges.  Various  methods  of  rein- 
forcing these  sleeves  have  been  tried  with  the  result  that 
a  rope    mat    reinforcement    has    been   adopted.     This   reln- 
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mat.  Also  the  wear  and  tear  is  much  more  severe  on  the- 
large  30-in.  dredges  than  on  the  20-in.  dredges,  and  the 
sleeves  are  subject  to  more  accidents,  making  the  rope  mat 
protection   the   more   necessary. 


I"  fcpc  com  inuous  to 
eye  on  oppo5i'te  end 

Sketch   Showing    How    Rope    Mat    Is   Made. 

forcement  is  described  by  Mr.  J.  H.  Polhemus,  General  Man- 
ager of  the  Port,  in  a  recent  issue  of  The  Military  Engi- 
neer. 

The  rope  mat  as  now  used  very  successfully  on  all  of  the 
Port's  dredges,  and  the  two  24-in.  dredges  of  the  U.  S.  En- 
gineer Department  in  that  district,  was  first  designed  and 
used  by  Captain  Johnson  on  The  Port  of  Portland's  30-'in. 
dredge  Tualatin  in  1917. 

This  mat  is  made  of  old  rope  stretched  over  a  rack  and 
tied  with  rope  yarn.  The  mat  is  then  placed  on  the  rubber 
sleeve  and  laced  in  place.  The  accompanying  drawing 
flearly  shows  how  the  rope  mat  is  made.  Old  rope  makes 
a  better  mat  than  uew  rope,  due  to  the  fact  that  the  stretch 
has  been  taken  out. 

The  material  handled  by  these  dredges  varies  from 
coarse,  heavy  sharp  sand  to  heavy  gravel.  Some  clay  is 
encountered  at  various  locations  in  the  harbor  and  is  awk- 
ward to  handle.  It  has  been  found  necessary  at  times  to 
shut  the  dredge  down  as  many  as  50  times  during  a  24-hour 
day  to  clean  the  pump  but,  of  course,  this  is  unusual. 

The  average  harbor  dredging  conditions  require  a  3,500- 
tt.   pipe   line    and    30-ft.    lift   from    water    surface    to    top    of 


Spare  30- In.    Rubber   Sleeve   Fitted   With   Rope   Mat. 

fill,  the   pipe   line   pressures   running   as   high   as   50   lb.   per 
square   inch. 

Mr.  Polhemus  states  that  the  average  life  of  the  10-ply,  30- 
inch,  rubber  sleeve,  such  as  has  been  used  by  the  Fort, 
served  with  rope  mats,  under  average  dredging  conditions, 
IS  300  working  days.  The  average  life  of  the  same  sleeve 
under  like  service  without  the  mats  is  150  working  days, 
rience  the  life  of  the  rubber  ponton  pipe-line  sleeves  has 
been  doubled  by  the  use  of  this  simple  and  inexpensive  rope 


Successful    Labor-Saving    Devices 
on  an  Electric  Railway 

Mr.  Charles  H.  Clark,  engineer  maintenance  of  way, 
Cleveland  railway,  writing  in  the  Electric  Railway  Journal, 
gives  his  experience  with  a  considerable  number  of  labor 
saving  devices.  As  a  proof  of  their  efficiency,  he  states  that 
since  1914  wages  per  hour  have  increased  163  per  cent, 
while  total  labor  on  track  has  increased  only  f)4  per  cent. 
The  following  is  quoted   from   his  article: 

-\  derrick  with  a  50-ft.  boom  can  be  used  to  pile  material 
high,  saving  trackage  and  yard  space.  Granite  blocks  on 
our  property  are  sometimes  piled  25  ft.  high,  which  could 
never  be  done  by  hand. 

Another  useful  device  on  an  electric  railway  property  is 
a  stone  crusher,  which  will  save  tons  of  old  stone  otherwise 
useless.  Old  paving  stone  can  be  crushed  for  from  40  to 
50  ct.  per  yard.  In  normal  times  crushed  stone  would  cost 
$1.25  to  $1.50  per  yard.  A  crusher  also  saves  the  expense 
of  hauling  crushed  stone  to  a  dump  and  unloading  it. 

There  are  further  opportunities  for  saving  in  connection 
with  cement.  Cement  bags  as  dumped  at  the  mixer  usually 
contain  some  cement,  which  we  save  by  means  of  a  bag 
cleaner  which  we  constructed.  A  test  showed  that  1,000 
bags  weighed  before  cleaning  1,313  !b.  After  cleaning  they 
weighed  fi06  lb.,  so  that  we  saved  707  lb.  of  cement  and  the 
freight  on  this  weight  of  bags  shipped  back  to  the  mill. 
The  saving  in  freight  more  than  paid  for  the  cleaning.  We 
also  lessened  the  expense  of  piling  cement  in  the  storehouse 
by  the  use  of  a  belt  conveyor  and  electric  trucks. 

Sand  driers  are  a  source  of  expense  to  a  large  road.  We 
have  used  a  large  rotary  drier  for  about  seven  years,  and 
with  it  two  men  can  dry  from  100  to  150  tons  of  sand  per 
day.  On  the  Cleveland  railway  we  also  use  a  portable  saw- 
mill on  a  flat  car  for  sawing  up  old  ties  into  blocks  used  for 
blocking  up  tracks  and  also  for  emergency  heating  purposes. 

In  Cleveland  most  of  the  trackwork  consists  in  relaying 
tracks,  involving  the  taking  up  of  the  pavement.  This  we 
do  with  a  pavement  plow  which  will  loosen  7,000  sq.  ft.  in 
three  minutes.  Concrete  track  foundation  also  has  to  be 
broken  up.  Instead  of  using  picks,  hammers  and  bars  as 
formerly,  we  now  break  it  up  with  a  special  machine  that 
will  do  the  work  of  100  men.  After  breaking  out  the  foun- 
dation, we  cut  up  the  old  rails  with  an  oxyacetylene  torch, 
with  which  two  men  can  cut  more  rails  than  can  twenty 
working  with  chisels. 

In  excavating,  the  electric  shovel  can  be  used  where  space 
is  available.  In  Cleveland,  after  the  excavation  is  com- 
plete, the  rails  are  laid  on  the  ties,  the  old  material  is  hauled 
away  in  work  trains  and  new  material,  such  as  gravel, 
crushed  stone,  sand,  cement,  etc.,  is  brought  in.  The  joints 
are  then  riveted  with  a  pneumatic  riveter,  which  heats  rivets 
under  100-ton  pressure  and  can  drive  eight  of  them  in  less 
than  four  minutes. 

When  the  track  is  ready  for  concreting,  the  concrete  mixer 
comes  into  play.  We  first  used  these  mounted  on  wheels 
.■Hlongside  the  track,  but  now  we  have  them  mounted  on  car 
wheels  with  a  distributing  boom  30  ft.  long.  We  formerly 
required  24  men  to  run  and  feed  the  mixer,  but  now  use 
only  eleven.  We  have  also  increased  the  number  of  batches 
mixed  per  day  by  20  per  cent  by  the  use  of  a  loading  device 
attached  to  a  30-ft.  conveyor. 

A.  small  item  in  labor-saving  devices,  but  an  important 
one  is  the  common  dirt  shovel.  We  buy  the  best  chrome- 
nickel  shovel  we  can  find.  While  these  cost  twice  as  much 
;is  the  common  ones,  they  last  four  times  as  long  and  do  not 
wear  down  to  a  small  spoon-like  tool.  We  use  an  identifica- 
tion mark  of  three  holes  drilled  in  the  blade. 


U.  S.  Steel  Corporation  Cuts  Prices.— The  first  price  revi- 
sion by  the  U.  S  St'.el  Corporation  since  March,  1919,  when 
prices  were  fixed  by  the  Industrial  Board,  was  announced 
lust  week.  Under  the  revised  list  structural  shapes  were 
reduced  $5  per  ton;  plates.  3(9;  bars  and  wire  rods.  .$9;  plain 
wire,  %";   sheets  and   small  billets,   .$4;    slabs,  .$4. 
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Subsidence  and  Shrinkage  of  Em- 
bankments 

The  following  is  tukiii  lidin  aiipfiulix  li  of  the  reporl  of  the 
Committcp  on  Koadway  of  the  Ameiicun  Railway  Engineer- 
ing Association,  [.resented  at  the  March  convention: 

Subsidence.— Subsidence  occurs  principally  and  to  the 
jrreatest  extent  in  marches,  swamps,  bogs  and  wet  lands,  the 
reason  obviously  being  that  the  natural  Rround  will  not  sus- 
tain the  combined  embankment,  track  and  loads. 

In  many  cases  the  yardage  below  the  original  natural  sur- 
face of  the  ground  was  found  to  be  several  times  the  yuantity 
.if  that  above  it.  In  preliminary  work  there  is  no  fixed  rule 
for  determining  what  amount  of  subsidence  will  occur.  The 
engineer  locating  a  new  or  additional  line  through  bogs, 
swamps,  marshes,  etc..  would  do  well  to  make  allowance  for 
considerable  subsidence.  In  some  cases,  before  building, 
soundings  have  been  taken  with  a  view  to  locating  the  hard 
surface  under  swamps,  bogs.  etc..  and  allowance  made  for  the 
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sior  view 

Fig.   1 — Grooved    Point   Sounding    Rod. 

lUl  to  subside  to  that  level.  This  is  not  always  possible,  how- 
ever, and  it  sometimes  happens  that  this  hard  surface  vi'ill 
break  under  the  weLijht  and  suhsirtencp  continue  indefinitely. 

It  was  found  that  subsidence  to  some  extent  will  invariably 
occur  under  embankments  built  tlirough  ordinary  grazing  or  ag- 
ricultural land.  This  applies  to  the  greater  percentage  of  em- 
bankments as  most  of  the  land  in  the  country  comes  under  this 
class.  This  is  due  to  the  loose  formation  of  the  upper  crust 
of  the  ground,  which  has  not  the  bond,  weight  or  density  of 
the  lower  bods  d.ie  to  the  roots  of  grass  and  other  vegetation, 
plowing  and  the  action  of  frost  keeping  the  bond  continually 
broken  up.  The  percentage  of  subsidence  will  be  much 
greater  on  the  small  fills  by  reason  of  the  smaller  area  of 
the  base  and  the  tamping  action  of  trains.  On  the  larger 
and  higher  fills  the  base  is  spread  over  a  much  greater  area 
and  the  tamping  action  is  not  so  pronounced  at  the  base. 
consequently  the   subsidence   is  proportionately  less. 

Methods  of  Determining  Extent  of  Subsidence. — There  are 
three  methods  of  determining  the  extent  of  subsidence:  (1) 
Trenching;    (2)   bar  or  auger  borings;    (3)   wash  borings. 

The  Committee  would  like  to  call  attention  to  the  good  re- 
sults secured  in  determining  the  extent  of  subsidence  on 
small  tills  by  means  of  a  slotted  and  pointed  bar.  which, 
when  driven  to  the  bottom  of  a  fill  and  turned  leaves  in  the 
slot  a  specimen  of  the  material  at  that  point.  For  conve- 
nience of  handling  an  extension  may  be  put  on  the  bar. 
This  method,  howevei-.  would  not  be  practical  on  fills  of  over 
ten  (10)  feet.  Great  care  should  be  taken  in  recording  the 
measurements  of  the  different  depths.  A  plan  of  the  grooved 
point  sounding  rod   is  show-n  in  Pig.   1. 

Trenching  is  the  most  accurate  method  of  determining  sub- 
sidence. It  is  not.  however,  always  practicable  or  possible 
to  trench,  in  which  case  the  boring  methods  must  be  used. 
Wash  borings  are  more  or  less  inaccurate  and  should  be  used 
with  care.  Several  roads  report  they  are  unable  {o  get  any 
real  results  from  their  use,  the  holes  filling  with  soupy. 
muddy  water  and  the  dividing  lines  of  the  strata  impossible 
to  determine.  Dry  borings  protected  by  casing,  if  necessary, 
have  given  good  results  when  proper  care  has  been  taken  in 
making  and  recording  same.  In  deteniiining  the  extent  of  sub- 
sidence, care  should  also  be  taken  in  locating  the  line  of  the 
natural  surface  at  the  toe  of  the  embankment.  On  account 
of  the  earth  often  sliding  or  washing  down  and  spreading 
out  at  the  toe,  a  very  gentle  slope  is  left,  which  can  easily  be 
mistaken  for  the  matural  surface. 


Causes  of  Subsidence. — Subsidence  occurs  in  two  distinct 
ways.  By  compression  and  by  displacement.  On  ordinary 
land  the  upper  strata  of  earth  being  weakly  bonded  will  tamp 
and  compress,  permitting  the  fill  to  subside.  This  will  also 
occur  in  shallow  swamps,  such  as  muskeg,  or  where  water 
standing  on  the  ground  will  lessen  its  bearing  power.  Sub- 
sidence from  this  cause,  as  a  rule,  is  not  serious  from  an  oper- 
ating standpoint  as  it  will  cease  after  the  strata  of  soft  ma- 
terial immeiliatelv  under  the  fill  is  sufliciently  compressed  or 
tamped.  Great  and  serious  subsidence  is  caused  by  displace- 
ment. In  deep,  bottomless  bogs  and  swamps,  the  embank- 
ment often  continues  to  subside,  displacing  large  quantities 
at  the  sides  and  requiring  constant  attention  to  prevent  the 
interruption  of  traffic.  In  some  such  cases  embankments  have 
been  known  to  reach  a  state  of  equilibrium  without  having 
reached  a  solid  bottom,  but  this  has  taken  a  considerable  time. 
Others  are  still  subsiding  after  many  remedies  have  been 
tried  and  it  seems  probable  will  continue  to  do  so  indefinitely. 

The  effect  of  subsidence  is  to  lower  the  base  of  the  fill, 
causing  a  corresponding  shrinkage  of  the  track  structure,  in- 
volving heavy  maintenance  charges,  and  in  some  cases  so 
large  as  to  .justify  the  abandonment  and  relocation  of  the 
line. 

Corclusions  of  Committee  Regarding  Subsidence. — Some 
subsidence  occurs  under  all  embankments  built  on  any  ground 
except  I'ock.  It  is  very  light  in  sand  and  gravel.  The  per- 
centage of  subsidence  is  greater  under  small  fills  than  inl- 
ander a  larger  one. 

Subsidence  is  due  to  compression  or  displacement  of  the 
strata  of  earth  under  the  embankment. 

Subsidence  must  always  be  anticipated  in  swamps,  marshes 
and  bogs,  and  any  land  on  which  there  is  standing  water. 

Serious  subsidence  is  local  and  it  is  impossible  to  fix  any 
rule  as  a  guide  in  estimating  on  anticipating  same. 

Shrinkage. — The  question  has  been  raised  as  to  whether 
shrinkage  actually  exists.  It  is  felt  by  the  Committee  that 
the  existence  of  shrinkage  is  proven  by  every  ditch  or  sewer 
line  and  every  post  hole.  Every  observant  person  knows 
that  material  excavated  for  a  sewer  when  placed  back 
in  the  trench  after  the  laying  of  the  pipe  even  if  it  be  ridged 
up  on  top.  will,  in  a  short  time,  pack  and  settle  so  as 
to  leave  a  depression,  showing  the  earth  excavated  to  occupy 
less  space  than  before  the  bond  was  broken.  In  fencing  it 
will  be  noticed  that  the  dirt  excavated  will  not  fill  the  hole  up 
even  after  the  post  has  been  placed  in  it. 

Density  Methods  of  Making  Shrinkage  Test. — The  Chicago, 
Burlington  &  Quincy.  Duluth.  Missabe  «Sr  Northern  and  Dulutb 
*i  Iron  Range  railroads  have  made  shrinkage  tests  by  the 
density  method,  which  may  be  briefly  described  as  follows: 
Samples  arc  taken  from  various  points  in  embankments  with 
an  iron  or  steel  cylinder  of  know'n  cubical  capacity,  care  be- 
ing taken  to  neither  compress  nor  expand  the  material.  The 
same  thing  was  done  in  adjacent  excavation  when  it  was  quite 
certain  that  the  embankment  was  built  from  this  excavatiou. 
These  samples  were  taken  to  the  laboratory,  where  they 
were  weighed  and  placed  in  a  dry,  warm  or  hot  place.  When 
samples  were  quite  dry  they  were  again  weighed.  The  differ- 
ences in  weight  is  taken  as  measurement  of  change  in  volume. 

The  results  obtained  indicate  that  the  experiments  should 
be  carried  on  more  extensively.  Some  remarkable  ideas  are 
developed,  such  as  that  the  shrinkage  of  material  is  propor- 
tional to  its  weight,  and  weight  depends  on  the  depth  in  the 
natural  bed.  These  subjects  are  capable  of  great  and  inter- 
esting development.  From  the  results  as  obtained  by  this 
method  it  would  seem  the  net  shrinkage  (making  no  allow- 
ance for  subsidence)  of  common  earth,  would  average  close 
to  i)..5  per  cent,  and  as  10  per  cent  is  the  commonly  used  allow 
ance  this  would  show  it  to  be  approximately  correct.  It  i- 
recommended  that  further  experiments  be  made  and  the  pro- 
fession be  given  the  benefit  of  the  results.  The  experiments 
prove  that  shrinkage  does  exist. 

.Shrinkage  is  composed  of  four  elements: 

Causes  of  Shrinkage. —  (a)  Wastage  due  to  loss  in  hauling- 
material  from  cut  or  pit  to  embankment.  This  is  usually  very 
small  and  may  be  neglected.    ' 

(b)  Wastage  due  to  wind  erosion.  This  is  an  element  which  \ 
varies  with  the  climate  and  nature  of  material.  The  exact  I 
percentages  are  practically  impossible  of  determination.  ! 

(c)  Wastage  due  to  water  erosion.     This  is  a  large  factor  | 
and  very  difficult  of  exact  determination,  except  where  large  I 
washouts  have  occurred.     It  varies  with  climate,  but  often  is 
(luite  as  large  in  dry  climates,  which  have  sudden   freshet.-^ 
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as  in  wet  climates  where  there  is  an  almost  continuous  water 
erosion. 

(d)  Compression,  which  is  by  far  the  most  important  cause 
of  shrinkage.  The  condition  of  the  material  in  its  natural  bed 
is  usually  the  result  of  sedimentation  in  water  and  generally 
the  particles  are  not  compactly  assembled,  but  are  slightly 
cemented  and  thus  have  a  temper  that  may  be  very  hard  to 
break  up.  Heavy  plowing,  picks  or  even  blasting  may  be  re- 
quired to  make  it  workable.  After  this  cementaceous  bond 
Is  broken  up  the  particles  will  settle  together  much  more  com- 
pactly, particularly  if  mechanical  means  are  used  to  compact 
them,  such  as  the  trampling  and  rolling  caused  by  teams, 
wagons,  slip  or  wheel  s(-rapers  and  later  by  the  pounding  of 
locomotives  and  cars.  Water  tamping  will  produce  a  similar 
compacting  to  a  large  extent.  This  water  tamping  is  some- 
times artificially  applied,  but  usually  rains  furnish  the  water, 
and  the  railway  traffic,  during  both  wet  and  dry  weather, 
brings  about  a  combination  of  water  and  mechanical  tamping. 
The  result  is  a  very  great  shrinkage. 

There  is  considerable  confusion  in  the  use  of  the  terms 
shrink  and  settle.  For  instance,  the  following  is  a  common 
statement:  "Fills  built  by  teams  and  scrapers  will  shrink 
very  little,  while  fills  built  by  dumping  from  trestle  settle  enor- 
mously." Investigation  shows  that  this  is  in  error,  as  the  fills 
constructed  by  dumping  from  trestle  will  sometimes  take 
years  to  be  water  and  train  tamped  to  their  ultimate  compact- 
ness. Two  fills,  one  built  by  each  of  these  methods  from  iden- 
tical material,  will  finally  show  very  little  difference.  The 
only  way  shrinkage  can  be  definitely  determined  is  by  com- 
parisoTi  with  the  excavation  quantities. 

Settlement,  as  used  herein,  may  include  three  elements, 
which  are  shrinkage,  subsidence,  and  a  reduction  in  height 
and  volume  that  is  neither.  Settlement  is  the  decrease  in 
height  or  volume  or  both,  of  an  embankment  or  the  bed  of  a 
cut  from  the  moment  of  construction,  until  it  becomes  stable. 
Settlement  may  cover  a  change  from  a  volume,  which  is 
larger  than  that  found  in  excavation,  to  a  volume  that  event- 
ually is  less.  It  may  be  a  reduction  from  a  swelled  volume  to 
the  original  volume  as  found  in  excavation.  From  this  point, 
settle  would  also  be  shrinkage,  if  the  volume  decreases. 
Subsidence  is  an  element  of  settlement  and  may  be  defined  as 
the  result  of  a  downward  movement  of  embankment  or  bal- 
last material  below  the  natural  surface  line.  Subsidence 
causes  a  compression  downward  or  a  displacement  horizontally 
of  the  underlying  material.  It  may  be  either  under  embank- 
ments or  in  cuts.  Settlement  may  occur  without  there  being 
either  shrinkage  or  subsidence,  but  there  can  be  no  shrinkage 
or  subsidence  as  herein  defined,  without  settlement. 

From  the  information  received  by  the  Committee,  it  is  found 
that  an  allowance  of  10  per  cent  for  shrinkage  of  earth  is  al- 
most universal  and  is  generally  very  nearly  correct.  In  prac- 
tically all  cases  this  is  assumed  to  also  cover  the  slight  sub- 
sidence which  will  occur  in  arable  land  or  glacial  drift. 
Every  problem  has  certain  local  aspects  and  it  would  always 
T;e  well  to  determine  what  has  happened  locally  in  the  way  of 
shrinkage  and  subsidence  if  very  accurate  results  are  desired. 
In  common  practice,  however,  when  grading  with  earth,  a  10 
per  cent  shrinkage  allowance  is  recommended.  When  the 
liarder  substances,  such  as  rock  or  shale,  are  encountered  a 
negative  shrinkage  or  swell  is  found.  Reliable  data  received 
"by  the  Committee  shows  that  in  many  cases  of  work  of  this 
■nat'ire  the  swell  has  been  from  2  or  3  per  cent  to  60  and  70  per 
cent. 

The  method  of  handling  as  well  as  the  material  will  have 
a  bearing  on  the  swell  of  this  material.  Rock  and  shale  will 
"be  found  to  vary  considerably  in  different  parts  of  the  country. 
No  rule  is  found  that  can  be  generally  applied.  The  method 
of  handling  and  shooting  must  be  considered  in  anticipating 
swell.  Local  formations  and  conditions  will  govern  to  a  great 
extent  in  this  class  of  work. 

It  is  estimated  that  approximately  90  per  cent  of  the  grad- 
ing quantities  in  this  country  would  be  classed  as  earth  or 
•common  excavation.  Rock  and  shale  work,  therefore,  would 
constitute  only  approximately  10  per  cent  of  the  quantities. 

As  stated  previously  by  this  Committee,  it  is  not  recom- 
mended that  the  height  of  fills  be  raised  to  allow  for  shrink- 
age, but  that  the  additional  width  be  put  on  the  shoulder. 
This  is  due  to  anticipated  settlement  not  always  occurring, 
especially  in  fills  built  by  teams  and  scrapers.  Quite  a  num- 
ber of  roads,  however,  are  following  the  practice  of  building 
*i'ls  by  dumping  from  trestle  on  fills  10  ft.  and  more  high, 
constructing  the  trestle  one  foot  above  the  grade  to  allow  for 


settlement.     This,  of  course,  cannot  be  done  if  the  location  of 
bridges  interferes,  but  seems  to  work  out  well  generally. 


Suggested   Studies  in   Rail   Manu- 
facture 

In  a  paper  on  "Steel  Rails"  presented  before  the  Western 
Society  of  Engineers.  Mr.  C.  W.  Gennet,  of  R.  W.  Hunt  &  Co., 
has  suggested  the  following  list  of  questions  as  being  perti- 
nent to  modern  practice: 

1.  Are  rails  made  of  steel  by  the  Continuous  Talbot  fur- 
nace process  comparable  with  those  made  by  the  straight 
open  hearth  method?  In  the  continuous  process  the  furnace 
is  seldom  emptied  but  a  hundred  tons  or  so  of  steel  Is  tapped 
every  two  hours,  as  against  the  10  hours  of  time  required  to 
make  an  equivalent  heat  in  a  regular  furnace.  Is  the  steel 
from  the  rapid  working  Talbot  furnace  sufficiently  free  from 
oxide?  and  other  impurities  to  afford  good,  sound  rails,  and 
how  can  such  a  matter  be  quickly  proven? 

'1.  What  effect,  if  any,  on  rails  has  steel  made  by  the  Du- 
plex process,  wherein  highly  oxidized  metal  is  added  to  the 
open  hearth  furnace,  sometimes  very  soon  before  tapping? 
How  can  rails  rolled  from  steel  containing  excessive  amounts 
of  impurities  be  detected? 

3.  What  effect  on  rails  is  produced  by  recarbonizing  the 
steel  in  the  ladle  with  coal  or  coke  and  then  adding  cold  de- 
oxidizers  to  the  ladle?  What  is  the  real  effect  produced  by 
holding  a  ladle  of  steel  prior  to  casting  the  ingots  to  permit 
of  time  for  the  chemical  reactions  to  settle? 

'.  What  is  the  effect  on  rails  rolled  from  ingots  cast  with 
running  sto;ipers  and  sometimes  without  any  control  by  the 
ladle  operator?  How  does  the  size  of  the  nozzle,  pouring 
temperatures,  and  time  required  to  cast  the  ingots  of  a  heat 
influence  rails? 

■5.  How  soon  after  casting  ingots  should  they  be  charged 
into  the  soaking  pits  in  order  to  assure  a  minimum  of  piping 
and  segregation''-  What  effects  are  produced  by  delays  In 
promptly  charging  the  ingots  to  the  pits,  and  what  is  the  effect 
of  unduly  and  rapidly  chilling  the  outside  or  skin  of  the  In- 
gots? 

fi.  How  long  a  time  and  under  what  conditions  of  gas  and 
air  regulation  should  ingots  remain  in  the  soaking  pits? 
WTiat  kind  of  control  of  the  pits  is  best  to  insure  against 
overheating  or  burning  the  ingots?  What  is  the  effect  of  roll- 
ini;  rails  from  ingots  one  side  of  which  has  been  heated  so 
hot  as  to  show  a  bright  white  spot  significant  of  overheat- 
ing? 

7.  What  effect  on  rails  has  different  rates  of  blooming  the 
ingots?  In  some  cases  S  by  8-in.  blooms  are  made  from  in- 
gots in  nine  passes  and  in  other  cases  in  20  passes.  Some 
mills  work  rapidly  and  others  slowly;  does  this  produce  any 
difference? 

8.  What  effect  on  the  grain  structure  or  the  life  of  rails  is 
produced  by  increasing  the  number  of  passes,  or  work  given 
to  the  steel,  when  the  ingots  are  rolled  into  rail?  One  mill 
makes  a  rail  from  a  19-in.  square  ingot  in  1.5  passes,  while 
another  mill  makes  the  same  rail  from  a  24-in.  square  ingot 
in  29  passes.  Has  the  average  rate  of  reduction  per  pass 
any  effect  on  the  life  of  rails? 

9.  What  matters  mostly  influence  the  production  of  rails 
showing  seams  on  the  surface?  Some  heats  are  practically 
free  from  indications  of  seams,  while  on  other  heats  rolled  at 
the  same  time  seams  are  abundant. 


1921  Convention,  National  Highway  Traffic  Association. — 
Thp  National  Highway  Traffic  Association  will  hold  its  1921 
convention  at  the  Detroit  Athletic  Club,  Madison  and  .John 
rJ.  Sts.,  Detroit,  on  Friday,  April  29.  Sessions  will  begin 
at  10:30  a.  ra.,  2  p.  m.,  and  8  p.  m.  The  convention  will  be 
devoted  to  the  presentation  and  discussion  of  progress  or 
final  reports  of  standing  committees.  The  following  list 
includes  some  of  the  important  subjects  pertaining  to  traffic 
regulations  and  efficient  and  economic  highway  transport 
which  have  been  assigned  to  committees.  Complete  pro- 
grams may  be  obtained  from  the  president,  Arthur  H. 
Blauchard,  Engineering  BIdg.,  University  of  Michigan,  Ann 
Arbor,  Mich.,  or  from  the  secretary,  Elmer  Thompson,  Au- 
lomobile  Club  of  America,  247  W.  54th   St..  New  York  City. 
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Some   Data  on  Shallow  Dredging 

In  the  construction  of  the  New  York  State  Barge  Canal 
a  number  of  high  grade  dredges  were  used.  Some  interest- 
ing data  on  the  operations  ol"  some  ot  these  dredges  were 
given  by  Mr.  Frlenrl  I'.  Williams,  division  engineer,  New 
York  State  Canals,  in  a  discussion  oi:  a  paper*  presented  to 
the  American   Society   of   Civil   Engineers. 

The  log  ot  one  of  these  dredges,  a  20  In.  hydraulic,  oper- 
ating at  a  depth  of  12  ft.,  is  shown  in  Fig.  1.  This  shows 
that    from    considerable    intervals    the   dredge   was    operated 


ever,   is   seldom    used    to    blast   ditches    ili  rough    sand.      Few - 
blasters  succeed  in  getting  results  working  in  sand,  especially 
when   quicksand   is   present   to  complicate   matters.     Putting 
down  the  bore  holes  presents  a  problem,     it  is  easy  enough 
to    make    the    holes,    but    difficult    to    keep    them    open    long 
enough    to   get   the   charges   of  dynamite    loaded.     We   tried' 
pointed  bars,  loading  pipes  and  finally  soil  augers.     Strangely, 
we    got    the    most    satisfactory    results    with    the    latter,   but 
had   to   work   fast   to   prevent    our   holes   from    filling   before 
we  could   load   them. 

.\fter  lining  out   our  course,   we  ran   two   parallel   rows  ot 
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Octot)er  and    November,   1917. 


for  approximately  20  hours  per  day,  with  the  exception  of 
shut  downs  for  washing  the  boilers,  which  occupied  about 
2  days  at  3-week  intervals. 

The  policy  in  connection  with  operating  this  plant  is  to 
carry  a  very  large  number  of  supply  parts,  and  also  to  main- 
tain a  good  machine  shop.  It  is  a  routine  matter  for  each 
shift  on  going  to  work  to  inspect  the  plant,  tighten  up  loose 
bearings  and  make  any  repairs  that  will  keep  the  machinery 
in  running  order.  This  is  found  to  be  very  effective  in  cut- 
ting down  repairs. 

During  the  months  of  September.  October  and  November, 
shown  on  Fig.  1,  this  dredge,  the  Lyons,  was  working  in  hard 
material  in  the  Clyde  river.  Much  of  the  material  had  to 
be  drilled  and  blasted  and  consisted  of  clay,  gravel,  and  soft 
shale.  The  following  shows  the  performance  of  this  dredge 
for   several  .months: 


holes,  the  rows  spaced  30  in.  apart  and  the  holes  20  in.  apan' 
in  the  rows  and  3^,4  ft.  deep.  Each  hole  was  charged  with' 
1%  lb.  of  50  per  cent  straight  nitroglycerine  dynamite. 

As    the    sand    was    saturated,    the    propagated    method    of 
blasting  was  employed;   that  is,  a  detonator  was  attached  to- 
the  charge  in  the  middle  hole  only  of  each  section   loaded. 
The  other  charges  down  the  lines  both  ways  from  the  center 
were  discharged  by  concussion  from  the  primed  hole. 

Taking  one  section  as  an  example:      A  shot  made  120  fl. 
of   ditch.   16   ft.   wide   at  the   top,   4   ft.   wide   at   the   bottom 
and  5  ft.  deep.     Two  hundred  pounds  of  dynamite  and   two- 
electric  blasting  caps  were  used.     Three  men  did   the  work 
in  four  hours.     Using  I'/i   lb.   of  dynamite   to  the  hole,   two- 
rows  of  holes,  the  cost  including  labor  was  23  ct.  per  cubic- 
yard,   figuring  dynamite   prices  on   the  carload  basis. 
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The  greatest  record,  however,  was  made  by  a  second  dredge 
on  the  same  work — the  20-in.  hydraulic  dredge  Clyde,  which 
Is  not  as  powerful  as  the  dredge  Lyons.  The  Clyde  in 
.\ugust,  1911,  removed  480,681  cu.  yd.  of  "pay"  material  in 
the  north  end  of  Cayuga  Lake.  The  gross  yardage,  including 
material  outside  of  "pay  lines,"  was  633,561  cu.  yd.  The 
material  in  this  case  was  sand  and  silt,  the  most  favorable 
for  hydraulic  work. 

In  operating  these  dredges  for  24  hours,  it  is  evident  that, 
excluding  the  time  for  washing  the  boilers,  operation  con- 
tinued the  greater  part  of  the  time.  It  is  also  shown  that  in 
operating  a  dredge  continuously  with  three  shifts,  repairs 
should  be  made  and  the  boilers  washed  at  the  time  when 
tnost  needed,  rather  than  continuing  to  run  inefficiently  in 
oi-der  that  repairs  can  be  made  during  a  particular  shift,  as 
would  doubtless  be  the  case  where  a  dredge  has  operated 
two  shifts,  with  a  tendency  to  throw  the  repairs  in  the 
third   shift. 

Blasting  a  Drainage  Ditch  Tlirougli  Sand 

I!y  O.  O'B.  STRAYER. 
'llie  Consolidated  Land  Co.  having  acquired  a  large  tract 
of  typical  flatwoods  land  on  KIssiramee  Island,  Florida,  en- 
countered difficulty  in  draining  It,  because  of  a  troublesome 
stratum  of  quicksafid  underlying  the  sandy  topsoil.  It  was 
desired  to  blast  the  ditches  w-ith  dynamite.    Dynamite,  how- 

•■■T.orger  Ships.  Deeper  Harbors  and  Better  Dredges."  presented 
r>:'  -■\.   'V.    Robinson.     See  Engineering  and   Contracting,   Nov.   17. 


Shovel  Attachment  for  Gasoline  Crane 

.\  complete  shovel  attachment  can  now  be  obtained  for- 
the  general  utility  gasoline  crane  and  excavator  made  by  the- 
Pawling  &  Harnischfeger  Co.,  Milwaukee,  Wis.  This  shovel 
attachment  may  be  applied  to  any  205  or  200  K.  C.  excavators 
of  the  above  firm.  The  new  parts  are:  One  dipper  and  dip- 
per handle;  1  boom;  1  boom  foot  socket  casting;  1  thrusting- 
shaft  complete;  1  operating  lever  bearing,  1  brake  treadle 
with  ratchet,  and  necessary  levers  for  same;  1  thrusting: 
chain:  1  set  of  boom  swijig  braces. 


P.  St.  H.   Excavator  Crane   Equipped  with   Shovel   Attachment. 

These  parts  can  be  applied  to     the  machines,  without  ad- 
ditional drilling  of  any  kind.    The  dipper  is  of  %  cu.  yd.  ca- 
pacity.     The  shove!  attachment  is  operated  by  the  standanl 
levers  on   the  machine,  with   the  exception  of  an  additional 
brake  attachment  to  one  of  the  brake  treadles.     This  attach- 
ment can   be   quickly   removed    in   case   it   is   desired   to   re- 
convert the  machine  back  into  a  drag  line  or  for  operation» 
with  a  clamshell  bucket. 
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Steel  Plate  Highway  Crossing 

Visilors  at  the  Exhibition  of  the  National  Railway  Appli- 
ance Association  at  the  Coliseum  in  Chicago  last  month  were 
shown  a  full  size  model  of  a  structural  steel  highway  cross- 
ing, manufactured  by  the  National  Highway  Crossing  Co.,  of 
Burlington.     Iowa.     The     photograph     reproduced     herewith 
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Plan  of  Steel  Plate  Highway  Crossing. 

shows  an  installation  of  this  crossing  on   the   Chicago,  Bur- 
lington and  Quincy  Ry. 

The  advantages  claimed  for  this  type  of  construction  by 
the  manufacturers  are  as  follows:  Low  maintenance  be- 
cause of  resistance  to  wearing;  neat  construction  with  a  well- 


steel    Plate    Crossing    on    C,    B.    &.    Q.    Ry. 

formed  flangeway  adjacent  to  the  rail:  better  protection  for 
the  ties  which  are  covered  against  accumulations  of  mud, 
gravel,  snow  and  sleet,  yet  afforded  thorough  ventilation  and 
freedom  from  any  influence  from  freezing  and  thawing. 


How  to  Steer  a  Traction  Wheel  Shovel 

In  moving  a  traction  wheel  shovel  equipped  only  with 
hand  steering  device  from  one  job  to  another  over  pave- 
ment the  hand  steering  device  is  often  inconvenient  and 
slow.  In  the  April  Excavating  Engineer,  Mr.  A.  M.  Owen, 
a  well-known  shovel  operator  of  Dixon,  111.,  gives  the  fol- 
lowing method  of  steering  a  shovel  of  this  type.  This 
method  of  steering  is,  of  course,  not  recommended  for  use 
on  shovels  e<iuipped  with  power  steer,  as  it  produces  side 
strains   <m   the  dipper  and  boom. 

Drop  the  dipper  as  close  to  the  front  truck  as  possible, 
midway  bet>veen  the  wheels.  Attach  a  %-in.  chain  to  the  axle 
just  inside  the  wheels,  by  putting  a  %-in.  bolt  through  the 
links  with  a  washer  on  either  side.  Run  this  chain  through 
the  dipper  braces  making  it  fast  to  one  o£  these  by  looping 
the  chain  around  it.  Then  attach  the  chain  to  the  other  side 
of  the   axle   just   inside   the   wheel. 

Loosen  the  chain  from  the  hand  steering  device  so  that 
the  wheels  can  be  turned  freely  in  either  direction.     Then 


laise  up  with  the  boom  engine  till  the  chain  is  tight  and  put 
a  in -in.  nut  in  the  racking  on  the  dipper  stick  to  hold  the 
dipper  stick  in  this  position.  Then  pull  up  with  the  hoist- 
ing engine  till  the  hoisting  cable  is  tight.  This  must  be  done 
carefully. 

Now  use  the  swing  engine  for  steering.  The  front  axle 
turns  as  the  dipper  moves  to  one  side  or  the  other. 

This  steering  device  can  be  put  on  or  taken  off  in  three 
minutes,  and  of  course  is  much  better  than  putting  the  dip- 
per out  to  one  aide  and  skidding  the  machine  to  the  position 
wanted,  as   is   often   done. 


Specially  Designed  Skids  for  Dragline 

Specially  designed  skids  were  employed  for  mounting  the 
draglin<»  excavator  used  in  the  Multnomah  County  Drainage 
District  No.  1  of  Oregon.  The  machine,  a  class  14  Bucyrus. 
was  used  in  building  0.000  ft.  of  dike,  occupying  10  ft.  in 
height  and  involving  a  yardage  of  101,000  cu.  yd.  The  skids 
were  24  in.  x  30  in.,  5.5  ft.  long.  These  traveled  on  eight 
cross  logs  30  ft.  long  and  18  in.  thick,  hewed  fiat  on  two 
sides.  These  logs  were  kept  well  greased.  After  moving 
ahead  the  cross  logs  were  picked  up  with  a  cable  loop  at- 
tached to  the  dragline  bucket  and  swung  in  front  of  the  ma- 
chine. 

The  machine  was  moved  by  means  of  a  double-drum  Amer- 
ican donkey  engine  with  cylinders  about  8x10.  mounted  on 
the  front  of  the  skids.  To  the  drum  was  attached  a  set  of 
double  blocks  and  ^4-in.  line.  1.000  ft.  of  1%-in.  line  was  run 
ahead  and  anchored  to  a  deadman.  This  line  was  in  200-ft. 
sections.  After  the  machine  moved  ahead  200  ft.,  the  set  ot 
double  blocks  was  run  out  to  the  next  200-ft.  section.  In  mov- 
ing ahead  the  ground  man  operated  the  moving  engine  and 
the  dragline  operator  helped  start  the  load  by  setting  the 
bucket  as  deep  as  possible  and  giving  a  quick  pull  on  the 
loading  line.  The  dragline  bucket  was  also  used  to  hold  the 
machine  in  line  in  rounding  curves  where  there  would  be 
a  tendency  to  slide  to  one  side. 

Steam  was  taken  from  the  dragline  boiler  to  the  moving  en- 
gine through  pipe  and  swivel  joint  connection  through  the 
center  of  the  dragline.  One  man  on  the  ground  took  care  of 
the  entire  moving  operation  which  was  controlled  by  the 
operator. 


New  Rubber  Block  Treads  for  an  Industrial 
Tractor 

The  Cleveland  Tractor  Co..  Cleveland,  O.,  makers  of  the 
Cletrac  "tank-type"  tractor,  has  recently  brought  out  a  new 
design  of  rubber  tread  tracks  to  be  used  for  industrial  work 
where  the  tractor  must  be  operated  over  wooden  floors  or 
other  surfaces  that  would  be  subject  to  damage  by  metal 
cleats  or  gi'outers.  The  method  of  manufacturing  the  rub- 
ber blocks  for  the  treads  is  the  same  that  has  been  used 
successfully  for  years  in  the  manufacture  of  solid  rubber 
truck  tires  and  is  accomplished  by  vulcanizing  the  rubber 
to  a  standard  7-in.  single  truck  tire  channel.  Each  rubber 
block  is  attached  to  a  track  shoe  of  special  design  by  means 
of  two  bolts  which  are  keyed  and  vulcanized  in  place  and 
pass  through  the  tire  channel  base,  extending  far  enough  to 
pass  through  the  base  of  the  track  shoe.  The  method  of 
applying  these  rubber  blocks  to  the  track  shoe  permits  of 
quick  and  easy  renewal  when  necessary.     Each  rubber  block 
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Parts  of   New   Rubber   Block  Treads  for   Industrial   Tractor. 

presents  a  surface  of  approximately  3  in.  x  G  in.  in  connec- 
tact  with  the  floor,  and  since  the  weight  is  distributed  over 
a  number  of  blocks  on  each  track,  the  ground  pressure  per 
square  inch  is  only  about  14  lb.  The  rubber  block  extends 
I'i  in.  above  the  top  of  the  tire  channel  base.  Each  track 
lo  which  these  rubber  blocks  are  attached  is  made  up  of  37 
shoes,  or  a  total  of  74  shoes  on  each  tractor. 
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Spader  in  Pneumatic  Hammer  Cuts 

Costs  and  Expedites  Work  on 

Chicago  Sewer  Tunnel 

A  revoliilion  in  tunneling  methods  in  stiff  clay  has  appar- 
onlly  beon  effectnd  by  the  iniroduflion  of  special  spades  fitted 
to  pneumatic  hammers  by  siifety  retainers.  While  we  have 
no  record  of  the  use  of  these  tools  on  other  than  tunnel 
vork.  they  should  prove  similarly  satisfactory  in  a  variet;. 
of  circnnistancns. 

The  Calumet  Tunnel.  The  case  here  reported  is  thai  of  the 
o-larreli-d    liiiuu'l    now    under   construction    from    the    pump- 


Fig.    1 — Crew   and    Air   Tools    in   Tunnel    Heading. 

ing  station  of  the  Sanitary  District  of  Cliicago,  near  125th 
St.  and  Indiana  Ave.  !o  the  site  of  the  Calumet  sewerage 
treatment  works — a  distance  of  about  2.300  ft.  in  very  stiff 
clay.  The  spades  used  on  tiiis  work  are  known  as  "Bronson 
Digging  Spades."  and  the  fust  lot  were  manufactured  for  Mr. 
Dan  O'Connor,  Superintendent  for  The  .American  Sewer  and 
Diain  Construction  Co.  of  Chicago,  contractors  on  this  work. 


Fig.   4 — Special    Bronson   Safety    Retainer  on    No.   90   Thor    Riveting 
Hammer  for  Use  With  Bull   Points  Clay  Chisels  and  Other  Tools. 

Bronson  spades  and  safety  retainers  later  were  used  on  the 
tunnel  under  the  Sanitary  District  Drainage  Canal  at  39th 
St.  and  Cravvtord  Ave.,  with  success.  Here  also  they  used  the 
retainers  on  riveting  hammers  with  bull  points  and  clay  chis- 
els whc:-^  boulders  and  rock  were  present  with  most  favor 
able  n  suits. 

The  Work  and  Its  Progress. — A  foreman,  five  miners,  two 
muckers,  and  one  car  pusher  would  have  been  considered  i 
working  unit  for  the  Calumet  job  under  ordinary   tunneling 


m.'tliods,  but  alter  the  intrcchiction  of  llie  pneumatic  spades 
il  was  found  that  the  proper  organization  was  one  foreman. 
four  miners,  six  mu.kei's,  and  two  car  pushers.  Under  old 
u'ethods  on  work  of  this  character  one  miner  was  expected 
to  turn  out  3  or  4  cu.  yd.  per  8-hour  shift,  but  with  the  new 
eiiuipment  and  organization  this  rate  per  miner  was  increased 
to  i)etween  ,S  and  10  cu.  yd  per  8-houi'  shilt  and  the  limit  of 
work  wa.s  set  i'y  the  ilisp()s:il  of  the  muck  instead  of  by  the 
rite  of  digging 

Almost  a  Year  Ahead  of  Contract.--On  Keb.  7.  11121.  about 
■iv  per  cent  of  the  \>ork  liad  been  completed,  and  it  is  now 
L^xpected  that  .June  1  of  this  year  will  see  the  completion  of 
the  entire  contract.  The  contract  requirement  for  comple- 
tion  is   May   1,    l!i22. 

The  finished  tunnel  will  consist  of  three  concrete  barrels, 
respectively,  of  5'<^  ft.,  IVz  ft.,  and  9  ft.  greatest  inside  dimen- 
sions. The  T-Vzft.  section  is  built  first,  and  after  the  concrete 
!\as  set  the  other  sections  are  driven — one  on  each  side  of  it. 


Fig.  3. — Bronson   Safety    Retainer  Assembled   and   Unassembled. 

Ml-.  George  C.  D.  Lenth,  Consiilting  Engineer,  Chicago,  has 
reported  that  during  the  first  oS  days  of  tunnel  work  after 
the  introduction  of  Bronson  t.pades  the  9-ft.  barrel  was  driven 
7fi4  ft.,  the  7%-ft.  barrel  883  ft.,  and  the  5%-ft.  barrel  822. 
These  drives  he  reduces  to  an  average  of  14.2  ft.  per  day  for 
the  entire  3-barrel  section.  Since  the  respective  ratings  of 
9  ft.,  TVs-ft.  and  .5V2-ft,  are  for  the  finished  openings  inside 
the  concrete  linings,  the  excavated  sections  for  each  barrel 
are  larger  by  from  2  to  4  ft  About  the  middle  of  March  the 
rate  of  progress  was  greatly  increased,  and  two  8-hour  shitt.i 
drove  as  much  as  20  or  25  ft.  in  one  day.  It  is  now  thought 
that  progress  can  be  maintained  at  this  rate,  or  about  1  ft. 
of  completed  tunnel  for  everv  working  hour. 

Mr.  Lenth  states  that  the  cost  ot  excavation,  including  dis- 
posal of  material   on   the  dump,   is  a   little   less   than   $5   per 
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Fig.  2 — General   Design   of   Bronson   Spade. 
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h  miners  being  paid   ,$1.25  per  hour,  muckers 

r.  and  other  labor  $1  per  hour, 
of  Equipment. — The  Bronson  safety  retainers 
all  types  of  air  hammers  and  electric  drills, 

d  to  hammers  now  in  use  and  not  made  to  re- 

They  can  be  used  with  many  tools  such  as 

bull  points,  star  drills,  rivet  sets,  etc.      The 

used  in  almost  any  type  of  hammers.     How- 
several  typos   which  are  best   suited  to  this 
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work,  and  the  best  results  are  probably  to  be  obtained  with 
these  hammers. 

i^pades  are  designed  to  meet  the  particular  conditions  on 
which  they  are  to  he  used. 

The  two  most  important  features  of  the  retainers  are  clearly 
shown  in  the  illustrations,  and  consist  of  the  rubber  bushing 
and  split  ring.  The  split  ring  permits  removing  the  tool  from 
the  retainer  no  matter  how  broad  the  working  end  of  the  tool 
is,  and  saves  the  necessity  of  a  split  shank.  It  is  important 
to  know  that  most  spades  which  break  can  be  repaired. 

The  special  spades  and  letainers  are  being  marketed  by 
Jlr.   Frank   E.   Maier.   l:>.2   S.   Michigan   Ave.,   Chicago. 


Steel  Storage  Magazines  for  Explosives 

.A  steel  storage  magazine,  consisting  of  a  steel  house  fur- 
nished knock-down  in  convenient  sizes  for  handling,  is  being 
manufactured   by   Littleford    Bros.,   Cincinnati,   O.     The   mag- 


Steel    Stor.nge    Powder    Magazine. 

azine  is  made  in  sections  having  the  edges  grooved  so  that 
when  placed  together  they  will  interlock  snugly  forming  a 
seam.  Sections  are  held  firmly  in  place  by  "U"  bolts  to  the 
interior  steel  angle  frame  work  making  the  joints  water- 
proof. The  frame  work  consists  of  steel  angles  and  the  cov- 
erins  is  sheet  steel  3/32  in.  thick.  The  joists  are  heavy  angle 
bars,  inlaid  with  cak  pieces  to  which  the  floor  is  nailed. 
Ventilator  in  each  gable  is  screened  with  wire  on  inside. 
Door  is  hung  on  two  heavy  wrought  steel  hinges,  and  is  se- 
cured by  means  of  two  heavy  steel  hasps  and  staples.  All 
material  is  painted  on  both  sides  with  two  coats  of  graphite 
paint.  These  magazines  are  made  in  ten  different  sizes.  It 
is  an  easy  mafter  to  erect  these  magazines  as  the  instruc- 
tions for  building  foundations  and  assembling,  which  are 
furnished  by  the  manufacturer,  are  very  complete  and  sim- 
ple. This  type  of  steel  house  also  is  being  extensively  used 
by  contractors  for  tool  houses.  The  knock-down  feature 
makes  them  very  economical  owing  to  the  fact  that  they  can 
be  very  easily  moved  from  one  job  to  another. 


Jacks  Used  To  Replace  Derailed  Steam 
Shovel 

In  moving  a  100  ton  steam  shovel  backwards  around  a 
sharp  curve,  the  last  pair  of  wheels  dropped  off  on  the  inside 
of  the  curve.  Ordinary  methods  of  replacing  the  wheels 
failed,  the   difficulty   being   that  the   sprocket   wheel   for  the 
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Ho-H   the    Jacks    Were    Used    in    Replacing    Derailed    Steam    Shovel. 

chain  drive  was  on  this  axle  and  would  engage  the  frog 
on  the  inside  rail,  shoving  it  out  of  place  before  the  wheel 
could   engage  it. 

The  method  that  finished  the  job  in  less  than  half  an  hour 
on  first  trial  is  shown  in  the  sketch,  which  is  reproduced 
from  the  Engineering  and  Mining  Journal.  The  jack  arms 
were  not  used.  Blocking  the  other  truck  to  prevent  the 
shovel  moving  either  forward  or  back,  the  dipper  was  rested 
on  thp   ground   just   on  the   outside  of  the  outer  rail.     Two 


50-ton  jacks  were  started,  one  on  either  corner  of  the  shovel 
frame,  canted  to  draw  the  whole  body  of  the  shovel  toward 
the  center  of  the  track.  As  soon  as  the  body  was  free  of 
the  bolster,  two  25-ton  jacks  were  started  at  the  corners 
of  the  journal  boxes.  As  soon  as  the  wheels  were  clear  of 
the  rails,  the  frame  gradually  settled,  dropping  the  wheels 
in   place. 


The  Lumber  Situation 

P>om  a  circular  of  the  American  Forestry  Association  we 
Ouote  the   following: 

We  are  consuming  lumber  three  times  as  fast  as  we  are 
procuring  it. 

Experts  predict  our  saw  log  lumber  will  be  gone  in  50 
years. 

The  bulk  of  the  original  supplies  of  yellow  pine  in  the 
South  will  be  gone  in  ten  years  and  within  seven  years 
3,000  manufacturing  plants  there  will  go  out  of  existence. 

White  pine  in  the  lake  states  is  nearing  exhaustion  and 
these  states  are  paying  $6,000,000  a  year  in  freight  bills  to 
import  timber. 

New  England,  self-supporting  in  lumber  20  years  ago,  now 
has  to  import  one-third  of  the  amount  used.  It  has  $300,000,- 
000  invested  in  wood  and  forest  industries,  employing  over 
90,000   wage-earners. 

Fire  destroys  over  $20,000,000  worth  of  timber  every  year 
and  kills  the  reproduction  upon  thousands  of  acres  of  forest 
lands. 

AVithin  50  years  our  iiresent  timber  shortage  will  have 
become  a   blighting  timber   famine. 

Forests  can  be  protected  from  fire,  regrowth  can  be  en- 
couraged, conservative  cutting  can  be  practiced,  reforestation 
can  be  accomplished— but  it  takes  from  50  to  100  years  to 
mature  a  timber  crop. 

Forest  devastation  must  be  stopped,  lands  now  in  forest 
must  be  kept  continuously  productive,  forest  lands  now 
devastated   and   idle   must   be  put   to  work. 


News  Letter 

ST.    LOUIS    ITEMS. 

By    A.    B.    Koenig. 

W.  .Sinnott.  lli;  Stventh  St..  Springtieki.  III.,  has  li  teams  idle. 

B.  Cutler,  Nevada.  Mo.,  has  a  10  team  and  wheeler  outfit  idle. 

M.  C.  Eurke,  of  Burke  Bros.,  died  at  Ft.,  Smith,  Ark.,  last  Tues- 
day. 

.     ^-  F.  Brook.s  &  Co.,  Eastland,  Tex.,  have  20  teams,  machine  and 
tresno    idle. 

A.  Waddell  secured  the  contract  for  stripping  a  .^hale  pit  near 
rt.  Scott,  Kan. 

■S.  H.  Gib.son.  Newgoshen.  Ind.,  report.s  his  10  teams  and  shovel 
oiunt  idle  at  Terre  Haute,  Ind. 

Henry  Schweitzer  secured  contract  for  strippins  a  coal  pit 
and  domg  some  road  work  in  Southern  Illinois. 

J.  .J.  Mclnerney  is  about  through  with  his  job  at  Bllet.  Ohio 
v\  ants  any  kind  of  grading  in  this  part  of  the  country. 

Camoron,  Joyce  &  Co.,  Keokuk,  Iowa,  were  low  bidders  on  a 
numoe.-  of  State  Road  job.s  at  Springfield,  111.,  on  April  12th. 

Lynch  &  McDonald  were  low  bidders  for  con.structing  the  water 
works,  reservoir  and  tour  miles  of  pipe  line  at  Moberly,  Mo. 

Columbus  S.  Jones,  the  boss  stationman,  took  a  run  down  to 
Honduras  to  look  over  some  railroad  work.  Returned  without 
takmg  any. 

J.  W.  McMurray  Constructing  Co.  of  Kansas  City  secured  the 
contract  for  building  a  bridge  across  Turkev  Creek  channel  in 
Hosedale,  Kan. 

Mrs.  L.  S.  Cooper  &  Sons,  Sims,  111.,  have  about  finished  their 
road  work.  Would  like  to  place  their  team  outfit  on  some  grading 
m  this  neighborhood. 

Contractors  when  in  want  of  work  or  labM'-'for  their  outfits 
write  Koenig  Labor  Agency,  612  Walnut  St..  St;  'Louis,  or  501  Del- 
aware St..   Kansas  Citv,  Mo. 


357  W.   63rd   St., 
for  a    20   team. 


Ed.  Molinger  of  the  General  Contracting  Co..  5 
Chicago,  111.,  is  scouting  around  hunting  up  work 
wheeler  and  machine  outfit. 

Jack  Carroll  was  with  us  a  day.  Jack  reports  his  levee  work 
m  Southern  Illinois  getting  alonfe  fine.  Has  had  an  elegant  winter 
and  piled  up  some  nice  estimates. 

Peterson,  Shirley  &  Gunther  of  Omaha  were  awarded  a  contract 
by  the  New  York  &  Cuba  Refining  Co.  to  construct  50  miles  of 
railroad  foi    them  in  eastern  Cuba. 

Ch.is.  C.  Crawford.  Anna,  III.,  was  here  the  other  day  trying 
to  buy  or  rent  5  No.  1  wheel  scrapers.  Wants  ic,  use  these  on 
finishing-  a  levee  in  Southern  Illinois. 

The  Board  of  Public  Service  in  a  meeting  at  the  Citv  Hall 
\ot.\l  to  advertise  at  once  for  bids  on  paving  proiects  which  it  is 
■  •stiriiateri  will  cost  $230,000.  Improvements  in  this  and  two  other 
calls  for  bids  aggregate   $705,000. 

A.  E.  Howard,  430  S.  Chicago  St.,  Lincoln,  III,,  has  a  part  of  his 
outfit  at  work  on  Federal  road  there.  Howard  writes  that  he  has 
a  new  brid.ire  and  culvert  outfit  idle  that  he  would  like  to  place 
on  work  in  Illinois,  Missouri  and  Tennessee. 
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Tlu-  woik  of  Kiadlni,-  20  miles  of  dirl  roads  In  St.  CUir  County, 
UllnolH.  for  wl.lch  purixiHe  $1,500,000  bond  l«Bue  was  voted  will  De 
Mtarted  Imnicdlatoly  acrordlng  to  announconient  by  County  &U- 
perlntendont  of  Hlghway.M  D.  O.  Thomas  at  Belleville. 

Work  has  boKun  on  the  llrst  hard  surfaced  road  leading  o"t  of 
Moberly,  Mo.,  by  the  Mol.erly  Paving  Brick  Co,  It  will  be  IS  feet 
wide  at,d  the  foundation  will  consist  of  a  f,- Inch  concrete  base 
with  an  inch  sand  cushion.  On  this  will  be  placed  vertical  flber 
paving  blocks  with  asphalt  filler. 

II  !.■<  with  fxtrcme  sorrow  that  we  hear  of  the  death  of  our  old 
friend  Harry  Clapp  in  San  Diego.  Cal.  There  !!■"'-, ^T^L^^ttPo 
Harry  Clapp's  kind  left  which  makes  us  sit  up  and  Uike  notice 
Whenever  wo  lose  one  of  them.  Funeral  service  whei-e  held  at  the 
West  Side  Masonic  Temple  In  Chicago  Saturday,  April  Ibtn. 

The  Decatur  Water  Supply  Co.  was  granted  a  certmcate  of  con- 
venience and  necessity  by  the  Illinois  State  Public  Utilities  Com- 
mission to  construct  and  operate  a  water  works  system  "»  that 
cltv.  The  conmiisslon  also  authorized  the  company  to  issue  ?998,- 
OOO  .jf  prtfcrred  stock  and  $1,000  of  capital  stock  of  no  par  value. 

Thr.e  bids  for  the  construction  of  the  St.  Charles  rock  road 
from  Taussig  avenue  to  the  St.  Charles  bridge,  a  distance  of  about 
two  miles,  have  been  received  by  the  St.  I>ouis  County  Court  at 
Clayton.  The  lowest  bid  received  was  from  the  \\  iliiam  Alc- 
Don.ild  Construction  Company,  which  offered  to  do  the  work  for 
S61  I'M  .S8  about  S5.000  lower  than  the  estimate  of  the  county  and 
state  engineers.  The  other  I  wo  bidders  were  the  .7.  B.  Perkinson 
Con.structlon  Comp:iny  and  th«  l>iuis  Itieh  Construction  Company. 

The  Axelson  Machine  Co.  of  I^s  Angeles,  Cal.,  one  of  the  oldest 
and  larpest  machine  companies  in  the  West,  has  recently  acquired 
approximately  six  acres  of  ground  in  South  St.  I.ouis  on  tlie  Oak 
Hill  branch  of  the  Missouri  Pacillc  R.  R.  between  Walsh  and 
Kichelberger  streets,  extending  to  Ulena  street  on  the  south,  where 
it  will  erect  a  new  plant  costing  $250,000.  The  company  manu- 
facturers high  grade  oil  well  pumps  and  supplies  and  the  first 
unit  of  the  plant  to  he  constructed  will  contain  the  machine  shop, 
forgo  shop  and  heat  treating  shop.  The  designing  of  the  plant  has 
been  given  to  the  Quidmer  Engineering  Co.  of  St.  Louis. 

Personals 

W.  L.  Jepson  has  been  appointed  city  engineer  of  Niagara  Falls. 

A.  O.  Rendell  has  been  appointed  city  engineer  of  Rhinelander, 
Wis 

C.  T.  Jackson  has  been  appointed  district  engineer  of  the 
Southern  District  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.,  with 
headquarters  at  Chicago.  111.,  vice  D.  C.  Fenstermaker,  having 
been  granted  a  leave  of  absence. 

S.  M.  Williams,  chairman  of  the  Federal  Highway  Council,  an- 
nounces the  election  of  four  new  members  to  the  executive  com- 
mitt-^e  of  the  rouncil:  W.  J.  L,.  Banham,  general  ti-afflc  manager. 
Otis  n;ievator  Co.;  David  Beecroft.  president,  Society  of  Automotive 
lCn,gineers,  and  directing  editor.  Class  Journal  Co.;  Col.  H.  W. 
Alden  vice  president,  TimVen-Detroit  Axle  Co..  and  S.  P.  Lieeds. 
president.  Atlantic  Citv  Chamber  of  Commerce. 

F.  C.  Hosklns,  who  has  recently  been  promoted  to  superintend- 
ent of  tlie  Baltimore  division  of  the  Baltimore  &  Ohio  R.  R.,  be- 
came identified  with  that  railroad  on  Aug.  1,  1907,  as  bridge  drafts- 
man. He  became  assistant  engineer  in  the  bridge  department  later 
duriiis  the  .same  year,  being  made  assistant  division  engineer  of 
the  Pittsburgh  division  on  Mar.  1,  1911.  He  was  advanced  to  di- 
visi.m  engineer  of  the  Connell.«ville  division  April  8,  1914,  after- 
wards occupying  the  same  position  on  the  Philadelphia  division, 
bein,j:  advanced  to  superintendent  of  the  Ohio  River  division  at 
Parkersburg.  Mar.  1,  1916.  He  has  since  been  in  succession  su- 
perintendent at  Wheeling,  assistant  superintendent  at  Pittsburgh. 
general  agent  at  Baltimore  and.  since  June  1,  1919,  superintendent 
of   th>-   Baltimore   Terminal   division. 


Industrial  Notes 


J.  E.  Tracy,  for  the  past  four  years  general  sales  manager  of 
The  Sterling  Motor  Truck  Co..  of  Milwaukee.  Wis.,  became  ac- 
tively connected  on  April  1  with  the  Hicks-Parrett  Tractor  Co.  of 
Chicago  Heights,  111.,  in  the  capacity  of  vice-president  and  director 
of  sales. 

The  Brovwn  Hoisting  Machinery  Co.  of  Cleveland.  O.,  announces 
the  opening  of  a  southi-rn  office,  to  be  located  at  530  Whitney- 
Central  Bldg..  New  Orleans.  The  states  of  Texas,  Louisiana,  Mis- 
sissippi, Alabama,  Georgia  and  Florida  will  be  covered  from  this 
ofllce.  Charles  H.  White,  wlio  has  been  with  the  Brown  Hoisting 
Co.  for  a  number  of  years,  is  manager  of  the  new  office. 


the  Western  Wheeled  Serapi-r  Co..  the  Davenport  Locomotive- 
Works,  and  the  Bucyrus  Co,  I-atcr  he  organized  the  Clapp,  Nor- 
stroiii  &  Riley  E<iuipm<nt  Co..  of  which  he  wa.s  president,  and) 
which  still  occupies  the  otflces  on  South  Canal  street.  He  was  a 
iii.riiDer  of  Siloatn  Lodge  .Mo.  TSO.  A.  F.  and  A.  M.,  a  liiind  degree 
.Vla.«)i».  being  a  member  of  Oriental  Consistory  and  a  Noble  of  the 
\Ivstie  Shrine.  .Medinali  Tempii-.  Siloam  Ix)dge  had  charge  of  the 
lu'neial  arrangements,  which  were  held  from  the  lodge  rooms,  West- 


Obituaries 

August  D.  Cook,  president  and  founder  of  A.  D.  Cook,  Inc., 
Lawrencburg,  Ind.,  died  March  28. 

J.  R.  Rcsch,  formerly  assistant  engineer  of  the  Texas  &  Pacific 
Ry.  in  Fort  Worth  and  later  division  superintendent  and  chief  en- 
gineer of  the  International  &  Great  Northern  Ry.,  died  recently  at 
Mart.  Tex. 

H.  Kirke  Porter,  aged  SI,  Pittsburgh's  pioneer  locomotive  build- 
er, presidenr  of  H.  K.  Porter  Co.,  former  member  of  Congress  and 
for  many  vears  active  in  industrial  and  civic  movements,  died 
April  10  at'his  residence.  1600  I  St.,  Washington,  U,  C.  He,  with 
a  natural  taste  for  mechanics,  studied  for  and  selected  the  business 
of  a  builder  of  light  locomotives.  His  father  had  also  been  a 
locomotive  builder,  though  he  was  for  years  prominent  as  a  mem- 
ber of  the  old  firm  of  Dilworth.  Porter  &  Co.  The  Hrm  was  Smith 
&  Porter  from  1S66  to  1871,  when  Arthur  Bell  came  into  the  com- 
pany and  the  firm  was  known  as  Porter.  Bell  &  Co.  In  1878  the 
design.^tion  was  changed  to  H.  K.  Porter  &  Co..  and  so  remained 
until  1899.  when  it  became  the  H.  Kirke  Porter  Co.,  with  Mr.  Porter 
as  iiresident.  He  took  a  turn  at  politics  in  1902  and  was  elected 
a  m?mber  of  the  Fifty-eighth  Congress.  He  was  selected  as  a 
representative  of  elements  which  protested  against  much  of  the 
old  political  order  of  thincs.  He  had  but  one  term,  but  in  that  one 
term  he  impressed  himself  influentially  on  his  colleagues.  He  was 
a  member  of  many  charitable  and  religious  orgMnizations. 

Hiram  A.  Clapp,  for  many  years  a  prominent  factor  in  the  heavy 
construction  field,  died  April  11  at  San  Diego.  Calif.  For  over  40 
years  he  had  been  engaged  in  the  construction  labor  and  equip- 
ment business.  During  this  time  it  is  estimated  that  he  furnished 
over  5  50,000  laborers  for  construction  operations,  "tiarry"  Clapp 
was  borr.  in  Delphi,  Ind.,  on  Feb.  11,  1853.  He  established  a  labor 
agencv  in  Chicago  in  1880.  About  30  years  ago  he  moved  his  of- 
fices  to   12-1-    <  "'1    Canal  St.,   Chicago,   and   began    v,  r.res.nting 


Hiram   A.   Clapp. 

Side  Masonic  Temple.  Oakley  and  Madison  streets.  Chicago,  -\pril' 
16,  the  pall-bearers  being  H.  K.  Riley,  Gus  Norstrom.  E.  M.  Hall, 
S.  M.  Boorhem,  L.  H.  Dimicii  and  H.  E.  Scott,  all  business  asso- 
ciates. He  leaves  a  widow,  a  daughter,  Elizabeth  Clapp  I.»idenson^ 
and  a  son,  Hiram  Robert  Allen  Clapp. 


Trade  Publications 


The  following  trade  publieaiions  of  interest  to  engineers  and> 
contractors  have  bc-en  issuefi   reontly:  „       ,-,    ^ 

Continuous  Rail  Frog.—Jurdan's  Continuous  Rail  F^og  Co.,  P.  O. 
Box  735.  San  Francisco.  Calif.  Circular  describing  a  continuous 
rail   frog   patented   recently. 

Dump  Cars. — Continental  Car  Co.  of  America,  Louisville,  Ky. 
Catalog  illustrating  and  describing  Continental  dump,  mine,  quar- 
ry,  stone  and   industrial  cai-s.  ■ 

Surveying  Instruments. — Wm.  Ainsworth  &  Sons.  Denver.  Colo. 
Bulletin  illustrating  and  describing  this  company's  line  of  railway 
and  highway  transits  and   levels. 

Pneumatic  Hammer  Drill. — Chicago  Pneumatic  Tool  Co..  New 
York  City.  Bullet-n  illustrating  and  describing  B.  Q.-46  hammer 
drill  used   in  demolition  wck.   street  railway  work,   etc. 

Excavating  Machinery. — Buckeve  Traction  Ditcher  Co..  Findlay. 
O,  Two  circulars,  one  on  the  Model  C  Buckeye  excavator,  chain 
and  bucket  tvpe;  the  other  on  the  4 A  wheel-type  excavator. 

Dragline  Cableway  Excavators.  —  Sauerman  Bros.,  Chicago. 
Booklet  illustrating  and  describing  application  of  Sauerman  drag- 
line cableway  excavators  to  handling  earth,  clay  and  sticky  ma- 
terials. „   ,,         „  T^    ,,    ^. 

Excavator — Keystone  Driller  Co.,  Beaver  Falls.  Pa.  Bulletin 
illustrating  and  describing  Keystone  traction  excavator — a  light 
steam  shovel  equipped  w-ith  three  different  buckets,  skimmer, 
ditclier  and    clamshell.  „        »  .-,  „      ,>     i 

Gunite  in  Mine  Work— Cement  Gun  Co.,  Inc.,  Cornwells,  Buck& 
Co  Pa  Bulletin  containing  reprint  of  an  article  from  .the  Michi- 
gan College  of  Mines  Alumnus  describing  use  of  gunite  in  pre- 
ventinT  slabbing  in  the  Calumet  and  HecIa  Mines. 

Compressors.— Chicago  Pneumatic  Tool  Co.,  New  York  City. 
Bulletin  containing  description  of  Chicago  pneumatic  oil  eiigine 
driven  compressors,  together  with  interesting  applications.  Con- 
tains comparison  of  operating  costs  versus  steam  driven  com- 
pressor's 

Tractors.— Holt  Manufacturing  Co..  Peoria.  111.  Ten  bulletins 
devoted  to  performance  of  caterpillar  tractors.  Titles  of  some  of 
these  bulletins  are:  "Tractors  for  Moving  Dirt  With  Elevating 
Oraders"-  "Tractors  for  Transportation";  "Tractors  for  Moving 
Dirt.  With  W'heel  Scrapers";  "Tractors  for  Road  Maintenance  ; 
"Tr-i^tors  for  Movine  Dirt  With  Blade  Graders."  Other  bulletins 
illustrate  and  describe  use  of  tractors  in  the  oil  field  and  road 
making  ,  .  .        _,,  . 

Roc!<  Excavating  Equipment.— Sullivan  Machinery  Co..  CJiicago. 
Three  bulletins.  One  describes  the  new  Sullivan  Class  B  light 
wei^'iit  drill  sharpener,  as  well  as  the  standard  Class  A  machines 
wit'n  especial  reference  to  the  making  of  genuine  double  t,aper  bits, 
etc.  The  second  is  devoted  to  angle  compound  air  compressors. 
including  mention  of  the  company's  single  stage  or  duplex  angle- 
machines  for  low  pressure.  The  third  illustrates  and  describes 
Sullivan  mine  car  compressors  operated  by  electric  motor  for  use- 
in    ■1-1;  v.rrnval  underground  in  coal  mines  particularly. 
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Roads  and  Streets— -1st  Wednesday 


<a)   Roads 
(b)   Streets 


(c)  Street    Cleaning 

(d)  Municipal    Miscellanies 


(e>    Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers   and    Sani 

tation 

(e)    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power   and   Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and   Pits 

(b)  Management    and         (d)    Steam    Railways,    Con- 
Offlce    System  struction   and   Maintenance 

(e)   Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

<c)   Harbor    Structures 


(d)  Miscellaneous    Structures 

(e)  Properties     of     Materials 
<f)   Management     and    Office 

System 
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New  Location  of  E.  &  C. 

On  May  10  the  editorial  and  business  offices  of  Engineering 
and  Contracting,  which  for  the  past  lo  years  have  been  lo- 
cated at  60S  South  Dearborn  street,  Chicago,  will  be  moved 
to  larger  quarters  in  the  Madison  Terminal  Bldg.,  9  South 
Clinton  street  (corner  Clinton  and  Madison  street^).  Chi- 
cago. The  new  location  is  close  by  the  Chicago  &  North- 
western Ry  passenger  terminal.  Is  within  3  minutes  walk 
of  the  Union  Station  and  only  a  few  blocks  from  the  business 
center   of  the   city. 


The  Engineer  as  a  Political 
Economist 

Practically  all  books  on  political  economy  have  been  writ- 
ten by  men  who  have  not  applied  the  principles  that  they 
have  expounded  The  first  noted  English  political  economist 
was  Adam  Smith,  a  teacher,  and  most  of  his  literary  descend- 
ants have  also  been  teachers  rather  than  practitioners. 

In  other  branches  of  science  the  reformers  have  usually 
been  practitioners,  and  where  they  have  been  teachers  they 
have  usually  had  practical  experience  also.  May  we  not  infer 
by  analogy  that  political  economics  will  be  developed  into  a 
true  science  by  men  who  practice  economics? 

In  his  "Philosophy  of  Discovery,"  written  in  18.5(;,  William 
Whewell  says: 

I  have  already  noted,  in  my  "History  of  Science,"  fh.at  the 
inawtinctness  of  ideas,  which  was  long  one  main  impediment  to 
the  nroffres.ii  of  sc'ence  in  the  middle  a^eP.  was  first  remedied 
among  architects  and  engineers.  These  men.  so  far  at  least  as 
mechanical  ideas  were  concerned,  were  compelled  by  their  em- 
ployments to  judge  rightly  of  the  relations  and  properties  of  the 
materials  with  which  they  had  to  deal,  and  would  have  been 
chastised  by  the  failure  of  their  works  if  they  had  violated  the 
laws  of  mechanical  truth.  It  was  not  wonderful,  therefore,  that 
these  laws  became  known  to  them   first. 

As  one  example  he  cites  the  discovery  of  the  most  general 
law  of  the  lever  by  Leonardo  da  Vinci  (1142-1520),  "the  cele- 
brated painter,  who  was  also  an  engineer."     In  illustration  of 


(la   Vinci's    philosophical  ability  Whewell  quotes    from     him 
as  follows: 

Theory  is  the  general,  exijeriments  are  the  soldiers.  •  *  * 
We  m.ust  consult  experience,  and  vary  the  circumstances  till  we 
have  drawn  from  them  general  rules,  for  it  is  she  (Nature)  who 
turnishes  true  rules.  *  *  *'  In  the  study  of  the  sciences  which 
depend  on  mathematics,  those  who  do  not  consult  nature,  but 
authors,  are  not  the  children  of  nature,  they  are  only  her  grand- 
children. •  *  »  Nature  begins  from  Reason  and  ends  in  Ex- 
perience; but  for  all  that,  we  must  take  the  opposite  course — 
begin  from  the  experiment  and  try  to  discover  the  reason. 

Evidently  da  Vinci  anticipated,  by  a  century,  many  of  Fran- 
cis Bacon's  maxims.  We  are,  however,  not  concerned  as  to 
da  Vinci's  philosophy.  What  we  wish  to  call  attention  to  is 
a  fact  that  Whewell  was  perhaps  the  first  to  note,  namely, 
that  the  greatest  progress  in  scientific  theory  usually  is  at- 
tributalde  to  scientific  practitioners.  Applying  this  generaliza- 
tion to  the  science  of  political  economy,  may  we  not  expect 
to  see  economics  brought  to  a  higher  degree  of  excellence 
by  the  efforts  of  engineers  than  by  the  efforts  of  professed 
political  economists? 

Indicative  of  an  aflirmative  answer  to  this  question  are 
three  noteworthy  facts:  First,  that  the  literature  of  the 
science  of  management  has  been  almost  entirely  written  by 
engineers.  Second,  that  the  same  holds  true  of  the  literature 
on  public  utility  appraisa,ls  and  rate  making.  Tliird,  that  the 
same  holds  true  of  the  literature  on  cost  keeping  and  cost 
analysis.  These  three  branches  of  economics  are  vital  parts 
of  any  comprehensive  system  of  social  management — i.  e., 
political  economy.  Remember  that  the  word  "economy"  orig- 
inally meant  "household  management,"  and  that  the  ultimate 
aim  of  political  economy  is  the  scientific  management  of  that 
great  household   called  the  nation. 

The  number  of  professional  engineers  in  America  probably 
exceeds  200,000.  They  form  the  only  large  body  of  scien- 
tifically trained  men  other  than  the  physicians.  Engineers 
are  in  public  employ  to  a  larger  extent  than  any  other  class 
of  educated  men.  To  them  is  entrusted  most  of  the  gather- 
ing and  analyzing  of  economic  data  relating  to  public  works 
and  public  utilities.    They  have  been  forced  to  apply  the  tacts 
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that  theFhave  collected  and  the  theories  that  they  have  orig-  Snioke 

'"'"'■''•                             ^,       ..     ,            „  ,f  ite  rpadPrs  before  At  this  season,  when  the  \V.  C.  T.  U.  and  Associated  Powers 

When  the  Literary  Digest  took  a  poll  of  its  ^^^"^^'^^f  °^^  are   making  their  annual   drive   to   deflate   the   tobacco  busi- 

the  last  presidential  election  as  to  ^^^J^^^^J^^l^^^^ll  the  ness.  our  thoughts   very  naturally  turn  to  smoke.     We  look 

the   presidency,   an   engineer    Herbert   """Je  of  the  educated  out  of  the   ITlh   story  window  at  as  much  of  the  landscape 

greatest  number  of  votes     That  ;^''^«  '  >^,/°'«'r °f 3^/ fj  ^Tnrfi'!  as  is  visible,  and  have  no  need  of  a  reminder  that  we  live  and 

people  ol  America,  and  the  sentiment  it  expressed  is  signin  ^^^^   ,^   ^^^^   ^^  ^^^  ^^^^^  ^^._^.^^^   ^.^.^_^   ,^   America-Pitts- 

'^''"'-  burgh.  Cleveland,  Chicago. 

—,  .       .  Hut  not  all   is  dark.      Certain  buildings    in    the    loop  are 

The     Undertaker    as    GommlSSlOner      emerging  from  their  annual,  or  biennial,   face  washing  with 

,  1j     ,   |.       T_|        l^U  countenances    shining.      The    love    of   cleanliness    still    lives. 

OI  A  UDllC   lleaitn  -Phis   is   a  healthy   sign,  but   it  is  not  of  the   beauty   or  the 

Regular  Occupatien  of      morality  of  cleanliness  that  we  would  speak,  for  frankly,  we 

Office.  Office   Holder.  ^^^  „„t  believe  that  these  will  be  the  main  considerations  in 

Assistant  Chief  Engineer.  Hoisting  Engine  Operator      inducing  better  things. 

Sanitary    District    of    Chicago and    Union    Official  ^^^  problem  is  economic.     What  is  the  cost  of  bathing  a 

Head  of  Police  Department Laundryman      gjjyscraper?    How  much  greater  is  the  cost  of  window  clean- 
Head  of  Police  Department Hay  and  Feed  Merchant      ^^^  ^^^  ^  smoky  than  in  a  smokeless  city?    What  is  the  annual 

Head  of  Police  Department  •. ^^^^  ^^"'^      avoidable  loss  due  to  dirt  in  office  and  store  and  homo?    How 

Head  of  Police  Department Coffee  Salesman  ^^^^  ^^^^  carbon  clad  B.  T.  U.'s  drift  out  of  the  stack- 
Commissioner  of  Health    Harness  ^Maker      ^^^^    ^^  obscure  the  atmosphere,  and  then  to  settle  on  your 

Commissioner  of  Health      Undertaker      gjean   collar,   or  perhaps   to  take  up  an  expensive  abode  on 

Commissioner  of  Streets  and  Bridges Horeshoer      ^^^^  wife's  spring  hat?     How  many  costly  tons  of  coal  are 

Commissioner  of  Streets   Groceryman      "^^sted  in  isolated  and  inefficient  plants?     How  many  extra 

Commissioner  of  Public  Utilities   Barber      kjio^att  hours  run  through  your  meter  near  the  ends  of  the 

Commissioner  of   Finance    Typesetter      ^^^    because    of    darkened    and    dirty    windows?     What    is 

Commissioner  of  Parks  and   Sanitation House  Mover      ^^^   gum-total   of   these   and   other   smoke   costs?     And   what 

Of    the    above    list,    the    first    is    the    appointment    of    Mr.      would  it  cost  to  eliminate  them? 
Edward    F.    Moore,    against   which    the   Western    Society    of  ^  careful  study  would  bring  an  approximate  answer  to  these 

Engineer-  has  just  protested.  The  other  cases  are  tabulated  last  two  questions;  and  both  expert  and  popular  opinions  are 
from   an   article   by   Mr.    Raymond   B.   Fosdick   in   The   New      that  the  cost  of  reduction  would  be  less  than  the  cost  of  smoke. 

„     ,  .        ...         e      If  the  city  government  cannot  or  will  not  take  steps  in  this 

Kepublic.  of  April  6.  Only  two  of  them  were  in  cities  of  ^^^^^^.^^^  ^^^^  ^^^  tj,„,^  ^o^t  affected  profitably  co-operate 
less  than  100,000  population  and  none  was  in  a  small  town.  j^  an  investigation  and  subsequent  action.  That  some  who 
We  could  add  to  the  list,  for  this  is  by  no  means  our  first  ought  would  refuse  to  join  the  co-operative  effort  is  to  be  re- 
protest  against  such  incumbency,  but  more  examples  are  gretted,  but  this  would  not  reduce  the  benefits  to  accrue  to 
unnecessary.     Nor  is  logic  needed:   the  impropriety   (barring      their  broader  minded  neighbors.  ,.,.,, 

^    .         ,.-,..      ■<r  i  »,,  A  Chicago  dailv  prints  at  the  head  of  its  editorial  column 

only  most  exceptional  cases)  is  self-evident.  Yet  the  prac-  .^^  gj^.pjank  -Platform  for  Chicago,"  and  the  first  plank  is 
tice    goes    on.      The    indifference    of    voters,    and    the    indi  -      ..^^^^^^^^  ^^^  ^^^^^^  ^^^^^^ „ 

ference   and   dishonesty  of  some   politicians   seem   to   be   all  ___^ 

that  perpetuate  it.     It  will  be  remedied  when  (and  not  until) 

a  majority  of  voters  becomes  aggressively  conscientious.  Minnesota  CiticS  tO  Do  Zoning  Under  PoHcC 

The   problem    is   obviously   but   a    part   of   the   larger   one  Power 

of  arousing  public  consciousness  of  the  fact  that  we  are  all  rOWei 

paving  for  the  waste  of  present  political  methods,  and  pay-  The    State    Legislature    of   Minnesota   has   just    passed    an 

ing  heavily whether  directly  or  indirectly.  Enabling  Act  and  the  governor  has  signed  it.  making  it  pos- 

We   quote   from    Mr.    Fosdick's   article,   in   which   he   satir-      sible  fir  Duluth,  Minneapolis  and  St.  Paul  to  do  zoning  under 
ically  suggests   some   of  the   exhibits  which  America    might      the  police  power.    The  act  is  as  follows: 

make    at    a    World's    Exposition    of    Democracy.  For  an  Act  to  authorize  the  regulation  of  the  location,  size  and 

We  should  have  to   find   some  way.   too.   in  this  exposition,   of        "''<'  <^f  buildings  in  cities  of  the  State  of  Minnesota  now  or  here- 
portraying   the   political   fears   and   superstitions   which    we    have       ^ftei-  having  50.000  inhabitants  or  over,  and  the  adoption  of  com- 
inherited    from    frontier    conditions    of   life,    and    our    determined       Preh.>n3ive  plans  pursuant  to  such  regulations, 
prejudices   against   an    "oflice-holding   class"     which     have     been  Be  it  enacted  by  the  Legislature  of  the  State  of  Minnesota: 

handjd  down  as  part  of  the  Jacksonian  fetish,  and  which,  by  lim-  Section  1.     Tliat  for  the  purpose  of  promoting  the  public  health, 

iting  tenure  of  office  and  writing  into  the  laws  all  sorts  of  pro-  safety,  order,  convenience,  prosperity  and  general  welfare,  any 
vinci-ilisms.  make  it  Impossible  to  place  the  administrative  service  ^j^y  j„  ^j^^.  gtate  of  Minnesota  now  or  hereafter  having  50.000  in- 
of  the  specialized  departments  of  government  on  a  permanent  habit.^nts  or  over,  acting  by  and  through  the  governing  body  of 
expert  basis.  This  could  be  illustrated  perhaps  l>y  charts  showing  ^^^-^  city,  mny  by  ordinance  regulate  the  location,  size  and  use  of 
that  whereas  London  has  had  seven  police  commissioners  in  nine-  buildings  therein,  may  make  different  regulations  for  different 
ty-one  years.  New  York  has  had  twelve  in  nineteen  years,  while  districts  thereof,  and  riiay  acquire  or  prepare  and  adopt  a  compre- 
Chioago  has  had  twenty-f\ve  superintendents  of  police  in  forty-nine  tensive  city  plan  for  such  city  or  any  portion  thereof  for  the  future 
years.  Charts  could  be  used,  too,  to  show  that  where  London  kept  physical  development  and  improvement  of  the  city,  in  accordance 
Sir  Edward  Henry  as  commissioner  of  police  for  fifteen  years.  Sir  ^/^^  ^^^  regulations  made  as  aforesaid,  and  may  thereafter  alter 
Richard  Mayne  for  thirty-nine  years,  and  Sir  Edmund  Henderson  ^^.^^  re-nilations  or  plan,  such  alterations,  however,  to  be  made 
for  seventeen  years,  we  kept  Arthur  Woods  m  Kew  York  a  Uttle  ^^^^^  ^^^^^  ^^^  afTu-mative  vote  in  favor  thereof  of  two-thirds  of 
over  ihree  years,  while  L.  T.  Steward  in  Chicago  lasted  two.  ^^^  members  of  the  governing  body  of  such  city. 

As  a  matter  of  fact  our  exhibit  m  such  a  world  s  exposition  of  ,      .       .    ,        >  .u       „„a 

democmcT  would  undoubtedlv  show  the  United  States  on  a  lower  Sec.  2.    The  governing  body  of  any  such  city  is  hereby  author  zed 

tf'aTem^int  of  local  government  than  any  other  civilized  countrj'  to  pa.s  ordinances  for  the  enforcement  of  the  provisions  of  this 
fn  the  w^ld  ranking  far  behind  England.  France.  Germany  and  act  .ind  of  the  regulations  of  such  governmg  body  under  th.s  act 
Austria    and  in  many  respects  behind  Italy  and  Spain.  and  to  provide,  in  any  by  such   ordmances    penalties  for  violation 

Austria.  <iiiu  m  iii<i   y         V  „    ..        „,     ^  c  thereof      Such  governing  bodv    s  also  hereby  authorized  to  enforce 

In    conclusion    we    quote    the    action    of    the    Western    So-       ;f;':°;„iat-™,\°nder   this  act   by   mandamus,    injunction   or   any 
ciety  of  Engineers  on  the  appointment  of  Mr.  Moore:  ^^^^^  appropriate  remedy  in  any  court  of  jurisdiction  Uiereof. 

The   board  of  directors  of  the   Western   Society   of  Engineers.  ^^^    ^      j^   ^^^   ^^pj^   ^jjy   having   a  city  planning   commission 

in  the  matter  of  the  qualifications  for  the  position  of  Assistant  ^^^  provisions  of  this  act  shall  be  construed  as  an  addition  to 
Chief  Engineer  of  the  Sanitary  District  of  Chicago,  has  approved  p^i.^n„  powers  and  not  as  an  amendment  to  or  repeal  thereof,  and 
the  .-ecommcndations  of  the  public  affairs  commitfee,  as  follows:         •      „^,^^.        ^^^^.  ^^^  adopt  a  plan  or  plans  prepared  by  such 

The   public   affairs   committee   recommends    that   a   protest   on  "tanning  commission.  • 

the  appointment  of  Mr.   Moore  be  sent  to  the  boiird   of   trustees  ■    '  »  ._^  ^^^  ^^^^^  ^^^  3pp,y  ^^  g^y  pjtj.  ^j  the  first  class 

of  the  SaniUry  District  of   Chicago;   that  the   oflice   of   assistant  ."he 'state  operating  under  a  home  rule  charter  adopted  pursuant 

chief  engineer  should  be  filled  by  a  professional  engineer    selected        'n  ine  ■.«        p  ^^  ^^^^  ^^^^^  constitution, 

on  -.he  basis  of  his  qualifications  and  experience  and  that  he  should       w  -«"■  "      •  .  ^^^^^  ^„a  be  in  force  from  and  after 

be  a  man  capable  of  acting  as  technical  advisor  to  the  chief  engi-  l!f:^-„ 

ncer  and  able  to  assume  his  duties  It  necessary.  >is  passage. 
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Action  of  Sea  Water  on  Concrete 

To  the  Editor:  The  action  of  sea  water  on  concrete,  taken 
from  a  report  of  an  investigation  made  to  determine  the 
effects  lipon  concrete  piers  in  the  U.  S.  Navy  Yard  at  Cbarles- 
to-wn  Mass.,  and  printed  in  your  Issue  of  March  23,  is  both 
interesting  and  instructive. 

The  \» Titer  knows  of  concrete  ways,  the  ends  of  which  were 
exposed  in  about  the  same  manner  as  described  in  your 
article,  that  have  been  laid  about  four  years  and  that  would 
correspond  to  the  condition  of  the  piers  mentioned  as  of 
Dec.  17,  1913. 

The  concrete  for  these  ways  was  mixed  with  sea  water 
and  of  wet  consistency.    The  proportions  were  1:3:5. 

Todav,  they  are  in  very  good  condition  with  no  barnacles 
attached,  and  a?  there  has  never  been  any  crude  oil  floating 
on  the  water  around  them,  the  writer  does  not  think  that 
we  can  give  the  ciude  oil  the  credit  for  the  absence  of  barna- 
cles.   We  must  Icok  for  some  other  reason. 

The  report  in  your  March  23  issue  shows  that  the  wet  mix- 
ture in  the  proportions  of  1:1:2  has  stood  up  the  best,  and 
the  writer's  experience  has  been  that  it  is  absolutely  neces- 
sary to  have  enough  cement  to  completely  fill  all  of  the  voids 
In  the  sand,  and  to  see  that  it  is  properly  mixed,  in  order  to 
get  the  best  results  for  concrete  in  sea  water. 

Dover   N.  H.  WALTER  S.  WHEELER. 


The  Value  of  Short  Reports 

The  art  of  stenography,  the  recording  dictagraph,  and  the 
typewriting  machine  are  to  blame  for  many  troubles.  It 
is  a  bother  and  a  labor  to  write  long-hand,  and  it  is  much 
easier  to  talk.  And  a  great  many  of  us  do  talk  too  much. 
The  troublesome  business  of  long-hand  writing  and  the  cost 
of  printing  a  limited  number  of  reports  had  the  salutary 
effect  in  days  gone  by  of  inducing  us  to  number  our  words. 
Nowadays  the  busy  man  gets  too  much  to  read.  Newspapers 
are  plastered  over  with  useless  "Bed  Time  Stories"  and 
other  mush,  or  news  items  carried  over  from  a  few  Inches 
of  space  on  some  other  page,  to  provide  that  advertisements 
may  be  ''next  to  reading  matter."  Nobody  wants  to  learn 
how  little  Willie  saved  a  robin's  egg,  and  the  inspiring  fact 
that  Cordonnier,  Schuster  &  Shoemaker  are  having  a  great 
sale  of  boots  and  shoes,  all  at  the  same  time. 

The  burden  of  complaint,  however,  is  with  the  vast  quan- 
tity of  text  that  has  to  be  read.  Every  professional  man 
knows  the  task  of  keeping  up  with  his  profession,  and  we 
admit  frankly  that  it  is  our  business  to  add  to  this  burden. 
His  daily  newspaper  is  almost  a  miracle  of  inconvenience, 
as  tar  as  an  orderly  presentation  of  the  news  of  the  day  is 
concerned.  His  daily  mail  contains  as  many  if  not  more  cir- 
culars of  tailors,  automobile  dealers,  appeals,  etc.,  which  he 
throws  away  unread,  than  it  does  of  actual  communications 
which  call  for  his  attention. 

The  ei'gineer  or  business  man  with  his  technical  or  trade 
paper  has  less  to  do  than  the  professional  man.  but  if  he 
Is  a  live  wire  he  has  still  a  great  deal  to  read. 

Then  comes  a  report  on  something  he  wants  to  know.  If 
he  wants  an  exhaustive  treatise  he  is  likely  to  say  so  before- 
hand, but  unless  he  calls  for  it  he  doesn't  want  it.  If  it  is 
too  long  he  gives  a  sigh  and  digs  in  for  a  few  minutes,  and 
then  puts  it  into  his  basket  of  unfinished  business.  He  takes 
it  home  with  him  at  night,  and  loses  patience  over  having 
to  wade 'through  information  that  he  does  not  want.  Then 
the  chances  are  that  he  will  turn  to  the  summary  and  reach 
his  conclusions  from  that,  being  a  little  nettled  over  the  fact 
that  he  did  not  get  what  he  wanted  earlier. 

When  he  goes  to  his  lawyer  he  is  not  charged  for  the  length 
of  the  interview:  it  may  last  15  minutes  the  tirst  visit,  the 
lawyer  may  work  two  weeks  over  the  problem  and  then  tele- 
phone the  one  word  "Don't."  But  his  counsel  tee  will  not 
be  nominal. 

With  no  suggestion  that  reports  of  research  of  any  kind 
shall  be  superficial,  we  make  the  plea  tor  conciseness  in 
technical  reports  whenever  this  is  possible.  All  details  should 
be  duly  annexed  and  speedily  available,  but  the  reports  them- 
selves should  measure  up  to  the  novelist's  rule:  "First  catch 
the  reader,  and  then  hold  him."— Editorial  in  Chemical  and 
Metallurgical  Engineering. 


Steel  Prices 

steel  prices  having  been  equalized  and  stabilized — equalized 
as  between  the  Steel  Corporation  and  the  independents,  and 
stabilized  in  that  further  changes  of  consequence  are  not  ex- 
pected in  the  near  future — comparisons  are  in  order. 

Comparisons  of  steel  prices  today  with  those  of  other  times 
can  well  be  made  on  the  basis  of  merchant  steel  bars,  for  in- 
vestigation shows  that  bars  are  typical  of  steel  prices  in  gen- 
eral. Steel  commodities  that  have  shown  materially  differ- 
ent percentage  advances  and  declines  from  those  of  bars  are 
products  that  have  been  affected  by  special  conditions. 

Bars  are  now  2.10  ct.,  which  in  comparison  with  the  2.35 
ct.  price  in  the  Industrial  Board  Schedule,  shows  a  decline  of 
11  per  cent  and  compared  with  the  war  control  price  of  2.90 
ct.  shows  a  decline  of  27  per  cent.  As  for  comparisons  with 
a  "pre-war  average,"  an  interesting  point  is  that  it  makes  lit- 
tle difference  what  sort  of  a  period  is  taken.  If  one  takes  the 
10  years,  1904  to  1913  inclusive,  he  finds  an  average  or  1.40 
ct.  If  he  takes  only  five  years,  1909  to  1913,  his  average 
drops  to  1.33  ct.;  while  if  he  takes  only  1913  his  average  goes 
up  to  1.38  ct.  if  forward  deliveries  are  taken,  or  to  1.55  ct.  if 
prompt  deliveries  only  are  considered.  One  cannot  go  tar 
wrong,  then,  in  taking  1.40  ct.  as  a  very  fair  pre-war  standard, 
and  from  that  price  the  present  2.10  ct.  is  an  advance  of  pre- 
cisely 50  per  cent. 

Similar  comparisons  with  many  of  the  other  steel  products 
would  give  about  the  same  showing,  a  50  per  cent  advance 
over  th3  pre-war  standard.  A  few  commodities  would  show  a 
greater  advance,  for  some  special  reason.  Thus  sheets  show 
a  greater  percentage  advance,  fairly  attributable  to  the  large 
amount  of  labor  involved  in  their  production.  Hoops  and  bands 
show  an  advance  of  about  70  per  cent.— From  an  editorial  in 
The  Iron  Age. 


The  Housing  Shortage  in  the  United  States 

At  the  present  time  over  1.000,000  new  houses  are  needed 
in  the  United  States,  according  to  the  report  of  the  Calder 
Committee,  submitted  last  month  to  the  U.  S.  Senate.  The 
conclusions  of  the  committee  are  based  on  the  following: 

In  1890,  according  to  a  statement  quoted  by  the  U.  S. 
Housing  Corporation,  there  were  1101/2  families  for  every  100 
homes:  in  1920  there  were  121  families  for  every  100  homes. 
According  to  the  Bureau  of  the  Census,  in  1890  52  per  cent 
of  the  people  were  tenants  and  in  1920  the  record  may  show 
that  60  per  cent  of  the  people  are  tenants. 

The  Bureau  of  the  Census  is  reported  as  giving  the  normal 
yearly  residential  construction  as  310.000  structures.  How- 
ever, assuming  a  higher  figure,  as  estimated  by  some  authori- 
ties, of  400.000  structures,  it  has  been  estimated  that  at  least 
one  out  of  every  five  new  habitations  erected  must  be  uti- 
lized to  take  the  place  of  losses  through  fire,  obsolescence,  or 
alteration  for  other  than  residential  purposes;  so  that  out 
of  the  estimate  of  400.000  new  habitations  as  the  yearly  nor- 
mal, but  320,000  remain  under  normal  condition  to  take  care 
of  the  need  for  new  homes  due  to  increase  in  population 
through  immigration,  births,  and  marriages.  Assuming  that 
these  habitations  on  the  average  accommodate  five  people 
each,  they  would  furnish  accommodations  for  about  1,600,- 
000  people  annually,  or  about  IV2  per  cent  of  the  present 
population. 

However,  it  is  estimated  that  residential  construction  from 
1915  to  1918  was  but  42  per  cent  of  normal;  in  1919  it  was 
58  per  cent  of  normal,  and  in  1920  it  was  but  37  per  cent  of 
normal.  Those  estimates  are  made  on  square  footage  and 
not  on   dollar  valuations. 

According  to  these  estimates  the  shortage  during  the  past 
six  years  feas  increased  to  slightly  over  a  million  habita- 
tions; and  if  the  rate  of  construction  during  the  past  six 
years  should  continue  until  1926,  the  shortage  will  be  in  the 
neighborhood  of  2,000.000  habitations. 


State  Legislatures  and  the  City  Manager  Movement.— Ac- 
cording to  the  March  Bulletin  of  the  City  Managers'  Associa- 
tion the  legislatures  of  Indiana  and  Wyoming  have  passed 
state-wide  optional  bills  granting  all  cities  in  these  states  the 
privilege  of  adopting  city-manager  government  by  referen- 
dum. The  Illinois  effort  has  again  been  postponed,  and  the 
New  .Jersey  bill  is  now  before  the  legislature  with  a  fair 
chance  for  passage.  In  California  a  bill  is  before  the  legis- 
lature authorizing  any  city  in  the  state  to  provide  for  the 
appointment  of  a  city  manager  by  ordinance  introduced  and 
adopted  under  initiative. 
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Book  Reviews 

"Sh.ides  and  Shadows,"  by  David  C.  LaiiKf.  M.  S.,  Instructor  in 
Archllccturc  In  the  Washlneton  StaiP  College.  135  pp.  John 
WIHy  &   Sons,   New  York.     1921.     »2.50. 

Here  is  a  meritorious  little  woric  setting  forth  in  clear 
fashion  the  principles  of  liescriptive  geometry  and  of  shades 
and  shadows.  The  author  has  followed  consistently  his  prefa- 
tory announcement  of  due  consideration  to  the  engineering 
point  of  view.  "The  information  contained  herein  was  com- 
piled with  special  attention  for  its  use  as  a  text  book  on 
shades  and  shadows.  Architectural  students  in  many  col- 
leges receive  their  early  training  under  engineering  teachers. 
An  attempt  was  therefore  made  to  serve  such  students,  by 
assuming  the  point  of  view  of  their  engineering  training 
at  the  beginning  of  the  bool<,  and  lead  them  by  a  study  of 
shades  and  shadows  toward  an  appreciation  of  the  artistic 
architectural  point  of  view,  so  seldom  developed  in  a  strictly 
engineering  course." 

It  is  to  be  regretted  that  the  artistic  viewpoint  thus  .souglit 
to  be  established  is  imperfectly  exemplified  at  the  very  open- 
ing of  the  booli  by  a  bad  arrangement  of  the  frontispiece  on 
the  page.  There  a  picture  (pleasing  in  itself)  is  placed  upon 
a  sheet  to  which  it  is  so  badly  proportioned  that  even  an 
untrained  eye  can  not  well  overtook  the  defect.  At  other 
places  small  bits  of  printed  matter  are  given  a  similarly 
bad  arrangement,  awkward  blank  spaces  appearing  both 
above  and  below  the  type.  We  do  not  mean  to  overempha- 
size these  defects,  but  where  one  aim  is  to  stimulate  the 
sense  of  the  artistic  they  are  not  insignificant. 

The  illustrations  are  very  numerous  and  adequately  pre- 
sent the  methods  of  descriptive  geometry  and  shades  and 
shadows.  A  number  of  very  pleasing  architectural  draw- 
ings— some  of  them  the  work  of  students — illustrate  the  ap- 
plications of  the  methods  and  lend  attractiveness  and  interest 
to  the  work.  Numerous  problems  are  given  at  the  ends  of 
the  various  sections.  The  final  section  treats  briefly  of 
wash-rendering — a  subject  on  which  there  is  the  following 
interesting  comment  in  the  forepart  of  the  book:  "They 
often  resort  instead  to  mere  copying,  to  the  use  of  shades 
and  shadows  merely  guessed  at,  and  to  a  lavish  rendering 
to  cover  mistakes.  The  beauty  and  impressiveness  of  a 
drawing  is  more  truthfully  enhanced  by  the  accurate  cast- 
ing of  its  shadows  than  by  its  rendering." 


Structural  Steelwork,  hy  Ernest  G.  Beck,  Assoc.  M.  Inst.  C.  E. 
Ifi2  paKe.s;  several  tables;  300  figures.  Longmans,  Green  &  Co., 
Tx)ncion   and   New  York.     1920.     $7.50  net. 

The  hook  is  a  reference  and  text  "relating  principally  to 
the  construction  of  steel-framed  buildings."  About  the 
method  of  the  book,  the  author  says  in  his  preface:  "The 
aim  has  been  to  keep  the  physical  realities  clearly  in  view, 
and  to  make  each  expression  a  simple  and  explantory  record 
of  some  real  and  easily  understandable  operation,  state  or 
change." 

In  pursuit  of  this  aim  the  author  gives  a  very  clumsy 
definition  of  the  modulus  of  elasticity  (page  3) :  "The  modulus 
of  elasticity  may,  therefore,  be  regarded  as  a  hypothetical 
stress,  which  is  constant  for  each  material,  and  of  magnitude 
equal  to  that  which  would  result  from  increasing  any  stress 
(within  the  elastic  range  of  a  particular  material)  in  the 
ratio  borne  by  the  original  length  of  a  bar  (of  that  material) 
to  the  alteration  in  length  corresponding  to  the  particular 
stress  selected." 

The  section  modulus,  moment  of  inertia  and  radius  of  gyra- 
tion are  presented  as  lever  arms  of  a  couple,  the  moment  of 
which  is  equal  to  the  resisting  moment  of  the  section,  and 
the  parallel  forces  equal  to  various  functions  of  the  extreme 
fiber  stress. 

The  chapter  on  columns  with  axial  loading  contains  excel- 
lent discussions  of  end  conditions,  effective  length  and  long 
columns  in  addition  to  a  presentation  of  the  column  formulae 
of  Euler.  Gordon  and  Kankine,  and  Kidler.  It  is  interesting 
to  note  that  the  Rules  of  the  London  County  Council  specify 
a  straight  line  formula,  or  rather  a  broken  line  formula:  one 
line  for  values  of  1/r  below  100;  another  for  values  of  I/r 
above  100.  The  maximum  allowable  values  of  1/r  for  col- 
umns with  both  ends  hinged  is  140;  with  cne  end  fixed  and 
one  hinged  is  180  and  with  both  ends  fixed  is  210. 

Columns  braced  in  groups  and  laterally  and  eccentrically 
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loaded  columns  are  treated  very  completely,  although  too 
theoretically.  The  chapter  on  the  design  of  columns  has 
many  numerical  examples  and  abounds  in  discussions  of  de- 
tails. 

A  small  chapter  is  devoted  to  beams  and  girders.  A  more 
complete  treatment  was  reserved  for  a  later  book. 

About  one  half  of  the  book  is  taken  up  by  Roof  Trusses. 
of  which  most  space  is  devoted  to  Bracing.  Chap.  IX,  Roof 
Trusses  with  Knee-Braces;  Chap.  X,  Examples  of  Knee-Braced 
Roof  Trusses;  Chap.  XI,  Roof  Trusses  with  Knee-Ties  and 
Chap.  XII,  Multiple  Bay  Knee-Bracing.  Of  the  remaining  two 
chapters  in  the  book,  one  shows  methods  for  analyzing 
stresses  due  to  dead  and  wind  loads,  while  the  other  takes 
up  the  design  of  roof  framing.  In  this  connection  it  is  worthy 
of  note  that  the  author  avoids  stating  any  formula  for  the 
normal  component  of  the  horizontal  wind  force.  He  mentions 
that  "some  designers  take  the  full  horizontal  wind  pressure 
as  acting  on  the  vertical  propected  area  of  the  roof,"  "but  the 
forces  which  it  gives  are  excessive  in  ordinary  cases."  This 
is  equivalent  to  using  a  normal  wind  force  N  equal  to 
W  Sin  oc  where  W  is  the  horizontal  wind  pressure  and  oc  is 
the  inclination  of  the  roof  with  the  horizontal.  The  forces 
obtained  by  this  formula  are  usually  smaller  than  those  ob- 
tained  by   the   formulae  current  in   American   practice      For 

W  2  Sin  oc 

instance  Duchemia's  formula  is  N^ .    Hutton's  is 

1  +  Sin-'oc ; 
N  =  W(Sin  cc )'■"-■  «■•«-> 

The  appendix  contains  tables  of  properties  of  Standard 
British  Sections  and  a  short  table  of  logarithms. 

While  the  book  is  badly  balanced,  giving  too  much  space 
to  bracing  and  practically  none  to  beams  and  girders,  it  has 
certain  merits  making  it  very  useful  to  the  student  and  prac- 
ticing engineer.  The  assumptions  underlying  the  design  of 
details  and  connections  are  stated  clearly  and  discussed  ably; 
limitations  of  formulae  as  applied  to  practical  cases  are 
usually  pointed  out — preventing  the  blind  following  of  the 
formulae. 

Red  Lead  and  How  to  Use  It  In  Paint,  by  A.  H.  Sabin.  M.  S., 
D.  Sc.  139  pages  and  tables,  diagrams  and  illustrations:  third 
edition;  rewritten  and  onlarj;<:d.  John  Wile>'  &  Sons.  Inc..  New 
York.     1920.     $2.00    net. 

This  is  another  valuable  work  by  the  author  of  "White- 
Lead:  Its  Use  in  Paint."  Coming  from  so  recognized  an  au- 
thority as  Mr.  Sabin  this  book  ought  to  interest  engineers 
and  contractors  in  the  study  of  the  merits  of  red-lead  as  a 
paint. 

The  purpose  of  the  book  is  stated  in  tlie  preface:  ".  .  .  It 
seems  to  him  (the  author)  that  red-lead  is  not  known  as  well 
as  it  should  be;  and  particularly  that  the  great  advances  made 
in  its  production  and  character  need  to  be  made  use  of  more 
generally." 

The  author  begins  with  a  chemical  study  of  red-lead,  its 
manufacture  and  by-products.  The  history  of  the  Improve- 
ment of  the  product  is  given  next.  The  great  trouble  about 
red-lead  is  its  mixture  with  litharge,  which  makes  the  paint 
"ropy"  and  starts  "runs."  thus  wasting  paint  and  helping  start 
corrosion.  But  the  improvement  in  the  manufacture  of  red- 
lead  makes  it  possible  to  obtain  a  powder  containing  less 
than  2  per  cent  of  litharge,  eliminating  the  objections  to  red- 
lead  as  a  paint. 

The  book  contains  practical  suggestions  tor  obtaining  the 
best  results  and  for  increasing  the  length  of  service  of  the 
paint.  A  discussion  of  practical  points  in  painting  water 
tanks,  standpipes,  ships,  railway  cars,  etc.,  is  given.  The 
author  gives  the  arithmetic  of  red-lead  mixing  together  with 
formulas  for  various  coats. 

Valuable  information  is  contained  in  the  appendices.  Ap- 
pendix I  has:  Method  of  Analysis  of  Red  Lead  of  the 
A.S.T.M.;  formulas  to  obtain  various  colors;  diagrams  giving 
volumes  and  compositions  of  paint;  tables  in  American  and 
British  units  giving  handy  data  on  composition,  also  cost  of 
paint  for  various  market  prices  of  red-lead  and  oil.  Appendix 
11  contains  specifications  for  painting  bridges,  ships,  water 
tanks,  gas  holders  and  other  steel  structures. 

The  book  is  well  written  and  makes  easy  reading;  together 
with  the  wealth  of  information  it  contains  it  is  recommended 
as  a  guide  for  engineers  specifying  red-lead  paint  for  steel 
structuies. 
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Readings  in  the  History  of  Science 

By  P.  B.  M'DONALJi, 

Assistant  Professor  of  English,  CoIIepc  of  Engineering, 

New  Torli  University, 

The  history  of  science  furnishes  fascinating  reading  for  any- 
one of  scientific  or  philosophical  turn  of  mind.  An  engineer, 
for  instance,  can  get  a  realistic  conception  of  history's  great 
sweeping  movements,  and  can  envisage  the  actual  background 
of  famous  bygone  periods,  in  no  better  way  than  by  reading 
of  early  scientists  and  their  relations  to  their  environment. 
The  reader  should  not  confine  himself  to  tales  of  practical 
inventions  and  to  over-laudatory  accounts  of  poor  boys  who 
climbed  to  eminence  by  working  hard  and  doing  no  evil.  Un- 
fortunately, too  many  books  of  science  history  are  of  that 
kind.  There  are,  however,  truer  and  more  human  records 
of  early  scientists,  though  such  records  are  scattered  about 
and  there  is  a  lack  of  readable  books  written  by  men  of 
scientific  acumen.  Such  books  as  Sedgwick  and  Tyler's  "A 
Short  History  of  Science,"  Ball's  "History  of  Mathematics," 
Andrew  D.  White's  "History  of  the  Warfare  of  Science  with 
Theology  in  Christendom,"  H.  S.  Williams'  "History  of 
Science,"  John  W,  Draper's  "History  of  the  Conflict  Between 
Religion  and  Science,"  and  J.  J.  Walsh's  "The  Thirteenth, 
Greatest  of  Centuries,"  are  typical  of  an  increasing  literature 
written  by  broadly  educated  scientists. 

How  helpful  and  suggestive  to  an  engineer  is  a  story  of 
Galileo  s  accomnlishments  and  difficulties.  As  Professor  John 
P.  Woodhall  relates  in  a  recent  number  of  the  General  Science 
Quarterly,  Galileo  "was  a  professor  at  twenty-five,  on  the 
faculty  of  the  University  of  Pisa,  at  about  the  same  time 
that  a  young  man  named  William  Shakespeare  was  seeking 
his  fortune  around  the  London  theaters.  Because  of  his  in- 
quiring and  controversial  spirit  Galileo  found  his  dogmatic 
colleagues  impossible  to  live  with,  and  he  left  Pisa  in  dis- 
gust; in  fact  he  vas  practically  driven  away  by  their  dislike 
and  calumnies.  Later,  at  the  University  of  Padua,  where  he 
remained  for  1)?  years,  he  lectured  to  audiences  of  a  thou- 
sand and  two  thousand  persons  at  a  time,  including  distin- 
guished foreigners  who  came  from  all  over  Europe  to  hear 
him.  At  70  years  of  age.  in  1633,  90  years  after  Copernicus 
had  published  h's  heliocentric  theory  to  the  world,  Galileo,  a 
frail  old  man,  was  haled  before  10  red  robed  Cardinals  or 
"Inquisitors-General"  and  made  to  recant  his  teaching  of 
the  Copernican  system,  because  the  "Theological  Qualifiers" 
ruled  that  the  propositions  that  the  sun  is  the  center  of  the 
world  and  that  the  earth  moves  are  "absurd,  philosophically 
false,  inid   formally  heretical"! 

Another  sad  scene  in  historical  science  was  that  of  the 
burning  in  Manchester,  England,  shortly  after  the  French 
Revolution,  of  the  home  of  Joseph  Priestly,  Unitarian  clergy- 
man, because  of  his  advanced  views.  Although  Priestly  had 
given  to  the  world  nearly  20  years  previously  the  priceless 
discovery  of  oxygen,  which  is  the  "very  corner-stone"  of 
modern  chemistr.\',  the  mob  suspected  him  of  radical  political 
sympathies  and,  crying,  "Church  and  King."  smashed  his 
chemical  apparatus,  looted  his  wine  cellar,  and  burned  his 
home  and  library.  So  unfair  and  small-minded  was  the  Eng- 
land of  that  time  that  his  friends  in  the  Royal  Society  shunned 
him  and  the  great  Burke  inveighed  a,gainst  him  in  Parlia- 
ment. To  the  eternal  credit  of  America,  to  which  he  emi- 
grated in  1794,  true  hospitality  was  shown  him  and  the  Uni- 
versity of  Pennsylvania  offered  him,  by  a  unanimous  vote  of 
the  trustees,  a  professorship  which,  however,  he  did  not  ac- 
cept. Later,  he  also  declined  the  principalship  of  the  univer- 
sity, and  after  10  years  of  life  in  America  died  at  the  age  of 
71  in  his  peaceful  home  near  the  Susquehanna. 

Italy  of  the  Renaissance  had  a  lively  history.  The  story 
of  Tartaglia  and  Cardan,  two  rival  professors  of  mathematics, 
is  typical  of  th-?  strenuous  times  of  the  16th  century.  Tar- 
taglia as  a  small  boy  had  been  nearly  killed  in  a  massacre 
of  citizens  by  French  soldiers.  The  wounds  that  he  received 
about  the  head  in.iured  his  palate  and  made  him  stammer, 
hence  the  name  Tartaglia  or  "Stammerer."  He  was  so  poor 
that  he  could  go  to  school  only  15  days;  he  stole  a  book  in 
order  to  learn  to  write,  and  utilized  tombstones  as  a  slate 
for  woiking  out  problems.  When  he  invented  an  algebraic 
solution  of  cubic  equations,  his  rival  Cardan  wheedled  the 
secret  from  him  and  published  it  as  his  own,  though  he  had 
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promised  not  to.  Cardan  was  an  atrocious  scoundrel,  one  of 
the  most  debauched  villains  in  history,  yet  a  brilliant  scholar 
and  a  plausible  and  ingratiating  talker.  He  gambled  regularly, 
cut  off  the  ears  of  his  son,  was  probably  a  murderer,  and 
is  said  to  have  committed  suicide  at  75  to  fulfil  a  prophecy 
that  he  would  die  on  a  certain  date. 

Sir  Isaac  Newton  was  a  better  behaved  scientist  than  the 
sarcastic  Galileo,  who  ridiculed  his  narrow-minded  colh^agues; 
than  Priestly,  who  argued  for  political  reform;  or  than  Car- 
dan, who  thrived  on  sin  and  was  astrologer  to  the  Pope.  The 
son  of  a  farmer,  he  was  born  in  the  year  that  Galileo  died, 
went  to  the  University  of  Cambridge,  and  remained  there  over 
30  years.  His  lectures  to  the  students  consisted  of  dictation 
on  new  theories  that  he  had  originated.  Ten  short  lectures 
comprised  a  course,  and  he  never  repeated  a  course,  giving 
new  ones  each  term.  In  his  fifties  he  moved  to  London  to 
be  master  of  the  mint,  and  was  created  a  knight. 

Other  well-behaved  but  rather  narrow  scientists  were: 
Cavendish,  who  lived  like  a  recluse  in  London  and  died  one 
of  the  richest  men  in  England,  after  discovering  hydrogen 
and  determining  the  composition  of  water;  Jo'hn  Dalton,  the 
Manchester  Quaker,  who  gave  to  the  world  the  atomic  theory; 
and  Copernicus,  the  Polish  churchman  who  feared  to  publish 
his  heliocentric  theory  until  he  was  dying.  Cavendish  lived 
an  old-bachelor  existence  as  a  nephew  of  the  Duke  of  Devon- 
shire, dodging  intercourse  and  avoiding  looking  squarely  at 
anyone,  though  paying  an  occasional  visit  to  the  Royal 
Society.  Dalton  v,  orked  as  methodically  as  any  modern  time- 
clock  puncher;  at  the  same  hour  each  morning  he  repaired 
to  his  laboratory,  taking  a  lantern  in  winter  rather  than 
change  his  routine.  Copernicus  changed  the  world's  attitude 
toward  itself,  but  feared  to  offend  his  superiors  in  ofiice 
while  he  needed  a  position. 

The  method  of  working  of  any  great  accomplisher  is  al- 
ways interesting.  Of  Charles  Darwin,  who  revolutionized 
science,  theology,  and  education,  his  son  writes  in  the  Dic- 
tionary of  National  Biography:  "His  day  was  parceled  out 
into  a  number  of  short  periods  of  work,  interspersed  with 
regular  intervals  of  rest.  Thus  in  the  morning,  and  after 
some  two  hours  in  his  study  he  would  appear  in  the  drawing 
room,  look  at  his  letters,  and  rest  on  the  sofa  while  listening 
to  a  novel  read  aloud.  Then  after  another  short  spell  of 
work  he  would  take  his  regular  midday  walk,  and  in  the 
afternoon  would  follow  a  similar  alternation  of  rest  and 
work."  How  our  modern  strenuous  makers-of-motions  would 
ridicule  a  scientist  who  pottered  around  the  house  like  this 
simple  English  gentleman.  Yet  his  work  will  remain  forever 
as  one  of  the  great  influences  of  history. 

Of  Herbert  Spencer,  who  accomplished  great  feats  in 
philosophy,  ethics,  science,  sociology,  etc..  Professor  L.  L. 
Bernard  writes  in  the  January  Monist:  "He  thought  in  the 
same  leisurely  way  in  which  he  grew  up  intellectually.  .  .  . 
His  thinking  .  .  .  was  almost  wholly  free  from  that  drudgery 
and  effort  which  characterize  the  novice  and  the  relatively 
inefficient  in  thought.  ...  In  his  youth  Spencer  was  greatly 
given  to  day-dreaming.  His  later  intellectual  life  partook 
largely  of  the  same  character,  in  so  far  as  its  subconscious 
spontaneity  was  concerned.  .  .  .  For  a  man  who  accomplished 
so  much  he  spent  an  enormous  amount  of  time  in  recreation. 
Most  of  the  summer  months  were  spent  with  friends  in  Scot- 
land or  Wales,  or  the  English  country  side,  with  occasional 
trips  to  Paris,  Switzerland,  Holland,  Italy,  Egypt,  and  even, 
on  one  occasion,  to  the  United  States.  ...  He  spent  most  of 
his  afternoons  either  in  walking  or  at  the  club." 

How  wasteful  of  time  this  would  seem  to  a  modern  effi- 
ciency expert,  yet  let  such  an  "expert"  look  at  the  great  shelf 
full  of  books  that  Spencer  produced  and  then  tell  us  what 
he  (the  "expert")  has  accomplished.  Professor  Bernard  ex- 
plains Spencer's  method  of  thinking:  "An  idea  once  lodged 
in  his  mind  was  left  largely  to  take  care  of  itself  while  the 
owner  cf  the  mind  went  about  the  intellectual  busiuess  in 
hand.  The  result  was  that  a  great  deal  of  subconscious 
thinking,  if  one  may  use  such  a  phrase,  was  done."  Spencer's 
subconscious  mind  was  revolving  ideas  while  he  \valked, 
talked  with  friends,  fished,  or  played  billiards. 

Descartes,  the  great  French  mathematician  and  the  founder 
of  modern  philosophy,  got  some  of  his  most  fruitfu"  ideas 
from  dreams,  and  he  is  said  to  have  invented  analytic  geome- 
try one  morninf  while  lying  in  bed.  Two  of  the  greatest 
masters  of  research  in  modern  science  were  Davy  and  Fara- 
day, yet  neither  had  a  university  education,  and  were  fniffed 
at  by  the  conventional  scientists  of  their  time.    Pasteur,  per- 
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haps  tho  greatest  of  all  Fs-onoh  scientists,  was  attacked  sav- 
agely by  the  physicians  and  surgeons  of  his  time,  although 
the  scirnce  of  bacteriology  which  he  founded  is  now  of  in- 
valuable aid  to  the  medical  profession. 

These  suggestions  tor  reading  in  the  history  of  science  are 
sufficient  to  indicate  that  many  scientists  of  bygone  periods 
were  as  human  at  one  of  us  of  today,  that  truthful  accounts 
of  their  lives  ilh-minate  for  us  the  curious  misconceptions 
under  whicli  aulliority  and  convention  labor,  and  that  man's 
nature  has  not  clmnged  for  thousands  of  years  in  ?pite  of 
ups  and  downs,  and  fads  and  fancies.  The  history  of  science 
teaches  history  as  well  as  science,  philosophy  as  well  as 
physics. 


Cleaning  Old  Brick  With  Pneumat- 
ic Tools 

A  priiTninent  engineering  construction  company  recently 
adopted  a  novel  method  for  salvaging  old  bricl<s  left  from 
alteration  work  on  an  old  plant  and  necessary  for  use  in  a 
new    stiiicture.     By   using  a   Boyer  chipping   hammer   made 


Chipping  Hammer  and  Wide  Faced  Chisel. 

by  the  Chicago  Pneumatic  Tool  Co.,  and  fitted  with  extra 
wide  faced  chisels  forged  from  stock  blanks,  they  are  en- 
abled to  clean  3,000  bricks  per  day  at  a  saving  of  75  per 
cent  in  cost  over  the  previous  average  of  650  bricks  per  day  . 
by  hand.  The  bricks  were  more  uniformly  cleaned  than  was 
possible  with  ordinary  hand  labor. 

The  hammers  used  were,  the  Boyer,  type  BB,  chipping 
and  calking,  1  :!/16-in.  bore  by  1%-in.  stroke,  consummg  12 
ft.  of  air  per  minute.  The  blows  delivered  by  the  hammers 
were  not  too  heavy  to  damage  the  bricks,  yet  sufficiently 
effective  to  remove  all  old  mortar  and  dirt. 

The  work  was  accomplished  on  tables.  About  100  bricks 
were  cleaned  at  a  time.  The  bricks  were  laid  side  by  side 
on  the  table.  When  so  placed  the  bricks  formed  a  conipara- 
lively  flat  surface  measuring  12x3  ft.  This  arrangement  en- 
p-blod  tlie  operator  to  clean  100  bricks  before  turning  them 
for  cleaning  on  the  ends  and  other  sides. 

While  the  labor  cost  of  40  ct.  per  hour  was  the  same  as 
for  liand  methods,  the  pneumatic  method  cleaned  five  times 
as.  many  bricks  as  were  formerly  cleaned  in  the  same  period 
of  time  hy  hand  methods.  The  cost  of  compressed  air  aver- 
agf-d  2  ct.  per  hour  per  hammer.  The  cost  per  1.000  bricks, 
hand  cleunerl.  wns  ?5.55;   mechanically  cleaned.  $1.26. 


Am.  See.  C.  E.  Progress  Report  on 
the  Bearing  Value  of  Soils 

Th»e  l(■ll()\^in^'  is  a  summary  of  the  progress  report  of  the 
Special  Committee  to  Codify  Present  Practice  on  the  Bearing 
Value  of  Soils  for  B'oundations,  presented  to  the  annua!  meet- 
ing of  the  American  Society  of  Civil  Engineers  held  on  Jan. 
ili,  1921. 

Definitions  of  Soils. — The  committee  has  given  further  con- 
sideration to  definitions  for  soils  that  will  combine  common 
and  practical  ideas  with  controlling  physical  factors.  The 
difficulty  is  emphasized,  however,  through  the  frequent  con- 
fusion of  the  physical  state  of  the  soil  material  with  the  soil 
as  a  m.iss.  For  example:  "Quicksand"  is  a  physical  state  of 
water  and  granular  material,  rather  than  a  type  of  soil. 

Throughout  the  West  there  are  a  number  of  soils  with 
which  the  members  of  the  committee  are  not  familiar,  and 
they  would  like  to  hear  from  members  of  the  western  dis- 
tricts in  order  to  include  all  soils  of  importance. 

A  general  discussion  of  soils  met  with  in  construction  work 
by  members  of  the  society  might  develop  further  suggestions 
for  definitions.  For  this  reason  some  common  definitions  of 
.•:Oil  such  as:  Alluvium,  Bog,  Clay,  Drift,  Gravel,  Hardpan, 
Loam,  etc.,  are  r-resenfed  in  the  report. 

Mineralogical  Composition  of  Soils. — The  committee  has 
siven  further  consideration  to  the  influence  of  the  mineral 
composition  of  soils.  The  failure  of  certain  soils  by  decom- 
position or  crushing  of  particles,  has  led  to  a  fruitful  field  for 
study  in  the  relation  of  the  mineral  composition  to  the 
physical  factors.  In  this  connection  "sedentary"  soils  fre- 
luently  regain  the  original  minerals  unchanged,  whereas  in 
■transported"  soils  the  minerals  present  are  those  that  most 
tenaciously  resist  wearing  and  weathering. 

Mineralogically,  the  soil  varies  with  its  chemical  composi- 
tion; it  may  be  calcareous,  alkaline,  ferruginous,  inicallous, 
silicious,  etc.  The  presence  of  oxidizable  sulphides  may 
cause  heating  and  disintegration  of  the  soil  w^hen  exposed  to 
the  air.  According  to  Dr.  Donald  F.  MacDonald  this  hap- 
pened locally  in  the  Gaillard  Cut,  Canal  Zone,  Panama.  It 
sometimes  happens  in  coal  and  culm  piles. 

The  leaching  out  of  soluble  sulphates  or  other  salts  may 
cause  clays  to  disintegrate  rapidly  and  slide.  Calcareous 
material,  if  present,  may  also  be  dissolved  out  of  clays,  caus- 
ing them  to  lose  cohesion. 

The  following  is  a  synopsis  of  a  study,  by  Dr.  G.  N.  Coffey, 
of  25  surface  soils  from  the  Costal  Plain.  Piedmont  Plateau, 
and  Limestone  Sections  of  the  Tnited  States,  as  found  in 
Bulletin  No,   S5.  V.  S.  Department  of  Agriculture. 

Characteristics  of  Surface  Soils. — A. — Arid  soils  have  a 
large  percentage  of  minerals  other  than  quartz. 

B. — Humid  soils,  with  the  exception  of  orthoclasse  and 
microline,  have  less  abundance  of  feldspars. 

C. — The  influence  of  topography  on  the  surface  soil  is  often 
very  marked.  In  mountainous  regions  erosion  allows  only  a 
thin  mantle  of  soil  to  accumulate.  The  minerals  show  a  very 
slight  alteration  indicating  that  weathering  has  not  been 
acting  for  a  very  long  period.  In  the  plateau  regions  the  sur- 
face is  not  broken,  giving  rise  to  less  erosion,  but  more  ad- 
vanced decomposition. 

D. — ^Limestone  soils  have  little  Variations  in  minerals,  and 
such  as  are  present  occur  in  very  small  particles. 

E. — In  the  unconsolidated  water-laid  deposits  of  the  Coastal 
Plain  a  high  percentage  of  quartz  is  abundant. 

F. — Soils  formed  from  glacial  material  are  characterized 
by  a  relatively  large  percentage  of  minerals  other  than  quartz, 
especially  in  the  sands.  The  grains  are  only  slightly 
rounded. 

G. — In  loessial  soils  about  T.'i  per  cent  of  the  soil  mass 
consists  of  silt.  The  grains  are  mostly  angular,  with  some 
fairly  well  rounded. 

H. — The  total  number  of  minerals  found  in  the  25  surface 
soils  is  34,  the  average  number  present  in  a  sample  being 
a  fraction  more  than  13. 

J. — There  appears  to  he  a  considerable  variation  of  min- 
eralogical composition.  Soils  usually  have  a  greater  varia- 
tion than  rocks,  since  they  are  the  dispersed  products  of 
rocks  tlirough  degeneration  and  decomposition. 

K. — The  characteristics  of  the  different  minerals  are  as  fol- 
lows: 

Quartz  is  the  most  abundant  mineral  occurring  in  every 
sample.  Quantitatively,  quartz  constitutes  from  50  to  95  per 
cent  of  the  surface  soil,  the  average  being  S3  per  cent,  but 
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it  constitutes  less  of  silt  than  of  sand,  indicating  that  a 
smaller  percentage  would  be  found  in  clay.  The  quantity  of 
quartz  is  greatest  in  surface  soils  derived  from  rocks  that 
have  undergone  the  most  attrition  and  decomposition. 

Quanz  occurs  in  largest  quantities  in  the  southeastern  part 
01  the  United  States. 

Epidote  is  the  next  most  common  mineral,  followed  by 
hornblende  and  the  two  feldspars — orthoclasse  and  microline. 
The  latter  were  not  found  in  the  reddish  soils. 

Of  all  the  varieties  of  minerals,  feldspar  occurs  next  in 
abundance  to  quartz.  The  plagioclasse  feldspars — labrodorite, 
andesine,  oligoclasse,  and  albite — do  not  appear  where  the 
soil  is  subjected  to  the  greatest  leaching  and  attrition. 

The  micas — biotite  and  muscovite — occur  rather  frequently. 
Chlorite,  zircon,  tourmaline,  and  rutile  are  all  common  min- 
erals, but  are  seldom  abundant,  the  three  latter  being  hard- 
weather  resisting  minerals. 

The  apparent  reason  for  the  small  occurrence  of  the  iron 
minerals — magnetite  and  hematite — in  surface  soils  is  due 
to  the  fact  that  organic  matter  attacks  iron  very  readily. 
Iron  is  commonly  found  in  rocks. 

L. — A  greater  percentage  of  minerals  is  found  in  the  north, 
due  to  the  glacial  action  of  grinding  down  of  rocks  contain- 
ing various  materials. 

The  Color  of  Soils. — The  committee  adheres  to  the  state- 
ment made  in  .-i  previous  report  that  the  color  of  the  soil  has  a 
very  limited  physical  significance.  In  deference,  however, 
to  the  universally  established  habit  of  referring  to  color  in 
describing  soils,  a  simple  procedure  is  here  presented  to  en- 
sure uniformity  of  practice. 

Although  the  color  of  soils  is  influenced  by  the  mineral 
composition,  drainage,  and  content  of  organic  matter,  the 
time  color  is  that  which  it  possesses  when  exposed  under  field 
conditions.  Soils  that  vary  in  color  may  be  described  as 
mottled 

In  positioning  a  soil  in  the  color  scheme,  it  is  desirable  to 
avoid  precise  variations.  The  method  developed,  however, 
introduces  accurate  comparisons  by  adapting  the  idea  of 
whirling  disks  of  various  colors.  ISxperiments  determined 
the  composition  of  1.5  standard  colors.  These  are  sufficient 
for  the  range  of  ordinary  soils. 

Seven  paper  disks  of  standard  colors  were  used.  Each 
disk,  5  in.  in  diameter,  is  slit  from  the  center  to  the  circum- 
ference, in  order  to  enable  other  color  disks  to  slide  between 
and  expose  the  percentage  of  color  desired.  The  percentages 
are  obtained  by  markings  on  a  5%-in.  disk,  at  the  back.  This 
enables  a  quisk  and  ready  adjustment  of  color  disks  adaptable 
to  any  color  of  soil. 

The  color  disks  have  holes  2  in.  in  diameter  in  their  centers, 
to  fit  over  the  clamps  on  the  top  flange  of  an  open  brass  cup. 
In  this  cup  is  placed  the  sample  of  soil,  and  it  is  fastened 
concentrically  with  the  shaft  of  a  small  electric  fan  motor. 
The  color  disks  and  sample  are  rapidly  rotated  by  the  opera- 
tion of  the  motor  in  a  horizontal  position.  The  varying  per- 
centages of  the  exposed  color  disks  and  the  color  of  the 
sample  of  soil   are   thus   easily   comparable. 

Revised  Soil  Classification. — The  committee  submitted  a  re- 
vision of  the  proposed  classification  of  soils  to  which  has 
been  added  a  further  sub-division  termed  "colloids",  for  the 
determination  of  which  a  centrifuge  of  very  high  rotating 
speed  is  necessary  (about  40,000  r.p.m.).  The  committee  is 
not  at  present  in  a  position  to  enter  into  details  as  to  this 
class  of  material,  but  tension  experiments  conducted  upon 
mixtures  of  the  "colloids"  and  Ottawa  sands  have  shown 
such  surprisingly  high  strength  as  to  indicate  its  great  im- 
portance. In  fact,  it  now  appears  that  this  element  alone, 
or  together  with  water,  may  account  in  a  large  measure  for 
the  cohesiveness  of  soils.  The  subject  is  to  be  further  fol- 
lowed up  by   the  committee,  and  reported   on  later. 

"Structure"  has  been  changed  to  refer  to  the  arrangement 
of  the  soil  mass  on  bedding,  instead  of  the  particles.  It  is 
an  important  factor. 

"Porotity"  is  defined  as  the  equivalent  of  density  or  per- 
centage of  total  pore  space.  It  is  an  important  physical 
factor,  and'  often  determines  whether  the  soil  particles  are 
arranged  loosely  or  compactly. 

The  water  in  soils  may  be  either  of  a  permanent  or  of  a 
temporary  nature.  The  permanent  water  above  the  water 
table  is  due  to  surface  tension  and  is  the  capillary  water 
content.  Its  determination  is  very  important,  for  it  resists 
the  action  of  gravity  and  cannot  be  drained.  The  constant 
"dampness"  of  soils  is  traceable  to  this  characteristic.  The 
size  and  arrangement   of  the   pores   and   the   texture   of  the 


soil  have  controlling  influence  over  the  quantity  of  capillary 
water  present.  Excess  water,  or  the  water  of  gravitation, 
is  that  which  responds  to  the  action  of  gravity  and  is  flowing 
to  a  lower  level.  Such  water  will  vary  with  the  seasons. 
The  pnenomena  of  slides  are  frequently  due  to  excess  water 
content. 

Revised  Scheme  of  Classification. — ^The  following  sub-di- 
visions of  sedentary  and  transported  soils  are  recognized  as 
representing  the  first  factor  in  the  divisions  of  soil  classi- 
fication: 

Sedentary  soils: 
Residua!  (formed  in  place); 
Cumulose  (accumulated  organic  matter). 

Trans.ported  soils: 

Colluvial,  or  gravity  laid; 

Alluvial,  or  water  laid,  by  streams,  lakes,  or  oceans; 

Aeolian,  or  wind  laid; 

Glacial,  or  ice  laid. 

Mineral  Composition. — This  relates  to  the  evident  abun- 
dance of  minerals  in  the  composition  of  soils. 

Structure. — This  refers  to  the  natural  occurrence  of  the 
soil  in  beds,  masses,  pockets,  or  stratified  in  layers,  and  the 
dip  of  same,  and  occasionally  by  cracks,  fissures,  etc. 

Porosity. — This  refers  to  the  arrangement  of  the  particles 
of  the  soil.  It  is  the  density  or  percentage  of  total  pore  space, 
and  is  also  an  important  factor. 

Water  Content.— This  refers  to  the  volume  of  pore  space 
occupied  by  water.     It  is  an  important  physical  factor. 

Texture. — This  refers  to  the  relative  range  ratio  and  mid- 
grain  size,  as  determined  from  plotting  the  mass  diagram  of 
a  granulometric  analysis.  It  is  constant  and  is  recognized 
as  an  important  factor. 

Variations  in  the  shape  of  particles  may  modify  the  tex- 
tural  class,  such  as,  flat  shaley,  slaty,  sharp,  angular,  rounded, 
corroded  surface  grains  or  fragments  of  rocks. 

Definitions  of  Settlement,  Allowable  Load,  Etc. — Settle- 
ment is  deflned  as  the  change  of  horizontal  plane  of  any 
part,  or  all,  of  a  structure,  occurring  after  the  beginning  of 
construction.  Some  settlement  occurs  before  the  completion 
of  the  structure,  and  some  continues  for  a  time  after  com- 
pletion After  reaching  a  state  of  rest,  other  work  near-by 
may  influence  the  soil  bearing  the  structure  and  cause  ver- 
tical motion  again  to  take  place.  This  may  occupy  but  a 
short  period  of  time,  after  which  the  structure  again  comes 
to  rest.  Such  vertical  motion,  or  settlement,  is  due  to  a 
number  of  causes.  The  excavation  of  the  soil  and  the  prep- 
aration of  the  bed  of  the  foundation  disturbs  a  portion  of 
the  grains  at  the  surface  of  the  soil,  and  they  become  some- 
what loosely  associated.  The  application  of  weight  to  soil 
in  that  condition  naturally  compresses  it. 

The  building  of  the  foundation  has  a  tendency  to  com- 
press the  soil  to,  or  even  exceeding,  the  degree  to  which  it 
was  originally  compressed.  The  addition'  of  more  weight 
to  the  foundation  than  that  of  the  soil  removed  for  its  prep- 
aration at  once  increases  the  compressive  stresses,  and  re- 
duction of  volume  and  consequent  settlement  take  place  up 
to  the  yield  point  of  the  soil  for  such  compression.  If  the 
load  is  increased  beyond  that  limit,  displacement  of  the  soil 
takes  place  due  to  the  crushing  of  the  grains,  or  actual 
movement  of  the  grains  from  their  original  position.  All 
these  effects  are  accompanied  by  a  settlement  of  the  struc- 
ture. In  brief,  soil  acts  in  much  the  same  manner  as  other 
elastic  bodies,  within  certain  limitations. 

These  different  movements  or  compressions  in  any  soil 
where  it  is  possible  to  build  without  the  use  of  piles,  or  in 
other  words,  where  there  is  not  an  excess  of  water  causing 
a  more  or  less  viscous  condition  of  the  soil,  are  illustrated 
by  a  fairly  regular  form  of  compression  curve.  Such  a  curve 
shows  a  relatively  large  compression  at  the  beginning  of  the 
application  of  the  load,  diminishing  rapidly  as  the  load  is 
applied,  then  a  considerable  increase  of  weight  with  a  fairly 
regular  compression,  until  finally  rapid  break-down  occurs 
as  displacement  or  crushing  of  the  grains  of  the  soil  takes 
place. 

Even  in  wet  ground,  and  using  piles,  much  the  same  form 
of  compression  curve  is  obtained.  There  is  relatively  little 
resistance  at  the  beginning  of  the  curve,  increasing  as, the 
soil  is  compacted  and  the  excess  water  is  driven  out.  As 
the  grains  take  an  elastic  bearing,  there  is  a  quite  wide 
range  of  safe  compression.  This  is  lost  on  overdriving,  be- 
cause actual  displacement  of  a  considerable  quantity  of'  the 
surrounding  soil  results,  which  is  thus  somewhat  restored 
to  its  original  condition  and  further  compression  is  necessary 
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to  develop  its  elastic  resistance.  Tlie  resistance  is  also  often 
restored  by  a  period  of  rest,  during  which  there  is  a  read- 
justment of  the  grains.  Suc'il  a  readjustment  also  takes 
place  in  the  grains  in  the  case  where  piles  are  driven  by 
jacks,  and  it  is  found  that  if  the  jacks  are  released  without 
restraining  the  piles,  further  penetration  is  necessary  to 
secure  the  same  degree  of  resistance.  All  these  things  point 
to  a  high  dgroe  of  elasticity  of  the  .soil  considered  as  a  mass. 

Allowable  Load.— The  allowable  load  is,  in  most  cases, 
determined  by  the  question  of  settlement  and  the  effect  of 
such  settlement  on  the  proposed  structure.  It  is  obvious  that 
for  certain  types  of  structures  the  settlement  should  be  kept 
to  an  absolute  minimum,  because  such  settlement,  or  at  least 
unequal  settlements  in  different  parts  of  the  structure,  will 
cause  physical  damage.  For  example:  if  a  highly  ornamental 
cut-stone  building  settled  unequally  in  different  parts,  it 
might  be  much  disfigured  and  injured  by  reason  of  spalling 
or  cracking. 

It  is  believed  that  the  limit  of  allowable  load  should  be 
based  on  some  definite  portion  of  that  part  of  a  compression 


Fig.    1 — Tension    and    Shearing    Platform. 

diagram  showing  a  practically  uniform  rate  of  compression 
with  increase  of  load.  The  amount  of  such  percentage  should 
vary  with  the  type  and  importance  of  the  structure.  Mani- 
festly, structures  such  as  reservoirs  containing  fluids,  where 
settlement  would  cause  cracking  and  leaks,  should  be  limited 
to  a  much  smaller  percentage  of  the  ultimate  load  than  the 
column  piers  of  an  elevated  railroad,  isolated  monuments,  etc. 

The  possibility  of  water  reaching  the  soil  beneath  a  foun- 
dation should  receive  careful  consideration.  Certain  ssiils. 
such  as  sand  and  gravel,  are  not  materially  affected  by  satu  • 
ration,  but  are  readily  eroded  by  flowing  water.  On  the  other 
hand,  clay  is  not  eroded  by  flowing  water,  but  the  surface 
ia  xeadily  softened  and,  when  so  softened,  is  plastic  and 
flows  under  pressure. 

Subject  to  the  above  considerations,  it  is  the  opinion  of  the 
committee  that,  for  the  greater  number  of  types  of  struc- 
tures, the  safe  bearing  value  of  soil  should  be  limited  to  one- 
half  the  value,  shown  by  a  compression  diagram,  between 
the  point  where  the  soil  is  merely  compacted  and  that  where 
displacement  begins.  That  value  can  be  modified  as  needed, 
either  way,  depending  on  the  character  and  importance  of 
the  structure  proposed.  Such  a  value  agrees  fairly  well  with 
common  practice  and  usual  soil  conditions  as  they  have  been 
observed. 

It.  shoiild  be  noted  that  allowable  load,  as  herein  defined, 
may  be  regarded  as  a  function  of  settlement,  whereas  bearing 
capacity  may  be  regarded  as  the  ultimate  load  the  soil  will 
bear  without  displacement,  and  displacement  is  the  ultimate 
measure  for  settlement.  With  this  in  view,  the  committee 
proposes  to  submit  to  the  membership  a  blank  form  on 
which  to  record  observed  settlements  and  loads,  with  the 
desire  that  such  records  be  submitted  to  it  for  compilation. 

Soil-Testing  Apparatus. — The  notes  on  the  drawings  sub- 
mitted and  published  with  the  1920  report  on  the  use  of  the 
soil-testing  apparatus  appear  to  be  fairly  clear  as  far  as  dry 
soils  are  concerned.  The  discussions  of  the  committee  seem 
to  indicate,  however,  that  certain  phases  of  the  case  should 
he  further  considered,  such  as  that  of  wet  ground.  To  use 
the  apparatus  proposed  in  wet  ground  at  all,  it  would  be 
necessary  to  unwater  the  soil,  at  least  until  the  time  the 
apparatus  was   in  place,  because  it  is  presupposed  that  the 


soil  beneath  the  bearing-plate  is  dressed  to  a  fairly  smooth 
contact  with  the  bearing-plate.  This  could  not  be  done  under 
water,  particularly  if  the  soil  contained  stones  or  gravel.  A 
test  on  soil,  however,  should  represent  the  value  of  that  soil 
under  its  actual  working  conditions,  and  if  the  soil  is  un- 
watered  for  the  purpose  of  placing  the  apparatus,  the  water 
should  be  allowed  to  return  before  making  the  test. 

If  the  test  is  made  on  wet  soil  without  special  precautions, 
using  the  apparatus  described,  it  is  believed  that  there  would 
be  a  squeezing  out  of  the  soil  between  the  edges  of  the 
bearing-plate  and  the  tile  which  surrounds  it.  It  is  sug- 
gested that  this  might  be  overcome  in  a  manner  similar  to 
that  used  in  a  press  for  fruit  pulp  by  spreading  a  strip  of 
burlap,  or  other  similar  material — which  would  permit  the 
water  to  pass  through  and  retain  the  grains  of  the  soil — 
over  the  surface  before  placing  the  bearing-plate,  tile,  and 
back-filling.  It  is  not  believed  that  the  burlap  would  have 
any  appreciable  effect  on  the  recorded  bearing  value  of  the 
soil. 

Under  the  conditions  described,  however,  there  would  be 
a  possibility  of  the  surrounding  soil  rising  from  the  pressure 
exerted  by  the  compression  plate.  The  recording  gauge  at- 
tached to  the  side  of  the  pit,  or  the  compression  post  itself, 
therefore,  should  be  referenced  in  some  manner  to  the  eleva- 
tion of  a  point  beyond  the  zone  of  influence.  This  might  be 
conveniently  done  with  an  engineer's  level. 

The  committee  has  developed  a  small  type  of  soil  com- 
pression apparatus  based  on  the  principle  of  penetration. 
The  instrument  has  had  considerable  use  and  is  believed  to 
give  consistent  results.  It  is  comparable  in  its  action  to  the 
larger  type  of  field-testing  apparatus  submitted  in  the  1920 
report  of  the  committee,  and  is  designed  to  give  the  amount 
of  penetration  for  a  given  pressure  on  1  sq.  in.  (in  circular 
form)  in  any  eiven  length  of  time,  the  larger  type  of  apparatus 
having  been  designed  to  test  an  area  of  1  sq.  ft. 

In  this  connection  attention  should  be  called  to  the  fact 
that  all  such  tests  are  relative  only,  the  penetration  not 
varying  inversely  with  the  area  on  account  of  the  pyramiding 
effect  of  soil  stresses  in  compression.  This  is  equally  true 
of  foundations  in  general.  In  the  case  of  both  the  large  and 
small  compression  machines,  bearing-plates  of  varying  areas 
may  be  used  to  suit  soil  conditions. 

Laboratory  Apparatus. — The  committee  has  not  heretofore 
entered  into  the  question  of  laboratory  equipment.  A  con- 
siderable amount  of  work,  however,  has  been  done  for  the 
purpose  of  grading  soils  and  soil  materials.  The  equipment 
may  be  divided  into  the  following  class: 

1. — Centrifugal  separator  (not  now  in  use). 

2. — Centrifugal  elutriator  (not  now  in  use). 

3. — Centrifugal  compactor. 

4. — Tension  and  shearing  apparatus. 

5. — Sample  washing  machine. 

6. — ^Centritugal  screening  apparatus. 

7. — Schultze  elutriator. 

8. — High-speed   centrifuge. 

9. — Rotating  color  disks. 

The  centrifugal  compactor  was  developed  in  order  to  obtain 
uniform  density  in  the  packing  of  samples  of  granular  ma- 
terial to  be  used  in  tests. 

Fig.  1  illustrates  the  apparatus  finally  developed  for  making 
tension  and  shearing  tests  of  soil  samples  under  varying 
degrees  of  compaction.  Considerable  time  and  thought  was 
expended  on  the  method  to  be  adopted  for  sampling  soils, 
various  tMJes  of  equipment  and  containers  being  devised. 
However,  the  committee  finally  came  to  the  conclusion  that 
the  simple  method  of  using  a  sharpened  shell  to  dig  into 
the  soil  to  remove  it,  was  the  most  satisfactory  solution  for 
small  samples.  For  more  accurate  and  reliable  tests,  how- 
ever, it  is  desirable  to  take  as  large  a  volume  as  possible. 
For  Instance,  a  unit  of  10  to  20  cu.  ft.  should  be  removed,  and 
the  weight,  porosity,  water  content,  etc.,  determined. 

There  is  one  outstanding  feature  to  which  the  committee 
would  direct  attention.  In  the  development  of  screening  and 
separating  methods  the  substitution  of  a  standard  centrifugal 
force  for  gravity  facilitates  and  improves  the  processes.  For 
example,  the  use  of  the  high-speed  centrifuge  has  made  pos- 
sible the  precipitation  of  microscopic  aind  ultra-microscopic 
particles.  Through  this  means  the  value  of  colloid  clay  haa 
been  identified  and  its  collection  simplified. 

The  personnel  of  the  committee  is  as  follows:  Robert  A. 
Cummings,  chairman;  Walter  J.  Douglas,  secretary;  B.  G. 
Haines.  Allen  Hazen,  J.   C    Meem. 
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Torsion  on  Rectangular  Sections 

Torsion  on  rectangular  sections  is  tlic  subject  of  an  article 
by  Prof.  C.  R.  Young  in  ttie  Canadian  iCngineer  of  March 
24,  1921.     A  summary  of  the  article  follows: 

Cases  of  torsion  on  rectangular  sections  are  of  frequent 
occurrence  in  practice,  and  under  certain  conditions  the 
stresses  resulting  therefrom  may  be  large.  Wall  beams, 
girders  or  headers  next  to  floor  openings  and  wall  foundation 
beams  used  in  cantilever  wall  footing  construction  are  ex- 
amples of  members  subjected  to  twisting  or  torsional  mo- 
ment. The  existence  of  stresses  due  to  such  moment  has 
been  recognized,  of  course,  but  only  rarely  are  any  rational 
efforts  made  to  proportion  members  for  them. 

Such  analyses  of  the  stresses  produced  by  torsion  as  are 
commonly  made  in  the  hurry  of  practical  work  are  generally 
made  on  the  assumption  that  the  theory  pertaining  to  torsion 
on  circular  sections  applies  also  to  rectangular  sections. 

The  ordinary  theory  of  torsion  is  based  on  the  assump- 
tions that  no  normal  stress  (tension  or  compression)  parallel 
to  the  axis  of  the  prism  twisted  accompanies  the  torsion, 
Thir,  assumption  agrees  with  observations  made  upon  speci- 
mens with  circular  cross-section,  which  show  no  distortion 
of  circumferential  lines  drawn  upon  them  prior  to  torsion. 
This  cannot  be  said  of  any  other  form  of  cross-section,  how- 
ever, where  distorting  effects  are  very  evident.  The  com- 
mon theory  is,  however,  based  upon  the  former  or  simplest 
type  of  section,  for  which  all  right  sections  remain  plane 
during  the   twisting. 

Another  assumption  of  the  common  theory  is  that  both  the 
positional  displacement,  or  slide,  of  points  on  a  right  sec- 
tion and  the  torsional  shearing  stress  increase  uniformly 
with  the  distance  of  the  point  considered  from  a  central 
point  at  which  both  deformation  and  stress  are  zero;  that 
is,  from  the  centroid  of  the  section. 

These  assumptions  do  not  apply  to  sections  other  than 
circular.  In  such  sections  normal  stresses  (that  is  parallel 
to  the  Exis  of  the  prism)  are  set  up.  The  sections  become 
warped;    right  sections  do  not  remain  plane  after  torsion. 

Recognizing  this  St.  Venant  developed  his  theory  of  tor- 
sion for  prisms  with  non-circular  sections  upon  different  as- 
sumptions. While  for  a  square  section  the  true  maximum 
torsional  shearing  stress  is  only  6  per  cent  greater  than  Is 
given  by  applying  the  common  or  circular-section  theorv,  for  a 
rectangle  with  the  long  side  twice  as  great  as  the  short  one, 
the  true  maximum  stress  is  50  per  cent  gi'eater  than  is  given 
by  the   common  theory. 

Circular-Section  Theory. — Saint-Venant  was  able  to  base 
his  analysis  upon  (1)  facts  of  experiment  established  by 
Savart.  reported  in  1S29;  (2)  upon  certain  torsion  tests  made 
by  Duleau,  in  1S20.  on  bars  of  square  and  circular  cross  sec- 
tion of  the  same  material  and  the  same  moment  of  inertia; 
and  (3)  upon  special  tests  by  Saint-Venant  himself  made  on 
two  prisms  of  rubber.  Straight  lines  were  traced  trans- 
versely on  their  lateral  faces  before  the  experiments,  and 
on  the  application  of  torsion  it  was  found  that  these  lines 
became  curved  in  S-shape,  their  ends  remaining  normal  to 
the  edges.  This  showed  conclusively  that  the  cross-sections 
of  rectangular  prisms  did  not  remain  plane  sections  under 
torsion,  and  indicated  that  at  the  corners  the  shearing 
stresses  were  zero. 

In  1S53  Saint-Venant  brought  forth  his  general  formula 
for  the  solution  of  torsion  in  prisms  with  non  circular  sec- 
tions. This  formula  is  cumbersome,  containing  8  independent 
variables?  and  hyperbolic  functions. 

Perhaps  the  most  remarkable  conclusion  reached  by  Saint- 
Venant  in  his  investigation  of  rectangular  sections,  was  that 
the  maximum  torsional  shearing  stress  does  not  arise  at  the 
cornerj  of  the  rectangle,  as  was  implied  in  the  common  or 
older  theory,  but  at  the  centers  of  the  long  sides.  Along 
the  short  sides,  the  stress  also  attains  a  maximum  at  the 
centers,  but  this  maximum  is  less  than  that  developed  at 
the  centers  of  the  long  sides.  As  indicated  in  Fig.  1,  the 
stress  increases  uniformly  along  the  median  lines  from  zero 
at  the  centroid  to  a  local  maximum  at  the  center  of  each 
side.  Along  diagonals,  however,  this  shearing  stress  in- 
creases from  zero  at  the  centroid  to  a  maximum  at  some 
point  intermediate  between  it  and  the  corner,  while  at  the 
corner;!  Ihe  stress  is  zero.  Along  any  .side  the  stress  varies 
approximately  as  the  ordinates  to  a  i.irabola,  shown  in  Fig. 
],  with  zero  stress  at  the  corners  and  the  maxima  at  the 
centers  of  the  sides. 

Subsequent    tests    made    by    Burr-  ilerriman,    and    others. 


proved  the  correctness  of  Saint-Venant's  theory.  Rectangu- 
lar bars  have  been  marked  off  with  a  series  of  longitudinal 
and  transverse  lines,  exactly  at  right  angles  to  each  other, 
and  then  the  bars  have  been  subjected  to  torsion.  The  bars 
after  twisting  showed  a  distortion  of  the  rectangles  into 
rhombuses,  the  greatest  distortion  mi  the  right  angle?  being 
at  the  middle  of  the  long  sides,  while  the  transverse  lines 
remain  as  near  as  can  be  observed  perpendicular  to  the  edge 
lines  of  the  bar.  Since  stresses  are  proportional  to  distor- 
tions, it  is  reasonable,  therefore,  to  assume  that  the  shear- 
ing stress  at  the  middle  of  the  long  sides  is  greater  than  that 
at  the  middle  of  the  short  sides,  and  that  there  are  no  shear- 
ing stresses  at  the  corners.  This  view  is  further  substanti- 
ated by  the  fact  that  if  the  bar  be  twisted  to  failure,  rupture 
usually  begins  at  the  middle  of  the  long  sides. 

Approximate  Torsional  Strength. — For  most  purposes  of 
design  ana  investigation,  the  exact  formulas  derived  by  Saint- 
Venant  may  be  replaced  by  approximations  thereto  without 
material  error.  Thus,  Saint-Venant  gave,  is  footnotes  to  his 
memoir,  empirical  formulas  which  give  results  differing  by 
less  than  4  per  cent  from  the  correct  theoretical  values.  If 
qi  be  the  maximum  shearing  stress  (at  the  center  of  the 
long  sides),  then,  according  to  Saint-Venant,  the  torsional 
moment,  or  torque,  that  must  be  applied  to  the  specimen  to 
produce  this  stress  may  be  stated  as 

T  =  b=h=q,/fl.8b  -f  3h)     (1) 

This  formula  is  given  in  Johnson's  Materials  of  Construc- 
tion, as  a  suitable  approximate  one  for  application  to 
rectangular  sections. 

In  Merriman's  Mechanics  of  Materials,  and  Mark's  Me- 
chanical Engineers'  Handbook,  the  formula  presented  is 
somewhat  simpler.     It  is 

T  =  2/9b-Tiq,     f2) 

Woods,  in  his  Strength  and  Elasticity  of  Structural  Mem- 
bers, gives  a  similar  formula,  the  only  difference  being  that 
the  coefficient  2/9  is  replaced  by  a  variable  coefficient  His 
formula  is 

T  =  kb=hq,    (3) 

where   k   has   values   varying   with    the   ratio    of   h    to   b   as 

follows: 

h/b.  k.       h/b. 

1     0.20.S       3  5 

1.5 0.231       -1     

2     0.246       5     

2.5 0.258     in     

3     0.267 

In  his  Re;jistance  of  Materials,  Slocum  presents  a  some- 
what lengthier  expression  for  the  torque,  namely: 

T  =  bh(b=  -J-  h-)  "=q,  ^  (4,08  +  2.7h/b)      (4) 

Comparison  of  Approximate  Formulas. — The  torsional  mo- 
ments, as  computed  by  formulas  (1),  (2),  (3)  and  (4),  re- 
quired to  produce  a  given 
maximum  shearing  stress  are 
found  to  differ  considerably. 
A  comparison  of  the  results 
obtained  from  each  of  these 
with  the  results  arrived  at  by 
applying  Saint-Venant's  exact 
formula  for  rectangles  having 
side  ratios,  h/b,  ;=  1,  2  and  3, 
is  of  interest.  Taking  the 
torque  T  found  by  the  exact 
formula  for  each  rectangle  as 
unity,  the  results  from  the 
five  formulas  would  be  as 
given  in  Table  I. 

It  appears  from  this  com- 
parison that  the  Woods'  for- 
mula (3)  gives  correct  results 
if  the  variable  coefficients 
listed  with  it  are  used.  The 
approximate  formula  pro- 
posed by  Saint-Venant  him- 
self    is     accurate     for      the 


k. 
0.275 
0.282 
0,292 
0.312 


Fig.    1. 


square,  but  is  4  per  cent  in  error  for  the  rectangles  having 
side  ratios  of  2  and  3.  The  Merriman  formula  is  least  ac- 
curate of  all,  being  17  per  cent  in  error  for  the  rectangles  with 

T.^RLE  I— COMPARISON*  OV  TORQUES  COMPITTED  BY 

VARIOL'S  FORMl'LAE  FOR  RECTANGULAR  SECTIONS. 

Authiiril.v   and    formula   No.                              h  =  b.  h=2b.  h=3b. 
C.    R.    VounK'.<i    adaptation    of    Sainl-Vcnant 

exact  formula i.oo  1.00        100 

Saint-Venant,  approximate   (1) 1.00  1.04         104 

Merriman     (2) ].07  0.90         0  S.3 

Woods    (3) 1.00  1.00         1.00 

Slocum     (-1) 1.00  0.9G         0.97 
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a  side  ratio  of  3,  and  still  more  for  rectangles  with  greater 
side  rutios.  For  all  practical  purposes,  therefore,  the  Woods' 
formula   (.'')   may   be  used   with  conlidence. 

Torsion  on  Reinforced  Concrete  Beams. — So  far,  the  dis- 
cussion has  heen  confined  to  homogeneous  and  isotropic 
beams;  that  is,  to  those  that  are  composed  of  material  of 
uniform  composition  and  of  the  same  resisting  and  elastic 
properties  in  all  parts,  and  in  all  directions.  Well-made,  plain 
concrete  may  properly  be  assumed  as  such  a  material,  but 
concrete  containing  reinforcement  cannot  be  said  to  be  either 
homoganeous  or  isotropic.  A  consideration  of  tlie  ol;''erved 
effects  of  torsion  on  rectangular  prisms  of  isotropic  material 
will,  however,  afford  some  guide  to  the  proper  disposition  of 
reinforcing  material  to  resist  torsional  stresses. 

It  is  well  Itnown  that  the  edges  of  a  rectangular  bar  sub- 
jected to  torsion  assume  a  spiral  form,  and  that  high  tensile 
stresses  are  set  up  along  the  edges  parallel  to  the  axis  of 
the  piece,  if  the  angle  of  twist  be  great.  This  is  evident 
from  the  fact  that  the  elongation  of  the  edges  of  a  ductile 
specimen  twisted  to  destruction  may  be  as  much  as  20  or 
25  per  cent,  due  to  the  formation  of  helices.  The  cracks  that 
open  out  across  these  edges  arise  from  the  stressing  of  the 
material  be.M)nd  its  ultimate  strength  in  tension. 

Such  longitudinal  tensile  action  being  set  up  in  a  rect- 
angular piece,  it  would  appear  that  longitudinal  reinforcement 
in  the  corners  of  a  concrete  beam  subject  to  torsion  would 
be  uselul.  Steel  so  disposed  as  to  resist  the  deformations 
incident  to  torsion  in  the  most  effective  manner,  Is  obviously 
employed  to  advantage.  These  corner  rods  carried  for  the 
full  length  of  the  beam  and  adequately  embedded  or  anchored 
would   reinforce  the  cross-section  against  w'arping. 

Torsional  Shear  Reinforcement. — Provision  for  torsional 
shearinp  stresses  on  a  given  cross-section  should  be  made 
in  very  much  the  same  way  as  it  is  made  for  ordinary  shear- 
ing or  diagonal  tensional  stresses.  The  inferior  strength  of 
concrete  in  tension  as  compared  with  shear  naturally  tends 
to  briiig  about  rupture  of  a  torsion  specimen  of  concrete 
along  diagonal  lines,  and  this  is  substantiated  by  actual  ex- 
periment. Morsch  reports  torsion  tests  on  several  concrete 
cylinders  at  Stuttgart,  in  which  rupture  occurred  along  a 
spiral  surface  inclined  at  4.5  degrees  with  the  axis. 

Inclined  stirrups  or  bent-up  rods  in  beams  placed  there 
for  the  purpose  of  resisting  vertical  shear,  or  diagonal  ten- 
sion, have  some  value,  so  far  as  they  go,  in  resisting  torsion. 
For  torsional  shear,  however,  they  should  run  in  opposite 
directions  on  opposite  faces  of  the  beam.  On  one  side  next 
the  lo.'.ding.  the  usual  bent  up  steel  is  available  for  the  re- 
sistance of  both  vertical  shear  and  torsion,  but  on  the  otlier 
side  it  runs  in  the  wrong  direction  to  resist  torsional 
stresses.  However,  as  the  existing  vertical  shearing  stresses 
operate  against  the  torsional  stresses,  the  steel  on  this  side 
may  not  be  required  at  all  for  torsional  stresses.  Some  de- 
signers have,  for  beams  carrying  a  heavy  torsional  moment, 
placed  all  the  inclined  steel  on  the  side  of  the  beam,  where 
the  vertical  shearing  and  torsional  shearing  stresses  are 
combined.  Such  practice  assumes  that  on  the  other  side,  the 
two  kinds  of  shearing  stress  offset  each  other  to  such  an 
extent  that  the  net  shearing  stress  is  within  the  capacity  of 
plain  concrete. 

For  very  heavy  torsional  stresses,  additional  reinforce- 
ment may  be  provided  by  placing  steel  in  the  top  and  bottom 
faces  inclined  to  the  axis  of  the  beam  at,  say  45  degrees. 
In  such  cases,  the  natural  system  of  reinforcement  to  em- 
ploy would  be  heavy  wires,  or  light  rods  wrapped  about  the 
longitudinal  steel  as  a  45-degree  spiral  with  a  pitch  such 
that  at  least  one  inclined  rod  would  be  cut  on  each  face 
of  the  beam. 


Herbert  Hoover  Resigns  as  President  of  American  Engi- 
neering Council.  Tlerbert  Hoover  has  resigned  as  president 
of  American  Engineering  Council  of  the  Federated  American 
Engineering  Societies.  His  resignation  was  submitted  and 
accepted  as  the  closing  action  of  the  sessions  of  the  council 
held  April  16  at  the  Engineers'  Club  of  Philadelphia.  Mr. 
Hoover  gave  as  his  reasons  the  fact  that  American  Engineer- 
lug  Council  by  its  constitution  was  necessarily  engaged  in 
fuvtliering  national  activities  which  involve  legislation;  and 
that  he  as  a  member  of  the  executive  branch  of  the  Govern- 
ment could  not  consistently  direct  such  activity  as  an  officer 
of  American  Engineering  Council.  The  council,  in  a  resolu- 
tion of  regret  at  Mr.  Hoover's  retirement,  voted  its  apprecia- 
tion of  Mr.  Hoover's  leadership  during  the  organization  period 
of  the  council  and  his  initiation  of  policies  and  effort 


130  Ft.  Steel  Stack  Erected  in  One  Section 

An  interesting  piece  of  erection  work  has  just  been  com- 
pleted at  the  West  Milwaukee,  Wis.,  plant  of  the  Chain  Belt 
(^o.,  where  extensive  plant  additions  have  been  going  on  for 
the  past  two  years.  To  take  care  of  the  heating  of  the  new 
buildings  a  new  400-HP.  B.  &  W.  watertube  boiler  was  added 
to  the  existing  heating  plant  in  connection  with  which  a 
steel  stack  i:!0  ft.  high  by  4V4  ft.  diameter  was  erected.  This 
stack  built  in  the  shops  of  the  company  when  placed  on  top 
of  the  boiler  was  154  ft.  from  the  ground  to  the  top  and  was 
erected  complete  in  one  section.  It  is  stated  to  be  the  largest 
slack  to  be  erected  in  this  manner  in  the  Jlihvaukee  district. 
The  stack  weighed  about  12  tons  and  to  accomplish  the  erec- 


Erecting   a    130-Ft.   Steel   Stack    in    One   Section. 

tioii  it  was  necessary  to  place  a  15  in.  x  75-ft.  pole  on  top  of 
the  boiler  with  a  triple  reinforcement  about  two-thirds  the 
height  of  the  pole  and  held  by  means  of  eight  steel  guv  ropes 
secured  to  the  main  columns  of  the  surrounding  buildings. 
The  erection  wa."  handled  in  two  stages,  the  first  stage  being 
to  lift  the  stack  from  the  ground  to  an  inclined  position  with 
the  top  end  resting  on  the  boiler  house,  and  then  to  a  ver- 
tical position  after  which  it  was  landed  in  place.  By  han- 
dling the  erection  in  this  manner,  the  cost  was  considerably 
less  than  it  the  stack  had  been  made  in  two  sections  with  a 
slip  joint  or  built  up  in  place  by  means  of  a  scaffold. 


Split  Posts  andl  Round  Posts. — Is  a  split  fence  post  as  durable 
as  a  round  fence  post?  This  is  a  question  frequently  asked 
of  the  U.  S.  Forest  Products  Laboratory.  The  fact  is.  one 
kind  of  post  will  last  about  as  long  as  the  other  if  the  amount 
of  heartv.ood  is  the  same  in  both.  But  i?  the  percentage 
of  sapvood  is  increased  by  splitting,  the  split  post  will  be 
less  durable,  and  if  the  percentage  of  heartwood  is  increased, 
it  will  be  more  durable  than  a  round  one.  Posts  of  spruce, 
hemlock,  or  any  of  the  true  firs  are  exceptions  to  this  rule, 
because  their  heartwood  and  sapwood  are  about  equally  dur- 
able. V\'hen  posts  are  to  be  treated  with  creosote  or  other 
preservalive,  a  round  post  is  preferable  to  a  split  post,  oe- 
cause  of  the  comparative  ease  with  which  the  sapwood  can 
be  treated.  The  heart  faces  on  split  posts  do  not,  as  a  rule, 
absorb  preservritive  well.  Split  red-oak  posts  will  take  treat- 
ment, because  the  wood  is  very  porous,  but  the  heart  faces 
of  split  posts  of  many  other  species,  notably  white  oak.  red 
gum.  and  Douglas  fir.  resist  the  penetration  of  preservative, 
even  under  heavy  pressures. 
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Importance  of  Site  Planning  in  In- 
dustrial Housing* 

By  MAURICE  R.  SCHARPF, 

Assistant  Chief  Engineer.  Mori'is  Knowles.  Ino.,  I-'ittsburgli,  Pa. 

In  spite  of  the  temporary  relief  from  house  shortage  experi- 
enced by  a  few  industrial  centers  as  a  result  of  the  wave  of 
depression  now  passing,  the  housing  problem  is  still  unsolved. 
In  the  large  majority  of  cities,  the  shortage  of  homes  is  more 
acute  than  ever,  and  common  sense  tells  us  that  it  must  re- 
main acute  until  the  accumulated  deficit  in  hou.se  building 
over  these  past  five  years  has  been  made  \ip  somehow. 

Housing — A  Nearly  Insoluble  Problem.— Nor  will  this  deficit 
be  made  up  tor  a  number  of  years  to  come.  There  has  been 
much  loose  talk  about  housing  during  the  past  two  years. 
and  scarcely  a  city  can  be  found  that  has  not  had  its  share 
of  committees,  community  housing  projects,  etc.  It  is  only 
recently  that  we  have  come  to  realize  that  the  problem,  under 
present  conditions,  is  practically  insoluble  by  the  ordinary 
economic  processes. 

Thanks  to  the  inequality  of  distribution  of  the  influence  of 
our  unstable  monetary  unit,  building  costs  have  been  main- 
tained a(  a  level  where  a  reasonable  proportion  of  the  in- 
comes of  the  great  bulk  of  the  population  would  no  longer 
pay  a  rental  sufficient  to  permit  even  a  moderate  return  upon 
capital  invested  in  new  houses.  And  the  instability  of  the 
situation  has  made  impossible  any  assurance  of  the  continu- 
ance, even  of  such  return  as  could  be  earned,  for  a  reason- 
able period  of  years. 

A  Suggested  Economic  Remedy. — No  business  in  which  re- 
turn on  capital  constitutes  so  large  a  proportion  of  the  total 
revenue  required  as  in  the  case  of  housing,  could  survive  this 
economic  impasse.  It  can  be  confidently  predicted,  therefore. 
that  all  efforts  to  stimulate  the  industry  by  conferences,  con- 
gresses, hearings,  discussions,  community  organizations,  etc., 
are  doomed  to  failure  until  wages,  salaries,  prices  and  rentals 
return  to  a  reasonable  relation  with  one  another,  with  prom- 
ise of  reasonable  stability,  or  unless  home  building  is  sub- 
sidized. And  this  situation  will  recur  with  every  future 
period  of  excessive  inflation  and  price  increase,  until  some 
method  has  been  found  to  eliminate  the  present  inequality  of 
distribution  of  the  effects  of  price  fluctuation — the  most  hope- 
ful proposal  for  which  seems  to  the  writer  to  be  the  plan 
to  stabilize  the  currency  by  the  adoption  of  a  dollar  of  variable 
gold  exchange  value  and  constant  purchasing  power,  in  place 
of  our  present  dollar  of  constant  gold  exchange  value  and 
variable   purchasing  power. 

Subsidies  and  Inducements. — Such  relief,  however,  is  for  the 
more  or  less  distant  future.  At  present  the  only  alternative 
to  a  policy  of  "watchful  waiting,"  bearing,  meanwhile,  as  best 
we  may,  the  evils  of  the  present  house  shortage,  is  subsidy. 
Housing  may  be  subsidized  in  a  number  of  different  ways, 
among  which  may  be  mentioned  the  following: 

1.  Actual  construction  and  rental  or  sale  of  houses  at  less 
than  cost  by  national,  state  or  municipal  governments. 

2.  Loan  of  capital  for  housing  at  less  than  market  rate  of 
interest,  by  national,  state  or  municipal  governments.  (Home 
loan  banks,  etc.). 

3.  Exemption  from  taxation  of  new  houses,  mortgages,  etc. 

4.  Subsidy  as  in  (1)  or  (2)  by  civic  organizations,  com- 
munity housing  companies,  etc. 

5.  Subsidy  as  in  (1)  or  (2)  by  industries  for  housing  em- 
ployes. 

Our  experiences  with  government  management  during  the 
war  have  made  the  first  method  referred  to  above  especially 
objectionable  to  the  people  of  the  United  States,  and  no  one 
would  seriouslv  propose  it  today.  The  demand  for  "less  gov- 
ernment in  business"  is  opposed  to  the  second  method;  and 
the  serious  evils  resulting  from  existing  tax  exemptions  do 
not  encourage  further  experiments  in  the  direction  of  the 
third  method:  although  possibly  the  urgency  of  the  situation 
«nay  yet  compel  us  to  run  the  risk  of  trying  out  one  or  both 
of  these  last  two  plans. 

'A  paper  read  at  the  recent  convention  of  the  Indian.a  Sanitary 
and  \Vater  Supply  Association. 


An  Industrial  Opportunity  and  Obligation. — Experience  has 
shown  that  no  substantial  amount  of  capital  can  be  obtained 
by  the  fourth  method.  But  none  of  the  objections,  pointed 
out  above,  apply  to  industrial  housing,  subsidized  by  the  in- 
dustry, and  a  great  contribution  to  the  solution  of  our  present 
(Ufficulties  can  be  made  if  our  industrial  leaders  will  fulfill 
their  obligations  in  this  respect  to  the  communities  in  which 
their  plants  are  located. 

For,  as  Mr.  Morton  H.  Tuttle  puts  it,  "An  undigested  industry 
is  not  an  .asset;  it  is  a  liability."  As  long  as  the  present  sit- 
uation persists,  it  is  the  duty  of  industries  to  assist  in  the 
housing  of  the  employes  they  have  attracted  into  the  com- 
munity, and  the  splendid  way  in  which  many  industrial  com- 
panies have  performed  this  duty  furnishes  an  example  and 
an  inspiration  to  the  rest  of  the  industrial  world. 

However,  it  is  not  necessary  to  appeal  to  a  sense  oC  civic 
duty  for  arguments  in  favor  of  industrial  housing.  Nor  does 
a  subsidy  to  such  housing  constitute  paternalism  or  philanth- 
ropy. Fon  no  portion  of  the  overhead  expense  contributes 
more  directly  toward  efficient  and  profitable  production;  no 
item  of  investment  earns  larger  returns  in  contentment  and 
loyalty  than  does  a  good  industrial  housing  development. 

The  Importance  of  Site  Planning. — If.  then,  industrial  hous- 
ing is  desirable,  from  the  point  of  view  both  of  the  com- 
munity ;.nd  of  the  industry,  the  importance  of  site  planning 
in  such  developments  will  be  apparent.  For  housing  does 
not  consist  of  houses  alone.  These  are  important,  but  houses 
must  be  located  in  groups,  and  no  matter  how  well  they  may 
be  designed  to  furnish  shelter  and  comfort  within  the  house, 
they  will  utterly  fail  to  fulfill  their  purpose  unless  their  ar- 
rangement and  their  environment,  including  the  ways  for 
passing  to  and  from  them,  and  to  and  from  the  working  places 
of  their  occupants,  together  with  all  the  multiplicity  of  serv- 
ices which  are  required  for  the  health,  safety,  convenience 
and  amenity  of  modern  city  dwellers,  are  equally  well 
planned. 

An  industrial  employe  who  works  8  hours  per  day,  30U 
days  per  year,  spends  about  27  per  cent  of  his  time  in  the 
plant,  and  about  73  per  cent  outside  of  it.  But  the  workman 
is  affected  as  much  or  more  by  the  influences  to  which  his 
family  is  subjected,  as  by  those  acting  directly  upon  himself. 
And  if  an  average  family  be  taken  as  five,  with  1%  workers 
per  family,  then  the  actual  proportion  of  the  family's  time 
spent  in  the  plant  is  only  about  S  per  cent,  while  92  per  cent 
is  spent  under  the  influences  of  the  home  and  the  community. 

If  this  method  can  be  used  (as  seems  reasonable  to  the 
writer)  to  measure  the  relative  importance  of  conditions  in 
the  plant  and  in  the  community  in  affecting  the  health,  hap- 
piness, contentment  and  efficiency  of  the  workman,  then  a 
similar  method  of  reasoning  would  give  to  the  planning  of 
the  site  an  importance  fully  equal  to  that  of  the  planning  of 
the  house',  and  perhaps  greater.  And  this  is  a  better  measure 
than  the  relative  costs,  which  were  estimated  for  a  tvpical, 
average  development,  in  a  study  made  some  months  ago  by 
Mr.  Morris  Knowles  with  the  collaboration  of  the  writer  (and 
published  in  Mr.  Knowles'  book  on  "Industrial  Housing")  at 
about  7.'>  per  cent  for  the  houses  and  25  per  cent  for  the  land 
and  improvements. 

The  Results  of  Site  Planning. — The  objects  to  be  aimed  at 
in  site  planning  for  industrial  housing,  and  the  results  which 
may  be  accomplished  if  such  planning  is  wisely  done,  may 
be  summarized  as  follows: 

1.  Selection  of  a  site  conveniently  located  with  reference  to 
the  industry,  and  the  needs  of  the  workers. 

2.  Proper  provision  for  direct  and  easy  means  for  traffic 
communication,  within  the  community,  between  the  com- 
munity and  the  plant,  and  between  the  coninuinity  and  its  en- 
vironment. 

3.  Arrangement  so  as  to  derive  the  greatest  possible  advan- 
tage, both  from  existing  natural  conditions,  such  as  topog- 
raphy, soil  and  prevailing  winds,  and  from  the  artificial  en- 
vironment, including  highways,  railroads  and  adjoining  com- 
munities. 

4.  Proper  provision  for  the  conservation  and  preservation 
of  the  health,  safety  and  welfare  of  the  workers  and  'their 
families,  and  for  the  stabilization  of  property  uses  and  values. 

•5.  Proper  provision  for  all  utility  services,  for  facilities  for 
commerce  and  business,  and  for  public  and  semi-public  build- 
ings and  activities. 

G.  Capacity  for  ready  extension  to  meet  future  needs,  as 
well  ax  adequacy  for  present  requirements. 

7.  Attractiveness. 

Planning  Lowers  Cost. — While   the  greatest  economic  value 
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does  not  alv.ays  mean  the  lowest  first  cost,  nevertheless  a 
good  layout,  meeting  the  above  speciHcations,  will  peuerally 
be  lower  in  (Irst  cost  of  streets,  utilities,  lot  grading  and  house 
foundations  than  the  usual  stereotyped  layout.  For  instance, 
in  the  ordinary  grid-ironed  street  plan,  with  alleys  and  with 
the  proportion  of  street  area,  commonly  found  in  such  lay- 
outs, the  total  area  of  land  available  for  building  purposes 
rarely  exceeds  50  per  cent.  On  the  other  hand,  a  good  design, 
with  rational  street  system  and  street  widths,  generally  yields 
from  65  to  78  per  cent  of  land  available  for  buildings.  These 
figures  are  derived  from  a  number  of  examples  actually  built. 

A  Striking  Comparison.— The  case  tor  the  well  designed 
layout  is  particularly  strong,  where  the  land  to  be  developed 
is  hilly. 

Mr.  A.  G.  Dalzell  of  Vancouver,  B.  C,  has  made  an  interest- 
ing comparison  of  two  layouts  of  somewhat  similar  area, 
but  illustrating  these  two  different  types  of  planning.  In  one 
tract  the  streets  were  laid  out  with  due  regard  to  the  topog- 
raphy, the  streets  curving  at  easy  grades  with  the  contour  of 
the  land;  in  the  other,  the  usual  rectangular  system  was  used. 
Both  tracts  were  situated  on  similar  topography,  within  about 
an  equal  distance  from  the  center  of  the  city. 

The  contour  layout  had  a  total  area  of  400  acres,  of  which 
269  acres  were  used  for  building  and  about  6  acres  for  parks. 
The  rectangular  layout  covered  an  area  of  415  acres,  of  which 
25214  acres  are  available  for  building  area,  with  only  2.4 
acres  devoted  to  parks.  On  the  basis  of  the  same  unit  prices, 
and  with  careful  corrections  made  for  upusual  items  of  con- 
struction, the  total  costs  of  streets  and  utilities  alone  were, 
respectively,  in  the  contour  layout,  $760,000:  and  in  the  rec- 
tangular layout.  $1,500,000.  In  other  words,  by  virtue  of  re- 
duced grading  and  utility  costs,  and  lesser  ar»a  used  for 
streets,  the  cost  for  public  improvements  in  tlfe  "good"  lay- 
out was  only  about  half  that  of  the  rectangular  layout. 
Clearly,  here  the  "good"  layout  has  a  distinct  economic 
value. 

Some  First  Principles. — A  good  layout  accomplishes  more 
convenient  and  quicker  means  of  communication  and  trans- 
fer of  tratfic.  and  therefore  makes  for  more  efficient  com- 
merce and  business.  While  a  good  lyout  may  include  many 
straight  streets,  and  may  even  use  rectangular  blocks  to  a 
large  extent,  it  wMU  always  provide  the  most  direct  route 
possible  from  end  to  the  main  objectives,  by  the  use  of  main 
thoroughfares  w-ith  the  lowest  gradients  that  can  be  ob- 
tained. The  saving  in  time  by  traveling  on  the  hypothenuse 
of  a  right  triangle,  instead  of  the  two  sides,  amounts  to 
about  20  per  cent  for  each  trip,  or  to  12  minutes  out  of  each 
hour.  By  avoiding  difficult  gradients  on  main  thoroughfares, 
the  saving  in  time  may  be  mucB"  greater. 

A  good  layout  will  conserve  and  promote  the  health,  safety 
and  welfare  of  the  inhabitants  of  the  community  by  provid- 
ing plenty  of  light  and  air,  proper  provision  for  utilities, 
land  for  parks  and  recreational  facilities,  civic  and  semi- 
public  buildings  and  will,  without  undue  expense,  render 
all    of    these    features    reasonably    attractive. 

Zoning  Helps  Tracts  as  Well  as  Cities. — Proper  site  plan- 
ning will  also  include  zoning,  which  is  just  as  important  in 
a  housing  development  as  in  a  complete  city.  The  determi- 
nation in  advance  of  the  uses  to  which  land  shall  be  put, 
instead  of  its  uncontrolled  development  by  short-sighted 
greed  for  gain,  will  conserve  property  values,  render  opera- 
tion and  management  easier,  and  avoid  many  serious  social 
problems. 

Wise  site  planning,  however,  will  not  be  confined  to  con- 
sideration of  conditions  within  the  housing  development 
alone.  AVhere  the  project  Is  part  of  a  larger  community,  its 
relation  to  the  latter  and  the  joint  solution  of  their  planning 
problems  become  of  the  highest  importance.  Indiana  is  to 
be  congratulated  upon  the  present  prospect  for  making  such 
joint  solutions  easier,  in  the  carefully  drawn  citv  planning 
and  zoning  legislations  now  pending  in  the  Indiana  legislature. 
WTien  these  bills  have  become  laws,  and  when  city  planning 
commissions  have  been  established  in  accordance  with  their 
provisions,  the  industries  of  the  state  may  then  undertake 
to  make  their  proper  contribution  to  the  housing  facilities 
of  the  communities  in  which  they  are  located  with  confidence 
that  the  values  which  they  create  will  be  maintained  and 
that  their  own  developments  will  be  properly  co-ordinated 
with  a  comprehensive  plan  for  the  development  of  the  entire 
commuinty.  If  they  then  give  to  the  planning  of  their  hous- 
ing layouts  the  attention  which  its  importance  justifies,  the 
full  benefit  of  industrial  housing,  both  fo  the  industry,  the 
community  and  the  state,  will  be  r^ 


The  Design  of  a  Tree 

"How  do  you  suppose  they  stand  that  high  without  proper 
wind  bracing?'  Mr.  R.  Fleming  of  the  American  Bridge  Co. 
once  received  a  picture  postcard  of  a  long  leaf  Southern 
pine  on  which  an  engineer  friend  had  written  that  question; 
and  in  "Engineering  Education, '  the  Bulletin  of  the  Society 
for  the  Promotion  of  Engineering  Education,  he  tells  of  the 
incident  and  the  following  answer,  which  he  found  in  Wood- 
ward's "Rational  and   Applied  Mechanics." 

A  Cantilever  of  Uniform  Strength. — Nature  builds  canti- 
levers of  "uniform  strength"  in  the  shape  of  tapering  Ifunks 
of  trees,  which  are  solid,  and  in  bamboo  poles  and  wheat 
straws  which  are  hollow.  The  wind  blows  from' any  horizon- 
tal direction,  so  the  cross-sections  are  circles  or  rings,  of 
varying  radii.  If.  like  a  palm  or  a  tall  southern  pine,  the 
load  is  concentrated  (that  is,  if  the  foliage  which  catches  the 
wind  is  bunched)  at  the  top,  it  is  a  cantilever  with  a  load  at 
the  end.  If  W  is  the  total  force  of  the  wind  (in  pounds) 
and  h  the  distance  from  the  ground  to  the  center  of  wind 
pressure,  the  bending  at  any  height  is  M=:W  (h  —  z).  The 
value  of  I  for  a  radius  x  is  I,  =  7rxV4  and  a  is  P:/x. 
Henee 

M  =  al=  =  W(h  — z) 

4 


and 


4W(h  — z) 


ttP, 
which  is  the  equation  of  a  cubic  parabola  with  the  vertex  at 
the  top  of  the  tree 

Hence  the  effective  radius  at  the  base  is  R= '5'4Wh/p,B-  in 
which  Pi  is  the  fiber  stress  just  under  the  bark,  on  the  assump- 
tion that  the  internal  stress  varies  unifromly  (that  is,  that 
E  is  constant  for  all  radii).  So  much  for  the  ideal  tree. 
Actual  measurements  show  a  fair  approximation  on  the  part 
of  real  trees  to  the  ideal  form  of  a  cubic-paraboloid  of  revolu- 
tion. 

If  the  tree  stands  alone  on  the  level  plane,  it  is  mort  often 
shrouded  with  a  foliage  nearly  to  the  ground,  so  that  it  ap- 
proximates a  cantilever  with  a  uniform  load,  and  the  trunk 
tapers  more  rapidly,  in  accord  with  theory,  which  is,  that  it 
approaches  a  common  parabola  in  outline. 


I  2W 


z). 


In  the  case  of  a  growing  bamboo,  we  see  an  economic  canti- 
lever of  "uniform  strength"  in  the  shape  of  a  conoidal  tube. 


Text  Books,  Professors  and  Engineers 

■'Fi-om  the  Notebook  of  an  Engineer"  is  the  title  given  by 
Mr.  R.  Fleming  to  some  reflections  from  which  we  quoted  in 
the  preceding  article,  and  from  which  we  now  quote  again. 
These  were  published  in  the  Bulletin  of  the  Society  for  the 
Promotion  of  Engineering  Education. 

Texts  for  Students  and  Texts  for  Practitioners, — A  text- 
hook  while  adapted  to  the  classroom  may  be  disappointing  as  a 
book  of  reference.  One  professor  says  that  a  book  cannot 
be  written  that  will  bo  equally  valuable  to  a  student  and  a 
practicing  engineer.  He  is  somewhat  mistaken.  A  textbook 
should  contain  c".ore  than  is  actually  taught  in  the  college 
course.  The  student  should  not  be  led  to  think  that  he  has 
exhausted  a  subject  when  he  has  finished  the  textbook.  It 
goes  without  saying  that  the  books  a  student  uses  in  college 
are  those  that  he  will  turn  to  in  after  years  for  help  in  time 
of  need.  As  Professor  DuBois  wrote  40  years  ago:  "It  Is 
surely,  then,  no  objection  that  such  books  should  give  a  com- 
plete view  of  the  whole  ground,  rather  than  a  short  and 
meager  presentation,  which  can  have  but  a  transitory  value 
in  merely  introducing  the  student  to  the  subject,  and  which 
often  load  him  to  suppose  that  there  is  but  little  more  of  it 
vcrth  knowing."  Some  excellent  American  fextbooks  could 
profitably  be  made  longer.  The  distinctive  material  for  the 
college  course  could  in  some  way  be  indicated. 

The  Pro  and  Con  of  Problems. — A  great  asset  to  a  textbook 
is  plenty  of  numerical  examples,  especially  if  they  are  prob- 
lems such  as  an  engineer  meets  in  professional  life.  Many 
of  the  later  textbooks,  more  particularly  those  in  Mechanic* 
and  Strength  of  Materials,  are  giving  such  problems  in 
abundance.    Morley  says  in  the  Preface  of  his  book  previously 
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noted:  "Many  fully  worked  out  nunipiical  examples  have 
been  siven,  and  the  reader  is  advised  to  read  all  of  these. 
and  to  work  out  for  himself  the  examples  given  at  the  ends 
of  the  chapters,  as  being  a  great  help  to  obtaining  a  sound 
and  useful  knowledge  of  the  subject." 

Contrary  to  Morley's  practice  and  views  are  those  of  Wood- 
ward as  given  in  the  Preface  of  his  book  previously  noted: 
"The  ai'thor  has  not  cared  to  multiply  problems.  To  go  be- 
yond clear  illustrations  of  genral  principles  and  useful  meth- 
ods of  analysis,  is  to  waste  time  and  opportunity.  To  ring 
endless  changes  upon  bodies  falling  in  a  vacuum,  and  projec- 
tiles fl>ing  through  empty  space,  is  to  kill  time  and  'keep 
students  busy.'  "  It  is  not  necessary  for  the  student  to  work 
out  all  the  problems  of  a  large  collection.  Merely  reading 
them  is  educational.  Having  the  answer  to  a  problem,  given 
either  after  the  problem  or  in  the  appendix,  is  a  great  help 
to  the  student  outside  of  college  walls.  It  is  douf-tful  if 
much  is  gained  by  withholding  answers  from  college  stu- 
dents. The  writer  was  told  by  a  professor  that  in  his  institu- 
tion solutions  to  the  problems  in  the  textbooks  used  could  be 
found  in  the  various  fraternity  houses,  being  handed  down 
from  ore  generation  of  students  to  another. 

Nothing  detracts  from  the  working  value  of  a  book  so  much 
as  errors,  typographical  and  otherwise.  An  example  may- 
have  the  decimal  point  in  the  answer  misplaced,  an  -equation 
may  have  the  X  sign  where  the  +  sign  is  intended  or  there 
may  be  downright  errors  in  the  text  itself. 

Did  It  Ever  Happen  to  You?" — "I  like  to  have  errors  in  the 
textbook."  said  one  professor.  I  come  before  the  class  and 
this  col'oquy  ensues: 

"  'Gentlemen,  have  you  gone  carefully  over  the  lesson?' 

"Silence  gives  consent. 

"'Did  any  of  you  have  any  trouble  with  it??' 

"Usually  another  silence. 

"'Wei!,  did  you  all  verity  Equation  (blank)?'" 

Equation  (blank)  is  an  error,  and  the  professor  has  them 
trapped.  This  may  be  fine  for  a  class;  it  encourages  thought 
and  shatters  a  belief  in  the  infallibiiltv  of  textbooks.  But  the 
practicing  engineer  seldom  has  time  to  verify  equations.  He 
wants  to  take  them  as  they  are  written.  However,  this  is  with 
some  books  an  unsafe  practice,  especially  with  the  first  edi- 
tion. 

A  clearing  house  for  information  regarding  technical  arti- 
cles written  by  professors  and  published  in  the  periodicals 
of  their  respective  colleges  is  a  thing  to  be  desired.  A  pro- 
fessor often  gives  time  and  thought  to  elaborating  a  subject  in 
which  he  is  particularly  interested  and  presents  the  results  of 
his  studies  in  the  college  periodical. 


How  Napier  Invented  Logarithms 

We  Qiiote  a  third  time  from  Mr.  R.  Fleming's  Note  Book, 
which  furnished  the  material  for  the  two  preceding  articles. 
The  writer  has  searched  fully  a  hundred  textbooks  for  cer- 
tain information  regarding  "Napierian,"  "natural"  or  "hyper- 
bolic" logarithms.  How  they  differ  from  the  common 
logarithms,  how  one  system  can  be  changed  to  the  other,  how 
they  are  determined,  are  all  explained.  But  just  what  did 
Napier  discover  or  invent?  How  did  he  derive  his  logarithms? 
Whether  "higher  arithmetic."  "university  algebra"  on  ad- 
vanced calculus  were  examined — they  all  failed  to  give 
Napier's  line  of  thought  or  his  methods.  (It  should  be  remem- 
bered that  Napier  gave  his  wonderful  invention  to  the  world 
in  1614— before  Sir  Isaac  Newton  was  born  and  GO  or  70 
years  before  the  birth  of  the  calculus.)  It  was  only  when 
the  writer  came  across  Cajori's  "History  of  Elementary  Mathe- 
matics" that  his  queries  were  answered.  The  information 
contained  in  the  sentences  quoted  from  this  excellent  book 
will  be  new  to  many  readers: 

"His  logarithms  were  the  result  of  prolonged,  unassisted 
and  isolated  speculation.  .  .  .  In  the  time  of  Napier  our  ex- 
ponential system  was  not  yet  in  vogue.  .  .  .  That  logarithms 
flow  naturally  from  the  exponential  system  was  not  discovered 
until  much  later  by  Euler.  .  .  .  Napier  calculated  the  loga- 
rithms, not  of  successive  integral  nuinbers,  from  1  upwards, 
but  of  sines.  His  aim  was  to  simplify  trigonometric  calcula- 
tions. ...  It  is  evident  from  what  has  been  said  that  the 
logarithms  of  Napier  are  not  the  same  as  the  natural  loga- 
rithms to  the  base  e  =  2.718.  This  difference  must  be  em- 
phasized, because  it  is  not  uncommon  for  textbooks  on  algebra 
to  state  that  the  natural  logarithms  were  invented  by  Napier. 


...  It  must  be  lemembered  that  Napier  did  not  determine  the 
base  to  his  system  of  logarithms.  The  notion  of  a  'base,'  in 
fact  never  suggested  itself  to  him.  The  one  demanded  by  his 
reasoning  is  the  reciprocal  of  that  of  the  natural  system." 
Further  along  in  the  same  book  we  read,  "In  the  study  ot 
quadratures  Gregory  St.  Vincent  found  the  grand  property 
of  the  equilateral  hyperbola  which  connected  the  hyperbolic 
space  between  the  asymptotes  with  the  natural  logarithms,  and 
ied  to  these  logarithms  being  called   hyperbolic.  " 

Regarding  the  nomenclature,  Napierian  or  natural,  it  may 
be  interesting  to  note  that  Webster's  International  Diction- 
ary under  "logarthm"  mentions  Napierian  logarithms,  "which 
are  often  confounded  with  natural  logarithms  with  which 
they  are  connected  by  the  relation. 
Nap.  log.  n  =  10' 

{nat.   lo...(~)} 

On  the  other  hand,  the  Standard  Dictionary  states.  "Napier- 
ian or  natural  logarithms  have  for  a  base  2.7182S1828."  In 
Vol.  VI  (1S50-1S.54,  page  397)  of  the  Proceedings  of  the  Royal 
Society  of  London  the  "Base  ot  Napier's  Logarithms"  is  car- 
ried to  205  places  of  decimals. 

Napier's  line  of  thought  is  expressed  in  the  International 
Encyclopsedia:  "Napier  observed  that  if  in  a  circle,  with  the 
radius  OAo,  OA,  (r  =  l)  at  right  angles,  the  sine  So  S,,  par- 
allel to  OAi  moves  from  O  to  Ao  at  intervals  forming  an 
arithmetical  progression,  its  value  decreases  i:i  a  geometrical 
progression.  The  segment  OSo  Napier  originally  called 
numerus  artificalis,  and  later  logarithmus   (ratio  numbers)." 

For  a  full  presentation  of  Napier's  line  of  thought  and  de- 
ductions therefrom  the  reader  is  referred  to  the  articles  by 
Professor  Cajori  in  the  American  Matliematical  Monthly,  Vol. 
20,  191.3;  "John  Napier  and  the  Invention  of  Logarithms," 
Professor  Hobson  and  the  "Napier  Tercentennary  Memorial 
Volume."  See  also  the  valuable  articles,  "Logarithm"  and 
"Napier''  in  Eneyclopasdia  Brittanica.  Eleventh  Edition. 

Napiei  published  his  book,  "Mirifiei  logarithmorum  canonis 
descriptio"  .in  1C14.  In  it  he  explained  the  nature  of  his  loga- 
rithms and  gave  a  logarithmic  table  of  the  natural  sines  of 
a  quadrant  from  minute  to  minute. 

A  copy  of  the  1G20  edition  of  this  rare  work  is  owned  by  the 
Public  Librarv  of  New  York  City. 


Stresses  in  Laminated  Wood  Construction 

The  use  of  heavy  and  light  material  of  the  same  species 
in  laminated  or  glued-up  wood  construction  has  less  in- 
jurious effect  than  has  been  generally  supposed.  Laminated 
wood  specimens  under  observation  at  the  Forest  Products 
Laboratorj  show  little  weakening  or  tendency  to  warp  from 
this  cause.  Most  warping  and  checking  in  laminated  con- 
struction can  be  traced  to  one  of  two  causes.  The  first  is  the 
use  of  plain-sawed  arid  quarter-sawed  lumber  in  the  same 
construction,  and  the  second  is  the  combination  of  mate- 
rial of  different  moisture  content. 

Plain-sawed  lumber  of  any  species  shrinks  and  swells  more 
than  quarter  sawed  lunjber;  and  when  the  two  kinds  are  glued 
together,  they  pull  against  each  other  with  every  change  in 
moisture  content.  If  the  block  containing  such  a  combina- 
tion is  kept  for  a  long  time  in  the  same  atmospheric  con- 
dition, the  stresses  die  out,  because  the  block  checks  or 
changes  shape  more  or  less  to  relieve  the  stretched  condi- 
tion of  its  fibers.  As  soon  as  the  atmospheric  conditions 
change,  new  stresses  will  be  set  up. 

If  boards  of  different  moisture  contents  are  glued  to- 
gether, internal  stresses  will  result  from  the  unequal  shrink- 
age of  the  boards  as  their  moisture  contents  equalize  through 
seasoning.  In  some  blocks  made  at  the  laboratory  these 
stresses  were  large  enough  to  rupture  the  wood.  If  the 
wood  is  not  ruptured,  the  stresses  will  disappear  permanently 
in  time,  but  the  block  will  have  changed  its  shape  some- 
what in  getting  rid  of  them. 

From  these  facts  it  becomes  apparent  that  for  laminated- 
wood  articles  where  strength  and  accurate  shape  are  re- 
quired, it  is  desirable  to  use  all  plain-sawed  or  all  quarter- 
sawed  material,  to  have  all  pieces  at  a  uniform  moisture 
content  when  glued,  and  to  prevent  as  far  as  possible  sub- 
quent  moisture  changes  by  means  of  moisture-resistant 
coatings.  For  the  manufacture  of  rougher  articles  where 
slight  changes  in  form  are  of  no  consequence,  these  precau- 
tions are  of  much  less  Importance. 
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Systematic    Classification    of   Old 
Bridges 

The  system  of  investigation  of  old  bridges  by  tlie  Chicago, 
Milwiiiiltee  &  St.  Paul  R.  R.  was  discussed  by  Mr.  C.  F. 
Loweth,  chief  engineer,  in  a  paper  presented  to  the  Western 
Society  of  Kngineers  on  March  17,  1921.  An  abstract  of  the 
paper  follows. 

As  standard  for  the  investigation  Cooper's  Class  E  loading 
is  adopted.  In  order  to  get  the  capacity  of  the  bridge  for  the 
various  locomotives  and  train  loadings  it  is  necessary  to 
reduce  also  those  loads  to  Cooper's  Class  E.  After-  pll  en- 
gines and  car  loadings  are  classified  according  to  the 
standard  adopted  it  is  a  matter  of  direct  comparison  to  tel' 
whether  a  certain  loading  can  safely  pass  over  the  various 
bridges. 

The  unit  stresses  which  served  as  the  basis  for  Investigat- 
ing the  capacity  of  the  various  bridges  were  usually  higher 
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Fig.  1 — Impact  for  Various  Speeds  and    Lengths  of  Spans. 

than  those  used  in  designing.  The  maximum  unit  stress  per- 
missible in  old  structures  cannot  be  decided  arbitrarily.  Re- 
sponsibility is  placed  on  the  engineer  for  the  determination 
of  the  unit  stresses.  In  choosing  them  the  following  has  to 
be  considered: 

Considerations  in  Determining  Unit  Stresses. — The  design 
— whether  the  details  are  well  proportioned  and  direct  in 
action,  the  degree  of  ambiguity  or  uncertainty  as  to  distribu- 
tion of  stresses  and  of  secondary  stresses. 

The  character  of  workmanship  and  material  entering  into 
the  structure  as  indicated  by  the  reputation  of  the  shop  at 
■which  the  bridge  was  built  and  the  thoroughness  of  the  in- 
spection as  disclosed  by  inspection  reports  of  material  and 
shop  manufacture. 

Deterioration  and  wear. 

Action  under  load,  such  as  rigidity  and  freedom  from  ex- 
cossive  vibration. 

The  speeds  likely  to  obtain  over  the  structure  and  con- 
fidence as  to  the  observance  of  such  speed  restrictions  as 
may  be  imposed. 

The  certainty  as  to  tlie  assumed  loading  being  the  maxi- 
mum to  which  the  bridge  will  be  subjected. 

Importance  of  the  traffic  and  the  hardship  which  might 
result  from  temporary  disablement  of  the  structure. 

The  reliability  of  the  data  upon  which  the  investigation 
of  the  iitructure  is  based. 

In  general  the  exercise  of  good  judgment  and  experience 
based  upon  all  of  the  factors  surrounding  the  bridge,  its  lo- 
cation, service  and  condition. 


Axial  stresses  in  teulion  i)cr  .Kquure  inch  may  generally 
be  taken  as  follows: 

VV'rou»;lit  iron.        steel. 

In   flanges,  beams  and  girders 20.0(M)  lb.         24.1)00  lb. 

In  truss  member.^   18.000  11).         22.000  1b. 

Stresses  of  other  kinds  should  generally  be  proportional 
to  these,  the  same  as  in  the  design  of  new  structures. 

To  the  designer  of  new  structures  these  unit  stresses  seem 
large;  in  the  case  of  old  bridges  they  frequently  seem  small, 
especially  in  the  case  of  the  structure  subject  within  regular 
service  to  stresses  of  such  intensity  and  at  the  same  time 
indicatmg  little  or  no  evidence  of  distress. 

There  may  be  at  times  conditions  which  may  require,  and 
at  the  same  time  justify  increasing  the  limiting  axial  ten- 
sion stresses  to  a  maximum  of  22,000  lb.  for  wrought  iron 
and  2IJ.O0O  for  steel.  It  does  not  seem  wise,  however,  to 
permit  these  higher  stresses  except  in  the  case  of  structures 
which  are  to  be  removed  or  strengthened  at  an  early  date, 
or  where  the  traffic  over  them  is  relatively  unimportant. 
But  the  higher  the  stresses  used,  the  more  care  and  discrimi- 
nation   necessary    for    intelligent    and    safe    application. 

There  are  some  details  of  construction  in  which  it  ap- 
pears that  the  limiting  stresses  might  safely  be  increased 
at  a  larger  ratio  over  the  axial  stresses  heretofore  indicated. 
This,  for  instance,  is  true  of  stresses  on  the  flange  rivets 
in  plate  girders,  stringers  and  floor  beams.  The  failur#  of 
a  girder  in  the  flange  riveting  could  not  take  place  before 
ample  warning  of  distress  would  be  evident  in  the  way  of 
loose  rivets,  in  this  case  the  riveting  could  be  strengthened 
before  further  failure  could  occur.  It  is,  however,  very 
seldom  that  flange  rivets  shows  signs  of  overstress,  in  fact, 
the  writer  does  not  recall  a  single  instance  where  our  bridge 
inspectors  have  reported   loose  flange  rivets. 

In  rating  old  bridges  as  to  their  maximum  capacity,  the 
impact  allowance  should  be  based  on  the  probable  max- 
imum speed  obtained.  The  speed  is  frequently  known,  and 
it  can  be  restricted  arbitrarily  or  it  may  be  restricted  due 
to  the  conditions  surrounding  the  location  of  the  bridges  or 
the  character  of  the  traffic.  It  is  desirable,  therefore,  for 
the  piirpose  of  rating  old  bridges,  to  determine  not  the  impact 
tor  maximum  speeds,  but  for  such  restricted  speeds  as  the 
structure  may  be  subject  to.  either  by  reason  of  arbitrary 
ruling  or  speed  limitations  brought  about  by  the  location 
of  the  structure  as  to  proximity  of  stations,  ruling  gradients, 
etc. 

The  impact  per  cent  for  various  speeds  and  for  spans  of 
different  lengths  are  shown  in  Fig.  1.  This  compact  diagram 
has  been  evolved  from  several  diagrams  upon  which  have 
been  platted  the  results  of  the  impact  tests  made  by  the 
A.  R.  E.  A.,  classified  as  to  speed  of  train  and  length  of 
structures.  One  of  these  diagrams.  Fig.  2.  shows  the  impact 
observed  for  various  speeds  on  deck  plate  girders  from  4n 
to  80  ft.  in  length.  This  diagram  includes  a  total  of  H 
spans,  all  of  which  have  open  timber  floors  except  three. 

These  diagrams  indicate  that  for  all  practical  purposes 
the  impact  is  directly  proportional  to  the  speed.  The  sim- 
ilar diagrams  for  truss  spans  show  a  similar  condition,  and 
on  the  basis  of  this  practical  information,  the  curves  in 
Fig.  1  were  drawn  to  cover  the  probable  maximum  impact 
for  various  speeds  and  different  span  lengths  represented  by 
the  curves. 

Methods  of  Investigation. — In  general,  the  investigation  for 
any  part  of  a  bridge  would  be  as  follows: 

1.  The  maximum  allowable  stress  is  determined  which, 
in  the  simpler  cases,  is  the  cross  sectional  area  of  the  mem 
ber  times  the  limiting  unit  stress  allowed. 

2.  Deduct  from  this  the  stress  due  to  "dead  load"  and 
"wind  lead."  The  remainder  gives  the  allowable  stress  for 
the   "live   lead"   effect. 

3.  Divide  this  by  the  stress  for  unit  'live  load"  (Class 
E-1),  which  gives  the  classification  for  allowed  "live  load." 
it  at  rest. 

4.  Divide  this  classification  by  the  term  which  takes 
into  account  the  extra  effect  of  the  "live  load,"  due  to 
impact  and  centrifugal  force,  the  result  being  the  classifica- 
tion of  the  allowed  ''live  load''  at  full  speed. 

As  an  illustration  of  this  general  method,  the  example  of 
the  hip  vertical  member  known  as  ri-Ll  of  a  truss.  Assimie 
that  this  consists  of  two  steel  bars,  4  in.  wide  by  1  in.  thick, 
giving  8  sq.  in.  of  cross  section.  It  we  assume  that  in  this 
case  the  circumstances  warrant  the  limiting  unit  stress  of 
24,000  lb.  i;er  sq.  in.,  the  total  allowed  stress  is  192.000  lb. 
Assume  that  the  dead  load  stress  is  17.000  lb.  and  that  the 
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wind  load  is  so  small  that  it  may  be  neglected.  The  total 
allowed  stress  available  for  live  load  is  then  192,000  lb.  — 
17,000  lb.  =:  175,000  lb.  The  live  load  stress  In  the  member 
for  Class  "El"  loading  as  determined  by  the  usual  methods 
of  computing  stresses  in  bridges,  is  1,S90  lb.  The  total 
allowed  live  load  classification,  if  at  rest,  is  therefore, 
175,000 
=  E  92.1.     Impact   if   talcen   by   the   ordinary   formula 


1,890 
300 


300 


= =:  0.865    of    the    live    load.      Considering 

300  +  L       3?0  +  59 

the  bridge  on  straight  track,  the  centrifugal  force  stress  is 
zero.  Therefore,  if  LL  represents  the  net  live  load  at  full 
speed  LL  +  0.S56  LL=E92.1 

E  92.1 

LL= ^ =  E52.2 

1.865 
which  represents  the   "Classification"  of  the  member  at  the 
assumed  unit  stress.    That  is:    An  engine  with  wheels  spaced 
as   in   the   Cooper   loading   having  55,200   lb.   on   the   driving 
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Pig-  2 — Impact  for  Various  Speeds  on   Deck  Plate  Girders. 

axles  and  the  other  axle  loads  in  proportion,  will  produce  the 
assumed  stress  of  24,000  lb.  per  sq.  in.  if  taken  in  connection 
with  tlie  other  lorces  which  are  assumed  to  be  acting. 

It  is  surprising  to  observe  the  extent  to  which  it  is  gen- 
erally assumed  that  the  effect  of  various  train  loadings  on 
bridges  is  in  direct  proportion  to  the  aggregate  weight  of  the 
locomotives  and  ears.  This,  of  course,  is  far  from  the  truth 
and  no  approximation  by  such  a  method  should  be  used  to 
determine  the  safety  of  any  bridge. 

Figure  3  shows  the  classification  of  several  types  of  United 
States  Railroad  Administration  standard  locomotives  for 
various  span  lengths  compared  with  the  standard  Cooper's 
Class  E  loading.  The  diagram  shows  for  each  of  the  locomo- 
tives the  relation  between  the  effect  of  the  given  engines  on 
bridges  as  compared  with  the  standard  Cooper's  loadings, 
■which  are  used  as  a  basis  for  the  classification  of  bridges. 
The  locomotives  classified  in  Fig.  3  are  listed  in  the  follow- 
ing table: 

L.OADING    CHARACTERISTICS    OF    10    U.    S.    RAILROAD 
ADMINISTRATION    LOCOMOTIVES. 


-Weight- 


Type. 


Pacific    (4-6-2)...  55,000 

Pacific   60.000 

Mountain   (4-S-2).  55,000 

Mountain    60.000 

Mikado   (2-8-2)...  55.000 

Mikado    60.000 

Santa  Fe  (2-10-2)  55.000 

Santa  Fe, 60.000 

Mallet   (2-6-6-2)..  fiO.ono 

Mallet   (2-8-S-2) ..  60.000 


On 
driver 
axle,  engrine. 
270,000 
300,000 
.320,000 
350.000 
290.000 
325,000 
360.000 
390,000 
440.(100 
r.40,oo(i 


Engine 
Total         and 

tender. 
414.000 
444.000 
492,000 
622.000 
466,000 
497.000 
532,000 
596,000 
646,000 
746,000 


-Wheel    base- 


Engine 
and 
Driving.  Engine,  tender. 
13'  0"     34'  9"     67'     61/," 
14'  0"   ,36'  2"     70'     814" 
1.^'  3"    '40'  0"     75'     %%" 
18'  3"     40'  0"     75'     SV," 
16'  9"     36'  1"     71'     5y," 
16'  9"     36'  1"     71'     914" 
21'  0"     40'  4"     76'     OVi" 
22'  4"     42'  2"     82'  WV 
10'  4"     50'  2"     8S'  10" 
15'  5"     57'  4"     93'     3" 


Where  Points  of  Low  Strength  May  Be  Found. — In  old  struc- 
tures, it  is  generally  found  that  the  floor  systems  are  com- 
paratively lighter  than  the  girders  in  plate  girder  bridges  and 


chord  members  of  truss  bridges.  The  point  of  low  strength 
in  stringer,  floor  beam  and  plate  girder  flanges  is  generally 
found  at  the  point  ot  maximum  moment,  except  that  where 
cover  plates  are  used  the  low  strength  in  the  flanges  may  be 
found  at  a  point  where  a  cover  plate  terminates.  The  flange 
riveting  near  the  ends  of  these  members  very  often  falls 
below  that  required  by  modern  practice.  The  webs  at  the 
point  of  maximum  shear  and  web  splices  near  the  ends  of 
plate  girders  and  the  connection  of  floor  beams  to  the  gusset 
plates,  frequently  require  strengthening  in  order  to  produce 
a  structure  of  uniform  strength. 

Members  of  low  strength  in  truss  bridges  may  be  looked  for 
in  posts  and  diagonals  near  the  center.  The  hip  verticals 
very  often  are  out  ot  proportion  to  other  members  of  the 
bridge.  The  end  posts  and  top  chords  generally  show  up 
poorly  on  account  of  eccentricity  with  respect  to  pins.  If 
the  pins  of  a  truss  bridge  should  be  calculated  according  to 
the  accepted  practice  for  designing  truss  pins,  these  pins 
would,  almost  without  exception,  show  an  extremely  low 
rating. 

In  adoition  to  the  weak  points  in  the  design,  the  top 
flanges  oi  stringers,  deck  girders  and  floor  beams  very  often 
suffer  from  corrosion  due  to  brine  dripping  and  in  bridges 
where   the  ties   are   supported   on   shelves,   the   shelf   angles 


£-70 


70      dO     90     100 
jpan  in  ftei 


120    130    '40    ISO 


Fig.  3— Comparative   Bridge  Stressing   Effect  of   U.   S.   R.  A. 
Standard  Locomotives. 

frequently  are  considerably  weakened  from  corrosion. 
Overhead  bridges  are  subject  to  excessive  corrosion,  due  to 
smoke  and  gases,  and  this  condition  is  further  aggravated 
where  these  structures  are  covered  with  a  solid  floor,  which 
prevents  the  smoke  and  gases  from  escaping,  and  also  pre- 
vents the  steel  from  drying  out  quickly:  in  cases  of  scant 
clearance,  metal  bridges  may  show  excessive  deterioration 
from  the  sand-blasting  effects  of  cinders.  This  is  especially 
the  case  where  overhead  bridges  are  located  on  an  ascending 
gradient. 

Relative  Economy  of  Replacement  and  Strengthening. — In 
maintaining  old  bridges,  the  question  arises  whether  it  is 
more  economical  to  strengthen  the  structure  than  to  renew 
it.  This  to  a  great  extent  depends  on  whether  the  old  struc- 
ture can  be  used  to  advantage  on  a  branch  line  or  is  relegated 
to  the  scrap  pile.  On  most  large  railroads  there  are  branch 
lines  carrying  lighter  traffic  and  requiring  much  lighter  loco- 
motives than  on  main  lines;  this  condition  makes  it  possible 
to  remove  bridges  too  light  for  main  lines"  and  use  them  ofl 
branch  lines.  Frequently  the  bridge  will  be  quite  suitable 
for  branch  line  service  without  strengthening,  although  it 
will  at  times  be  found  desirable  to  strengthen  the  bridge  be- 
fore it  is  re-erected  in  its  new  location,  when  this  can  be 
done  more  economically  than  while  in  service.  Bridges  which 
are  too  light  for  branch  line  service  or  which  for  other  rea- 
sons cannot  be  so  disposed  of,  can  frequently  be  used  In 
highway   overhead   structures. 

As  a  general  proposition,  the  yearly  amount  of  money 
that  it  would  be  permissible  to  spend  for  strengthening  would 
be  equal  to  the  interest  on  the  investment  in  a  new  bridge 
less  the  cost  of  additional  maintenance  required  by  the  old 
bridge  on  account  of  the  greater  attention  it  receives. 

For  illustration,  consider  a  few   lengths  of  through  spans 
designed   for   E-55   loading,  replacing  similar  spans   designed  .^ 
in  the  early  nineties,  the  new  steel  work  being  taken  at  5  ^ 
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ct.   per  pound   erected,  falsework  at  $10   per  lineal   foot,  re-  T?!;,.^ :»- -,^;      „         £    wt       ^        •         r>      •\Al^^ 

moval   of  the   old   structure  at   $10   per  ton,   salvage   on   old  1^111111030011    Ol     W  aSte    ID     Dllllaing 

span   at   2^2    ct.   per   pound,   additional   cost  of  miiintenance  TnHll^fTV* 

of  the  old   span  on  account  of  additional   inspection,   classl-  lllUUoH  j 

flcatlon   and    supervision   required.   $1   per   foot  of   span   per  By  SANKOKD  E.  THOMPSON, 

year.      The    last    column    of    the    following    table    shows    the  Of  Thompson  &  Uchtner  Co.,  Industrial  Engineers,  Boston,  Mass. 

amount  which  we  could  afford  to  spend  per  year  in  strength-  Certain  waste  stands  out  sharply  in  the  building  trade: 

ening  old  spans  rather  than  to  renew  them.    The  costs  shown  i.     L-oss  of  working  time  throughout  the  year. 

in  this  table  are  for  illustration  only.    As  they  fluctuate  from  2.     Poor   planning  of  construction   work,   and   of  the    indi- 

time  to  time,  the  resulting  economies  will  vary  accordingly.  vidual  jobs  by  the   builder. 

RELATIVE  ECONOMY  OF  REPLACEMENTS  AND  3.     Lack  of  knowledge  of  a  day's  work. 

STRENGTHENING.          interest  Available  ^   man's   earnings   are   not  what  he   earns   in   a   day,   but 

New  steel.                                          on  net         for  what  he  earns  in  a  year.     We  must  eat  while  idle;   we  must 

Span.      ■      .        * — -^                                   "c"'"' t'    ^'L^'JJi.'^"  sleep  in  our  house  whether  we  work  or  not;   we  must  wear 

Weight          Cost      ^                      Net          S  per         ening  '               ,.„,,..          ,   ^,             ,                 ,      .      -r^   ^         , 

pounds.      erected.  Salvacc.       cost.          cent,      each  year  clothes,  and,  in  fact,  better  clothes,  when  we  loaf.     But,  and 

50  ft 60,000      $  4..'i30      $  l,i:iO      $  ;i,200      $    loo.on      %    llo.OO  this  is  the  cinch    a  man  must  earn  what  he  is  naid  for      How 

100   ft 21S  000         13  390           3  700           9  009            480.00            3S0.O0  "^  '     ^        pmcii,  a  man  musi  earn  v,ad\.  ne  is  paiQ  lor.     now 

200  ft soo.ooo       46.S00       12'500       34  300       1.715.00       LSI."). 00  easy  it  would  be  it  we  could  pass  a  law  that  everv  man  on 

SO"  ft 1.600.000       92,200       25,000       07.200       3.300.00       3.060.00  this  Continent  should  receive  a  salary  of  not  less  than  $?„000 

With  old  and  light  bridges  a  limit  is  reached  beyond  which  a  year.     It  can't   be   done  until  each  man   earns  his   salary 

it   is    not   economical   to   strengthen    them,   and    replacement  of  $;j,000  per  year.     We  can't  draw  without  putting  in. 

then   becomes  necessary.     It  must  be  recognized,  of  course.  If   Robinaon    Crusoe    fails    to    plant    his    corn,    he    will   go 

that  a  r.ewly  designed  and  heavy  structure  is  preferable  to  hungry  for  bread;   if  he  builds  a  house  with  a  leaky  roof,  he 

a  lighter  one.    It  is  possibly  true  that  in  case  of  a  train  acci-  will  get  wet.    He  gets  in  proportion  to  what  he  puts  in.    We, 

dent    on   a   bridge,   a    lighter    structure    might   be   destroyed  in  these  big  United  States,  are  merely  a  group  of  Robinson 

while    a    heavy    new    structure    might    withstand    the    same  Crusoes.     In   the  long  run.  we  reap   what  we  sow,   we  earn 

treatment  without  being  seriously  disabled.     Such  considera-  what  we  put  Into  a  job. 

tions   must   be    taken    into   account   in    shaping    the    general  Wages  in  the  United  States  are  the  highest  in  the  world. 

policy  of  keeping  lighter  bridges  in  service.  Why?     For  one  reason  and  only  one  reason.     The  American 

through  his  energy,  his  ability,  his  get-there,  and  the  natural 

Killing  Molds  on  Lumber  by  Steaming  resources  of  the  country,  produces  more  than  does  any  other 

iMolds  thrive  on  the  surface  of  wood  when  it  is  moist  and  nation  on  earth, 

warm.     In  a  dry  kiln  molds  often  develop  on  the  surface  of  ^""^  ^'^^  ^  ^"i   prepared  to  say  not  as  snap  judgment,  not 

the   lumber  to   such   an  extent   that  they   seriously   obstruct  ^^  mere  spectacular  talk,  but  as  a  result  of  my  knowledge  and 

the  circulation  of  air  through  the  pile.     This  is  such   a  de-  experience  in  industrial  matters,  that  it  we  could  eliminate 

cided    hindrance   to   successful   kiln   drying   that   steps   must  ^^^  ^^ste  in  industry,  the  wages  and  salaries  of  every  man 

be  taker,  to  prevent  the  mold  growth.     Various  experiments  '°  ""^  auditorium  could  be  doubled. 

have  been  made  by  the  Forest  Products  Laboratorv  to  find  """^    Production— Cause   of    Poverty.— In   India   and    China 

a  means  of  accomplishing  this  result  without  injury  to  the  ^'^ses  are  low.     A  skilled  laborer  earns  scarcely  enough  to 

lumber  ^^^  ^^^   ''"^^  ^^^  ^'®   strips   of  cloth  to   use   as   clothes.     A 

The  safest  method  found  of  stopping  the  growth   of  mold  ^'^"'^d  painter  receives  one  rupee,  or  29  ct.  a  day,  perhaps 

on  lumber  in  a  kiln  is  to  steam  the  stock  at  170  or  ISO"  for  one-thirtieth    of    our    present    rate    in    America.      We    would 

a  period  not  exceeding  an  hour.     This  treatment  heats  the  ^^''^'5'  ^^^  ^'^^^  ^  '>^'°S  ^'■'Se.  but  it  is  all  that  he  can  earn, 

surface  of  the  stock  sufficientlv  to  kill  the  mold,  and  at  the  because  he  does  less  than  one-thirtieth  of  the  work  of  the 

same  time  the  saturated  air  prevents  too  rapid  surface  dry-  American.     It   is   this  low    production   that   is   the   cause    of 

ing.    so    that    the    injurious    efTects    which    otherwise    would  ^"'''^  ^  poverty.     India  and  China  will  continue  poor  just  as 

be   produced   on   the    wood    by    such    high   temperatures    are  '°"S  ^^  ^'^'^  '°'^  production  continues.     But  we  see  signs  or 

avoided  better  things;   in  India  and  China  textile  mills  are  springing 

Unless  it  is  desired  to  relieve  drying  stresses  at  the  same  ^^-  °^^s''  in^lusti-ies  are  developing  work  by  machinery,  which 

time,  the  interior  of  the  stock  should  be  heated  as  little  as  means  greater  accomplishment  per  man.     We  find  an  incen- 

possible.     Therefore,   the   steam   supply   should   be   sufficient  ^'^®   ^"*^    interest   and    increased   production   in   the   manual 

to  reach   the  desired  temperature  in  25  or  30  minutes      To  '^''°''-     ^^^   ^°'^^'   ^'■'^  ^''"    ""^1   '^e   natives   buying   clothes, 

accomplish   this   result,  plenty   of  live   steam    at   a   pressure  ''^'"^  m  houses  instead  of  huts,  forgetting  their  harrowing 

of   at    least   70    lb.    gauge    must   be'  available.      The    size    of  Pei'iods  of  famine,  and  even  getting  some  of  the  joys  out  of 

supply   line   and   the   number  and    size   of   perforations    that  ''f®  '^^*  f^^"  °"'y  ^"^"^^  through  prosperity. 

mav  be  required  in  the  steam  jet  line  will  vary  with  local  '"   England   a   writer   some   year  ago   showed   conclusively 

conditions;    it  is  impossible  to  make  them  too  large  or  too  through  undisputed  facts,  that  the  cause  of  England's  poverty 

numerous,   as  the   quicker  the  steam  is  supplied   the  better  ^^^  ^°"'  Production.    He  showed  that  the  productive  capacity 

the  effect.  Per  man  in  the  United  States  was  at  least  twice   (this  took 

Care  should  be  taken  to  see  that  the  stock  cools  in  nearly  account  of  machinery,  and  power,  and  raw  material)   that  in 

saturated   air.     Otherwise   the   surface  will   dry   too   rapidly,  Gi'eat  Britain. 

and  casehardening  difHculties  will  set  In.  ^^  ^f*^**  t'l'"'^  '^  ^"'^"^'^'  ^^^  ^°^^^  '^■°'">^  every  day  in  the 
year,  we  would  all  be  on  easy  street.     While  vitally  import- 

Ignition  Points  and  Spontaneous  Ignition. — The  U.   S.  Bureau  ant,  this  is  not  enough.     The  Hindoo  under  his  present  con- 

of  Standards  receives  frequent  inquiries  relative  to  the  igni-  dition,  would   still   be  poor  even  if  he  worked  every  day  in 

tion  points  of  materials  and  the  fire  hazards  incident  with  their  the  year.    The  work  that  is  being  done  must  be  effective, 

storage    and    use,'  and    a    few   determinations    have    recently  Wages  and  Standards.— And  so,  we  finally  must  come  right 

been   made   in   response   to   specific   requests.     The   average  down   to   brass   tacks.     We   find   that   we   must   dovetail   all 

value  for  a  type  of  newspaper  stock  was  found  to  be  330°  these  things  together,  so  that  every  man  can  have  the  oppor- 

C,    ignition    occurring   after   between   2   and    3    minutes    ex-  tunity  to  work;   we  must  develop  the  technique  of  each  in- 

posuro.     For  nitro-cellulose  motion  picture  film,  values  from  dustry,   so   that   every  man   can   make   the   best   use   of   his 

190   to   210°   C.  were  found,  after  exposures  ranging  from   3  powers;    wr,  must  train  the  employer  to  plan  his  work  and 

minutes   to   one-half   minute,    the   lower   temperatures   being  also  to  appreciate  the  human   side  of  life  to  realize  that  it 

generally    incident    with    the    longer    exposure    periods,    al-  is  not  sufficient  to  follow  the  principle  that  a  man  may  be 

though  the  method  used  did  not  permit  determining  the  re-  lold  anv  day  at  5  o'clock  that  he  can  go  and  get  his  money, 

lations  definitely.     The  results  range  about  20°  higher  than  But  probably  many  of  you  are  saying  to  yourself,  just  at  this 

in  determinations  previously  made  on  celluloid   (Technologic  point,  this  is  all  very  well,  but  I  am  out  of  a  job;  what  good 

Paper  Xo.  9S).     While  little  experimental  data  are  available,  is   all    this   talk  about   wages   and    standards.     What   is   the 

fire  records  indicate  that  the  ignition  point  of  a  large  num-  cause  of  our  depression;    why   don't  we  start  up  and  go  to 

ber    of    combustible    materials    is    greatly    lowered    by    long  work,  why  doesn't  this  frightful  lack  of  housing  make  people 

time    exposure.      Fires    in    textile    fabrics,    wood,    and    wood  get   busy   and   build?     Many   of  the   explanations   we   see  to 

products  have  been  attributed  to  temperatures  not  much  in 

excess  of  100°  C,  although  there  is  possibility  in  manv  cases  'Abstract  of  address  delivered  at  a  public  meeting  in  Phil.idel- 

that  the  fire  originated  from  other  causes.  Trifdes.'''"  ''  '''""''  "''  ^"^       ""'"  °'  '•""  Associated  Building 
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this  are  entirely  off  their  base.  The  reason  is  dollars  and 
cfents.  The  textile  trade  is  starting  up.  Why?  Because 
dealers  and  cotton  men,  manufacturers  and  workmen  have 
taken  their  losses  and  the  wholesale  price  of  cotton  cloth  has 
dropped  some  50  per  cent.  It  is  selling  only  15  per  cent  to 
25  per  cent  higher  than  before  the  war. 

Co-operEtion  Necessary  to  Reduce  Costs. — The  building 
business  will  start  up  just  as  soon  as  we  can  find  some  way 
to  reduce  costs,  so  that  rents  and  prices  of  houses  can  be 
lowered  and  you,  and  you,  and  you,  as  the  consumers  can 
afford  to  hire  or  to  buy  the  house  you  want.  It  we  can  find 
Fome  way,  and  it  must  be  done  by  co-operation  of  all  con- 
cerned, to  reduce  the  cost  of  brick,  to  lower  still  further  the 
price  of  lumber,  to  reduce  through  some  of  the  ways  you 
are  worlung  on  here,  the  cost  of  labor;  if,  or  as  soon  as,  in 
other  words,  we  can  eliminate  the  waste  that  these  things 
represent,  we  will  find  the  owners  of  buildings  ready  to  start 
work,  we  will  find  the  bankers  ready  to  advance  money. 
And,  mark  my  words,  there  will  be  no  great  increase  until 
this  reduction  in  cost  takes  place. 

All  this  Is  easy  to  say.  I  want  to  illustrate  more  construc- 
tively by  reference  to  what  is  being  done  in  one  or  two  other 
industries.  You  may  say,  it  is  a  long  way  from  making 
clothes  to  building  houses,  but,  as  a  matter  of  fact,  the  same 
principles  apply.  The  clothing  trade  is  seasonal,  like  the 
building  trades,  more  so,  if  anything. 

What  Has  Been  Done  in  the  Clothing  Industry. — Some  years 
ago  we  made  a  study  for  the  manufacturers  and  union,  acting 
jointly,  of  one  of  the  clothing  trades  in  Boston,  to  find  the 
average  yearly  wage  of  the  operators.  We  found  that  during 
nearly  cne-half  of  the  year  only  one-half  of  the  force  was  at 
work.  Again,  in  the  manufacture  of  clothing,  investigation 
shows  lack  of  any  «xact  knowledge  of  what  should  be  done 
in  a  day  on  different  classes  of  work.  We  find  poorly  set 
piece  rates,  which  resulted  finally  in  the  throwing  out  of 
piece  rate  payments  altogether.  We  find  lack  of  care  in  the 
distribution  of  work  to  the  men  and  women,  resulting  in  loss 
of  production.  We  find  an  increase  of  140  per  cent  in  the 
labor  cost  during  the  last  few  years,  at  least  one-half  of  which 
was  due  to  less  efficient  production.  These  are  some  of  the 
causes  that  last  year  more  than  doubled  the  cost  of  your  suit 
of  clothes. 

Now,  what  is  being  done  in  the  clothing  trade  toward  cur- 
ing these  conditions?  Things  which  should  eventually  make 
for  big  results  are  being  undertaken.  As  one  distinctive 
feature,  we  find  a  few  manufacturers  who  are  finding  it  pos- 
sible, through  development  of  their  sales  which  in  turn  were 
made  possible  by  reduction  in  cost  of  manufacture,  to  main- 
tain production  nearly  uniform  throughout  the  year.  This  is 
being  done  in  the  Clothcraft  Shop  of  Joseph  &  Feiss  in  Cleve- 
land. It  is  being  done  by  A.  Nash  &  Co.,  in  Cincinnati.  As  anoth- 
er feature  of  equal  importance,  is  the  establishment  of  stand- 
ards, the  determination  of  the  most  economical  method  by 
which  each  operation  can  be  performed  and  of  the  fair  times 
to  perform  this.  What  does  this  do?  It  shows,  for  example, 
that  on  the  operation  of  pressing,  by  changing  the  method 
of  handling  the  work  but  not  increasing  his  labor,  a  man  can 
press  nearly  twice  as  many  coats  as  before  and  just  as  satis- 
factorily. It  shows  that  by  distributing  the  work  to  avoid 
delays,  a  loss  of  time  waiting  for  work,  which  may  amount 
to  as  much  as  10  to  15  per  cent  of  the  time,  can  be  avoided. 
It  shows  that  in  cutting,  enough  material  can  be  saved  to  ap- 
preciably reduce  the  cost  of  the  cloth. 

In  one  plant  in  particular,  through  thorough  study  and  de- 
velopment, it  has  been  possible  with  the  co-operation  and  con- 
sent of  the  workers  (who  in  this  plant  are  unionized)  to  pay 
weekly  wages  in  accordance  with  the  achievements  of  the 
standards  set.  The  result  is  not  simply  a  reduction  in  the 
cost  of  manufacture  through  changes  in  methods  and  stand- 
ardization, although  this  has  taken  place  to  a  large  degree. 
It  is  not  merely  a  maintenance  of  a  wage  nearly  as  high  as 
formerly,  although  this  is  a  fact.  But  of  even  greater  moment, 
is  the  elimination  of  the  constant  friction  between  tlie  manu- 
facturer and  the  worker,  because  it  has  been  found  possible 
to  substitute  facts  for  guesswork.  This  has  produced  a 
spirit  of  co-operation  and  harmony  that  has  completely  re- 
lieved the  very  tense  labor  situation  which  formerly  existed. 
It  is  all  of  these  things  that  will  tend  to  reduce  the  price 
of  your  suit  of  clothes. 

How  Results  Can  Be  Produced  in  the  Building  Trades. — 
Now,  how  can  these  principles  be  applied  to  the  building 
trades?  How  are  we  to  maintain  ov.  if  they  drop  now,  to 
reach  again  our  high  wage  mark?     Notice  that  you  have  in 


building  conditions  similar  to  clothing  manufacture — irregu- 
larity of  work  throughout  the  year,  often  poor  plannirLg  of 
the  work,  and  also  lack  of  knowledge  of  what  is  a  fair  day's 
work.  There  is  but  one  way.  It  is  to  eliminate  the  waste 
of  time  and  of  energy  and  of  material.  If  a  builder  fails  to 
plan  his  work  and  his  men  are  idle,  it  may  not  cost  him  any 
more  on  that  particular  job,  but  it  means  the  workmen  even- 
tually must  be  paid  more  per  day  to  balance  his  loafing  time, 
and  the  cost  of  building  is  increased  and  fewer  people  can 
build.  If  a  bricklayer  loafs  on  his  job  and  restricts  his  pro- 
duction, it  will  not  affect  his  pay  at  the  end  of  that  particular 
day.  but  it  is  wasted  time.  It  increases  the  cost  of  the  job, 
and   fewer  people  can   build. 

I  have  gone  into  these  things  in  detail  because  they  are 
so  vital  and  because  I  want  to  encourage  you  in  the  good 
work  you  are  doing  here  in  Philadelphia.  Two  particular 
things  that  you  have  proposed — the  development  of  planning 
and  scheduling  work  and  the  determination  through  co-opera- 
tive effort  of  standards  of  methods  and  procedure  reach  fur- 
therest  down  into  the  fundamentals  of  waste  elimination  than 
anything  that  has  yet  been  attempted  by  any  group  or  in 
any  locality. 

I  can  speak  more  freely  here  in  Philadelphia  than  anywhere 
else,  because  it  is  the  only  place  I  know  of  where  even  a 
thought  has  been  given  to  the  application  of  some  of  the 
principles  which  can,  and  will,  by  persistent  and  constant 
attention  produce  results  in  the  building  trades  which  are 
entirely  omitted  at  any  certain  industry. 

Brick  Laying  Standards. — I  am  going  to  tell  you  a  little  of 
some  of  the  work  that  I  have  been  doing  along  these  lines. 
A  number  of  years  ago  in  collaboration  with  Mr.  Frederick 
W.  Taylor  of  your  city,  I  began  a  study  of  the  operations  in 
the  building  trades.  At  a  recent  hearing  in  Boston  before 
a  committee  of  the  Chamber  of  Commerce  most  distinctive 
statements  were  made  of  the  falling  off  of  the  work  of  brick- 
layers during  the  past  few  years.  Statements  were  made 
that  men  were  laying  one-third  the  amount  of  brick,  or  less, 
than  formerly  putting  in  a  wall.  The  answers  from  the  labor 
side  refer  very  fairly  to  the  variation  in  the  labor  for  different 
kinds  and  thicknesses  of  walls,  but  no  facts  were  presented 
on  either  side  which  would  really  either  prove  or  disapprove 
the  statement. 

I  have  here  a  table  made  up  sometime  ago,  showing  the 
number  of  brick  that  a  bricklayer  lays  under  ordinary  condi- 
tions in  an  S-hour  day  on  different  kinds  of  walls.  I  find  here 
a  range  in  ordinary  building  construction  of  from  2,900  brick 
per  day  for  heavy  backing  in  rough  work  down  to  145  brick 
per  day  tor  Roman  pressed  brick  on  fine  city  house  fronts. 
Now,  this  difference  is  due  not  to  difference  in  scale,  not  of 
soldiering,  not  even  to  difference  in  method  of  managing  the 
work,  but  solely  to  the  nature  of  the  wall.  Some  of  you  who 
like  figuring,  might  figure  this  up  in  percentages  and  bring 
out  the  astonishing  fact  that  one  man  laid  2,000  per  cent  more 
brick  than  the  other.  You  might  go  even  farther  than  this, 
however,  and  cite  the  still  larger  number  of  brick  per  day 
that  are  sometimes  laid  in  heavy  sewer  construction.  I  would 
not  dare  figure  this  up  in  percentages. 

Now,  referring  again  to  the  table,  we  find  that  for  an  8  in. 
blank  wall  the  rate  is  940  brick  per  day,  while  for  the  same 
wall  with  occasional  openings,  the  same  man  ought  to  lay 
only  7S0  brick  per  day.  Again,  the  same  man  on  a  16  in. 
blank  wall  should  run  up  to  1,320  brick  per  day,  or  if  the 
16  in.  wall  had  occasional  openings,  he  will  drop  back  to 
1,130  brick  per  day. 

Determination  of  Standards  In  Building  Construction  Opera- 
tions.— I  wish  that  I  had  more  time  to  go  into  some  of  the  de- 
tails and  show  how  it  is  possible  to  figure  such  work  and  get 
accurate  results.  The  best  proof  that  it  can  be  done  lies  in 
the  fact  that  it  has  been  found  possible  on  most  intricate 
building  construction,  where  there  were  steel  columns  sur- 
rounded by  small  piers  of  brickwork  in  one  part  of  the 
building  and  plain,  ordinary  walls  in  other  parts,  to  accurately 
figure  in  advance  the  time  that  ought  to  be  taken  in  each 
case.  The  principle  adopted  in  making  these  determinations 
was  identical  with  the  principle  used  in  the  clothing  analyses 
referred  to.  In  clothing  we  found  the  time,  for  example,  to 
sew  a  seam  per  inch  of  length,  to  turn  points,  to  change  gar- 
ments, and  so  on.  In  bricklaying  the  studies  were  made  on 
the  unit  times  of  laying  the  individual  brick,  cutting  the 
brick,  laying  the  lead,  stretching  the  line,  joining,  changing 
from  one  job  to  another,  and  so  on.  By  combining  these 
units  to  suit  the  different  walls,  it  was  possible  to  figure  it 
up   in   advance   so   that  one   could   tell   the  amount  of  work 
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that  should  be  done  by  the  average  bricklayer.  With  such  in- 
formation as  this,  such  fact  of  what  can  be  done,  one  has  a 
foundation  for  development  of  standards  which  go  far  to- 
ward containing  the  results  we  are  all  aiming  for. 

I  might  go  farther  than  this.  We  might  take  up  carpentry; 
show  how  by  these  same  means  it  is  possible  to  designate 
the  time  (or  laying  floors  in  different  sizes  and  shapes  of 
room  accurately,  show  how  and  why  it  takes  twice  as  long 
to  fit  and  hang  one  kind  of  a  door  than  another.  Similarly, 
we  might  show  how  even  plastering  can  be  accurately  fig- 
ured for  different  sizes  and  shapes  of  rooms. 

You  may  ask  why  studies  of  details,  why  the  determination 
of  standards  will  aid  in  eliminating  waste.  It  is  because  it 
will  increase  the  initiative  of  the  worker,  it  is  because  it 
will  differentiate  the  good  man  from  the  poor  man.  it  is 
because  it  will  present  an  aim  to  work  for,  it  is  because, 
and  this  is  perhaps  the  most  important  feature  of  all,  it  will 
show  up  the  easiest  and  the  most  economical  way  of  doing 
work  and  will  compel  employers  to  take  more  thought  of  the 
methods  of  handling  the  work  and  in  planning  out  the  work 
that  is  to  be  done. 

Thus,  costs  can  be  and  will  be  reduced.  Thus,  will  be 
made  possible  and  only  thus,  a  gradual  increase  from  year 
to  year  in  the  wages,  in  the  number  of  days  per  year  work, 
and  specially  in  the  elimination  of  friction  which  Is  so  often 
caused  by  lack  of  knowledge  of  facts. 


Investigation  of  Body-Bound  Bolts.— The  U.  S.  Bureau  of 
Standards  has  been  conducting  an  investigation  on  the  ex- 
perimental use  of  liquid  air  and  an  explosive  charge  for 
body-bound  bolts.  The  request  for  this  w^ork  came  from 
another  government  department  and  if  the  practical  appli- 
cation of  the  methods  proves  successful,  such  bolts  would 
be  of  considerable  value  in  certain  situations.  Two  methods 
of  obtpining  a  tight  fit  between  the  bolt  and  the  material 
surrounding  It  were  used  in  an  effort  to  find  one  which  would 
give  sufficient  strength  under  severe  shearing  stresses.  The 
first  method  pniployod  liquid  air.  while  in  the  second  an 
explosive  was  used.  In  the  first  method  the  bolt  is  immersed 
in  the  liquid  air  until  it  has  contracted  sufficiently  to  allow 
it  to  enter  the  holes  in  the  plates.  As  the  bolt  warms,  it 
expands,  resulting  in  an  extremely  tight  fit.  In  the  second 
method,  the  bolt  is  inserted  as  a  loose  fit  and  has- a  small 
hole  along  its  axis  in  which  an  explosive  charge  is  placed. 
WTien  this  charge  is  fired,  it  expands  the  bolt  rendering  it 
a  tight  fit.  Before  the  two  methods  above  mentioned  were 
tried,  experiments  had  been  made  on  cylindrical  pins  which 
were  from  0.001  to  COOl.")  in.  larger  than  the  holes  and  which 
were  conlracted  to  fit  the  holes  by  immersing  in  liquid  air. 
Tests  had  also  been  made  on  tapered  pins  which  were  con- 
tracted in  the  same  way  and  driven  into  tapered  hole?.  The 
results  of  the  investigation  on  the  use  of  liquid  air  showed 
that  a  tighter  fit  can  be  obtained  with  tapered  pins  than 
with  the  cylindrical  pins.  The  average  imit  frictional  resis- 
tance as  shown  by  the  tests  on  cylindrical  pins  was  2,150  lb. 
per  square  inch,  while  the  average  value  for  the  tapered 
pins  was  3.00(1  lb.  per  square  inch.  The  test  of  the  bolts 
expanded  by  explosive  charges  shows  that  satisfactory  re- 
sults can  be  obtained  by  the  method  as  the  average  unit  fric- 
tional resistance  was  2.150  lb.  per  square  inch.  The  tightness 
of  the  fit  is  dependent  upon  the  size  of  the  hole  bored  in 
the  axis  of  the  bolt  to  contain  the  powder  charge  as  well  as 
upon  the  pressure  of  the  explosion. 


National  Electrical  Safety  Code. — Handbook  No.  3  of  the 
U.  S.  Bureau  of  Standards  has  recently  been  published  and 
may  be  obtained  from  the  Superintendent  of  Documents, 
Washington,  D.  C,  at  40  ct.  per  copy.  This  new  edition  is 
a  book  of  pocket  size  and  the  discussion  of  the  rules  has 
been  segregated  in  a  separate  volume  w-hich  will  appear 
later  as  Handbook  No.  4.  In  addition  to  two  introductory 
sections  giving  definitions  of  terms  and  rules  for  the  ground- 
ing of  apparatu.<  and  circuits,  the  code  consists  of  four  prin- 
cipal parts  as  follows:  (1)  Rules  for  the  installation  of  ma- 
chinery, switchboards,  and  wiring  in  central  stations  and 
sub-stKtions;  (2)  rules  for  the  construction  of  overhead  and 
underground  lines  for  the  transmission  and  distribution  of 
electrical  energy  and  intelligence:  (31  rules  for  the  installa- 
tion of  electrical  apparatus  and  wiring  in  factories,  resi- 
dences, and  wherever  electricity  is  utilized  for  light,  heat, 
or  power:  (4>  rules  for  safeguarding  employes  when  working 
near  electrical  machines  or  lines. 


Difficult  Roof  Reconstruction  Ac- 
complished   by   Use  of  a 
"Cement-Gun" 

By   L.   R.    TALBOT   and   GEO.   P.    TRAX. 

In  solving  a  problem  in  roof  reconstruction  at  an  eastern 
chemical  manufacturing  plant,  the  "Cement-Gun"  played  an 
important  part.  The  job  consisted  in  removing  and  replac- 
ing the  roofs  on  fourteen  buildings  between  Oct.  1  and  Dec. 
;U,  1920.  As  the  buildings  housed  chemical  processes  which 
were  in  operation  and  could  not  be  disturbed,  the  problem 
presented  many  interesting  features,  one  of  which  was  to 
accomplish  the  desired  result  by  some  medium  affording  a 
minimum  of  interference  with  operation. 

The  buildings  were  covered  with  cement  tiles,  most  of 
which  bad  been  in  place  from  6  to  8  years,  and  had  de- 
teriorated badly,  this  being  attributed  to  general  weathering, 
aided  by  escaping  gases;  from  chemical  processes. 

In  replacing  the  roofs,  it  was  deemed  advisable  to  pro- 
vide some  fireproof  material  on  eight  of  the  roofs,  the  other 
six  were  to  be  covered  with  timber  on  account  of  the  ease 
with  which  it  could  be  placed.  Of  the  schemes  considered 
for  the  eight  roofs,  wliich  were  to  be  re-roofed  with  a  fire- 
proof n  aterial,  the  first  was  that  of  a  4  in.  reinforced  con- 
crete slab.  This  thickness  was  taken,  not  so  much  for  the 
structu"al  length,  as  for  the  assurance  of  a  sufficient  envelope 
of  the  reinforcement  to  protect  it  against  similar  destruction. 
Along  with  this  scheme,  it  was  proposed  to  remodel  the  roof 
frame  into  a  series  of  sawtooth-like  sections  whereby  flat 
pitches  could  be  obtained,  avoiding  the  necessity  of  having 
double  forms  for  the  pouring  of  the  concrete  slab. 

Another  scheme  considered  was  to  pour  the  concrete  slab 
on  the  existing  roof  structure.  On  account  of  the  steep 
pitches,  double  forms  would  have  been  necessary.  This  was 
an  objectionable  feature  and  would  have  been  a  great  handi- 
cap in  the  execution  of  the  work. 

After  a  thorough  investigation  both  of  the  proposed  schemes 
were  discarded,  being  considered  impractical,  for  by  the 
time  new  steel  could  have  Been  fabricated  and  erected  sev- 
eral months  would  have  elapsed,  throwing  the  work  well  into 
the  winter  season.  To  pour  the  slab  on  the  existing  roof 
structure  woula  have  entailed  the  use  of  double  forms,  and 
the  maintaining  of  a  large  crew  of  form  setters..  Due  to  the 
location  of  the  buildings,  which  in  almost  every  case  were 
surrounded  by  tanks  or  other  structures,  it  also  would  have 
been  necessary  to  provide  an  elaborate  placing  plant,  either 
tower  and  chutes,  or  runways  and  buggies,  all  of  which 
seemed  unjustifiable  for  the  amount  of  work  to  be  done. 

The  "Cement-Gun"  was  then  considered  and  adopted  as 
being  the  most  feasible  method  under  the  existing  circum- 
stances on  account  of  its  very  simple  arrangement  for  trans- 
porting the  material  from  the  ground  to  the  roof  through  a 
hose  by  pneumatic  pressure.  Also  a  thinner  slab  could  be 
placed,  using  only  a  light  single  form  on  the  under  side,  and 
gunite  could  be  placed  with  a  minimum  of  hydration  result- 
ing in  very  little  leakage  into  the  building  below.  This  latter 
was  a  most  important  feature  as  it  was  necessary  to  protect 
operations  within  the  buildings.  Having  the  assurance  of  se- 
curing the  apparatus  without  delay  meant  that  work  could  be 
commenced  immediately  which  was  a  decided  advantage  in 
view  of  the  approaching  winter  season. 

Because  of  the  tendency  of  rapid  deterioration  around 
chemical  plants,  and  in  view  of  the  fact  that  the  gunite  slab 
was  thinner  than  the  proposed  concrete  slab,  it  was  decided, 
as  an  additional  precaution,  to  cover  the  slab  with  a  roofing 
material. 

Of  the  total  area  of  70,000  sq.  ft.  to  be  covered,  approxi- 
mately 40,000  sq.  ft.  comprising  eight  roofs,  were  covered 
with  a  3  in.  "gunite"  slab,  the  remaining  six  roofs  being 
covered  with  3  in.  splined  yellowpine  plank.  The  engineers 
of  the  Cement-Gun  Company.  Inc..  thought  that  a  3  in.  slab 
was  thicker  than  necessary,  but  since  there  were  no  prior 
examples  in  this  locality  of  gunite  roofs  under  such  trying 
conditions,  it  was  thought  that  it  would  be  wiser  to  provide 
this  additional  thickness  to  the  slab. 

The  original  roof  supports  consisted  of  6  in.  I-beam  pur- 
lins spaced  48  in.  on  centers  and  carried  by  trusses  on  12  ft. 
centers.  The  forms  were  therefore  made  up  in  panels,  a  suf- 
ficient number  being  made  to  serve  for  two  of  the  eight 
buildings,   thus   allowing   the   forms   to   remain   in   place   for 
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more  tljan  a  week  and  still  provide  continuous  operation  of 
the  "Guu."  This  was  advisable  due  to  prevailing  tem- 
peratures. 

The  form  panels  were  made  of  7/8  in.  matched  lumber  in 
2  ft.  by  6  ft.  sections.  Two  sections  filled  the  space  between 
ad.iacent  purlins,  and  were  supported  by  2  in.  by  4  in.  pieces 
resting  on  the  bottom  flanges  of  the  purlins.  This  brought 
the  top  of  the  panel  about  %  in.  below  the  top  or  tne  pur 
lins  and  by  placing  the  reinforcing  mesh  %  in.  above  the 
purlins  insured  a  complete  envelopment  of  the  reinforcement. 
The  forms  were  placed  from  the  under  side  of  the  roof  before 
the  tile  was  removed,  thus  reducing  the  amount  of  scaffold 
that  would  have  been  necessary  and  affording  protection  to 
the  men  and  apparatus  below  from  falling  fragments.  This 
method  necessitated  great  care  and  resulted  naturally  in  a 
higher  cost  for  form  work. 

Owing  to  the  slope  of  the  roof,  it  was  deemed  advisable 
to  provide  nailing  strips  for  the  roof  covering,  accordingly 
114  in.  by  1%  in.  cypress  beveled  strips  were  imbedded  in 
the  slab.  To  insure  that  these  strips  and  the  reinforcement 
were  at  the  proper  elevation  and  that  no  metal  projected  near 
the  outer  and  inner  surfaces  of  the  slab,  3/8  in.  by  2^4  in. 
iron  dowels  were  set  in  holes  %  in.  deep,  drilled  in  the  top 
of  the  purlins  over  the  web.  This  drilling  was  done  with  au 
electric  drill,  using  a  stop  on  the  bit  to  limit  the  depth. 
Corresponding  holes  were  bored  in  the  under  side  of  the  wood 
strips  which  were  placed  on  top  of  the  dowels  and  thereby 
rigidly  held  at  the  proper  elevation. 

The  reinforcement,  which  was  expanded  metal  3  in.  by  S  in. 
diamond  mesh,  having  a  sectional  area  of  0.1.5  sq.  in.  per 
foot  of  width,  was  laid  on  the  purlins  before  the  wood  strips 
were  placed,  the  forms  first  being  covered  with  roofing  felt 
to  give  a  smooth  continuous  surface.  As  it  was  found  that 
the  one  ply  felt  wrinkled  from  the  force  of  the  blast  and  also 
stuck  to  the  under  side  of  the  slab,  this  was  changed  to  a 
two  ply  ready  roofing  which  was  stiff  enough  to  lay  flat,  and 
having  a  smooth  oily  surface  came  free  when  the  forms  were 
stripped.  Also,  having  body,  it  was  undamaged  by  removal 
and  was  used  repeatedly.  The  crew  placing  forms  and  re- 
inforcement also  removed  the  old  tile,  this  work  of  stripping 
being  so  regulated  as  to  be  not  more  than  a  half  day  ahead 
of  the  "gun"  so  that  at  night,  or  during  inclement  weather 
a  minimum  of  open  roof  had  to  be  protected. 

The  reinforcement  originally  intended  for  the  concrete 
work  was  3/S  in.  round  rods  and  after  "gunite"  was  adopted, 
this  same  method  of  reinforcing  was  employed,  for  the  first 
few  days.  It  was  soon  seen,  however,  that  not  only  was  this 
unnecessarily  laborious  but  atso  added  to  the  cost.  Calcula- 
tions indicated  that  the  expanded  metal  used  was  heavier 
than  necessary.  Still  it  was  thought  advisable  to  add  a  fac- 
tor of  safety. 

The  gun  v.'as  placed  as  close^  as  possible  to  the  job,  and 
so  located  as  to  be  accessible  for  teams.  It  was  set  up  on 
a  plank  platform  about  20  ft.  square  with  a  shelter  built 
over  it.  It  was  found  that  Ss  long  as  the  material  was  kept 
dry  at  the  gun,  work  could  go  on  even  in  very  daiT;p  and 
drizzly  weather. 

A  mixture  of  1  part  cement  to  3  parts  sand  was  used  and 
prepared  as  follows:     A  box  with  no  bottom,  1  ft.  deep  and 


Fig.    1. — Method    of    Placing    Forms. 


3  ft.  square  was  made  with  projecting  handles.  This  was 
filled  level  with  sand  and  three  bags  of  cement  added,  the 
box  was  lifted  off  and  the  material  turned  once  by  hand  and 
then  screened  through  a  3/S  in.  mesh  screen.  The  resulting 
mixture  was  shoveled  into  a  hopper  over  the  gun  and  pulled 
into  tho   machine  by  the  operator  as  needed. 

Due  to  the  rainy  weather  difficulty  was  encountered  at  first 
by  the  sand  being  too  wet,  and  as  covering  with  canv.if  was 
not  suSicient  to  keep  it  in  proper  condition,  a  steam  coil 
made  up  of  return  bends  and  eight  or  ten  pieces  of  1%  in. 
pipe  was   run   through   the  sand    pile.     By  keeping  the  sand 


pile  covered  with  canvas,  and  by  aid  of  the  coil,  sand  was 
obtainable  at  all  times  with  the  proper  degree  of  moisture, 
regardless  of  the  weather.  Another  advantage  of  the  coil 
was  that  when  the  nights  were  cold,  it  gave  the  material 
an  initial  heat,  and  as  the  water  and  air  were  heated  by 
keeping  a  fire  in  the  "Dewey  heater  and  dryer,"  there  was 
no  difficulty  in  placing  the  "gunite"  during  reasonable  tem- 
peratures. All  the  buildings  were  warm  inside  from  the 
piping,  and  at  night,  by  covering  the  last  few  feet  placed 
with  tarpaulins,  ample  protection  against  the  injurious  effects 
of  freezing  was  obtained. 

The   "gunite"   was   placed   in   one  coat   working   downward 
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Fig.   2 — Method    of    Finishing    Edges   and    Ends   of   Roof. 

along  the  roofs.  As  the  nailing  strips  were  fastened  up  and 
down  the  roof  on  30-in.  centers,  the  material  was  accordingly 
placed  in  strips  30  in.  wide.  A  light  protecting  shield  about 
IS  in.  high  was  set  up  on  the  finished,  work  and  moved  ahead 
as  the  work  progressed,  thus  keeping  the  finished  surface 
free  from  rebound.  The  surface  was  cut  down  flush  with  the 
top  of  the  nailing  strips  with  a  steel  cutting  edge  made  of  3- 
in.  X  %-in.  steel,  thus  leaving  a  flat  surface  for  the  application 
of  the  roofing.  The  only  additional  work  necessary  was  to 
hose  off  or  sweep  the  roof. 

Due  to  the  fact  that  the  slab  was  placed  on  a  slope,  two 
nozzlemen  were  used.  These  men  changed  off,  the  spare 
man  cutting  down  the  surface  of  the  slab,  while  the  other 
handled  the  nozzle.  A  laborer  was  also  used  on  the  roof  to 
carry  the  slack  of  the  hose  behind  the  nozzlemen.  No  scaf- 
fold was  provided  for  these  men,  but  a  knotted  rope  was  at- 
tached to  the  ridge  and  used  to  support  them.  As  men- 
tioned above,  the  location  of  the  buildings  necessitated  forc- 
ing the  material  through  unusually  long  lengths  of  hose  with 
a  consequent  diminution  in  quantity  of  gunite  placed.  The 
longest  length  used  was  450  ft.  Gutters  were  brought  to  grade 
by  stretching  a  line  a  fixed  distance  above  the  gutter  and 
using  a  grade  stick  in  a  manner  similar  to  laying  sewer  pipe. 

Gunite  work  was  commenced  Oct.  26,  1920.  During  the  last 
five  days  of  this  month,  weather  was  fair.  The  daily 
average  output  was  760  sq.  ft.  of  3-in.  slab  per  day. 

The  month  of  November  showed  the  greatest  progress.  The 
weather  conditions  tor  this  month  were  generally  fair,  the 
average  mean  temperature  being  46°  P.  with  the  lowest  tem- 
perature 39°  F.  Occasional  showers  delayed  the  work  some- 
what but  not  to  an  appreciable  extent.  Four  Sundays,  one 
holiday  and  two  rainy  days  reduced  the  working  time  in  this 
month  to  23  working  days.  In  computing  the  output,  a  day 
was  counted  as  a  full  day  if  the  "Gun"  started,  even  though 
it  worked  only  a  very  short  time.  The  daily  average  of  "Gun- 
ite" placed  during  these  23  days  was  SS7  sq.  ft.  of  3-in.  slab, 
and  the  best  single  day's  run  was  1,240  sq.  ft.  for  a  9-hour  day, 
including  the  tirne  spent  in  getting  started  in  the  morning  and 
cleaning  up  at  night.  For  seven  of  the  23  days,  the  daily 
output  v,as  well  over  1,000  sq.  ft. 

During  December  progress  was  retarded  somewhat.  The 
days  were  shorter  and  the  nights  were  cooler,  making  it 
necessary  to  shut  down  in  time  to  cover  up  materials  and 
drain  out  the  hose  and  pipes.  It  was  also  not  possible  to  get 
as  prompt  a  start  in  the  mornings.  The  average  mean  tem- 
perature for  the  month  was  40°  F.  with  the  lowest  tempera- 
ture 34°  F.  Four  inches  of  rain  fell  during  the  month,  being 
divided  about  equally  between  day  time  and  nights. 

Deducting  four  Sundays,  one  holiday  and  two  days  of  unfit 
weather,  24  days'  work  was  accomplished,  with  an  average 
daily  output  of  606  sq.  ft.  of  slab  3  in.  thick.  Another  factor 
entering  into  this  month's  work  which  reduced  ihe  average 
was  the  fact  that  all  the  work  done  during  the  month  was 
on  cuildings  with  a  steeper  roof  pitch,  at  least  20  ft    higher 
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from  the  siound  thai  those  worked  on  during  November, 
meaning  an  additional  head  of  20  ft.  that  the  "gun"  bad  to 
work  agaiu&t. 

I'Yom  Oct.  26,  when  work  was  started,  until  it  ceased  on 
Den.  ;n,  there  was  placed  a  total  of  Zi.'lah  sq.  ft.  of  "gunite" 
slab  3  in  thick,  or  In  52  working  days  there  was  a  daily  aver- 
age of  745.3  sq.  ft.  per  day. 

The  total  materials  used  were  4,730  bags  of  cement,  and 
14.190  ou.  it.  of  sand,  and  average  of  8.2  sq.  ft.  3  in.  thick  to 
every  bag  of  cement.  The  loss  of  reinforcing  mesh  area  due 
to  lapping  was  11  per  cent. 

The  crew  which  removed  the  old  tile  root,  erected  and 
stripped  forms,  placed  paper  and  reinforcement,  consisted 
of  a  foreman  and  an  average  of  eight  carpenters,  with  the 
services  of  four  or  five  laborers  about  one  third  of  t'le  time 
to  dispose  of  the  old  tile.  The  "gunite"  crew  consisted  of  a 
foreman,  a  gun  operator,  and  five  laborers  to  serve  the  "gun." 
one  -shoveling  into  the  hopper,  three  turning  and  screening. 
and  om  handling  cement  and  empty  bags.  On  the  roo'  were 
two  nozzlemen  and  one  laborer,  making  a  total  "gunite"  crew 
of  nine  men. 

Air  was  supplied  to  the  "gun"  at  SO  lb.  pressure  from  a 
compressor  and  receiver  set  up  in  the  power  house  near  the 
center  of  the  plant.  It  was  piped  to  the  "gun"  through  an 
independent  2-in.  line,  pressure  being  reduced  to  the  proper 
amount  at  the  "gun."  Water  pressure  of  100  lb.  was  obtained 
from  the  fire  system. 

The  "gun"  used  was  the  standard  N-2  machine  furnished 
by  the  Cement-Gun  Co.,  Inc.,  of  Cornwells.  Bucks  County, 
Pennsylvania,  fitted  with  their  standard  equipment. 

Figure  1  shows  the  method  of  placing  forms,  and  in  this 
connection  it  will  be  noted  that  a  small  beel  strip  was  placed 
to  keep  the  mortar  from  running  under  the  flange  of  the 
I-beam  purlins,  preventing  a  ragged  fin  which  would  later 
require  removal. 

Figure  2  shows  the  method  of  finishing  the  edges  and  ends 
of  the  root  with  a  piece  of  2-in.  x  8-in.  bolted  to  the  purlins 
in  such  a  manner  as  to  bring  the  top  flush  with  the  finished 
"gunite"  and  giving  opportunity  to  fasten  the  roof  covering. 

This  work  was  executed  for  the  General  Chemical  Co.  at 
its  Delaware  works  by  the  J.  G.  White  Engineering  Corpora- 
tion, 4o  Exchange  PI.,  New  York,  N.  Y.,  as  a  part  of  the  1920 
program  of  new  construction  and  repairs.  Mr.  Arch  Robison 
was  General  Superintendent  on  the  job  for  the  J.  G  White 
Knglneering  Corporation,  the  writers  being  directly  in  charge 
of  the  work  as  field  superintendent  and  engineer,  respectively. 


Massive  Falsew^ork  for  Carying  Large  Reinforced  Concrste 
Trusses. — What  is  believed  to  be  the  largest  falsework  ever 
"used  in  California  on  a  reinforced  concrete  building  is  being 
■employed  in  the  construction  of  a  theater  building  in  Southern 
■California.  According  to  an  article  in  California  Safety  News 
toy  Mr.  J.  J.  Rosedale,  construction  engineer  of  the  California 
Industrial  Accident  Commission,  500  M  ft.  B.M.  of  <?elected 
Oregon  pine  is  being  used  to  erect  the  falsework  which  will 
support  S  large  girders  over  the  stage  and  10  trusses  16  ft. 
depth,  space  12V4  ft.  c.  to  c.  and  spanning  126%  ft.  over  the 
auditorium.  Each  truss  will  weigh  660  tons.  This  wooden 
structure  consists  of  100  12  in.  by  12-in.  columns  under  the 
auditorium  and  G7  similar  columns  under  the  stage.  These 
columns  are  90  ft.  high  to  the  outside  of  the  girders  and  rest 
OH  heavy  concrete  footings  which  will  be  used  later  to  sup- 
port the  auditorium  floor.  These  columns  are  Draced  rigidly 
by  3-in.  by  10-in.  and  3-in.  by  12-in.  timbers,  which  are  all 
fastened  by  ^-in.  bolts.  Every  precaution  is  being  taken  for 
the  safe  construction  of  this  falsework,  and  only  the  very 
best  material  is  being  used.  There  is  a  5ft.  covered  stair- 
way leading  from  the  ground  to  the  top  of  the  false-work,  and 
additional  platforms  and  safety  stations  equipped  with  stand- 
ard railings  and  toeboards  are  provided  for  the  safety  and 
convenience  of  the  250  workmen  engaged  on  this  structure. 
The  top  of  the  false-work  is  covered  with  2-in.  planks  laid 
closely  together.  Two  concrete  mixing  plants  are  located  at 
€ath  end  of  the  building,  and  it  is  proposed  to  pour  each  girder 
at  one  time.  One  of  these  mixing  plants  will  be  used  only  in 
r.n  emergency,  in  the  event  the  other  should  break  down. 
The  capacity  of  this  theater  will  be  4,400.  It  will  be  one 
of  the  largest  movies  west  of  Chicago.  A  6-story  office  build- 
ing is  being  constructed  above  the  theater.  The  work  Is 
under  the  direct  supervision  of  Edwin  Bergstrom,  architect, 
and  R.  C.  Mitqhell,  engineer. 


Proposed  Federal  Legislation  to 
Stimulate  Construction 

Ten  measures  for  stimulating  and  fostering  the  develop- 
ment of  construction  work  are  recommended  for  legislative 
consideration  by  the  U.  S.  Senate  in  the  report  of  the  Senate 
(Calder)  Committee  on  Reclamation  and  Production.  This 
report  was  submitted  to  the  Senate  on  March  3  by  Senator 
WiMiam  M.  Calder,  chairman  of  the  committee.  The  follow- 
ing summary  and  description  of  the  measures  prepared  by  the 
committee  are  abstracted  from  the  report: 

(1)  A  bill  to  establish  in  the  Department  of  Commerce  a  di- 
vision for  the  gathtring  and  dissemination  of  information  as  to  the 
best  con.struction  practices  and  methods,  technical  and  cost  data, 
.and  matters  relating  to  city  planning,  etc.,  in  order  to  encourage 
standardization  and  improved  building  practices  throughout  the 
countr>'. 

Services  Building  Bureau  Could  Render. — It  is  not  enough 
that  homes  be  built;  they  should  be  built  well  and  econom- 
ically, and  the  subdivisions  of  the  cities  in  which  they  are 
built  should  be  laid  out  according  to  modern  ideas  of  city 
planning.  It  is  appropriate  that  the  Federal  Government, 
with  its  wide  ©onnections  abroad,  with  its  opportunity  to 
CO  ordinate  the  experience  of  all  of  the  states,  should  estab- 
lish in  Washington  a  bureau  or  division  where  builders  and 
city  planning  committees  can  secure  the  most  recent  infor- 
mation on  the  construction  of  houses.  The  Federal  Govern- 
ment has,  furthermore,  during  the  war,  collected  ;i  vast 
amount  of  information  and  accumulated  considerable  experi- 
ence in  respect  to  building  and  city  planning  through  its  own 
building  activities.  This  information  should  be  preserved  and 
ordered,  and  will  then  form  the  nucleus,  at  little  expense,  of 
a  valuable  collection  of  information.  This  is  a  service  which 
the  Government  can  render  to  its  people  without  danger  of 
paternalism. 

There  is  another  important  service  which  this  bureau  or 
division  can  render.  At  the  present  time  there  is  a  great 
variety  of  requirements  in  the  building  codes  of  the  different 
cities  and  states.  A  study  of  these  codes  and  experience 
under  them  would  be  of  great  service  in  preparing  the  mate- 
rial for  the  drafting  of  a  building  code  which  would  be  as 
nearly  uniform  as  the  varying  conditions  in  the  different 
cities  would  permit.  The  proposed  bureau  could  serve  as  a 
clearing  house  for  information  in  respect  to  the  experience 
of  the  different  cities,  so  that  amendments  to  codes 
and  new  drafts  of  codes  could  be  prepared  in  the  light 
of  the  collected  experience  of  the  whole  country,  and  not  as 
a  result  of  purely  local  consideration.  As  a  result  of  the 
variety  of  the  requirements  in  building  codes,  it  is  not  possi- 
ble to  carry  through  the  standardization  of  building  mate- 
rials wh'.ch  is  so  desirable  and  which  would  cheapen  the 
cost  of  construction.  A  great  saving  in  building  throughout 
the  country  cot;ld  be  secured  by  careful  study  of  building 
construction  and  standardization  of  building  materials  (simi- 
lar to  the  work  done  by  the  Bureau  of  Standards  in  other 
lines);  but  a  necessary  part  of  this  work  would  be  the  prep- 
aration of  model  building  codes,  which  would  make  possible 
the  use  of  the  standardized  material.  In  proportion  to  the 
advantage  gained  the  cost  is  slight,  espee^ally  as  the  nucleus 
of  the  collection  is  already  in  existence,  and  the  result  upon 
(he  comfort  of  American  homes  and  the  beauty  of  American 
cities  v.ill  be  worth  striving  for.  Another  use  fer  the  material 
collected  by  this  bureau  might  be  the  preparation  of  a  model 
building  code  for  the  District  of  Columbia,  which  misbt  be 
available  for  adoption  with  necessary  modifications  by  cities 
throughout  the  country. 

(2)  A  bill  designed  to  provide  for  the  gathering  and  publica- 
tion by  existing  governmental  agencies  of  current  facts  as  to  pro- 
duction, distribution,  available  supplies,  standards  of  quality,  costs, 
and   realization    of  coal. 

Statistics  Regarding  Coal. — On  power,  and  power  is  gen- 
erated ill  the  main  by  coal,  depends  building  construction,  as 
indeed  the  whole  industrial  life  of  the  nation. 

Wisely  to  act  in  control  of  interstate  and  foreign  commerce, 
fairly  to  conserve  the  interest  of  the  public  without  injury  to 
those  of  coal  miners  and  operators,  the  legislative  and  execu- 
tive branches  of  the  Government  need  systematically  gathered 
and  carefully  analyzed  statistics  of  the  fullest  sort  in  respect 
to  the  coal  industry.  Experience  has  shown  the  difficulty  con- 
fronting conferences  called  by  the  Executive  and  by  commit- 
tees of  Congress  in  securing  quickly  satisfactory  Information 
upon  which  to  base  conclusions. 


(92) 


Engineering   and   Contracting    for   April   27,    1921. 


427 


There  is  another  reason  why  all  such  statistics  should  be 
gathered  and  published.  The  public,  irritated  over  the  nigh 
cost  and  unsatisfactory  supply  of  coal  and  the  high  railway 
rates  (in  part  dependent  upon  the  cost  of  operation,  of  which 
fuel  cosjt  is  a  large  factor),  is  entitled  to  know  whether  the 
burden  put  on  every  householder  and  every  manufacturer  is 
fair,  or  whether  profiteering  is  going  on,  and  it  turns,  not  to 
the  government  of  the  states,  but  to  the  Government  of  the 
nation  for  its  information. 

CJI  An  amendment  to  the  transportation  act  directing:  the 
Interstate  Commerce  Commission  not  to  declare  without  hearings 
an  emergency  which  will  give  preference  or  priority  in  transpor- 
tation. 

Transportation  of  Building  Materials.  —  Transportation 
of  building  materials  is  not  mainly  intrastate  but 
interstate,  over  which  the  Interstate  Commerce  Com 
mission  has  control.  That  commission,  by  its  priority 
orders,  lias  delayed  the  carriage  of  structural  material,  and 
has  therefore  rendered  more  hazardous  and  expensive, 
through  unforeseen  delay,  the  already  hazardous  and  ex 
pensive  business  of  building  construction.  The  committee 
recommends  that  the  authority  of  the  Interstate  Commerce 
Commission  to  issue  priority  orders,  without  the  formality  of 
a  public   hearing,  be   removed. 

(4)  An  amendment  to  the  federal  reserve  act  to  permit  the 
Federal  Reserve  Board  to  direct  the  use  of  savings  and  time  de- 
liosits  of  national  banks  lor  long-time  loans,  thus  giving  such 
deposits  greater  security  and  supplying  a  source  of  long-term 
mone.v   for  home   biiildini^. 

Supplying  Long-Term  Money  for  Home  Building.  —  The 
Federal  Government  has  already  assumed  a  degree  of  con- 
trol over  the  credit  facilities  of  the  country  through  the  na- 
tional bank  and  Federal  Reserve  acts.  It  has  furthermore 
come  to  the  aid  of  the  farmers  of  the  country  by  establish- 
ing farm  loan  banks,  wliicli  open  new  avenues  of  credit  to 
the  basic  industry  of  agriculture,  and  has  provided  credits 
for  the  export  trade  through  the  extension  of  the  War  Finance 
Corporation.  By  the  creation  of  savings  departments  in  the 
national  banks  it  has  brought  within  the  control  of  Con- 
gress a  large  share  of  the  savings  of  the  people.  Tlie  com- 
mittee is  therefore  only  following  a  beaten  path  in  proposing 
a  bill  to  authorize  the  investment  of  a  part  of  those  savings 
in  mortgages  on  real  estate  and  in  extending  to  home  build 
ers  the  same  credit  facilities  already  put  at  the  service  of 
the  farmers  and  of  merchants  and  manufacturers  interested 
in  the  export  trade.  Safe  mortgages  are  the  best  security 
for  the  people's  money,  and  it  is  appropriate  that  that  money 
be  used  to  supply  homes. 

(.■)>  A  home  loan  bank  bill  to  provide  for  district  home  loan 
banks  which  may  sell,  under  Federal  supervision,  bonds  secured 
by  the  aggiegaterl  loans  deposited  by  the  member  banks. 

Home  Loan  Banks. — The  bill  to  authorize  the  creation  of 
home  loan  banks  follows  the  Federal  Farm  Loan  act.  It 
federates  into  regional  banks  the  existing  building  and  loan 
societies,  and  enables  them  to  raise  money  upon  the  mort- 
gages in  their  vaults  with  which  to  finance  new  building  con- 
struction. These  societies,  true  people's  banks,  have  sprung 
up  voluntarily  all  over  the  countr-'.  They  are  popularly  con- 
trolled, locally  managed,  financial  ir„-;titutions  which  make 
loans  only  to  the  holders  of  stock,  so  that  the  security  under 
mortgages  issued  by  them  is  double.  Responsibility  of  appli- 
cants is  scrutinized  by  committees  of  their  neighbors.  The 
regional  banks  proposed  will  greatly  increase  the  available 
capital  of  these  institutions  by  permitting  them  to  use  their 
mortgages  as  security  for  the  issuing  of  the  loans  which  they 
must  in  turn  invest  in  further  heme  building.  As  the  issues 
of  the  loans  by  the  regional  banks  are  to  be  tax-exempt,  like 
farm  loan  bonds,  and  as  they  are  guaranteed  by  the  best  of 
securitv — mortgages  on  the  homes  of  the  country — they  can 
be  easily  sold.  This  bill  is  a  step  toward  democracy  in  bank- 
ing, as  well  as  a  means  of  meeting  a  pressing  national  neces 
sity. 

16)  An  amendment.  limited  to  five  years,  to  the  revenue  act  of 
191S,  to  provide  for  the  exemption  from  excess  profits  and  income 
taxes  of  tliO  profits  on  the  sales  of  dwelling  houses  where  such 
profits,  plus  an  ecpial  amount,  are  reinvested  in  dwelling  house 
construotioii. 

Exempting    Profits   from    House    Sales   from    Income   Tax. — 

The  coinuiittec  turlhermore,  following  the  precedent  -ised  in 
the  shipping  act  of  1920.  has  drafted  a  bill  to  free  frrm  in- 
come tax  for  the  next  five  years,  the  profits  from  the  sale 
of  homes,  provided  that  this  profit  is  reinvested  in  more 
homes,  dollar  for  dollar,  with  new  money. 


(7)  An  amendment  to  the  revenue  act  of  1918  to  exempt  from 
taxation  interest  on  loans  up  to  $40,000  on  improved  real  estate 
used  for  dwelling  purposes,  when  such  loans  are  held  by  an 
individual. 

Exemption  of  Building  Loans  from  Taxation. — A  substan- 
tial interference  by  the  Federal  Government  with  the  normal 
How  of  credit  results  from  the  exemptions  of  interest  on  the 
bonds  of  the  United  States  and  of  individual  states  and  mu- 
nicipalities trom  the  income-tax  law.  The  result  of  this  ex- 
emption has  been  to  limit  the  flow  of  capital  into  building 
loans  and  to  inciease  the  rate  of  interest  on  the  loans  which 
are  made,  consequently  limiting  construction  and  increasing 
carrying  charges  and  therefore  the  rental  of  homes.  The 
committee  realizes  that  there  is  a  conflict  of  opinion  among 
lawyers  as  to  whether  or  not  Congress  can,  under  the  in- 
come tax  amendment,  tax  the  income  from  the  securities 
of  states  and  their  political  subdivisions.  The  courts  have 
not  had  to  pass  upon  the  question,  since  Congress  has  thus 
far  n'ot  imposed  such  a  tax,  and  there  are  grave  questions 
of  policy  involved.  The  committee  therefore  believes  that, 
even  if  Congress  has  the  power  to  sweep  away  these  exemp- 
tions and  thus  restore  a  normal  flow  to  the  money  market,  a 
long  time  must  elapse  before  such  action  will  be  taken;  and 
the  problem  of  supplying  credits  to  the  building  industry  is 
a  problem  of  today,  not  of  tomorrow.  It  must  be  met,  there- 
fore, with  reference  to  the  now  existing  conditions  and  not 
in  view  of  what  may  be  done  in  years  to  come.  The  com- 
mittee, therefore,  must  make  recommendations  on  the  basis 
of  the  exemptions  now  in  the  income-tax  law.  The  commit- 
tee believes  that  the  power  of  Congress  to  divert  the  flow 
of  capital  by  means  of  income-tax  exemptions  should  be 
used  oni^  when  and  as  long  as  an  imperative  need  ex- 
ists, but  it  believes  that  its  report  shows  such  an  imperative 
need.  Congress  has  the  power  to  exempt  from  tax  the  in- 
come from  a  limited  investment  in  mortgages,  and  thus  to 
encourage  individuals  to  supply  the  money  for  home  construc- 
tion. I;;  it  not  wiser  thus  to  open  the  way  for  private  capital 
and  private  enterprise  than  to  risk  the  possibility  of  direct 
municipal,  state  or  Government  grants  to  home  builders,  as 
in  Great  Britain  and  Prance,  with  all  its  attending  red  tape 
and  risKS  to  the  public  funds?  While  the  committee  rec- 
ommends a  bill  to  exempt,  from  the  income  tax,  mortgages 
to  the  amount  of  $4i).OC)0  held  by  any  individual,  the  exemp- 
tion need  not  and  should  not  be  long  continued.  As  soon  as 
the  need  is  passed,  it  should  be  repealed. 

(.S)  An  amendment  to  the  revenue  act  of  191S  limiting  the  tax- 
ation of  profits  from  the 'sale  of  capital  assets  by  providing  for 
their  taxation  as  of  the  years  of  accrual  rather  than  as  of  the  year 
of  their  sale. 

The  purpose  of  this  amenOment  is  to  release  for  sale  prop- 
erty now  held  because  the  profit  from  the  sale  is  fharged 
against  the  income  of  the  year  of  sale. 

(il)  An  amendment  to  the  revenue  act  of  1918  to  limit  the 
surtax  upon  saved  income  to  an  amount  not  in  excess  of  20  per 
cent  cf  such  income. 

(10>  An  amendment  to  the  postal  savings  law  increasing  the 
limitation  on  deposits  as  to  amount  and  time,  and  authorizing  the 
rates  of  interest  to  be  changed  from  time  to  time  and  providing 
for  compensation  of  postmasters  for  the  extra  duties. 

The  purpose  of  these  bills  is  to  encourage  saving  and  in- 
vestment in  real  property  and  to  check  nonessential  spend- 
ing. 

In  its  recommendations  the  committee  has  had  in  mind  the 
importance  of  economy.  The  cost  of  the  collection  of  the 
coal  information,  the  cost  of  the  housing  bureau,  the  super- 
vision of  the  Federal  home  loan  banks,  will  constitute  no  ap- 
preciable burden  on  the  treasury:  the  results  of  the  various 
bills  proposed,  however,  in  holding  down  the  price  of  essen- 
tial materials,  in  preventing  unfair  competition  and  monopoly 
in  coal,  and  in  directing  the  flow  of  credit  toward  the  build- 
ing industry  will,  the  committee  believes,  cause  the  prompt 
construction  of  the  homes  so  urgently  needed. 


Breaking  Up  Concrete  with  Oxy-Acetylene  Torch. — The 
work  of  breaking  up  concrete  in  a  Cleveland,  O  ,  building 
was  speeded  by  use  of  the  oxy-acetylene  torch.  The  method 
employed  consisted  of  heating  along  the  line  of  the  desired 
fracture  with  an  ordinary  welding  torch,  using  a  long  bushy 
flame.  The  concrete  was  not  raised  to  a  great  heat,  as  meas- 
ured in  terms  of  oxy-acetylene,  but  the  heat  was  confined  as 
much  as  possible  along  the  proposed  line  of  fracture.  When 
so  heated  the  concrete  yielded  to  a  heavy  blow  of  the  sledge, 
breaking  off  in  the   predetermined   form  and  bulk. 
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Index  Numbers  of  Wholesale  Prices 
1913  to  March  1921 

The  accompanying  tabulation  shows  the  index  numbers  of 
wholesale  prices  by  groups  of  commodities,  as  computed  by 
the  U.  S.  Bureau  of  l^bor  Statistics.  The  group  of  miscel- 
laneous cominoditlps  includes  such  important  articles  as  cot- 
tonseed meal  and  oil,  lubricating  oil,  Juto,  rubber,  newsprint 
and  wrapping  paper,  rope,  soap,  laundry  starch,  tobacco.  Ma 
nilla  hem[),  sisal,  phosphate  rock  and  wood  pulp.  The  com- 
modities, including  the  other  groups,  are  as  indicated  by 
the  title: 
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Waste  of  Lumber  for  Scaffolding.  -In  an  address  April  8 
at  a  public  meeting  in  Philadelphia,  held  by  the  Council  of 
the  Associated  Building  Trades,  Mr.  Albert  Kelsey,  architect, 
called  attention  to  the  waste  of  lumber  for  scaffolding  in 
many  jobs.  He  stated  that  it  is  the  rule  to  use  new  lumber 
and  thin  boards,  instead  of  old.  seasoned  planks,  and  thus 
before  the  .iob  is  finished  half  of  this  good  material  is  ruined. 
In  Europe  a  good  builder  owns  thick  planks  and  sturdy  poles, 
which  he  takes  with  him  from  job  to  job,  year  after  year,  and 
ties  them  together  with  ropes.  The  lumber  being  of  the 
proper  sizes  for  rough  usage,  and  seldom  being  nailed,  is 
therefore  not  damaged,  and  accordingly  serves  perhaps  for 
20  or  30  operations,  while  ours  is  seldom  used  for  more 
than  one. 


Wage  Advances  in  Building  Trades  1914  to 

1920 

Some  interesting  information  on  the  extent  of  wage  ad- 
vances in  the  building  trades  Is  given  in  the  report  of  the 
CJalder  Committee  submitted  last  month  to  the  U.  S.  Senate. 
The  figures,  based  on  data  compiled  by  the  U.  S.  Bureau  of 
Labor  Statistics,  are  given  in  the  accompanying  tabulation, 
which  shows  the  average  increase  in  union  wage  rates  be- 
tween 1914  and  1920  in  the  more  important  building  trades. 
As  the  building  trades  are  highly  organized  in  the  great  ma- 
jority of  communities,  the  rates  paid  union  workers  may  be 
(aken  as  fairly  representative.  On  the  other  hand,  the  union 
scales  are  what  are  kno\Yn  as  minimum  rates,  which  may  be 
exceeded  when  the  demand  for  labor  is  strong.  In  general, 
however,  the  union  rates  of  pay  are  recognized  as  being  very 
close  to  the  actual  rates  prevailing  in  a  given  community. 

SU.M.MAKY  OF  UNION  ILVTKS  OF  PAY  AND  HOURS  OF  WORK 
IN  VARIOUS  CITIES.  1914  AND  1920. 

Rate  per  hour  Hours  per 

1       Occupation.  (cents).        Percent  week 

1914.        1920.    increase.    1914.        1920. 

Uri-klayers    68.2         116.5  70.8  45.2  43.9 

Carpenters    50.8  99.7  96.3  45.6  44.1 

Cemsnt  workers  and  finishers  69.3        102.1  72.2  47.1  44.2 

Painters    47.4  92.8  95.9  45.6  44.1 

Plasterers     67.7         107.2  58.3  44.6  40.9 

Plumbers    61.6         101.3  64.4  45.4  43.8 

Sheet-metal  workeis    51.8  99.7  92.5  45.5  44.0 

Steam   fitters    ; 61.2  95.0  55.2  45.5  44.0 

Structural-iron    workers    62.1         116.7  87.9  44.5  44.0 

Inside    wiromen    52.8  95.9  81.6  45.6  44.0 

Unskilled   labor    30.0  65.0         116.0  48.4  45.2 

This  table  shows  considerable  variation  in  the  increases  ob- 
tained by  the  different  skilled  trades,  between  1914  and  1920, 
the  variation  being  from  .5.5  per  cent  in  the  case  of  steam  fit- 
ters to  96  per  cent  in  the  case  of  carpenters.  The  average 
Increase  may  be  taken  as  falling  between  70  and  SO  per  cent. 
In  the  case  of  unskilled  labor  the  wage  increases  were  consid- 
erably higher,  averaging  slightly  over  100  per  cent. 

Who  Cleans  Brick 

Information  collected  by  the  Associated  General  Contrac- 
tors of  America  with  a  view  to  deciding  a  jurisdictional  ques- 
tion regarding  the  cleaning  of  brick  indicates  that  the  clean- 
ing of  old  brick  is  always  done  by  laborers,  while  the  clean- 
ing of  brick  walls  is  done  by  bricklayers  or  laborers.  Re- 
plies from  26  cities  are  tabulated  below: 

Cleaning  walls  Cleaning  old 

City.                                      done  by  brick  done  by 

Baltimore    Bricklayers  Laborers 

Birmingham     I.,aborers    (no  pointing)  laborers 

Boise    ?  Laborers 

Boston           Bricklayers  LalK)!  ers 

Chicago    7  Laborers 

Cincinnati   Bricklayens    (often   by 

laborers)  Laboi  ers 

Cleveland    Bricklayers  Liaborers 

Dallas   Bricklayers  Laborers 

Des  Moines Bricklayers  Laborers 

Detroit    l..aborer3    unless    sublet 

to    "tuck    pointers"  Lal>orers 
Kansas  City Brirklayers  and  non- 
union   "cleaners"  T.aborers 

Los   Angeles Laborers  I.aboiers 

Louisville   ?  Laborers 

Milwaukee   ?  Laborers 

Nashville   ?  Laborers 

New  Orleans Bricklayers  and 

special  laborers  Laborers 

Philadelphia    ?  Laboiers 

Richmond    ?  Laborcr.s 

San  Antonio ?  laborers 

San  Francisco ?  Laboi  ers 

S,avannah   ?  Laborers 

South  Bend ?  I>aborers 

St.    Joseph ?  Laborers 

St.    r.«uis ?  Laborers 

Tacoma    Ijaborers  Laborers 

Toledo   ^'.•lf•hine  and  laborers  Laborers 

Colorless  Waterpfoofing  Materials  for  Building  Stones. — 
The  exposure  tests  on  sandstone  and  limestone  now  being 
conducted  by  the  U.  S.  Bureau  of  Standards,  after  a  1-month 
period,  indicate  that  several  proprietary  materials  are  ef- 
fective in  reducing  the  absorption  of  moisture  by  the  stone 
to  5  per  cent  or  less  than  that  of  the  untreated  specimens 
However,  all  of  the  exposure  specimens  continue  to  indicate 
n   slight  increase  of  absorption  as  the  test  progresses. 


Fabricating  Shop  Contracts  in  March. — The  records  of  the 
Bridge  Builders  and  Structural  Societv.  from  reports  collected 
by  its  .jocretary,  show  that  during  the  month  of  March,  1921. 
.52.300  tons  of  fabricated  structural  steel  were  contracted  for 
throughout  the  United  States,  equivalent  to  29  per  cent  oi 
the  entire  capacity  of  the  bridge  and  structural  shops  of  the 
country. 
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Design  Features  of  Bridges  for  New 
Jersey  Highways* 

By  CHARLES  DEEMS, 
Bi-klge  Ensiiicor,  New  Jersey  State  Highway  Coniiiiission. 

The  state  owns  at  present  704.2  miles  of  highways  on  which 
exist  568  bridges  of  over  5  ft.  span.  They  comprise  timber, 
masonry  and  metal  structures  of  various  kinds,  lacking  in 
uniformity  of  specification  and  condition,  but  all  of  which  are 
called  upon  to  support  the  traffic  which  the  development  of 
the  internal  combustion  engine  has  thrust  upon  them. 

The  number  of  miles  of  road  per  bridge  varies  considerably 
—from  0.5  on  Route  3  6  to  S.l  on  Route  14.  Roughly,  60  per 
cent  lie  in  the  northern  part,  29  per  cent  in  the  central  part 
and  but  U  per  cent  in  the  southern  part  of  the  state. 

80  Per  Cent  of  Existing  Bridges  Cannot  Meet  Modern  Traffic 
Demands. — It  is  not  the  intention  of  this  paper  to  criticise  the 
design  of  a  generation  ago  when  a  farm  wagon  or  a  load  of 
hay  was  considered  a  heavy  load.  That  bridges  which  were 
well  designed  for  the  loading  of  what  may  be  expected  of 
those  now  building,  for  a  well  designed  bridge  will  carry  a 
large  percentage  of  occasional  overload  without  distress.  To- 
day, however,  80  per  cent  of  the  existing  bridges  in  this  state 
are  incapable  of  meeting  the  demands  of  modern  traffic. 

When  the  state  assumed  control  of  the  highway  system  last 
year  several  very  important  bridges  were  on  the  verge  of 
failure,  two  of  the  more  recently  constructed  ones  had  actual- 
ly collapsed  and  others  needed  immediate  attention  in  vari- 
ous ways  to  keep  them  in  service  until  major  repairs  or  re- 
building could  be  reached.  This  repair  work  has  proceeded 
along  with  the  preparation  of  plans  for  the  new  structures 
designed  for  modern  loading. 

20-Ton  Loading  for  Bridges. — After  a  careful  study  of  the 
various  truck  loadings  actually  in  service  and  the  tendencies 
of  the  times  both  from  a  military  and  commercial  point  of 
view,  a  loading  was  adopted,  commonly  referred  to  as  a  20- 
ton  truck,  which  would  produce  bridges  adequate  for  the 
demands  of  modern  traffic  and  provide  for  such  increases 
as  are  sure  to  come.  The  loading,  therefore,  is  not  so  much 
a  typical  truck  as  a  live  loading  which  will  produce  service- 
able bridges. 

The  geographical  location  of  New  Jersey  between  the  two 
great  commonw^ealths  of  New  York  ahd  Pennsylvania  makes 
it  imperative  that  her  structures  should  be  of  the  best.  Re- 
strictive legislation  to  be  permanent  must  be  in  accord  with 
the  demands  of  commerce.  Growth  far  beyond  the  vision 
of  traffic  experts  in  every  other  mode  of  transportation  has 
been  experienced,  and  highways  will  prove  no  exception  to 
the  rule. 

Types  of  Bridges. — Deck  bridges,  being  the  most  economical 
in  first  cost  and  maintenance,  are  to  be  preferred  wherever 
the  conditions  are  favorable.  Long  spans  and  low  head  room 
often  compel  tlie  use  of  through  or  half  through  bridges.  Of 
these  the  most  economical  is  the  plate  girder.  Beyond  the 
limits  tor  plate  girders  the  more  elaborate  lattice  girders 
must  be  used,  giving  preference  in  all  cases  to  riveted  over 
pin  connections  because  of  the  greater  rigidity  possible.  For 
spans  up  to  20  ft.  reinforced  concrete  slabs  are  to  be  pre- 
ferred. Encased  I-beams  may  be  used  up  to  30  ft.  Beyond 
that,  built-up  sections  must  be  resorted  to.  Transportation 
limitations  must  be  considered  as  a  material  factor  in  design. 

Concrete,  being  a  durable  structural  material  of  low  cost 
and  diversified  application,  finds  almost  universal  use  in  the 
modern  bridge.  Used  in  mass  work  for  substructure  and  in 
combination  with  reinforcing  steel  for  superstructure  parts 
subject  to  transverse  bending,  it  forms  an  ideal  material  for 
permanent  structures.  Even  though  its  properties  are  so  uni- 
versally known  and  appreciated,  it  requires  careful  and  hon- 
est workmanship  and  good  design  to  produce  enduring  results. 

Water-Pumping  Structures.— Owing  to  the  difficulty  of  mak- 
ing concrete  entirely  water-tight,  and  as  water  is  almost  a 
universal  solvent,  it  is  of  the  utmost  importance  that  the  en- 
trance of  water  to  any  part  of  the  structure  be  prevented. 

"'Abstract  of  a  paper  presented   Jan.   25   at   the   annual   meeting 
ot  the  New  Jersey  State  Association  of  County  Engineer.?. 


This  is  especially  true  of  parts  not  accessible  for  inspection. 
Paint  on  metal  work  is  effective  on  parts  exposed  to  air  which 
aids  in  the  rapid  removal  of  moisture. 

Structures  should  be  so  designed  that  all  possible  parts 
can  be  inspected.  In  the  case  ot  inaccessible  parts,  such  as 
imbedded  steel,  if  reached  by  moisture,  changes  will  occur 
and  may  progress  with  surprising  rapidity,  especially  if  elec- 
trolytic action  is  present.  Where  there  is  no  actual  leaking, 
the  presence  of  water  will  be  indicated  by  surface  staining, 
indication  of  leaching  and  spalling  most  strongly  marked  at 
joints  or  pour  lines. 

The  formation  of  rust  scale  on  embedded  steel  sets  up 
sreat  pressure,  recorded  as  high  as  4,700  lb.  per  square  inch, 
which  will  destroy  the  bond  and  eventually  menace  the  safety 
of  the  structure.  Water  should,  therefore,  be  conducted  away 
from  the  bridge  as  rapidly  as  possible  by  providing  drainage 
grades  in  every  part.  Inaccessible  parts  should  be  protected 
by  waterproofing,  which  is  cheap  insurance.  With  water- 
proofing cost  at  2  per  cent  of  the  cost  of  the  structure  and 
money  at  4  per  cent  it  is  evident  that  if  waterproofing  pro- 
longs the  life  of  the  bridge  six  months  it  pays  to  do  it. 

Construction  of  Floors. — Because  of  under-clearances  and 
the  reduction  of  dead  load,  it  is  generally  desirable  to  pro- 
duce the  thinnest  floor  consistent  with  good  design.  This 
can  be  accomplished  by  carrying  the  live  load  directly  on 
the  floor  slab  after  providing  a  small  extra  thickness  of  con 
Crete  cast  integrally  with  the  slab  for  wearing  surface. 
Otherwise,  to  protect  the  slab  from  wear,  the  entire  surface 
may  he  covered  with  some  bituminous  compound  applied  in 
a  plastice  condition  or  with  paving  blocks  ot  wood  or  other 
material.  The  latter  makes  a  slightly  thicker  floor  than  the 
former 

The  width  adopted  is  30  ft.  between  curbs  for  all  new 
bridges:  and  sidewalks  are  to  be  provided  where  required. 

The  distribution  of  load  concentrations  on  slabs  is  a  sub- 
ject which  is  being  intensively  studied  from  the  meager  data 
resulting  from  destructive  tests.  The  tendency  is  to  slightly 
reduce  the  slab  thickness  from  the  old  assumptions  of  dis- 
tribution wherein  the  load  was  distributed  at  45  degrees  in 
each  direction  to  the  plane  of  reinforcement,  resulting  in  a 
somewhat  lighter  and  cheaper  bridge.  Further  tests  are 
needed,  however,  in  order  to  fully  cover  this  subject. 

Where  floor  thickness  is  not  a  material  factor,  conditions 
more  nearly  approaching  ideal  may  be  realized  in  small  spans 
by  locating  the  slab  low  enough  to  permit  the  road  construc- 
tion to  be  carried  continuously  over  the  bridge.  In  any  case, 
the  road  paving  on  the  bridge  should  extend  continuously 
from  curb  to  curb. 

Slab  floor  bridges  of  short  spans  on  solid  supports  will 
usually  be  found  stiff  enough  to  provide  for  lateral,  longi- 
tudinal and  centrifugal  forces.  The  necessity  for  adequate 
bracing  in  all  directions  should  never  be  lost  sight  of,  to 
the  end  that  the  resulting  structure  be  rigid  under  all  con- 
ditions. Unless  a  bridge  can  be  used  as  unrestrictedly  as 
the  highwaj   it  connects,  it  is  not  an  adequate  bridge. 

Bridge  Railings. — Bridge  railings,  to  afford  necessary  pro- 
tection, should  be  designed  to  be  capable  of  withstanding  the 
impact  from  unmanageable  vehicles  of  the  weights  specified. 
A  monolithic  concrete  railing  well  reinforced  will  be  found 
adequate.  Such  a  railing  is  not  an  extravagance,  as  it  can 
be  produced  at  a  cost  about  equal  to  a  heavy  galvanized  pipe 
railing  and  is  vastly  superior  to  it  in  strength,  endurance  and 
appearance.  It  is  the  practice  to  mold  the  state's  name,  route 
number,  and   year  of  erection  in  these  railings. 

The  only  impression  gained  of  a  bridge  by  the  traveling 
public  is  that  attained  by  the  appearance  of  the  railings. 
These  should  leave  in  the  mind  the  pleasant  sensations  of 
safety  and  harmony. 

There  seems  to  be  a  widespread  notion  that  arches  are 
beautiful.  Some  are.  Being  predicated  on  immovable  abut- 
ments they  should  never  be  used  in  flat  marshy  country  where 
there  is  the  slightest  question  of  security  concerning  the 
toundation'material  Simple  spans  giving  vertical  reactions 
can  be  made  attractive  in  appearance  and  when  they  are  in 
harmony  with  their  surroundings  and  express  a  structural 
necessitj    they  are  pleasing. 

Good  design  requires  an  arrangement  or  grouping  of  parts 
so  that  the  eye  is  led  to  consider  the  structure  as  a  whole 
rather  than  an  accumulation  of  unrelated  pieces  which  lack 
interest  because  of  their  inconsruity.  It  need  not  cost  any 
more  to  produce  structures  which  are  pleasing  to  the  eye 
than  those  which  are  displeasing.  The  matter  of  aesthetics  is, 
therefore,  of  great  importance. 
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Methods   of   Supporting    Concrete    Chute 

By  J.  H.  WILLIAMS. 
Of  Tlu    I>nk«\voo(1   KnKliic.iiii-;   ' '■ 

TliP  altachert  sketches  show  a  scheme  which,  although  not 
new  in  any  sense  of  the  word,  is  not  employed  as  often  as 
it  could  he.  In  each  case  it  effects  somewhat  of  a  saving 
in  steel  line. 

On  the  hoom  line  for  a  concrete  chuting  plant  it  is  not 
necessary  to  rig  the  steel  blocks  and  line  tor  the  full  length 
inasmuch  as  the  travel  of  the  boom  is  very  limited  and  only 
a  few^  feet  of  such  travel  is  required.  Therefore,  a  heavy 
piece  ot  steel  line  can  be  attached  to  the  bale  at  the  end  of 
the  chute  and  carried  up  to  the  steel  block.  On  a  .'SO-fl.  boom 
chute  this  line  can  be  at  least  :!0-ft.,  which  will  effect  a  sav- 
ing of  120  ft.  (of  four  part  line). 

On  a  concrete  chute  line  where  there  is  considerable  dis- 
tance between  the  chute  and  the  chute  support  line  this  same 
.scheme  can  be  effected,  as  shown  in  the  sketch.  Very  often 
a  derrick  can  be  rigged  the  same  way.  provided  it  is  not  neces- 
sary to  have  much  travel  distance  up  or  down  for  the  boom 

Of  course  these  suggestions  will  not  always  be  satisfactory, 

Double  boom  lihcks 
Heavij  Steel  Line 


ToHoisf, 


Sketches  Showing   Method  of  Supporting  Concrete  Chute. 

but  there  are  a  number  of  places  where  they  can  be  used 
and  they  are  well  worth  remembering.  In  most  cases  it  is 
not  necessary  to  purchase  new  line  for  this  purpose  as  there 
is  usually  on  all  jobs  discarded  line  that  has  sufficient  strength 
for  this  purpose.  Particularly  is  this  so  as  shown  on  the 
sketch  covering  the  continuous  line  chute  support  in  this 
manner. 


Channels  and  Crimped  Furring 

The  Milwaukee  Corrugating  Co..  .Milwaukee.  Wis.,  is  now 
manufacturing  a  new  pressed  steel  channel  for  use  in  building 
work.  The  channels  are  cold  rollefi,  and  present  a  level 
surface  on  all  three  sides.  They  are  accurately  pressed  at 
perfect  right  angles  and  are  uniform  and  straight  throughout 
their  entire  length.  The  stock  sizes  and  weights  of  these 
channels  are:  %  in.,  0.276  lb.  per  lineal  foot;  1  in,  0.332 
16.;  11/2  in.,  0.-142  lb.  The  leg  is  %  in.  long.  The  stocli 
lengths  &re  12,  14,  16.  IS  and  24  ft.  The  same  company  also 
has  brought  out  a  crimped  furring  made  from  No.  22  band 
iron.  This  is  being  manufactured  in  the  following  sizes: 
'/4  in.,  20  lin.  ft.  to  1  lb.;  ^4  in.,  1.5  lin.  ft.  to  1  lb.;  1  in,  10 
lin.  ft.  to  1   lb. 


heating,  has  been  observed  in  the  case  of  the  steel  spillway 
gates  of  the  Panama  Canal,  the  leakage  through  which  is 
greater  in  the  day  time  than  at  night,  on  account  of  the  ac- 
tion of  the  sun  shining  on  one  side  and  causing  the  gates  to 
buckle  or  warp  slightly.  Another  set  of  measurements  was 
made  to  compaie  the  heating  of  blocks  of  steel  painted  with 
different  colors.  At  the  maximum,  from  12  to  about  2:30  p. 
m..  with  the  air  temperature  in  the  shade  about  88°  F.,  the 
temperatures  of  white,  red,  green  and  black  blocks,  respec- 
tively, were  112,  114,  123,  and  128°. 


Zoning  Survey  at  St.  Paul,  Minn. — The  City  Planning  Board 
of  St.  Paul.  .Minn.,  of  which  Geo,  H,  Herrold  is  managini;  direc- 
tor and  engineer,  is  now  making  a  zoning  survey  and  it  is  be- 
lieved that  a  zoning  ordinance  will  be  ready  to  be  submitted  to 
the  City  Council  this  full.  The  survey  is  being"  carried  on  by 
the  local  engineering  office  of  the  St,  Paul  City  Planning 
Hoard.  I3ennett  &  Parsons.  City  Planners,  have  been  retained 
as  consultants  in  the  preparation  of  the  ordinance. 


Effect  of  Sun's  Rays  on  Temperature  of  Steel. — Investiga- 
tions made  at  Balboa  Heights.  Panama,  Canal  Zone,  by  the 
U.  S.  Weather  Service,  to  determine  the  maximum  tempera- 
tures of  steel  exposed  to  the  direct  rays  of  the  sun  are  de- 
scribed in  the  Monthly  Weather  Review.  The  tests  were 
made  on  steel  blocks  measuring  2  in.  by  12  in.,  laid  on  boards 
on  a  concrete  pavement  and  sheltered  from  the  wind.  The 
thermometers  were  immersed  in  mercury-filled  holes  in  the 
centers  of  the  blocks.  The  highest  temperature  recorded 
was  133°  F.,  measured  at  3:30  p  m.  towards  the  end  of  April. 
It  is  thus  suggested  that  the  maximum  temperature  of  steel 
exposed  in  that  locality  is  not  likely  to  exceed  140°  F.  Com- 
paring the  climatic  conditions  with  those  of  various  parts  of 
the  United  States,  the  investigator  estimates  that  the  maxi- 
mum exposed  steel  temperatures  in  the  deserts  of  the  South- 
west my  reach  169°  F.  or  higher.  That  very  noticeable 
effects    are    produced  by  the  expansion  caused  by  one-sided 


Personals 

George  L.  Stanley  has  bfi-n  appointed  pity  engineer  of  Rurlint,'- 
ton.  Vt. 

N.  A.  Kemmish,  .a  civil  engineer  ot  York,  Xeb,,  has  assumed 
lii.s  duties   a.s  cily    manager  of  Alliance,    Neb. 

Ber.'-y  E.  Brevik  ha.s  re.sig-ned  a.s  chief  draftsiman  of  Spokane 
County.  Washington,  and  has  purch.ised  an  interest  in  the  Glasser 
Construction  Co..  327  Hutton  Bldg..  Spokane,  Wa.sh..  of  which  firm 
he   will    be   engineer, 

Victor  T.  Goggin,  heretofore  New  Kngland  sales  manager  of 
Fred  T.  L^y  At  Co..  Inc.,  of  Springfield.  Boston  and  New  York, 
has  severed  his  connection  with  that  concern  to  associate  him- 
self as  contracting  engineer  with  Dwight  P.  Robinson  &  Co..  Inc.. 
of  New  York,  Chicago.  Dallas.  Youngstown.  lx)S  Angeles  and 
Montreal. 

Frank  White,  wno  has  been  named  for  treasurer  of  the  United 
Slates,  is  a  graduate  of  the  civil  engineering  department  of  the 
Cniversity  of  Illinois.  He  went  to  North  Dakota  in  1882  and  set- 
tled as  a  farmer.  He  was  elected  governor  in  1900  and  served  four 
years   and    has   since    engaged    in    business. 

Athol  B.  Edwards  of  New  York  City  has  been  appointed  city 
manager  of  St.  .Mbans,  Vt.  He  was  employed  under  Chief  Engi- 
neer F.  L..  Thompson  of  the  Illinois  Central  R,  R.  in  the  construc- 
tion and  maintenance  departments  from  lllfll  to  1917;  afterwards 
tor  a  year  with  the  Massey  Concrete  Products  Corporation  of  New 
York,  and  later  with  MacArthur  Brothers  Co.,  contractors  and 
engineers. 


Obituaries 

Ralph  J.  Burley,  assistant  director  and  chief  engineer  of  the 
Reclamation  Service  in  the  Department  of  the  Interior,  Ottawa, 
died  April   14. 

Charles  E.  Becker,  a  road  contractor,  was  killed  April  20  when 
an  automobile  in  which  he  was  riding  w^as  struck  by  a  Lake  Erie 
.!i  Western  trair  at  a  grade  crossing  six  miles  north  of  Plymouth, 
Ind. 

Lester  Gray  French,  editor  of  The  Mechanical  Engineer,  died 
April  18  in  a  hospital  in  New  York  City,  following  an  operation. 
He  was  author  of  a  number  of  books  on  mechanical  engineering 
HUbj,?cts,  including  the  earliest  American  treatise  on  the  steam 
turbine,  Mr.  French  was  born  in  Keene.  N.  H..  in  18G9.  and  was 
educated    at    the    .Massachusetts    institute    of    Technology, 

Henry  W.  Kolkmeyer,  a  contractor,  died  April  20  at  his  home 
in  Jefferson  Cit.v.  Mo.,  aged  S:i.  In  the  early  days  of  railroad 
building  he  held  contracts  for  construction  of  the  Missouri  Pacific 
:ind  other  Missouri  railroads  .and  later  handlecl  railroad  con- 
tracts in  southern  Missouri  and  northern  Arkansas.  He  was  one 
of  the  contractors  engaged  in  the  construction  of  the  governor's 
mansion  and  many  of  the  older  substantial  buildings  in  Jefferson 
City, 


Industrial  Notes 

O.  L.  Moore,  chief  cem<  rit  inspector.  Universal  Portland  Ce- 
ment Co..  has  been  appointed  engineer  inspection  bureau  with 
headqu.arters  at  Chicago,  to  have  charge  of  all  matters  pertaining 
to  cement  inspection. 

YeoTians  Brothers  Co.  ot  Chicago  have  announced  a  decided  re- 
duction in  the  prices  of  their  products,  which  include  the  Shone 
pneumatic  sewage  ejector,  electrically  operated  centrifugal  sewage 
ejectors,  automatic  electric  bilge  pumps,  condensation  return 
pumps  and  horizontal  centrifugal  pumps  for  all   purposes, 

H.  M.  Davison,  who  from  190S  to  1919  was  w'ith  the  Hayward 
Co.,  manufacturers  of  tirange  peel,  clamshell,  electric  motor  clain- 
shell  and  drag  scraper  buckets  and  for  two  years  just  past  was 
general  sales  manager  for  Ohio  Locomotive  Crane  Co..  has  again 
become  associated  with  the  Hayward  Co.  and  will  hereafter  be 
connected  with  the  management  of  that  company.  Amcmg  other 
duties   he   will    have   the   general   management    of   sales: 

The  Link-Beit  Co.,  of  Cliicago.  Philadelphia  and  Indianapolis, 
have  just  s<nt  broadcast  the  following  letter  to  the  trade:  "The 
shrinkage  in  business  has  given  us  an  opportunity  to  restore  the 
et'onomies  in  manufacture  that  had  to  be  sacrificed  during  the 
high  pressure  of  the  past  three  years.  Our  overhead  expenses 
iiave  been  reduced,  the  efficiency  and  outptit  of  our  men  have  been 
increased,  our  raw  materials  have  been  marked  down  to  the 
present  market.  All  of  the  reductions  in  cost  effected  through 
these  steps,  together  with  a  considerable  portion  of  our  profits, 
li.ave  been  applied  to  price  j-eductions.  This  general  price  reduc- 
tion applies  to  our  coinplete  lines  of  elevating  and  conveying  ma- 
chinery, our  malleable  iron  and  "SS"  class  steel  chains,  malleable 
iron   buckets   and   sprocket   wheels."  , 
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(a)  Roads 

(b)  Streets 


(c)  Street    Cleaning 

(d)  Municipal    Miscellanies 


(e)    Management    and    Office 
System 

Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers   and   Sanl 

tation 

(e)   Management    and   Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and   Pits 

(b)  Management   and         (d)   Steam    Railways,   Con- 
Office    System  struction   and   Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)    Buildings 

tb)    Bridges 

<c)    Harbor    Structures 


(d)  Miscellaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management     and     Office 

System 
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Number  18. 


To  Our  Readers 


Circumstances  beyond  our  control  make  this  issue  late 
in  reaching  you.  Last  Monday,  the  day  Engineering  and 
Contracting  is  printed,  a  strike  occurred  in  all  the  union 
book  and  job  printing  shops  in  Chicago,  and  in  many  other 
cities.  The  trouble  arose  over  the  placing  in  operation  of  a 
44-hour  work  week.  The  unions  contended  that  there  should 
be  no  reduction  in  pay;  that  the  men  should  get  the  same 
wage  for  44  hours  as  they  had  been  receiving  for  the  pre- 
vious work  week  of  48  hours.  The  employers  insisted  that 
if  the  men  worked  44  hours  they  should  be  paid  only  for  that 
time.  As  a  result  of  the  dispute  all  work  in  print  shops 
stopped  It  Is  not  our  intention  to  comment  on  the  rights 
and  wrongs  of  the  situation.  We  merely  give  a  plain  state- 
ment of  the  facts  so  that  our  readers  may  know  why  this 
paper  failed  to  reach  them  on  time.  On  Thursday  the  em- 
ployers and  unions  reached  an  agreement,  under  which  the 
men  get  their  44  hours,  but  with  a  reduction  in  pay.  The 
same  day  the  printers  resumed  work  and  thus  enabled  us  to 
get  out  this  issue  only  a  few  days  behind  its  scheduled  time. 


Street  Names 

Originality  and  appropriateness  are  viitues  too  often  over- 
looked in  the  naming  of  our  new  streets.  Most  frequently 
and  cons])icuuously  are  they  lacking  in  the  plats  of  new 
"additions" — less  frequently,  but  still  too  often,  in  the  plans 
of  new  townsites.  The  editors  of  Engineering  and  Contract- 
ing arc  not  haters  of  the  English  and  their  institutions — in 
fact  they  .'idmit  a  pride  in  their  English  blood,  and  an  -ardent 
admiration  for  England's  countless  gifts  to  society  But 
they  do  not  see  any  valid  reason  for  the  common  attempt 
to  make  an  American  street  directory  read  like  a  section  of 
Ixmdon. 

"Margate  Terrace,"  "Hampden  Court."  "Nottingham  Road." 
"Stratford  Avenue,"  are  among  the  designations  against  which 


protest  is  made.  'Regent  Street" — the  commonest  otCender 
of  all — may  be  fitting  near  a  university,  but  elsewhere  in 
America  regents  are  rather  out  of  fashion.  Not  only  are 
these  irappropriate,  but  such  names  have  been  used  so  often 
that  many  American  districts  seem  simply  to  be  imitating 
one  another. 

Nor  i^  our  surrender  of  originality  and  appropriateness 
made  to  England  alone.  To  a  lesser  extent  we  have  capitu- 
lated to  almost  every  country;  and  if  possible,  with  less 
reason  than  to  England.  We  have  also  unblushingly  copied 
from  sister  cities  of  our  own  country.  Why  should  "Broad- 
way" be  scattered  over  forty-eight  states — especially  in  cases 
where  it  has  no  particular  claim  to  such  a  title? 

"Main  Street"  lacks  originality  but  is  at  least  generally 
appropriate  where  used.  "State  Street"  is  old  but  it  has  a 
dignified  fitness  when  applied  to  the  most  important  thor- 
oughfare of  a  town. 

The  lack  of  valid  reason  does  not  mean  the  absence  of 
motive  in  the  bestowal  of  these  nomenclatures.  English 
names  are  copied  because  they  are  suggestive  of  pleasant- 
ness, affluence,  and  social  standing.  The  real  estate  pro- 
moter thinks  they  will  attract  buyers.  "Broadway"  suggests 
hustle  and  the  center  of  business:  hence  the  ambitious  young 
municipality  wants  its  "Broadway."  Hence  also,  energetic 
business  men  on  Evanston  avenue,  Chicago:  on  South  "C" 
street.  Tacoma;  and  in  other  similar  situations  get  Broadway 
as  a  substitute  for  the  old  name  regardless  of  fitness.  We 
doubt  very  much  if  in  any  of  these  cases  the  name  :idds  an 
appreciable  conmiercial  value;  but  if  it  does  so,  it  must 
be  at  the  expense  of  other  streets,  and  there  would  be  just 
ground  for  complaint  by  the  business  on  other  streets,  that 
established  municipal  conditions  were  being  changed  to  the 
advantage  of  their  competitors. 

What  factors  should  control  the  selection  of  names?  Local 
significance  seems  a  prime  one.  It  is  fitting  that  the  foun- 
ders of  a  community  should  be  memorialized  in  the  streets 
over  which  their  successors  pass.  It  is  also  fitting  that  roads 
should  retain  the  names  which  indicate  their  destinations. 
A  bridge,  a  mill,  a  forest,  a  farm  may  give  reasonable  foun- 
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datlon  for  a  name,  but  In  a  growing  community  worthy  local 
names  are  liltely  soon  to  be  exhausted.  We  then  generally 
fall  back  on  some  system  such  as  the  names  of  the  presidents 
or  the  htates  of  the  Union.  Such  systems,  if  lacking  novelty, 
at  least  fit  their  national  environment;  and  it  is  to  be  re- 
gretted that  tliry  are  frequently  broken  up  to  such  an  ex- 
tent as  to  lose  much  of  tlieir  significance. 

Systematic  naming  is  desirable  because  it  adds  to  con- 
venience; and  there  is  no  dearth  of  systems  or  groups  of 
names  which  might  be  so  used.  In  addition  to  the  presidents 
we  have  a  worthy  list  of  American  statesmen,  and  another  of 
men  oi'  letters.  Soldiers,  scientists,  philanthropists,  great 
men  of  any  class  furnish  possibilities.  Nor  need  we  exclude 
foreigners  wliose  works  are  of  worldwide  value. 

A  group  of  great  men  from  different  nations  may  afford 
an  excellent  system,  whereas  an  isolated  foreign  name  may 
be  incongruous  and  objectionable.  But  human  names  furnish 
only  a  small  part  of  those  possible;  there  are  the  planets,  the 
stars,  the  constellations,  the  trees,  the  flowers,  precious 
stones,  the  minerals,  states,  counties  of  the  home  state,  cities, 
the  bocks  of  the  Bible,  and  as  many  more  as  one  will  take 
time  to  think  oi.  Some  of  these  systems  are  in  occasional 
use  at  present.  Few  of  them  possess  any  special  appropri- 
ateness but  they  do  avoid  tiresome  imitation,  and  they  do 
not  involve  fulsome  tribute  to  human  vanities. 
'  Numbered  streets  afford  so  much  convenience  that  they 
will  probably  continue  to  be  used.  Their  unaitractiveness  is 
counterbalanced  by  their  practicality.  Lettered  streets  are 
also  convenient  but  they  have  never  proved  popular,  and 
have  sometimes  been  changed  one  by  one  until  the  gaps  in 
the  system  spoiled  its  usefulness. 

Simple  alphabetical  arrangements  are  quite  common,  and 
names  having  arrangements  of  letters  and  syllables  which 
indicate  their  location  are  not  unknown.  They  are  quite 
convenient,  although  the  elaborate  names  without  signifi- 
cance except  as  to  locality  are  hardly  pleasing  in  their  sug- 
gestion. A  system  of  this  sort  is  "Alderdale,"  "Briardale." 
•'Cherrydale,"  "Devondale."  etc.,  for  one  section  of  a  town, 
and  "Altemont,"  "Belmont,"  "Cremont,"  "Darmont,"  etc..  for 
another   section. 

Truly  it  takes  little  ingenuity  to  avoid  hackneyed  street 
names.  To  acquire  appropriate  names  is  more  difficult  but 
usually  is  possible.  Lack  of  both  originality  and  appropriate- 
ness   is   unpardonable. 


TheJImportance  of  an  Office 
Library 

It  is  the  least  studious  engineer  who  must  look  up  the  most 
references  whenever  he  steps  from  his  own  familiar  fields; 
and  however  invaluable  his  handbooks,  they  cannot  be  all 
sufficient  on  a  major  problem.  His  liandicap  in  the  absence 
or  inaccessibility  of  a  library  needs  no  comment.  To  his 
more  studious  brother  the  want  of  a  library  is  a  calamity. 
Vet  how  many  engineers  are  continually  meeting  this  con- 
dition! 

If  engineering  offices  maintained  engineering  libraries  they 
would  have  better  engineering:  and  this  is  true  even  or 
office.';  located  in  cities  where  good  public  libraries  are  avail- 
able, for  convenience  of  access  means  more  frequent  and 
more  efficient  reference. 

I'^irthermore,  the  best  of  the  younger  employes  w'U  find 
in  the  presence  of  a  library,  a  measure  of  inspiration  and  in- 
ducement to  study  which  will  react  to  the  advantage  of  the 
employers,  and  very  greatly  to  the  advantage  of  the 
men  themselves. 

In  state,  county  and  city  offices,  where  change  of  per- 
sonnel is  all  too  frequent,  it  is  particularly  desirable  that 
the  office  have  its  own  library.  One  chief  engineer  may  be 
well  equipped  with  books— his  successor  may  be  nearly  with- 
out them,  and  work  may  suffer  accordingly.  The  office  li- 
brary will  naturally  be  more  extensive  than  that  of  the  indi- 
vidual engineer;  and  it  possesses  the  very  great  advantage 
of  being  provided  to  meet  the  particular  needs  of  the  par- 
ticular office.  However  many  books  the  new  incumbent  may 
have,  there  is  small  chance  that  they  will  comprise  the  best 
collection  for  the  specific  case;  and  where  tenure  of  office 
is  uncertain  and  salaries  are  sniall,  the  engineer  can  scarcely 
be  blamed  for  some  reluctance  in  spending  his  own  money 
for  books  on  problems  with  which  he  may  not  long  have 
to  deal. 

Where  the  individual  office  library  can  not  be,  or  is  not 


to  be  had.  a  supplying  of  the  deficiency  by  other  means  should 
be  sought.  If  local  public  libraries  are  not  available,  or  are 
inadequate,  the  traveling  state  library  is  a  most  useful  in- 
stitution. An  extended  use  of  certain  stationary  libraries  is 
suggested  by  Mr.  A.  E.  Foreman,  chief  engineer,  Department 
of  Public  Works  of  British  Columbia,  in  an  article  entitled 
"Organizing  Provincial  Highways  Departments"  in  a  past 
issue  of  "The  Canadian  Engineer."  Mr.  Foreman  says: 
"Engineers  should  undoubtedly  be  provided  with  the  best 
and  latest  literature  on  road  work.  Arrangements  should  be 
made  with  provincial  libraries  whereby  standard  technical 
books  might  be  loaned  to  any  of  the  district  and  assistant 
engineers  when  required  in  connection  with  any  special 
work  they  were  doing.  They  should  also  be  placed  on  the 
mailing  list  for  such  publications  as  those  issued  by  the 
Bureau  of  Public  Roads  of  the  LT.  S.  Department  of  Agricul- 
ture ana  similar  bulletins;  and  special  articles  in  mechanical 
journals  should  be  called  to  their  attention,  or  copies  sup- 
plied to  them." 

While  the  desirability  of  the  private  technical  library  is  by 
no  means  to  be  minimized,  the  office  library  can  be  made  to 
serve  a  larger  purpose  not  merely  by  reaching  more  people, 
but  by  its  greater  extent  and  the  fact  that  it  can  have  cer- 
tain books  which  the  individual  may  feel  that  he  cannot 
afford  to  buy. 


i(1 


Excessive  Fees  Paid  to  Appraisal 
'Experts"  by  Chicago 

A  suit  to  force  the  return  of  more  than  11.000.000  paid  by 
the  city  of  Chicago  to  appraisal  experts,  and  to  prevent  the 
payment  of  a  similar  amount  classed  as  earned,  was  started 
on  .\pril  19  by  the  Chicago  Tribune  as  a  taxpayer  of  the 
city.  The  Tribune's  bill  alleges  that  there  is  a  conspiracy  to 
cheat  and  defraud  the  city,  and  that  the  larger  part  of  the 
$1,000,000  paid  last  year  was  from  an  appropriation  which  was 
null  and  void  for  the  purpose  of  paying  such  experts.  The 
daily's  own  statement  of  its  five  main  objects  in  bringing 
the  suit  is: 

1.  Repayment  of  more  than  $1,000,000  paid  these  experts 
for  last  year's  services. 

2.  Repayment  in  full  of  all  sums  subsequently  paid  them. 
:j.     The  prevention  of  the  payment  of  any  more  money  to 

them. 

-1.  The  names  of  the  conspirators  and  their  method  of 
operation. 

.5.  The  names  of  persons  to  whom  Mesce  and  Lynch  are 
alleged  to  have  paid  money. 

Prior  to  the  bringing  of  the  suit,  the  Tribune  and  other 
Chicago  papers  had  published  numerous  articles  on  the  sub- 
ject of  the  expert  fees  and  their  apparently  excessive  amounts. 
The  editor  of  Engineering  and  Contracting  combines  the  pub- 
lished data  on  these  expert  fees  and  the  property  values  on 
which  they  were  incurred  (all  of  which  are  to  the  best  of  his 
belief  undisputed)  with  his  own  know-ledge  of  valuation  mat- 
ters, and  concludes  that  the  newspapers  have  failed  to  show 
the  full  extent  of  the  overcharge. 

About  .5.200  buildings,  totaling  about  $72,000,000.  have  been 
'condemned  "  in  Chicago  in  order  to  widen  certain  streets. 
The  two  political  "expert"  appraisers  who  are  appraising  these 
buildings  have  already  been  paid  $1,000,000  for  their  services, 
while  $1,200,000  more  is  credited  to  them  as  earned  and  $660,- 
000  is  scheduled  to  be  earned,  a  total  equivalent  to  4  per  cent 
of  the  value  of  the  buildings,  each  "expert"  receiving  2  per 
cent  of  the  value  as  his  compensation! 

In  defense  of  this  squandering  of  public  money.  President 
Michael  J.  Faherty  of  the  city  board  of  local  improvements 
has  said  that  by  "a  rule  of  the  American  Institute  of  Archi- 
tects" the  fee  for  such  appraisal  work  would  be  more  than  8 
per  cent,  therefore  Chicago  is  getting  this  appraisal  at  half 
price!  There  is  no  rule  of  the  American  Institute  of  Archi- 
tects, or  of  any  other  organization  of  builders,  prescribing 
fees  for  appraisal  services.  Evidently  President  Faherty  has 
in  mind  a  fee  for  designing  and  superintending  the  construe 
tlon  of  a  building,  which  is  quite  a  different  matter. 

F'ees  for  appraising  buildings  may  occasionally  be  based 
upon  the  values  of  the  buildings.  Very  frequently  they  can 
be  estimated  as  approximate  percentages  of  value.  For  ex- 
ample the  published  and  authorized  rates  of  the  Cook  County 
Real  Estate  Board  show  that  for  appraisals  like  those  for 
which  Chicago  has  paid  four  per  cent  their  charge  would  be 
about  one  quarter  of  one  per  cent.     The  corresponding  rates 
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■of  the  Chicago  Real  Estate  Board  indicate  a  charge  of  about 
four  tenths  of  one  per  cent  for  the  same  work. 

"But,'  President  Faherty  would  reply,  "those  fees  do  not 
include  making  drawings  of  the  buildings  and  the  city's 
'experts'  must  make  drawings  in  order  to  get  their  2  per 
cent  fee."  This  has  a  plausible  sound  until  we  read  that 
the  city  has  agreed  to  pay  to  each  of  the  "experts"  1%  per 
cent  foi  an  appraisal  without  drawings,  or  2  per  cent  with 
drawings,  making  the  fee  for  drawings  ^  per  cent.  The 
daily  newspapers  of  Chicago  have  added  the  %  per  cent 
to  the  0.4  per  cent  to  arrive  at  a  maximum  reasonable  charge 
for  this  appraisal  work,  but  the  newspapers  have  been  alto- 
gether too  liberal,  for  the  charge  of  ?4  Per  cent  for  appraisal 
drawings  is  itself  as  outrageously  high  as  the  charge  of  1% 
per  cent  tor  the  bare  appraisal.  Moreover,  why  in  the  name 
ot  common  sense  should  each  of  the  two  "experts"  prepare 
separate  drawings,  when  one  set  of  drawings  would  suffice? 

The  editor  intends  sending  this  article  to  Chicago  news- 
papers and  therefore  may,  perhaps,  be  pardoned  for  stating 
some  oE  his  own  qualifications  for  passing  judgment  on  the 
fees  charged  by  the  city  appraisal  "experts."  As  chief  en- 
gineer of  the  Washington  Railroad  Commission  the  editor 
had  charge  of  appraisals  totaling  J22.5,OOO.Ono.  As  appraisal 
engineer  for  many  different  companies  and  individuals,  he 
has  placed  values  on  other  properties  totaling  about  $.500,- 
000,000.  Fifteen  per  cent  of  this  total  was  real  estate.  In 
till  this  appraisal  work  the  highest  cost  of  the  appraisal  for 
any  group  of  buildings  was  Vo  of  one  per  cent  of  th"  value 
thereof  This  Is  in  accord  with  the  testimony  of  H.  B. 
"VVheelock,  of  the  American  Institute  of  Architects,  who  testi- 
fied before  a  committee  of  the  Chicago  city  council,  that  on 
the  appraisal  ot  a  group  of  forty  buildings  totalling  between 
$2,000,000  and  $2,500,000  for  the  Northwestern  railroad,  the 
highest  fee  paid  to  any  one  of  the  six  appraisers  engaged  was 
considerably  less  than  one  half  ot  one  per  cent. 

In  a  careful  quantity  survey  ot  a  building,  only  the  rough- 
est of  sketches  are  need  (nothing  comparable  with  an  archi- 
tect's finished  drawings),  and  the  cost  of  such  sketches  is 
included  in  the  %  of  one  per  cent  cost  of  the  appraisal. 
The  quantity  survey  is,  hy  all  odds,  the  most  expensive  part 
of  a  building  appraisal,  but  one  quantity  survey  will  suflice  for 
any  number  of  independent  appraisers.  Appraisers  rarely 
differ  materially  as  to  the  quantities  in  a  building;  their  dif- 
ferences, if  any,  arise  over  the  unit  prices  and  the  extent 
ot  the  depreciation.  Hence  two  independent  appraisers,  by 
using  the  same  quantity  survey,  should  appraise  a  group  of 
buildings  at  not  to  exceed  0.6  per  cent  ot  the  value  assigned 
to  them.  At  this  rate,  the  appraisal  of  the  $72,000,000  worth 
of  buildings  under  discussion,  should  have  cost  the  city  of 
Chicago  not  to  exceed  $430,000,  instead  of  $2,876,000.  In 
other  words,  the  city  of  Chicago  is  paying  seven  times  as 
much  for  this  appraisal  of  buildings  as  it  need  have  cost 
if  made  by  any  two  of  the  most  competent  appraisal  engineers 
in   America. 

If  the  citizens  of  Chicago  wish  to  verify  this  estimale,  the 
means  of  doing  so  are  at  hand,  for  the  Interstate  Commerce 
Commission  is  making  a  valuation  of  all  the  property  of  the 
steam  railways  In  this  section  of  America.  The  cost  of  ap- 
praising buildings  owned  by  these  railways  in  Chicago  and 
nearby  towns  may  be  safely  taken  as  a  standard  by  which 
to  judge  what  is  a  reasonable  cost  for  such  appraisals  in  Chi- 
cago. The  editor  has  no  knowledge  as  to  what  this  appraisal 
work  has  cost,  but  he  is  certain,  based  on  his  own  experience, 
and  that  of  many  other  engineers,  that  it  has  not  exceeded 
one  half  of  one  per  cent. 

In  addition  to  the  4  per  cent  that  the  city  of  Chicago  is 
paying  the  two  "experts"  for  appraising  the  5,200  Buildings, 
the  city  is  paying  three  land  "experts"  one  per  cent  eacti  (a 
total  of  3  per  cent)  for  aporaising  the  land!  The  value  of 
the  land  is  about  $67,000,000,  or  equal  to  the  value  of  the 
buildings;  and  a  liberal  cost  of  appraising  it  would  be  about 
0.3  of  one  per  cent,  to  be  divided  among  the  three  land 
"experts,"  which  is  one  tenth  ot  what  it  is  costing  the  city. 
Here,  again,  the  editor's  estimate  can  be  verified  bv  ascer- 
taining what  it  has  cost  the  government  to  appraise  rail- 
way lands  in  Chicago. 

In  estimating  appraisal  costs  as  percentages  of  property 
value,  it  should  be  remembered  that  construction  costs  have 
increased  to  a  greater  degree  than  have  the  fees  and  salaries 
of  appraisal  experts  and  their  employes.  Hence  a  percent- 
age cost  for  appraisal  work  is  usually  less  today  than  it 
was  before  the  world  war  for  corresponding  work. 


Popularizing  Science 


In  recent  years  the  demand  on  the  part  of  the  public  for 
information  of  a  popular  character  concerning  the  progress 
of  science  has  been  continually  increasing.  This  demand 
has  even  been  appreciated  by  the  various  government  re- 
search bureaus,  and  efforts  have  been  made  to  popularize 
their  publications,  but  thus  far  with  indifferent  success  The 
concise  detailed  form  of  the  government  scientific  report 
has  become  almost  unintelligible  to  many  of  the  people 
v.'hom  it  was  intended  to  assist. 

Although,  to  some  extent,  research  work  for  the  sake  of 
the  discovery  of  new  facts  with  no  regard  to  their  applica- 
tion is  subsidized  by  the  government,  the  major  part  of  the 
work  is  supported  because  of  its  practical  utility.  There  is, 
consequently,  an  obligation  resting  upon  the  workers  to 
have  their  contributions  expressed  in  the  most  readable 
form,  although  it  must  be  admitted  that  such  obligations  are 
not  always  accorded  due  consideration.  Little  progress  has 
thus  far  been  made  in  popularizing  the  government  scientific 
publications,  and  quotations  of  abstruse  technical  verbiage, 
meaningless  to  the  ordinary  person,  are  often  made  in 
periodicals  for  the  purpose  of  ridiculing  government  research 
work. 

Whei  the  scientific  investigator  has  endeavored  to  write 
for  the  layman  he  has  frequently  found  it  diflicult  to  express 
his  ideas  accurately  without  the  use  of  his  technical  vocabu- 
lary, and  the  defining  of  all  the  technical  terms  has  often  so 
seriously  'encumbered  his  article  as  to  make  it  uninteresting 
to  the  casual  reader.  When  the  "hack  writer,"  after  read- 
ing a  few  articles  or  interviewing  some  prominent  research 
worker,  has  tried  to  inform  the  public  of  the  new  and  startling 
discoveries  of  science,  the  results  in  many  cases  have  been 
ludicrous.  Non-important  matters  have  been  mistaken  for 
important  ones,  facts  and  theories  have  been  confused,  gross 
exaggerations,  due  to  the  too  vivid  imagination  of  the  writer, 
and  a  general  lack  of  proper  discrimination  have  been  the 
rule  rather  than  the  exception.  Articles  by  the  non-scientific 
writer  are  not  all  bad,  and  many  of  the  popular  descriptions 
of  new  researches  in  the  supplements  of  our  Sunday  news- 
papers are  of  great  value,  but  too  frequently  they  are  so 
misleading  as  to  embarrass  the  scientific  investigator  and 
to  seriously  discredit  him  among  his  fellow  workers. 

Notwithstanding  these  difficulties,  it  is  generally  recognized 
that  some  way  must  be  devised  by  which  the  intelligent  read- 
ing public  may  become  acquainted  with  the  new  develop- 
ments of  science.  Apparently  this  must  be  done  by  means 
of  articles  written  as  far  as  possible  in  non-technical  language. 
If  in  addition  this  can  be  done  by  the  usage  of  a  distinctly 
literary  style,  the  results  will  be  far-reaching  in  their  effects. 
It  may  well  be  that  the  time  will  soon  arrive  when  research 
v/orkers  will  be  made  to  feel  that  the  acquisition  of  a  simple 
readable  style  is  as  important  as  the  ability  to  conduct  re- 
search for  the  purpose  of  adding  to  the  sum  of  human 
knowledge.  At  least  it  is  to  be  hoped  that  some  of  the 
most  glaring  defects  of  present  day  scientific  contributions 
may  be  overcome. 

An  interesting  example  of  the  work  of  a  distinctly  literary 
man  in  the  field  of  science  is  afforded  by  H.  G.  Wells  in  his 
recently  published  "Outline  of  History,"  in  which  there  is 
a  resume  of  the  entire  field  of  Historical  Geology.  In  the 
preface  the  writer  states  that  "his  disqualifications  are  mani- 
fest," but  adds  that  every  chapter  in  the  work  has  been  re- 
vised by  a  "more  competent  person  than  himself,"  and  whom 
he  seems  to  have  regarded  as  properly  qualified  for  the  task. 
Notwithstanding  the  fact  that  the  work  bears  evidence  of 
considerable  preparation  by  extensive  reading,  and  that  the 
style  is  far  superior  to  that  of  our  ordinary  books  on  geology, 
the  result  is  far  from  satisfactory,  and  seems  to  show  the 
necessity  of  having  our  geological  literature  popularized  by 
geologists  rather  than  by  literary  people  who  seek  to  inform 
themselves  by  a  short  course  of  intensive  reading.  The 
literature  of  geology  is  too  vast  to  permit  one  to  master  it 
sufficiently  to  write  such  a  review  as  Mr.  Wells  has  prepared 
without  the  expenditure  of  far  more  time  than  he  evidentlv 
had  at  his  disposal. 

Admittedly,  when  an  author  reviews  the  history  of  the 
world  from  the  beginning  of  geologic  time  to  the  present  in 
two  COO-page  octavo  volumes  he  is  to  be  excused  for  dog- 
matic assertions  and  the  failure  to  include  many  of  the 
numerous  theories  of  science,  but  it  is  unfortunate  when 
preference  is  given  to  discredited  or  at  least  unsatisfactory 
theories.     The  observant   reader  must  be  surprised  tj   learn 


(103) 


4.U 


Etujiiiiri  iiifj    luul    Contrart'Dui    for    Mai/    4,    1!)>1. 


in  Mr.  Wells'  work  thai  the  nebular  liyiiolhesis  is  accepted 
without  fiuestion  as  thf  correct  explanation  ol"  the  origin  of 
our  solar  system;  that  F.ozoon  Canail^ise  "is  nothing  more 
than  a  crystalline  marking";  and  that  the  Pleistocene  Ice- 
Age  was  brought  about  by  the  greater  ellipticity  of  the  earth's 
orbit,  the  change  in  the  obliquity  of  the  equator  to  the  orbit, 
and  the  precession  of  the  equinoxes.  Other  errors  have  crept 
in,  despite  the  critical  reading  of  his  scientilic  friends.  Never- 
theless we  connneiKl  .Mr.  Wells  for  his  courage  in  vinder- 
taking  such  a  monumental  task,  but  in  regard  to  the  facts  of 
geologic  history  we  are  still  waiting  for  the  accurate  and 
popular  literary  account. — Editorial  in  the  Engineering  and 
Mining  .lournal. 

The  Engineer  In  Public  Service 

"If  the  engineer  has  not  been  appreciated  as  much  as  some 
other  classes  of  men  it  is  because  his  service  to  humanity 
has  not  been  the  highest,"  said  Dexter  S.  Kimball  recently 
in  the  course  of  a  speech  before  the  student  members  of  the 
American  Society  of  Mechanical  BIngineers.  He  went  on  to 
say  thra  the  men  who  render  the  greatest  service  to  any 
nation  are  those  who  mold  its  ideals,  and  that  engineers 
must  do  something  in  this  line  before  they  can  achieve  real 
public  recognition.  "1  have  every  confidence,"  he  cone  luded, 
"that  the  engineer  will  rise  to  this  opportunity,  and  thore  are 
many  signs  that  these  ideals  are  stirring  in  the  minds  of  for- 
ward-looking engineers.  It  is  witli  no  small  gratification  that 
we  all  see  the  elevation  of  our  past-president,  James  Hart- 
ness,  to  the  gubernatorial  chair  of  his  own  state,  and  ..ee  Mr. 
Hoover,  an  engineer  by  training  and  experience,  a  member 
of  the  cabinet  of  the  new-  administration.  These  are  pioneer 
workers  in  a  field  where  the  lawyer  and  the  politician  have 
long  reigned  supreme,  and  their  stewardship  will  be  watched 
by  all  engineers^  and  others  with  great  interest.  It  is  an 
auspicious  beginning  that  should  hearten  all  who  believe  in 
the  application  of  scientific  methods  to  all  problems  of  human 
existence." 

.Much  has  been  said  and  more  has  been  written  lately 
about  the  need  of  public  appreciation  of  engineers,  tiut  the 
public  as  a  whole  is  never  greatly  impressed  by  arguments. 
The  entrance  into  the  limelight  of  Herbert  Hoover  and  lames 
Hartness  is  just  what  is  needed  to  start  the  ball  rolling  and 
to  secure  general  recognition  for  the  engineering  profession. 
It  should  serve  also  as  an  inspiration  to  other  engineers  whose 
modesty,  perhaps,  has  been  holding  them  hack. — Editorial  in 
Power. 


Municipal  Camps  in  National  Forest  Parks. — Free  permits 
lor  eight  municipal  recreation  camps  in  the  national  forests 
of  California  have  been  issued  by  the  Forest  Service  of  the 
United  States  Department  of  Agriculture.  This  state  is  tak- 
ing the  lead  in  establishing  these  camps,  where  the  residehts 
of  the  cities  which  maintain  the  camp  may  obtain  'i  sum- 
mer outing  at  cost.  Last  year  four  such  camps  were  operated 
in  the  California  national  forests — two  by  the  city  of  Los 
Angeles  and  one  each  by  Sacramento  and  Oakland.  These 
four  represent  an  investment  of  $70,000,  and  neariv  5,000 
guests  were  accommodated.  This  year  Los  Angeles  will  have 
a  third  camp  in  operation,  and  San  Diego  and  Fresno  and 
Riverside  Counties  expect  to  open  camps  also.  In  addition 
to  its  camps,  the  Los  Angeles  Playground  Department  organ- 
izes and  supervises  2-week  hiking  outings  in  the  Angeles 
Forest.  Three  of  the  eight  camps  are  in  the  Angels,  two 
in  the  Cleveland,  and  one  each  in  the  Sierra,  Stanislaus,  and 
Eldorado  National  Forests.  The  camps  are  from  2.5  to  150 
miles  from  the  municipalities  that  maintain  them.  Only  resi- 
dents or  taxpayers  of  the  municipalities  that  operate  the 
camps  are  eligible  as  guests,  and.  because  of  the  low  cost  of 
the  outing,  each  camper  is  required  to  render  on  an  average 
one  hour's  daily  service  as  outlined  by  the  director  in  charge. 
and  must  also  furnish  his  own  bedding.  Guests  are  well 
housed,  I'ed,  and  entertained.  The  following  rates  foi  a  2- 
week  outing,  including  transportation,  were  in  effect  last 
year : 

National  Xa-jie   of  to 

fr.rest.                        City.                        camp.  camp.  Cost. 

>' i-;'   '^   Los   .Vnsreles   . . . .  Seeley  75  $12  7.=; 

Los  Angeles   Radford   90  14 '5 

Oaklard    Oaklan'l     150  IHM 

Sacran'ento   Sayles   Flat    90  25.00 

These  rates  were  all   for  adults,  and  the  rates  for  children 
nnder  ^r,  were  from  50  to  60  per  cent  of  the  above. 


Resurfacing  Concrete   Pavement 
with  Thin  Reinforced  Con- 
crete Slab 

Resurfacing  a  worn-out  concrete  pavement  with  a  thin  con- 
crete slab  instead  of  the  usual  topping  of  bituminous  mate- 
rial has  been  approved  for  Idaho  Federal  aid  project  No.  49. 
which  comprises  1.54  miles  or  the  Idaho-Pacific  highway  on 
the  outskirts  of  Boise,  Idaho.  This  section  of  roadway  was 
paved  in  1912  with  one  course  of  6-in.  concrete,  rather  poorly 
laid,  which  under  the  heavy  traffic  imposed  upon  it  has  gon" 
to  pieces  in  many  places,  and  so  many  cracks  and  potholes 
have  developed  that  some  method  of  reconstruction  has  be- 
come imperative.  Traffic  on  this  section  amounts  to  about 
2,800  vehicles  daily,  of  which  250  are  motor  trucks.  The  old 
pavement  was  laid  Hi  ft.  wide,  and  in  view  of  the  heavy 
traffic  above  noted,  this  width  has  become  manifestly  inade- 
quate, and  any  improvement  must  involve  the  widening  of 
the  pavement  to  a  standard  double-track  width  of  IS  ft. 
How  this  work  is  to  be  handled  is  described  by  .Mr.  T.  M. 
Keene,  district  engineer,  U.  S.  Bureau  of  Public  Roads,  in 
the  April  issue  of  Public  Roads. 

Since  the  original  intention  was  to  retop  this  pavement 
with  a  bituminous  mix,  bids  were  asked  for  on  a  top  of  this 
type  ai  well  as  on  a  concrete  slab,  but  resulting  prices  were 
so  greatly  in  favor  of  the  latter  construction  that  in  spite  of 
its  comparative  novelty  its  use  was  recommended  ind  ap- 
proved Bids  were  respectively  $2.10  per  square  yard  for  a 
2-in.  bituminous  concrete  top,  and  $l.:;o  per  square  yard  for 
a  3-in.  cement  concrete  slab. 

Construction  ot  the  concrete  slab  topping  will  involve,  first, 
the  placing  of  an  extra  strip  of  concrete  2  ft.  in  width  on 
each  side  and  to  the  full  depth  of  the  old  pavement.  These 
strips  will  consist  of  a  1:2:4  mix,  struck  off  even  with  the 
old  surface.  At  the  same  time  the  old  slab  itself  will  be 
cleaned  and  all  depressions  filled  with  the  same  mix  and 
struck  off  so  that  a  base  slab  IS  ft.  wide  with  a  uniform 
surface  shall  be  obtained.  The  new  concrete  is  to  be  thor- 
oughly cured  before  placing  the  top  slab. 

WTiile  the  use  of  a  bituminous  top  requires  as  close  ?  bond 
as  possible  between  the  top  and  the  concrete  base,  a  top- 
ping of  cement  concrete  calls  for  a  method  which  will  result 
in  an  entire  absence  of  bond  between  the  top  and  base.  The 
extent  of  contraction  and  expansion  in  the  two  courses  would 
vary  considerably  and  bonding  the  two  together  would  doubt- 
less increase  the  tendency  to  crack,  whereas  a  complete 
separation  of  the  two  slabs  will  permit  of  a  slight  movement 
in  each  slab  independent  of  the  other.  Therefore,  after  the 
new  portions  of  the  reconstructed  base  are  sufficiently  hard- 
ened the  surface  is  to  be  thoroughly  cleaned  and  sprinkled 
with  a  light  uniform  coating  of  hot  Tarvia.  There  will  then 
be  placed  on  the  Tarvia-coated  base  a  layer  of  concrete  of  a 
1:2:3  mix  IV^  in.  in  depth.  On  this  layer  is  to  be  placed  a 
reinforcing  fabric  consisting  of  a  flat  steel  wire  mesh  weigh- 
ing not  less  than  28  lb.  per  100  sq.  ft.,  and  additional  concrete 
is  to  be  immediately  deposited  to  secure  a  completed  thick- 
ness of  3  in. 

Since  the  old  pavement  had  expansion  joints  at  30-ft,  in- 
tervals, similar  joints  are  to  be  placed  in  the  concrete  top- 
ping at  the  same  points,  although  it  is  planned  to  break 
joints  in  a  few  instances  as  an  experiment  to  determine  the 
comparative  value  of  such  spacing  for  future  work. 

The  adoption  of  a  concrete  slab  topping  might  be  inadvis- 
able in  places  where  grades  are  fixed  within  very  narrow 
limits,  as,  for  instance,  on  curbed  streets:  also,  on  account 
of  the  length  of  time  that  the  road  must  be  closed  to  traffic, 
this  construction  might  be  objectionable  where  no  suitable 
detours  are  available.  In  general,  however,  it  would  appear 
that  this  method  should  be  given  careful  consideration  as 
affording  a  competitive  type  of  resurfacing  for  concrete  roads, 
which,  even  it  not  adopted,  would  tend  to  reduce  bids  on 
other  types  with  consequent  ultimate  economy. 

The  experience  of  the  board  of  county  commissioners  of 
AVayne  County.  Michigan,  has  been  of  value  in  forming  recom- 
mendations in  regard  to  this  somewhat  unusual  method  of 
resurfacing. 
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Road  Grading  with  Tractor  Drawn 
Wheel  Scraper  Outfits 

By    \V.    B.    HILL,   JR. 

In  grading  the  Dixon-Henderson  road  in  Webstar  t'ount.', 
Kentuclvv,  Mr.  Mitchell  of  Townsend.  Mitchell  &  Carter,  con- 
tractors, is  using  two  trains  of  tractor-drawn  wheel  scrapers 
consisting  of  two  .i-ton  Holt  "caterpillar"  tractors,  and  four 
Maney   4-vvheel   scrapers. 

The  Dixon-Henderson  road  is  a  Federal  Aid  Projefct,  form- 
ing part  of  the  Dixie  Bes  line  running  from  Chicago  to  Flor- 
ida. The  section  under  consideration  (Project  39.  Sec.  C) 
is  about  5  miles  long,  and  winds  around  the  Kentucky  hills 
with  few  level  stretches,  and  with  grades  of  from  '1  to  fi  per 
cent. 

The    contract    calls    for    movin.g    about    35,0!10    yd.    of    dirt. 


cent  grade,  he  found  he  was  averaging  around  200  yd.  with 
each  oitfit  on  a  600-ft.  haul;  both  outfits  gave  him  400  yd. 
per  10-hour  day. 

The  power  units  consist  of  two  5-ton  "Caterpillar"  trac- 
tors hauling  2  scrapers  apiece.  Six  men  are  emploved  as 
operators:  2  on  the  tractors  and  1  on  each  of  the  4  scrapers. 
On  hau's  of  around  200  yd.,  one  power  outfit  loads  ISO  yd. 
from  the  fill;  second  outfit  220  yd.  from  All..  This  prevents 
delays.  On  longer  hauls  this  is  unnecessary.  The  road  is 
about  24  ft.  wide,  which  gives  ample  room  for  paswing  at 
any  point.  The  "'Caterpillars"  turn  the  scrapers  easily  within 
this  radius,  and  when  necessary  can  turn  within  IS  or  20  ft. 
In  going  over  or  turning  on  soft,  fills,  up  grade,  or  through 
mud,  the  "Caterpillars"  have  ainple  power  to  pull  the  scrap- 
ers. In  tact.  Mr,  Mitchell  handles  all  of  his  tractor  opera- 
tions on  direct  gear,  rarely  if  ever  using  low  gear  of  the 
tractor,    which    gives    approximately    twice    as    much    power. 


f^-  :s± 


Road   Grading   With   Tractor   Drawn   Wheel   Scraper  Outfit:     (1)    Load  ing.     (2)    Hauling    Loaded    Scrapers.     (3)    Dumping.     (4)    First   Outfit 

Returning:    Second    Outfit    About    to    Turn. 


putting  in  some  20  concrete  culverts,  and  clearing  and  grub- 
bing about  2V^  acres  of  ground.  Free  haul  is  500  ft.  with  an 
overhaul  of  about  13,000  ft.  on  5.000  yd.  The  soil  is  lime- 
stone clay,  free  from  rock. 

Work  was  started  in  September,  1920,  with  teams  alone. 
Operations  were  stopped  for  the  year  on  Dec.  17.  During 
the  last  month  and  a  half,  "Caterpillar"  tractors  and  scrap- 
ers were  used,  replacing  all  except  4  teams.  In  1921  work 
was  begun  on  April  4  with  the  same  equipment  (tractors, 
scrapers  and  4   teams). 

Method  of  Operation. — The  method  of  operation  is  to  use 
the  "Caterpillar"  tractors  on  hauls  of  150  ft.  and  up.  and 
teams  and  slip  scrapers  on  all  of  the  shorter  hauls.  This 
forms  an  ideal  combination,  and  gives  the  contractor  an 
equipment  so  flexible  and  efficient  that  he  can  handle  any 
given  condition  with  maximum  economy. 

The  rfficiency  of  teams  is  well  known  on  hauls  of  around 
100  ft.,  on  hauls  across  the  road,  knocking  down  shor',  steep 
banks,  filling  up  deep  holes  and  washouts,  etc.  But  where 
teams  begin  to  cost  real  money  is  on  the  longer  hauls.  It  is 
this  condition  that  the  "Caterpillar"  drawn  wheel  scrapers 
handle  best.  The  following  are  typical  examples  of  the 
amouni  of  dirt  these  outfits  have  moved:  Working  up  and 
down  a  C  per  cent  grade  that  was  to  be  cut  to  3  per  cent, 
on  an  overhaul  of  about  1,300  ft  .  Mr.  Mitchell  found  that  one 
"Caterpillar"  outfit  averaged  him  about  120  yd.  a  day,  the 
two  outfits  gave  him  about  240  yd.    On  another  hill,  of  5  per 


One  SCI  a  per  man  is  generally  used  to  handle  a  train  of  2  or 
:;  Manovs  cehind  a  5-ton  "Caterpillar."  but  Mr.  Mitchell  has 
found  it  better  economy  to  use  one  man  on  each  scraper 
for  the  following  reasons: 

1.  They  take  better  care  of  scrapers  and  keep  them  in 
better  running  order. 

2.  They  take   a   great   interest  in   their   particular   s>'raper. 

3.  They  like  job  because  seat  is  very  comfortable  and  work 
is   not   hard. 

4.  They  can  get  a  bigger  load  per  trip. 

5.  They  can   make   a    smoother,   evener  cut. 

C.  They  are  a  great  help  in  the  morning,  speeding  up  work 
of  greasing  tractor  and  scraper  wheels. 

7.  They  provide  an  extra  man  for  an  emergency. 

8.  They  cost  little.  With  dirt  paid  at  the  prevailing  rate, 
and  the  extra  operator  getting  $3,  a  few  more  yards  of  dirt 
pays  hi.^  daily  salary. 

Start  Work  Quickly  After  a  Rain. — After  a  rain  operations 
can  be  resumed  very  quickly  on  account  of  the  track  laying 
construction  of  the  "Caterpillars."  which  gives  them  a  firm 
footing  over  soft  ground.  A  thin  cut  is  made  to  take  off  the 
top  layer  of  mud.  The  sub-soil  then  encountered  is  dry,  and 
there  are  no  further  difficulties.  Plowing  is  unnecessary  ex- 
cept in  one  or  two  cases;  notably  when  making  deep  cuts 
of  from  7  to  10  ft.,  it  is  sometimes  necessary  to  plow  through 
the  very  hard  clay  found  at  this  depth. 

Before  starting  work  on  any  particular  section,  the  stakes 
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are  taken  out  and   set  ou  one  side  of  the  road.     Particular  F,,  nflumPTltci  1     Fr-onr^mir     n^^rniirlpr- 

attontlon  is  paid  to  getting  down  to  grade  on  the  CTO\vn;   the  rUnUamenTai     tLCOnOmiC     ^^OnSlOer- 

fides  beinK  later  finished  with  an  8-ft.  grader  pulled  by  one  atlOflS     111     LoCatlll^     and      Oc- 

of  the  "Caterpillars."  ,          .            wr-      « 

Mr.  Miuhell  has  found  that  his  four  teams  are  particularly  Sl^Ilin^   Hl^hwayS* 

useful  in  smoothing  out  the  road  ahead  of  his  wheel  scrap-  TAMti-a 

■ers.     For  example,  on   coming  to  a  gully,  some  :!0  ft.  wide  .     ,  ,     .  ,.,  ■  ,  „     f         ,,  ' .   „          '    •  ,    . ,     „     , 

...              ,                      1-1,1         I,      ;  I,  <•.    i,!„i,  n,of  ,.f.^ecia<1  Assistant  Cliief  Engineer  U.  S.  Bureau  ot  I'ubhc  Koad.s. 
with  nc.irly  perpendicular  banks  about  s  ft.  high  that  crossea 

the  right-of-way,  he  worked   his  teams   with   slip  scrapers  all  In  approaching  this  discussion  and  in  endeavoring  to  estab- 
lay.  filling  in  the  bottom  and  plowing  the  banks  down  some-  lisb  the  identity  of  a  fundamental  consideration,  as  we  must 
what    When  ha  had  made  roughly  a  25  per  cent  grade  out  of  at  the  outset,  1  submit  that  there  are  two  distinct  classes  of 
the   banks,   he   moved   his   teams  up  farther  ahead   ar.d   put  engineering  stru<  lures  in  the  general  group  known  as  public 
his  "Catei pillars"  afid    Manevs  to  work  on   the  fill.    As   the  works.     The  first  class  is  purely  technical;   the  second  class 
two  outfits  dump  4   full   yards  on  everv  trip,  the  remainder  purely   commercial   in   character.     The   technical   class  deals 
of    the    fill    was    made  in  a  short  time".     Such    obstacles    as  with  engineering  problems  from  the  purely  scientitic  and  pro- 
trees,   hedges,   stumps    and    heavy   roots   are   either   dragged  fessiomil   point   of  view   and   designs   regardless   of  cost  and 
out  by  the  "Caterpillars"  or  chopped  out  by  hand.     The  con-  with   no   thought  of  a   return.     The   commercial   class   deals 
tractor  is  doing  his  own  concrete  work,  and  is  using  a  small  with  structures  on  an  economic  basis  and  gives  every  possi- 
l-bag  mixer  '^'^  regard  to  costs  and  probable  returns.     The  line  between 
The  Equipment  and  organization  on  the  job  are  as  follows:  t^iese  two  classes  is  not  clearly  defined,  and  one  class  merges 
POUlPMi'"NT  gradually  intotiie  other.    Illustrations  of  the  purely  technical 
2-5  ton  "Caterpillar"  tra^etors.      '  extreme    are    found    in    some    monumental    public    buildings, 
■1  AJaney  four  wheel  scrapers.  parks  and  prounds:   in  river  and  harbor  work;   in  practically 
1  niow"  ^""^  scrapers.  .^H  n^jiij^ry  and  naval  construction.     The  commercial  class  is 
1  blade  cratler  (S  ft.).  represented   in  greater  or  less  degree  by  proposals  t'^  have 

1  in™crna*tional"truok.  "'®  Government  construct  modern  office  buildings  with  the 
^1  concrete  mixer  (1  basi.  proceeds  of  a  bond  issue  which  could  be  floated  and  amor- 
''stnall"too'is.'"'  '^  '"'  tized   for  less   than   the  present   expenditure   in   rentals;    by 

I'KH.SD.vNKi,  drainage  and  levee  construction  where  costs  are  allocated  to 

2  tract'or'^o'perators.  the  acreage  reclaimed  or  protected,  and  must,  thererore,  be 
4  fjcraper  operators.  determined  on  the  basis  of  commercial  agricultural  values; 
1  Tum;/>7,an.'"'"''''''  '""''""  *'"'  ''■'■""''*'  and  by  the  Reclamation  Service  operations. 

1  roustahout.  In  view  of  the  current  magnitude  and  the  rapid  increase 

1  u«derTfo'^i-'Team1<>'.'^'""°^''*"'''  of  expenditures   for  highway   construction,  there  appears  no 

1  truclc  driver.  possible  doubt  that  the  time  has  come  to  place  highway  loca- 

->  !a"bl>rors  on''myxer'^""""  t'°n  and  design,  as  public  works  in  the  class  of  commercial 

Below    is   given' a  table   of  capacities   showing   amount   of  structures  and  to  handle  the  work  accordingly      The  latest 

^irt  the  5-ton  "CaterpiUiir"  has  moved  daily,  hauling  2  and  3  *'-^"'"^l  '^°™';"'*1„^''„ I^^nn       ''''"           "J   .'°  Roads   show  that 

TVIaney  scrapers,  respectively:  approximately  $.520,000,000  were  expended  on  rural  highways 

DETAIL  TIME  TABLE  FOR  5-TON   "CATERPILLAR"   PULLING   TWO  4-WHEELED  SCRAPERS. 

Length  of  haul  in  feet 300                            600  900                          1.320                         1,800                         2,640 

Round   trip  time    3  min.  55  sec.        5  min.  35  sec.        7  min.  25  sec.        !)  min.  50  .sec.       12  m'n.  25  sec.      17  mm.  25  sec. 

Cubic  yards  per  trip   2                               2  2                                2                                2                                2 

Cubic  yards  per  lO-hr.  day  2fi2                            214  I'iO                            122                             S6                             68 

DET.VIL  TIME  TABLE  FOR  5-TON  "CATERPILLAR"  PULLING   THREE  4-WHEELEn  SCRAPERS 

Lene-th  of  haul  in  feet   300                            600  900                          1.320                        l.SOO                        2,640 

Hound   trip  time    4  min.  45  see.        6  min.  10  sec.       S  min.  10  sec.      10  nvn.  35  sec.      13  min.  20  sec.      IS  min.  10  sec. 

Cubic  yards  per  trip  3                               S  3                                3                               3                               3 

Cubic  yards  per  10-hr.  day  360                           2''0  210                            150                            120                             flO 

The  above  calculations  are  based  on  round  trip  times,  that 

include  over  15  per  cent  for  lost  time,  or  more  than  1%  hours  :n  1919.     This  amount  represents  an  increase  of  about  one- 

per  day.  third  over  the  expenditures  for  191S  and  is   some  $220,000,- 

The  table  is  not  intended  to  show  an  absolute  or  guaran-  000  more  than  the  rural  highway  bill  for  1914.     A  few  years 

teed  daily  yardage.    It  was  made  from  operations  run  under  ago,  when  the  per  cent  of  pleasure  tonnage  included  among 

average  conditions  on  level   ground,  and   shows  results  that  motor-propelled  vehicles   was   much  larger  than   it  is  today, 

may  be  expected  if  the  outfit  is  efficiently  handled.  the  writer  thought  t^at  we  were  justified  in  charging  an  in- 

Below  is  shown  dynamometer  record  of  5-ton  "Caterpillar"  determinate   but   considerable   part   of   the   real   cost   of   our 

pulling  three  Maney  4-wheel  scrapers,  whicli  was  taken  Feb.  roads  In  the  same  account  to  which  we  charged  our  national 

15,  1921,  througli  rolling  field.    Soil,  medium  damp  clay,  show-  expenditures   for  tobacco,   alcohol,   chewing-gum,   soda  water 

ing  all  phases  of  operation  within  guaranteed  drawbar  horse-  and  the  "movies."     That  time  has  certainly  passed,  because 

power  of  the  tractor.  the  demands  of  trafflc  for  heavier  construction  and  greater 

POUNDS  PULL  ON  DRAW  BAR.  refinement  of  design  have  already  come  perilously  near  the 

Maximum.  Average.  field  of  unknown  in  highway  engineering.     Increased  weight 

Loading  first   scraper fi,200              4,960  @  1'.4  miles  per  hour  and    rpPnement    of    design    are    costing    lar^e    snms    and    the 

I^adinsr  second  scraper 5.800           4,520  (3)  IV.  miles  per  hour  ^°°    rei  nemeni    or    nesign    are    costing   large    sums    ana    tne 

ixiading  third  scraper 6,000           4.800  &  1  >,J  miles  per  hour  highway  engineer  who  would  today  disregard  these  matters 

•llaulins  loaded  scrapers. Maximum             2.S00  ®  3  miles  per  hour  and   confine  himself  solely   to  technical   considerations  would 

Minimum             1.600  ®  3  miles  per  hour  .                          ,  .                   ,.      ■                ,.,.,,, 

Ayerapo            2.14(1  (5)  3  miles  per  hour  oe  treating  his  reputation  most  disdainfully. 

""""''"^  ^iJflnlmum            \)Z  %  I  t^  1%  llSur  ^ew  Adjusments  Required  to   Meet  New  Demand  of  Traffic. 

Average  2.540  (S'  3  miles  per  hour  — By  1914  we  believed  that  we  had  met  successtullv  the  de- 
Turning  empty ^Minimum           ''%o  t  3  miles  "cr  hSur  viands   of  motor   traffic.     The  o.uestion   then   of   greatest  im- 

.\yorace            1.160  (S)  3  miles  oer  hour  portance   was   that  of  surface  abrasion,  involving   intimately 

netuminj:                jnnimim             '  1^  f  ."l  mi"es  per  hoir  methods    of    construction    that    would    produce    exactness    of 

Average              928  (5)  5^71  miles  ner  hour  line   and    uniformity    of    surface.      Today   the    w^hole    field    of 

The  pounds  pull  on  drawbar  required  to  load  first  scraper  is  highway  engineering  is  reopened  and  we  find  ourselves  look- 
higher  than  that  required  to  load  second  and  third,  because  '"S  fo""  new  adjustments  satisfactory  to  meet  new  demands 
scraper  operator  took  an  extra  deep  bite  with  his  pen  and  °^  traffic.  Purely  technical  questions  may  be  mentally  sum- 
took  up  a  load  greater  than  1  cu.  yd.  raarized  in  the  proposition:     If  a  4-in.  concrete  road  fails;   if 

From  costs  on  four  months'  time  already  put  in  on  the  con-  a  5x7-in  concrete  road  fails;  if  a  6xS  concrete  road  fails; 
tract,  Mr.  Mitchell  figures  that  his  "Caterpillar"  tractor  outfit  and  if  an  SxlO  concrete  road  shows  unmistakable  signs  of 
shows  him  a  saving  of  from  20  to  25  per  cent  over  the  cost  failure  under  current  interurban  traffic  before  the  final 
ot  doing  the  same  work  with  teams.  His  outfit  is  so  flexible  voucher  is  paid  and  the  contractor  released,  what  design  will 
that  it  can  be  efficiently  applied  to  any  conditions  likely  to  ^^  adequate?  The  economic  questions  may  be  similarly  rep- 
be  encruntered  without  loss  of  time  and  In  the  most  econom-  — r^                  .  ,,  ™  v,  „     .  .u    ,i-  ,         t.     •              ^    , 

</»>1  nro*                                                                                                     v.v.>.,i.uiii  'Paper  nresented  Feb.  9.  at  the  Highway  Engineering  Conference 

ICai  way.  at  <be  T*niv*r.'5ity  of  Pennsyl\'ania, 
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resented  by  the  proposition:  It  an  8x10  concrete  road  costs 
$S0,000  per  mile  and  shows  certain  signs  of  inadequacy  before 
completion,  how  can  highway  engineers  justify  such  costs 
and  ho.v  can  the  huge  investment  of  public  revenues  in  high 
way  construction  be  protected  against  becoming  a  dead  loss? 

The  Economic  Considerations. — For  convenience  we  shall 
consider  these  queries  in  opposite  order. 

The  answer  to  the  second  is  that  the  highway  engineer  can 
justify  himself  only  by  showing  that  in  any  given  case  the 
strongest  possible  reason  exists  for  the  construction  of  the 
road,  and  that  every  possible  econo-iy  has  been  secured  in 
its  construction. 

It  appears  that  a  complete  fnnsideration  of  the  matter 
may  be  stated  under  three  general  heads: 

1.  Economics  of  locating,  broadly   considered. 

2.  Economics  of  physical  design,  which  is  largely  drafting 
board  work. 

3.  Economics  of  materials. 

In  the  first  place,  we  need  only  consider  roads  to  be  newly 
improved:  for  in  the  case  of  old  roads,  the  work  usually  fol- 
lows predetermined  lines,  present  development  and  usage. 
Substantial  changes  are  not  generally  possible.  In  the  east- 
ern states  where  a  large  mileage  of  improved  roads  already 
exists,  where  population  is  comparatively  dense  and  more 
uniform  than  in  other  sections,  and  where  lines  of  travel  are 
established,  local  changes  are  almost  always  difficult  to  effect. 

But  even  in  such  conditions  when  it  becomes  a  question  of 
adjusting  routes,  in  distinction  from  short  roads,  or  sections 
of  roads,  then  we  have  a  choice,  and  careful  economic  study 
must  be  resorted  to  to  justify  improvement. 

The  most  iii'-portant  consideration  is  population  served. 
This  is  an  index  of  all  development.  The  curves  of  popula- 
tion and  assessed  valuation  of  the  states  of  the  Union,  or 
of  the  counties  of  a  state,  show  a  marked  degree  of  parallel- 
ism. Population  produces  more  traffic  than  any  other  eco- 
nomic factor. 

The  next  most  important  consideration  is  present  agricul- 
tural development.  This  represents  commodities  perishable 
to  a  considerable  extent  and  widely  scattered  and  is  one  of 
the  strongest  justifications  for  improvement.  Over  consid- 
erable areas  agricultural  produce  may  be  delivered  for  daily 
consumption  and  in  such  territory  the  very  large  expenditures 
may  be  justified  by  a  full  showing  of  the  value  of  service 
rendered. 

Next  in  order  we  must  consider  industrial  development. 
This  is  of  less  importance  than  those  factors  already  consid- 
ered because  when  outside  of  large  centers  of  population,  in- 
dividual industrial  plants  are  generally  on  the  line  of  rail 
transportation  and  most  of  their  products  are  shipped  to  dis- 
tant points.  In  cases,  however,  where  such  industrial  plants 
exist,  they  add  weight  to  the  reasons  for  expensive  improve- 
ments. 

Finally,  we  must  consider  all  phases  of  possible  future 
development.  We  should  evaluate  the  arable  land  contiguous 
and  tributary  to  the  route,  foresee  town  sites,  the  growth  of 
small  towns,  the  development  of  water  powers  and  the  ex- 
pansion of  industry. 

The  Justification  of  the  Highway. — The  economic  justifica- 
tion of  route  locating  on  a  large  scale  will  not  be  much  af- 
fected by  the  general  plan  of  layout  adopted  as  some  may 
suppose.  It  makes  but  little  difference  whether  we  approach 
the  general  problem  with  the  intention  of  developing  an  ex- 
tension of  the  railroad  transportation  system  or  whether  with 
the  idea  of  creating  an  independent  system  of  highway  routes. 
When  we  come  to  consider  the  details  we  find  that  these  pur- 
poses become  identical.  A  scheme  of  radiating  roads  about 
important  railroad  shipping  points,  if  extended  inevitibly  be- 
comes an  independent  system:  because  eventually  extensions 
between  shipping  points  will  connect  as  more  and  more  of 
the  intervening  territory  is  given  service,  and  the  railroad 
will  be  paralleled  by  highways  between  stations.  The  justifi- 
cation of  the  highway  has  little  relation  to  the  parallelism, 
hut  depends  on  the  development  seeking  outlet  to  the  rail- 
road shipping  points.  We  shall  find  the  two  broad  concep- 
tions of  hiphway  systems — an  extension  of  the  rail  systems 
as  independent — closely  analogous  in  so  many  other  respects 
that  little  difference  will  be  made  in  our  economic  justifica- 
tion of  routes  when  we  come  to  detail  analysis,  whether  we 
have  adopted  one  conception  or  the  other.  This  may  not 
seem  to  some  a  sound  position,  but  on  careful  consideration 
I  think  it  will  be  agreed  that  so  far  as  justifying  the  details 
of  large  highway  systems,  we  may  for  all  economic  purposes 


consider  the  railroads  as  running  underground  between  im- 
portant shipping  points. 

Methods  of  Establishing  Economic  Justification  of  a  High- 
way System. — The  methods  to  be  used  to  establish  economic 
justification  of  a  highway  system  largely  considered,  are  prin- 
cipally statistical.  Our  best  source  of  general  statistics  is  the 
Bureau  of  the  Census,  and  a  convenient  compendium  of  sta- 
tistical matter  is  the  annual  abstract  published  in  a  convenient 
volume.  This  contain.?  collated  and  edited  statistics  as  well 
as  those  secured  by  enumeration. 

Then  we  have  special  studies  of  local  conditions.  Figures 
must  be  secured  regarding  acreage  of  land  under  cultivation 
and  cultivable.  The  tonnage  of  produce  calls  for  knowledge 
of  prevailing  crops.  Where  tobacco  is  a  staple,  we  find  the 
prizing  house  records  excellent:  in  the  cotton  states  the  gin 
reports  are  good,  and  the  records  of  local  freight  shipments  are 
always  usable.  These  and  similar  data  should  be  secured 
and  carefully  tabulated.  Generally  some  estimate  of  "future 
growth  of  a  general  sort  can  be  made  from  the  comparative 
figures  of  the  census.  Interest  is  so  keen  in  the  increase  and 
change  of  population  that  it  is  not  usually  difficult  to  secure 
factors  of  change  applicable  locally. 

One  of  the  most  convenient  methods  of  applying  the  sta- 
tistical data  is  through  the  graphical  layout.  Any  convenient 
system  of  mnemonics  may  be  used.  This  applies  as  well  to 
the  United  States  as  a  whole  as  it  does  to  a  county  in  a 
sparsely  settled  state.  For  instance,  if  the  problem  were  sub- 
mitted to  us  to  locate  the  most  important  highway  route 
across  the  United  States,  we  could  determine  its  starting  point 
on  the  Atlantic,  its  general  layout  as  its  terminus  on  the 
Pacific,  and  justify  bur  solution  economically.  We  could  con- 
tinue to  discuss  such  a  problem  state  by  state  and  finally 
county  by  county  and  determine  throughout  the  route  that 
as  a  whole  it  would  be  more  important  than  any  other  route 
that  could  be  selected. 

Very  often  the  economic  location  in  a  large  way  is  almost 
obvious  to  one  possessing  a  fairly  large  fund  of  genera!  infor- 
mation of  the  territory  he  is  working  over  But  even  In  such 
cases  it  is  well  to  be  possessed  of  definite  figures,  for  the  high- 
way engineer  more  than  all  others  is  criticised  unfavorably 
for  his  decisions:  and  it  is  doubtless  a  fact  that  less  prelimi- 
nary investigation  is  made  considering  the  expenditure  in- 
volved in  highway  construction  than  in  almost  any  other  line 
of  general  engineering. 

A  friend  of  the  writer's,  a  sufficient  authority  on  highway 
bond  issues  to  have  written  an  accepted  treatise  on  the  sub- 
ject, recently  said  that  in  many  counties  and  generally 
throughout  the  country  the  basis  of  issue  tor  highwav  bonds 
appeared  to  be  decreasing  at  a  rapid  rate.  This  condition  was 
assigned  to  the  fact  that  too  many  large  issues  had  been 
made  without  adequate  study  of  the  economic  features  in- 
volved. 

The  Economics  of  Physical  Design. — We  must  next  consider 
the  economics  of  physical  design  involving  alignment,  grades. 
structures  and  cross-section  design. 

The  alignment  includes  the  details  of  engineering  location. 
purposely  excluded  from  the  discussion  that  has  preceded. 

The  fundamental  economic  consideration  is  distance,  and  it 
affects  the  highway  structure  as  a  whole  in  three  distinct 
ways:  (a)  Through  the  cost  of  construction,  (b)  the  cost  of 
maintenance,  and  (c)  the  cost  of  using. 

In  discussing  the  cost  of  construction  we  must  digress  for  a 
moment  to  consider  what  the  cost  of  construction  really  is. 
In  the  past  many  engineers  in  attempting  to  compute  the  com- 
parative costs  of  road  improvement  to  a  community  have 
placed  interest  on  bonds  and  sinking  fund  items  in  the  an- 
nual charges  involving  the  maintenance  of  the  highway.  This 
is  distinctly  incorrect.  Such  charges  as  are  required  for  inter- 
est, annuities,  sinking  funds,  or  serial  retirement  of  bonds 
should  be  added  to  the  first  cost  to  determine  the  whole  cost 
of  the  improvement  new  to  the  community.  These  details 
have  no  relation  whatever  to  maintenance,  and  constitute 
nothing  but  a  more  or  less  costly  machinery  for  financing 
construction.  The  cost  of  the  machinery  should  be  added  to 
the  capital  charge  for  that  purpose.  If  this  is  done  as  it 
should  be,  the  real  cost  per  mile  of  a  road  generally  "eputed 
by  present  methods  of  state"ient  to  have  cost  $S0,000  per  mile, 
if  built  from  the  proceeds  of  a  2.5-year  bond  issue,  would  cause 
some  of  our  fellow  citizens  the  utmost  astonishment. 

When  we  are  considering  the  maintenance  of  our  roads, 
however,  we  must  not  ordinarily  charge  any  interest.  It  has 
all  been  taken  care  of  in  the  cost  of  construction.    It,  however,^ 
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we  are  using  iimintenaiice  costs  to  compare  two  different 
roads,  then  we  should  use  the  same  assumed  interest  on  the 
total  cost  ol  construction.  These  values  represent  the  total 
real  annual  comparative  costs  to  the  community  of  owning 
these  two  roads.  If  we  wish  to  determine  merely  the  real 
annual  cost  of  owning  the  road,  the  interest  item  should  be 
omitted  as  no  public  accounting  considers  the  interest  charges 
against  public  works  once  the  underwriting  machinery  is  paid 
for. 

The  cost  of  using  a  roiid,  like  the  cost  of  construction  and 
the  cOFt  ol  maintenance,  varies  directly  but  not  necessarily 
in  the  same  ratio  with  the  distance;  and  alignment,  the-efore. 
should  always  tend  to  a  minimum.  This  appears  obvious:  but 
just  as  soon  as  we  begin  to  consider  grades,  structures,  and 
cross  section  design  we  see  at  once  that  what  is  an  obvious 
tendency  becomes  as  elusive  as  most  economic  principles. 

In  considering  grades  we  find  that  the  fundamental  consid- 
eratit*  aftecting  the  cost  is  total  rise  and  tall.  The  cost  var.e.s 
directly  with  reduction  of  grade  in  a  given  distance,  and  the 
distance  varies  inversely  with  reduction  of  grade  for  any 
given  cost.  It  becomes  necessary,  therefore,  to  determine  the 
comparative  effects  of  reduction  of  rise  and  fall  and  change  in 
alignment.  Join  to  this  the  cost  of  using  the  road  :>.nd  we 
have  the  same  problem  that  confronts  the  railroad  engineer. 
But  we  must  note  that  we  have  more  indeterminate  terms  in- 
volved than  we  can  well  handle.  In  fact,  we  nave  anout 
reached  the  limit  of  what  we  might  call  the  data  of  highway 
engineering.  In  the  first  place,  we  cannot  do  more  than  as- 
sume the  effects  of  grades  on  the  cost  of  use.  There  is  prac- 
tically no  information  regarding  the  comparative  cost  of  main- 
tenance on  grades  of  different  degree.  We  cannot  today  deter 
mine  in  any  given  case  what  alignment  and  set  of  grades  is 
the  most  economical,  and  we  might  as  well  admit  it.  All  we 
can  say  in  our  own  defense  is  that,  while  we  do  not  know,  no 
one  else  does  either:  and  we  have  the  great  advantage  of 
linowing  how  to  get  the  information.  We  are  spending  tens  of 
millions  of  public  money,  county,  state  and  national;  and  be- 
cause of  the  tremendously  rapid  rate  at  which  highways  have 
been  demanded  and  financed  we  have  not  been  able  to  keep 
abreast  of  the  demands  of  the  profession.  In  mere  technique 
no  one  doubts  that  we  have  overtaken  and  passed  the  great 
road  building  organizations  of  Continental  Europe,  but  thej 
as  well  as  we  must  not  forget  that  w^e  are  to  justify  enormous 
budgets  and  we  should  adopt  a  corresponding  professional  at- 
titude. The  widest  possible  association  and  familiarity  with 
county,  state  and  national  road  work  surprises  me  because  of 
the  lack  of  careful  study  and  economic  adjustment.  Compara- 
tively few  states  regulaily  furnished  balance  points  for  i  xcava- 
tion  until  they  were  required.  In  most  cases  this  meant,  as 
might  be  supposed,  that  the  mass  diagram  was  not  used  t" 
study  the  economics  of  the  grade  as  laid  and  that  the  work 
was  designed  in  a  hit  and  miss  fashion.  We  may  be  excused 
tor  not  using  data  that  cannot  be  secured,  but  certainly  we 
should  not  omit  any  reasonable  means  of  determining  the  eco- 
nomic design  of  our  work  that  is  available  today. 

Lines  of  Investigation  that  Should  Be  Undertaken. — From 
this  point  the  discussion  of  the  fundamental  economic  consid- 
erations in  designing  highways  will  consist  largely  in  the 
enumeration  of  lines  of  investigation  that  should  be  under- 
taken and  advanced  as  rapidly  as  possible,  together  with  some 
citations  of  work  under  way  and  projected. 

The  frst  element  of  design  that  confronts  us  is  selection 
of  type,  and  it  might  be  briefly  and  accurately  added  that  in 
this  selection  we  are  confronted  with  most  of  the  unsolved 
problems  of  highway  engineering.  We  have  very  little 
accurat)t>  data  on  which  to  base  a  selection  of  type.  A  re- 
cent paper  by  one  of  our  state  highway  engineers  contained 
the  statement  that  the  traffic  census  was  of  little  or  no  value 
under  present  conditions  in  assisting  us  to  decide  on  the 
type  of  construction.  The  statement  is  substantially  cor- 
rect. If  we  have  the  figures  of  an  elaborate  traffic  census 
expressed  either  as  the  number  of  vehicles,  the  ton  miles 
of  trafHc,  the  ton  miles  per  foot  of  width  or  the  nurrber  of 
units  of  maximum  weight,  we  cannot  on  the  basis  of  these 
figures  determine  whether  a  gravel  road,  a  bituminous  road, 
or  brick  or  concrete  will  certainly  be  required  to  carry  the 
traffic  and  we  are  still  further  from  being  able  to  produce  a 
detailed  cross  section  design  for  the  purpose.  To  be  able 
to  use  such  information,  we  must  know  in  detail  the  effects 
of  a  given  traffic  on  the  various  types  of  surface.  We  must 
know  the  cost  of  maintenance  of  each  of  those  types  under 
the  traffic  in  question.     We  must  know  how  the  strength  of 


the  surface  itself  is  affected  by  foundation  conditions.  Prac- 
tically all  of  such  information  is  today  in  a  very  fragmentary 
condition. 

l''or  a  number  of  years  the  Bureau  of  Public  Uoads  main- 
tained txperimental  sections  under  X'lose  observation  and 
correlated  the  niaintenance  costs  and  the  traffic.  The  French 
system  of  recording  the  latter  was  used  and  the  most  ac- 
curate possible  figures  obtained.  We  were  able  to  develop 
the  fact  that  cold  water  gas  tar  surface  treatment  on  lime- 
stone macadam  could  be  economically  maintained  under  600 
ton  miles  of  traffic  per  day,  but  that  the  same  type  could 
not  be  economically  maintained  under  800  ton  miles  per  day. 
On  the  other  hand,  a  hot  tar  surface  treatment  was  aoequuto 
and  economical  for  the  800  ton  miles  of  traffic.  Some  other 
facts  of  value  were  learned,  but  nothing  has  ever  been  done 
of  which  the  writer  is  aware  which  will  establish  similar  in- 
formation as  between  gravel  and  water-bound  macadam  or 
between  water-bound  macadam  and  the  bituminous  types  or 
between  brick  and  concrete.  This  is  a  line  of  investigation 
which  involves  fundamental  economic  considerations  of  de- 
sign and  considerable  expense  is  justifiable  in  carrying  out 
the  necessary  studies. 

A  number  of  engineers  and  some  organizations  have  at- 
tempted to  give  in  tabular  form  the  limiting  amounts  of  traffic 
that  may  safely  be  assumed  for  the  several  types  of  surfaces, 
but  all  of  these  efforts  are  based  on  engineering  judgment  of 
a  very  general  kind  and  not  on  observation  or  exact  figures. 

The  Bureau  of  Public  Roads  has  done  considerable  investi- 
.ijating  of  the  eflects  of  heavy  units  and  it  appears  vissible 
that  the  best  method  of  expressing  traffic  will  be  found  to 
resemble  the  French  system  of  expressing  traffic  in  collars 
or  yokes,  biit  instead  of  using  as  the  unit  so  light  an  element 
as  the  French  collar,  the  heaviest  motor  truck  should  be 
used. 

The  questions  are  at  once  raised.  "What  is  the  heaviest 
motor  truck?"  and  "What  is  the  effect  of  that  truck  on  the 
various  types  of  surface."  The  railroad  bridge  engineer  has 
the  very  definite  Cooper  loadings  and  he  begins  his  calcula- 
tions with  definite  assumptions,  but  until  some  general  con- 
trol of  traffic  through  uniform  traffic  laws  is  had  throughout 
a  large  part  of  the  United  States,  the  highway  engineer  can 
make  no  definite  assumptions,  but  must  use  his  judgment 
and  his  knowledge  of  the  probable  traffic  developing  in  the 
locality.  It  is  interesting  to  see  how  this  detail  alone  affects 
highway  bridge  construction.  W'hen  the  United.  States  was 
operating  on  the  Mexican  Border,  a  motor  truck  train  was 
operated  from  Chicago  to  El  Paso  for  the  purpose  of  learn- 
ing so  far  as  possible  what  were  the  requirements  in  operat- 
ing such  a  military  unit  across  country.  The  captain  in 
charge  of  that  train  informed  the  writer  personally  that  in  the 
state  of  Arkansas  100  bridges  failed  in  the  course  of  the  jour- 
ney across  the  state.  Since  the  enormous  development  of 
military  motor  traffic  during  the  war.  another  motor  train 
w-as  operated  over  the  Bankhead  Highway.  An  engineer  of 
the  Bureau  of  Public  Roads  accompanied  the  train  across 
the  state  of  Arkansas  and  his  report,  which  was  in  general 
accord  with  the  opinion  of  the  officer  in  charge,  indicated  that 
for  all  practical  purposes  it  would  be  impossible  to  depend 
on  motor  transport  in  that  state  for  any  except  local  pur- 
poses. On  the  other  hand,  such  trains  actually  operate  in  the 
state  of  New  Jersey  without  serious  difficulty.  Until  traffic 
control  laws  are  sufficiently  uniform  and  general,  it  vill  re- 
main an  open  question  whether  Arkansas  should  design  to 
meet  conditions  that  New  Jersey  is  already  meeting. 

In  some  of  the  states  where  highway  development  is  most 
advanced,  roads  of  all  types  went  to  pieces  during  the  first 
winter  after  the  United  States  entered  the  war,  indicating 
that  motor  traffic  had  developed  to  a  point  beyond  the  margin 
of  safety  unconsciously  assumed  in  the  earlier  designs  of  our 
best  roads.  Many  of  the  failures  were  attributed  to  founda- 
tion corditions  and  the  Bureau  of  Public  Roads  at  once  began 
investigations  to  ascertain  the  bearing  pow-er  of  soils  under 
highway  surfaces.     These  investigations  are  now  in  prngress. 

Until  these  studies  and  others  of  similar  nature  have  been 
completed  in  a  sufficiently  general  way  we  cannot  at  this 
time  intelligently  design  the  most  economic  type  of  highway 
for  any  given  traffic.  We  have  gone  far  enough,  howeveF,  to 
know  that  the  prevailing  practice  of  designing  a  single  uni- 
form cross-section  for  indiscriminate  use  up  hill  and  down, 
over  a  long  mileage  of  construction  is  not  satisfactorv.  Con- 
sideration must  be  given  to  the  underlying  soil  and  sub-base 
designed  as  necessary  in  sections  often  less  than  a   station 
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long  which  will  correct  deficiencies  in  the  foundation  It  is 
probable  that  the  properly  designed  highway  of  the  future 
will  not  have  the  same  cross-section  in  any  two  consecutive 
quarter  miles  although  the  surface  after  completion  may  pre- 
sent a  uniform  appearance. 

When  we  begin  to  consider  the  economy  of  operating  on  a 
given  surface,  we  find  again  that  information  is  lacking.  A 
recent  schedule  of  investigations  proposed  by  the  National 
Research  Council  Committee  on  Economic  Theory.  Division 
of  Engineering,  contains  three  groups  of  29  problems  and  a 
fourth  group  still  remains  to  be  elaborated.  This  study  is 
confined  to  the  determination  of  the  cost  of  operating  on 
various  types  of  surfaces  and  on  various  grades. 

Arrangements  are  being  made  by  the  state  of  Illinois  to  con- 
struct under  service  conditions  a  long  mileage  of  road  from 
which  miscellaneous  traffic  will  be  excluded  and  over  which 
various  types  of  motor  vehicles  will  be  operated  until  the  road 
is  practically  destroyed.  It  is  believed  that  the  information 
secured  will  thoroughly  warrant  the  cost  of  the  experiment 
and  be  valuable  in  effecting  large  saving  in  the  design  of 
heavy  traffic  roads  in  the  state. 

Economics  of  Material. — Our  next  general  consideration  has 
to  do  with  the  economics  of  materials.  Under  this  head  much 
more  information  is  available  than  under  the  previous  one 
because  methods  of  testing  materials  have  been  thoroughly 
developed.  We  still  lack,  however,  the  necessary  correlation 
between  the  laboratory  tests  and  the  action  of  the  material  in 
service.  Such  data  can  only  be  secured  under  careful  main- 
tenance organizations  where  construction  of  a  definite  type 
exists,  using  material  which  have  been  tested, and  whose  char- 
acteristics are,  therefore,  known.  At  the  present  time  we 
assume  certain  French  coeflicients  as  indicating  rock  of  a 
quality  adequate  for  various  types  of  construction.  Most  of 
these  assumptions  are  based  on  judgment  and  general  infor- 
mation and   not  on  actual   data. 

Without  extending  this  discussion  further  we  can  see 
clearly  that  although  we  may  formulate  the  fundamental  eco- 
nomic considerations  in  location  and  design  and  although  in 
the  matter  of  general  location  and  routing  of  highways  we 
can  without  undue  expense  arrive  at  definite  established  con- 
clusions, we,  nevertheless,  lack  a  large  amount  of  the  infor- 
mation necessary  to  produce  an  economically  designed  cross- 
section. 

Thoroughly  alive  to  this  condition  the  secretary  of  agricul- 
ture asked  congress  for  authority  to  spend  a  considerable  sum 
allotted  from  the  3  per  cent  fund  under  the  Federal  Aid  Act 
for  co-operating  with  the  various  laboratories  and  investigat- 
ing agencies  of  various  engineering  societies  in  studying 
problems  now  difficult  or  impossible  of  solution  with  the  data 
available  The  amount  of  work  to  be  done  is  so  great  that 
the  effort  must  be  systematized  and  duplication  reduced  to 
a  minimum  and  the  experiments  made  as  practicable  and 
directly  applicable  as  possible.  If  the  authority  asked  is 
secured,  the  work  will  doubtless  be  done  in  co-operation  with 
the  National  Research  Council  under  the  direction  of  thor- 
oughly responsible  agencies  and  it  is  to  be  hoped  that  with- 
in a  few  years  the  data  of  highway  engineering  will  be  suf- 
ficiently complete  to  enable  the  Highway  Engineer  to  face 
the  fundamental  economic  considerations  arising  in  his  work 
with  the  necessary  means  to  meet  them. 


Road  Building  to  Be  Discussed  at  Chicago  Meeting  of  Am. 
Soc.  M,  E. — The  new  Materials  Handling  Division  of  the 
American  Society  of  Mechanical  Engineers  is  planning  ses- 
sions for  the  discussion  of  "Design  and  Construction  of  Ma- 
chinery for  Road  Building"  at  the  society's  spring  meeting  to 
be  held  at  the  Congress  Hotel.  Chicago,  May  23-2C.  Four 
papers  will  treat  this  problem  from  the  viewpoint  of  the 
contractor,  the  road  builder,  and  possible  future  development 
of  mechanical  equipment  in  road  building. 


Paving  at  Gasoline  Service  Stations. — The  Standard  Oil  Co. 
of  California,  according  to  its  February  bulletin,  is  construct- 
ing asphaltic  driveways  at  many  of  its  service  stations.  The 
pavement  consists  of  a  3%-in.  asphaltic  concrete  base  and  a 
surface  of  1%-in.  sheet  asphalt  or  asphaltic  concrete  (coarse 
aggregate  mixture).  Around  the  filling  pumps,  a  space  12  to 
15  ft.  long  and  S  ft.  wide  is  painted  with  a  paint  that  will 
resist  the  effect  of  gasoline. 


Care  of  Asphalt  Paving  Equipment 

In  a  brochure,  "Suggestions  for  Asphalt  Paving  Contractors," 
prepared  tor  The  Asphalt  Association,  Mr.  Henry  B.  Drowne,  . 
Division  Engineer  of  The  Lane  Construction  Corp.,  Meriden, 
Conn.,  has  given  some  of  the  results  of  his  experiences  and 
observations  of  the  past  15  years  in  highway  work.  The  notes 
following  on  the  care  of  construction  plant,  are  taken  from 
advance  proofs  of  the  brochure. 

Care  of  Small  lools. — All  new  small  tools  upon  receipt 
^■houId  be  branded  with  the  owner's  name.  Some  contractors 
go  as  tar  as  to  paint  the  handles,  but  such  an  expense  is 
hardly  warranted.  Sufficient  tool  boxes  should  be  provided  on 
work  and  at  such  points  that  upon  quitting  work  the  men 
can  put  the  tools  they  are  using  in  them.  Many  dollars 
worth  ol  tools  are  lost  in  a  season  if  men  are  allowed  to  put 
the  tools  at  night  in  other  places  than  the  tool  box.  An 
occasional  inspection  of  small  tools  as  to  their  condition  with 
the  idea  of  having  dull  tools  sharpened  and  worn  tools  re- 
placed  with  new   ones  is  advisable. 

Tool  boxes,  wagons,  rollers  and  all  other  large  equipment 
should  be  given  a  number  for  purposes  of  identification  and 
record.  The  maker's  number  will  suffice  on  plant  which 
may  bear  such  a  number.  For  purposes  of  publicity,  it  is  a 
good  idea  to  place  the  company  name  on  all  plant  and  on 
any  plant  that  requires  painting,  to  use  the  same  distinctive 
color  scheme  throughout. 

A  contractor  doing  a  large  amount  of  work  necessarily  has 
a  largo  equipment.  It  is  a  prohibitive  expense  to  bring  all 
such  plant  together  at  some  central  point  when  not  in  use. 
The  usual  practice  is  to  store  plant  locally  at  the  comple- 
tion of  work  and  reship  as  needed  from  the  different  points 
of  storage  to  the  new  work.  Such  a  method  is  inexpensive 
and  frequently  makes  a  movement  of  plant  on  to  new  work 
very  cheap  where  new  work  may  be  taken  at  a  point  near 
the   vicinity  of   storage. 

Winter  Storage  of  Equipment. — Tool  boxes  and  small 
equipment  should  be  put  under  cover  tor  winter  storage.  It 
is  also  preferable  to  put  wagons  under  cover.  Where  it  is 
necessary  to  leave  them  in  the  open,  if  the  bottoms  are 
opened  and  the  wheels  raised  so  as  not  to  be  in  the  mud, 
the  wagons  will  not  be  harmed  even  in  a  severe  wintor.  At 
the  end  of  the  season,  all  wagons  should  be  repaired  and 
given  a  coat  of  paint,  if  necessary,  and  put  in  shape  for  next 
season's  work.  Frequent  painting  will  add  considerably  to 
the  life  of  any  plant  composed  of  wood.  Gas  engines  and 
pumps  should  be  thoroughly  overhauled,  replacing  the  worn 
parts    v.'ith    new   ones. 

Steam  rollers,  boilers,  asphalt  mixing  plants,  distributors, 
crushers,  and  other  large  plant  are  frequently  difficult  to  get 
under  cover  for  storage.  Such  plant  if  left  outside,  by  tak- 
ing a  few  precautions,  will  weather  the  winter  without  harm. 
With  heavy  plant,  it  is  always  advisable  to  choose  a  loca- 
tion for  storage  that  will  be  accessible  early  in  the  follow- 
ing season. 

Care  of  Asphalt  Plant. — All  accumulations  of  dirt,  rust  and 
scale,  on  an  asphalt  mixing  plant  should  be  removed  after 
completing  a  job.  and  all  metal  surfaces  should  be  given  a 
coat  of  asphalt  paint.  The  fire  box  under  the  drier  should 
be  examined  and  new  bricks  and  grate  bars  replaced  where 
necessary.  All  badly  worn  gears  should  be  renewed.  Kettles 
should  be  thoroughly  cleaned  out  at  frequent  intervals  while 
operating.  When  in  operation  proper  lubrication  of  bear- 
ings and  gears  does  much  to  prolong  their  life. 

When  operating  distributors  the  nozzles  and  screens  should 
be  frequently  cleaned  to  prevent  clogging.  Accumulations  of 
asphalt  should  be  occasionally  removed.  Safety  valves  and 
gages  should  be  cleaned  and  tested  to  see  that  they  are  in 
proper  working  order.     The  air  pumps  give  very  little  trouble. 

Care  of  Steam  Engines. — Any  steam  engine,  whether  on  a 
roller  or  other  piece  of  plant  .needs  frequent  attention. 
Given  good  care,  a  steam  engine  will  last  for  a  long  time, 
but  a  careless  operator  will  ruin  one  in  a  short  while.  Proper 
lubrication  goes  a  long  way  in  prolonging  the  life  of  an  en- 
gine. Each  oil  and  grease  cup  should  be  kept  full  of  the 
right  kind  of  lubricant,  and  the  feed  should  be  regulated  as 
required.  Manufacturers  usually  send  instructions  with  their 
machines  recommending  the  kinds  of  oil  and  grease  to  use 
for  lubricating  the  different  parts.  While  too  much  oil  in 
certain  instances  may  be  detrimental,  it  is  always  better 
than  not  enough.  A  sight  feed  lubricator  should  be  placed 
on  all  steam  cylinders.     En.qines  should   be  kept  clean. 
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An  unusual  sound  In  an  enslne  means  something  is  wrong, 
as  a  steam  engine  in  good  condition  sliould  be  free  from 
noise.  KnoclcB  usually  are  due  to  looseness  in  the  wrist 
pin,  cranlt  pin,  or  some  of  the  bearings,  and  they  may  be 
eliminated  by  taking  up  the  play  at  these  points.  Bearings 
should  not  be  talcen  up  so  tight,  however,  as  to  overheat. 

Before  starting  an  engine,  see  that  no  obstructions  are  in 
the  way  to  interfere  with  its  operation.  Open  the  drip  cocks 
in  the  cylinder  and  blow  steam  through  the  cylinder  to  warm 
It  up  and  free  it  from  water.  In  cold  weather,  water  should 
be  drained  oft  each  night  from  the  cylinders  and  from  any 
point  where  it  is  liable  to  freeze. 

When  an  engine  is  laid  up  in  storage  it  is  advisable  to 
remove  al!  fittings  that  might  be  easily  stolen.  All  bright 
parts  should  be  daubed  with  a  heavy  coating  of  oil  to  pre- 
vent rusting.  The  cylinder  heads  and  steam  chest  covers 
should  be  removed  and  coated  on  the  inside  with  good  cylin- 
der oil  and  then  replaced.  Steam  engines  which  are  used 
in  highway  work  are  commonly  of  the  slide  valve  type.  Un- 
less the  valves  are  set  properly,  the  engine  will  not  operate 
efficiently.  Valve  trouble  is  usually  indicated  by  the  sound 
of  the  exhaust,  loss  of  power,  and  change  in  dead  point  The 
exhaust  seems  to  be  harder  on  one  side  of  the  stroke  than  on 
the  other.  It  is  an  easy  matter  to  reset  a  valve  and  any 
competent  engineer  can  do  it. 

The  Care  of  Boilers. — Annual  inspection  of  boilers  by  a 
properly  qualified  person  is  reiiuirort  in  some  states.  When  a 
contractor  carries  insurance  on  his  boilers,  annual  inspec- 
tion of  them  is  made  by  employes  of  the  insurance  company 
issuing  the  policy. 

In  the  operation  of  boilers,  safety  should  be  the  first  con- 
sideration and  when  doubt  exists  as  to  the  strength  of  any 
part  of  the  boiler,  it  should  be  filled  with  water  and  tested 
by  hydraulic  pressure  to  one  and  one  half  times  the  work- 
ing steam  pressure.  Bulging  plates  are  always  a  sign  of 
neglect  and  if  the  crown  sheet  is  bulged,  it  is  a  pretty  sure 
sign  that  the  boiler  has  been  run  sometime  with  low  water. 
A  dirty  condition  of  the  boiler  will  also  cause  the  crown 
sheet  to  bulge  and  is  responsible  for  much  of  the  other 
troubles  common  to  boilers. 

It  is  essential  to  keep  the  inside  of  a  boiler  free  from  dirt 
and  scale,  not  only  to  prolong  its  life,  but  also  to  enable  it 
to  worV-  at  its  highest  efficiency.  The  interval  at  which  such 
cleaning:  will  be  necessary  will  depend  largely  upon  the 
method  of  taking  w-ater  and  the  source  of  the  water  supply. 
Some  waters  form  a  scale  much  more  rapidly  than  others. 
Operators  are  careless  many  times  in  filling  the  water  tanks 
and  more  or  less  fine  sediment  is  drawn  up  with  the  water 
which  later  finds  it  way  into  the  boiler.  Accumulations  of 
sediment  cause  tubes  to  leak  and  metal  surfaces  to  crack  and 
bulge.  The  hand  hole  plates  should  be  removed  and  the 
inside  of  the  boiler  should  be  thoroughly  washed  out  at  least 
once  a  month.  The  dirt  and  scale  should  be  loosened  by 
scrapers  and  flushed  out  with  a  hose  carrying,  if  possible,  a 
supply  of  water  under  pressure. 

Any  stay  bolts,  which  are  broken,  should  be  promptly  re- 
newed. If  any  plates  require  patching,  such  work  had  better 
be  done  by  a  boiler  maker.  I.eaky  flues  can  frequently  be 
made  light  if  in  not  too  bad  condition,  by  rerolling  the  ends 
with  a  tube  expander.  Tubes  should  be  cleaned  once  a  day 
by  scraping  them  out.  The  exposed  end  of  the  fusible  plug 
should  be  kept  clean  and  new  plugs  should  be  put  in  occasion- 
ally. The  use  of  any  other  kind  of  plug  than  one  filled  with 
pure  tin  or  other  suitable  filling  material  should  never  be 
allowed. 

Ashes  should  not  be  permitted  to  accumulate  in  the  ash 
pit,  for  if  they  get  within  a  few  inches  of  the  grate  bars,  these 
will  become  overheated  and  warped,  and  iifw  ones  will  be 
necessary.  Before  starting  a  fire  in  a  boiler,  be  sure  of  the 
water  level.  Watergage  cocks  should  be  kept  in  working 
order  so  that  they  can  be  depended  upon  in  determining  the 
■water  level  rather  than  the  water  glass. 

A  thin  and  even  fire  is  more  effective  and  economical  than 
one  where  too  much  fuel  is  used.  Injectors  shopld  be  kept 
In  good  repair  so  that  they  can  always  be  relied  upon.  A 
boiler  should  never  be  entirely  blown  down  at  a  pressure 
over  10  lb.,  and  it  should  under  no  circumstances  be  refilled 
■with  water  until  it  has  completely  cooled  off. 

A  boiler  should  be  blown  do^wn  slightly  once  or  twice  a 
■week,  r.nd  completely  at  the  end  of  a  job.  If  a  boiler  is  found 
at  any  time  with  low  water,  cover  the  fire  with  ashes  or 
fresh  coal  and  shut  off  the  draught.     Do  not  under  any  cir- 


cuni.^tances   add    more   water,    but    allow    the   boiler   to   cool 
down  gradually. 

When  laying  up  a  boiler,  it  should  first  be  thoroughly 
cleaned  inside  and  out,  the  fittings  should  be  removed  and 
boxed,  the  outside  should  be  given  a  coat  of  heat  rasisting 
paint,  and  the  end  of  the  smokestack  should  be  covered  over 
to  keen   out   the   water. 

Have  Plenty  of  Spare  Parts  on  Hand.— Certain  parts  of  a 
machine  deteriorate  more  rapidly  than  others  and  it  is  al- 
ways advisable  to  anticipate  the  need  of  spare  parts  by  hav- 
ing some  on  hand  to  replace  those  which  need  renewal  The 
old  adage  that  "an  ounce  of  prevention  is  worth  a  pound  of 
cure"  was  never  truer  than  in  the  case  of  machinery.  Proper 
care  and  renewals  of  worn  parts  will  prevent  serious  break- 
downs and  much  Inst  time. 

Plant  Depreciation. — The  contractor  who  owns  plant  and 
fails  to  charge  off  anything  for  depreciation  is  fooling  him- 
self as  to  the  amount  of  money  he  is  making.  There  are  a 
number  of  methods  of  calculating  depreciation,  the  simplest 
of  which  being  the  one  where  the  rate  of  annual  depreciation 
is  one  divided  by  the  total  number  of  years  of  life  of  the 
machine  in  question. 

The  life  of  some  equipment  is  much  longer  than  others. 
The  use  to  which  equipment  is  put.  the  care  which  is  given 
it  while  operating  it,  the  condition  of  repair  it  is  kept  in  by 
the  renewal  of  worn  parts,  are  all  factors  which  affect  the 
life  of  any  machine  or  other  equipment. 

A  contractor  should  at  the  end  of  each  year  examine  his 
equipment  and  assign  values  to  the  different  pieces  of  plant 
in  order  to  determine  the  amount  of  capital  actually  invested. 
The  difference  in  book  values  of  the  same  plant  from  year  to 
year  nill  be  th"  amount  of  depreciation.  Money  charged  off 
for  depreciation  should  theoretically  be  set  aside  and  allowed 
to  accumulate  for  the  purchase  of  new  equipment.  The  suc- 
cessful contractor,  however,  can  make  such  money  earn  larger 
retur'.K  by  using  it  in  the  business  than  by  banking  it,  or 
otherwi&e  investing  it.  In  any  event,  it  should  be  kept  track, 
of  in  the  ofl^ice  records  and  never  counted  in  with  the  profits. 

Physical  Properties  of  Some  California 
Adobe  Soils 

In  connection  with  the  engineering  study  of  the  state  high- 
ways of  California,  made  for  the  Automobile  Club  of  Southern 
California  and  the  California  State  Automobile  Association. 
tests  of  adobe  soil  were  conductetl  at  the  University  of  Cali- 
fornia by  C.  T.  Wiskoril.  association  professor  of  civil  engi- 
neering. A  preliminary  report  on  these  tests  is  embodied  in 
a  general  report  which  was  recently  made  public,  as  noted 
in  our  icsue  of  March  2.  The  tests  were  made  on  13  dif- 
ferent samples  of  adobe  soil  submitted  from  5  counties  The 
report  states  that  the  conclusions  are  tentative,  because 
further  studies,  particularly  on  other  samples  of  soils,  may 
modify  or  enlarge  the  views.  The  results  obtained,  which 
apply  only  to  the  particular  soils  studied,  are  summarized  as 
follows: 

1.  Adobe  soils  increase  IVi  per  cent  in  volume  from  oven 
to  air  dry  conditions. 

2.  Air-dry  adobe  soils  contain  about  6  per  cent  water. 

3.  Air-dry  adobe  soil  when  made  into  a  stiit  mud  (a  con- 
dition of  plasticity  not  easily  defined)  will  increase  37  per 
'cent  in  volume.  (The  range  for  the  soils  used  wa.s  from 
16  per  cent  to  51  per  cent.) 

4.  Air-dry  adobe  soils  made  into  a  paste  that  could  be 
poured  will  increase  67  per  cent  in  volume.  (The  range  was 
from  28  per  cent  to  93  per  cent.) 

5.  Different  soils  require  different  percentages  of  ■water 
to  bring  them  to  the  same  degree  of  plasticity. 

6.  Sand  is  not  very  effective  in  reducing  volume  changes 
in  adobe  soils. 

7.  A  pressure  of  430  tons  per  square  foot  was  required  to 
compact  loose,  air  dry,  adobe  soil  to  the  density  of  air-dry 
clods   (as  found). 

8.  Confined  adobe  soil  compacted  to  the  density  of  the 
natural  clods  absorbed  12  per  cent  water;  its  inability  to 
increase  in  volume  produced  a  pressure  of  63  tons  per  square 
foot.     (126,000  lb.  per  square  foot.) 

9.  The  tensile  strength  of  a  specimen  of  adobe  soil,  taken 
at  random,  was  270  lb.  per  square  inch. 

10.  The  compressive  strength  of  a  specimen  similarly  taken 
was  2,500  lb.  per  square  inch. 

11.  Soils  classified  as  adobe  show  marked  variatron  ia 
grain  size. 
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Relations  Between  Engineers  and 
Contractors  for  Highway  Work* 

By   W.  A.   ROGERS, 

Presidtnt,    Bates    &    Rogers    Construction    Co..    Chicago. 

Facing,  as  we  are  in  this  country,  tlie  beginning  of  a  pro- 
gram of  higliway  construction  of  stupendius  volume,  the  rela- 
tions between  those  who  are  to  direct  and  those  who  are  to 
biiikl  it  is  one  of  the  most  important  subjects  to  be  consid- 
ered by  those  interested  in  the  good  roads  program.  The 
sul.ject  is  so  vital  that  it  should  be  elaborated  on  in  great 
delail  which  time  will  not  permit ;  it  may,  however,  be  con- 
densed in  a  single  principle  as  follows:  "The  relations  be- 
tween engineers  and  contractors  for  highway  work  should 
be  based  on  mutual   contidonce  and   co-operation." 

It  is  certain  that  the  immense  program  of  highway  con- 
struction planned  for  the  next  few  years  and  amounting  to 
many  millions  of  dollars  cannot  be  satisfactorily  carried  out 
without  the  co-operation  of  the  experienced,  competent  ana 
responsible  contractors.  Contractors  of  ability  and  standing 
will  naturally  seek  work  in  the  field  where  they  are  sure  of 
fair  treatment  and  where  work  can  be  done  for  a  reasonable 
profit. 

In  any  highway  construction  contract  there  are  in  theory 
at  least  three  parties.  Of  these  three  parties  there  are  the 
owner,  who  may  be  the  federal,  state,  county  or  municipal 
government;  and  the  contractor  who  undertakes  to  build  the 
highway  and  receive  as  pay  certain  sums  of  money.  These 
two  parties,  while  they  have  a  mutual  interest  i:i  that  they 
desire  the  completion  of  a  certain  piece  of  work,  still  are  in 
the  relationship  nf  "buyer  and  seller."  The  third  party  to 
the  contract,  the  engineer,  theoretically  is  supposed  to  repre- 
sent the  rights  and  interests  of  both  parties.  As  a  matter 
of  fact,  he  is  employed  by  and  is  under  the  direct  control 
of  the  owner.  His  position  is  a  very  difficult  one  and  unless 
he  is  a  very  broad  man,  is  an  impossible  one;  but  the  nearer 
he  approaches  to  his  theoretical  position  as  the  representative 
of  both  parties,  the  more  satisfactory  will  the  relationship  be. 

Duties  and  Responsibilities  of  the  State  as  Represented  by 
the  Highway  Engineer. — Theoretically  the  engineer  is  the 
representative  of  the  contractor  as  well  as  of  the  state,  for 
the  contract  generally  names  the  engineer  the  sole,  unbiased 
arbitrator  between  the  parties  of  the  contract  with  power  to 
decide  finally  many  matters  arising  under  the  contract.  This 
places  the  responsibility  on  the  engineer  of  deciding  what 
is  right  and  fair  in  matters  at  issue  between  the  parties  to 
the  contract  and  also  the  responsibility  of  interpreting  the 
terms  of  the  contract  and  specifications  which  he  or  some 
other  engineers  have  prepared. 

In  preparation  of  the  plans  and  specifications  a  long  step 
towards  harmonious  and  satisfactory  relations  will  be  made 
if  the  engineer  has  clearly  in  mind  the  structure  to  be  built 
and  describes  it  clearly  and  definitely  in  the  specifications, 
leaving  out  all  terms  like  "the  work  shall  be  done  to  the 
satisfaction  of  the  engineer,"  etc.  The  contractor  is  entitled 
to  have  described  in  the  specifications  just  what  is  wanted 
and  can  be  followed. 

In  a  word,  they  should  he  reasonable.  Incorporating  in 
specifications  clauses  which  are  practically  impossible  of  ful- 
fillment with  the  thought  that  better  work  will  be  secured 
by  fixing  up  almost  impossible  standards  is  less  apt  to  secure 
this  result  than  if  the  specifications  provide  for  what  is 
reasonably  possible  of  fulfillment. 

It  has  been  said  that  drastic  specifications  have  sometimes 
been  made  for  highway  work  with  the  laudable  purpose  of 
scaring  away  unsatisfactory  and  irresponsible  contractors  and 
putting  into  the  hands  of  the  engineer  requirements  which 
could  be  used  to  advantage  in  the  cise  of  irresponsible  con- 
tractors, and  on  the  other  hand,  could  be  eased  up  for  those 
contractors  who  were  doing  satisfactory  work. 

This  is  entirely  wrong.  It  has  just  the  opposite  effect. 
When  a  specification  is  drawn,  which  in  any  respect  is  not 
workable,  it  casts  a  cloud  on  the  entire  document  and  the 
responsible  contractor  feels  as  though  he  were  being  placed 
in  a  position  where  an  irresponsible  inspector  or  engineer 
might  cause  him  serious  trouble  and  expense.  It  is  therefore 
in  the  interest  of  the  state,  the  duty  of  the  engineer  to  pre- 
pare workable  specifications,  which  can  be  carried  out  with 
the  materials  reasonabl.v  available  and  with  the  human  labor 
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which  we  have.  The  highways  of  the  country  are  not  built 
under  laboratory  conditions  and  specifications  and  plans  for 
highway  work  which  are  prepared  with  the  idea  that  the  sub- 
Krade  can  be  sandpapered  and  the  materials  and  water  enter- 
ing into  the  concrete  can  be  measured  as  in  a  laboratory,  are 
not  productive  of  the  best  work,  but  are  productive  of  fric- 
tion between  the  engineers  and  contractors  and  expense  to 
both  parties  to  the  contract. 

Contracts  and  specifications  should  be  very  definite  and 
clear  in  the  placing  of  responsibilities. 

State  Furnishing  Materials. — I  have,  a  strong  feeling  that 
the  furnishing  of  materials  by  tUe  state  is  both  wrcng  in 
rrinciple  and  not  productive  of  the  best  results,  either  as  to 
harmony  between  the  parties  or  as  to  decreased  cost.  It  injects 
into  the  work  a  Question  of  di'.'ided  responsibility.  It  makes  the 
state  responsible  for  something  which  is  part  of  the  construc- 
tion and  on  which  the  progress  and  economical  operation  of 
the  work  is  vitally  dependent.  If  the  materials  are  not  delivered 
in  the  order  and  at  the  rate  which  the  work  requires  it  adds 
to  the  cost,  and  the  engineer  who  is  not  paying  the  bills  can 
hardly  appreciate  this  as  does  the  contractor  who  is. 

I  know  there  is  a  feeling  that  the  state  can  frequently  buy 
materials  more  cheaply  than  the  contractor  and  that  it  is 
able  to  allocate  a  restricted  supply  better  than  the  individual 
contractors  buying  at  random  can  do.  This  may  be  so.  but 
I  have  a  feeling  that  the  competent  contractor  can  ordinarily 
buy  as  close  or  closer  and  he  can  surely  control  the  delivery 
more  nearly  as  the  work  requires  than  the  state;  At  least  he 
thinks  he  can;  and  that  goes  a  long  way  towards  making  for 
harmonious  relationship. 

If,  however,  the  engineer  does  specify  that  the  state  shall 
furnish  any  of  the  materials,  then  the  state  should  assume 
the  full  responsibility  for  delivery.  If  the  state  fails  to  deliver 
its  materials  as  required  by  the  work,  thus  adding  to  the  cost 
of  the  v/ork  to  the  contractor,  then  in  the  interest  of  fair- 
ness and  satisfactory  relationship  they  should  assume  the  re- 
sponsibility for  such  failure.  Placing  on  the  contractor  a  risk 
over  which  he  has  no  control  is  just  adding  another  "gamble" 
to  a  game  which  is  hazardous  enough  without  it.  Contracts 
and  specifications  should  be  so  drawn  that  they  are  as  free 
as  possible  from  risks  of  this  kind  in  the  interests  of  both 
parties. 

Supervision  of  the  Work. — This  is  another  duty  of  the  en- 
gineer. This  is  a  great  responsibility  and  should  be  delegated 
in  the  field  only  to  men  of  good  judgment  and  experience.  In- 
experienced, inconlpetent  field  supervision  causes  delay  to 
b^th  the  state  and  contractor  and  increases  expense  at  the 
time  to  the  contractor  and  eventually  to  the  slate. 

Bear  in  mind  that  the  data  on  which  a  contractor  of  ex- 
perience bases  his  price  which  he  bids  on  any  job  is  the 
cost  of  previous  work  of  similar  character  interpreted  in 
the  light  of  the  conditions  of  the  work  on  which  he  is  figur- 
ing. In  his  previous  costs  are  reflected  the  cost  of  not  only 
every  onerous  clause  in  the  specifications,  but  also  the  results 
of  unfair  and  incompetent  engineering  supervision.  It  is 
therefore  necessary  and  desirable  that  engineers  in  charge  of 
highway  work  should  be  thoroughly  competent.  Competent 
engineers  are  entitled  to  compensation  proportionate  to  their 
skill  and  experience.  It  is  mistaken  economy  to  save  on 
highway  engineers'  salaries.  Well-paid,  experienced  engineers 
are  conducive  to  the  best  and  most  economical  highway  work. 

There  is  no  class  of  contract  work  which  requires  for  its 
satisfactory  handling  such  continuous  operation.  In  order  to 
be  profitable,  there  must  be  a  constant,  uniform  flow  of  ma- 
terials from  the  point  of  manufacture  or  origin  through  the 
railroads  to  the  unloading  plant  and  then  from  the  unload- 
ing plant  to  the  mixer.  Anything  which  tends  to -^vary  this 
uniform  flow  adds  to  the  expense  of  the  work.  The  engineer, 
who  without  proper  cause  stops  the  work,  robs  the  contractor 
just  as  much  as  the  highwayman  who  holds  a  pistol  to  your 
head  and  causes  you  to  deliver  your  money.  But  an  experi 
eneed,  competent  engineer  will  not  do  this. 

The  highway  engineer  should  be  a  very  broad  man.  He 
should  have  in  mind  that  his  job  is  to  get  as  much  highway 
built  of  the  quality  desired  as  can  be  built  and  at  as  low  cost 
as  possible  to  the  contractor.  Materials,  especially  sand, 
gravel  and  broken  stone,  are  products  of  nature.  They  are 
not  built  in  a  factory  to  a  certain  standard.  They  may  be 
graded  by  human  care,  but  there  is  bound  to  be  a  certain 
variation.  It  seems  to  me  it  is  the  duty  of  the  engineer  to 
conform  as  closely  to  the  specifications  as  possible,  but  bear- 
ing mind  always  the  final  result— that  his  job  is  to  get  road;; 
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built  ol  a  good  iiuality.  and  tliiit  if  by  sliKlH  variation  in  re- 
quirements or  (iiialltieH  of  material,  the  same  result  can  be 
obtained,  he  should  be  big  enough  and  broad  enough  to  meet 
the  situation.  He  will  realize  that  nature  does  not  form  the 
.sand  and  gravel  to  fit  an  exact  laboratory  standard  and  that 
it  may- be  necessary  at  times  to  conform  to  what  may  be 
reasonably  oltained.  This  means  that  he  will  use  his  broad 
Judgment  and  good  sense  iti  the  acceptance  and  rejection  of 
materials. 

Similarly  with  iris|>eil  ion  ol  Hie  work,  it  is  sometimes  the 
tendency  of  the  younger  engineers  to  forget  that  it  is  the 
final  result  which  counts  and  concentrate  on  the  minor  details 
In  other  words,  {compliance  with  the  specifications  literally 
is  made  the  important  item,  losing  sight  of  the  fact  that  what 
Is  desired  is  the  completed  highway  of  a  satisfactory  quality 
Variations  in  the  construction  methods  or  materials  which 
give  the  desired  finished  highway  will  be  permitted  by  the 
seasoned   engineer. 

Responsible  Decisions  of  the  Engineer.— It  should  be  one 
of  the  duties  of  the  engineer  to  make  fair,  nuick  and  respon- 
sible decisions.  Delayed  decisions  are  often  as  unfortunate 
as  wrong  decisions.  »y  responsible  decisions  1  mean  that  the 
state,  acting  tbrougli  the  engineer,  should  be  responsible  for 
his  acts  as  the  contractor.  The  contractor  pays  for  his  errors 
directly  in  increased  costs.  If  through  error  or  otherwise  the 
state  causes  the  contractor's  work  to  cost  more  than  it  should, 
they  should  assume  their  fair  responsibility  financially. 

Finally  decisions  should  be  made  without  reference  to 
■whether  they  will  please  either  the  contractor  or  the  public. 
In  work  for  the  public  like  highway  work  or  government  work 
it  may  sometimes  be  a  temptation  to  consider  whether  any  de- 
cision will  meet  with  favor  of  the  public  or  not  and  thus  have 
a  bearing  on  tenure  of  office.  The  position  of  the  highway 
engineer  should  be  made  free  from  influence  of  this  charac- 
ter. And  right  here  let  me  reflect.  "The  engineer  should 
always  bear  in  mind  that  he  is  in  the  dual  position  of  repre- 
senting both  the  state  and  the  contractor." 

Duties  and  Responsibilities  of  the  Highway  Contractor. — In 
the  foregoing  1  have  described  some  of  the  duties  and  re- 
sponsibilities of  the  highway  engineer  and  shown  that  if  he 
fulfills  the  requirements  of  his  position  as  many  of  them  are 
he  is  truly  a  big  man. 

As  I  now  turn  to  the  description  of  what  the  successful 
highway  contractor  must  do  I  wonder  that  any  character  can 
ever  qualify.  The  contractor  for  highway  work  undertakes 
to  determine  the  best  source  of  supply  for  materials,  which 
will  meet  the  requirements  of  the  specifications.  He  under- 
takes to  see  that  the  producers  of  these  materials  furnishes 
them  promptly  and  delivers  than  in  the  required  amounts 
at  stated  times  necessary  for  the  work  to  the  railroad  for 
transportation  to  the  station  nearest  the  work.  He  under- 
takes also  to  see  that  the  railroad  does  deliver  the  material 
promptly  to  his  unloading  point.  If  either  of  these  agencies  fail 
to  do  their  part  it  costs  them  money  and  time.  After  delivery  to 
his  unloading  point,  he  then  must  unload,  store,  protect  and 
then  transport  these  materials  to  the  site  where  they  are  to  be 
mixed  and  incorporated  in  the  finished  road.  In  addition  he 
has  contracted  to  employ  a  competent  force  working  under 
the  direction  of  a  competent  superintendent,  with  the  righi. 
sort  of  an  organization.  In  the  case  of  the  contractor,  errors 
in  his  judgment  or  of  any  of  his  organization,  or  lack  of  skill 
or  ability  are  paid  tor  in  real  money  which  shows  up  in  in- 
creased cost. 

He  has  also  contracted  to  furnish  an  adequate  and  properly 
equipped  plant  for  the  proper  handling  of  the  work. 

Each  job  should  be  studied  carefully  and  planned  properly. 
Whether  the  delivery  of  materials  shall  be  by  truck  or  by  in- 
dustrial plant  should  be  settled.  The  method  adopted  for 
unloading  and  storing  materials  is  a  very  large  and  important 
item  and  the  success  or  failure  of  the  work  is  dependent  to  a 
large  degree  on  the  plant  and  equipment  adopted.  He  must 
provide  an  adequate  and  satisfactory  supply  of  water.  Then 
he  must  co-ordinate  all  of  the  different  elements  consisting 
of  materials,  water  supply,  an  efficient  crew  to  build  the 
finished  highway  on  a  subgrade  and  finished  to  an  exact  sur- 
face. He  must  then  see  that  it  is  properly  protected  and 
properly  curved.  As  though  this  were  not  enough  he  must 
act-  as  a  policeman  and  see  that  the  public  who  are  eager  to 
use  the  new  road  and  can  see  no  reason  why  they  cannot 
ire  restrained  from  so  doing.  Sometimes  when  I  think  what 
the  ordinary  highway  contractor  undertakes  to  do,  I  wonder 
at   his   assumption  of  almost    supernatural   powers   when   he 


signs  Ills  contract  and  assumes  the  duty  of  furnishing  the 
state  a  satisfactorily  completed  job,  meeting  all  of  the  clauses 
in  the  specificitions  as  near  as  humanly  possible. 

.\bove  all,  the  contractors'  organization  should  be  made  up 
of  men  who  are  willing  to  meet  the  engineers  halt  way  and 
who  take  a  pride  in  the  quality  of  their  work  and  who  are 
anxious  to  give  the  state  an  honest  job.  Only  in  this  way  can 
tlie  highway  contractor  be  successful.  If  the  engineers  and 
contractors  conform  to  the  foregoing  there  will  be  co-opera- 
tion between  them.  There  will  be  a  realization  that  they  are 
partners  in  a  great  enterprise  and  that  tlie  best  results  can 
only   be  obtained   by   pulling   together. 


Selection  of  City  Employes  With- 
out Civil  Service  Regulations 

From  the  beginning  of  political  party  government  the  cus- 
tom of  rewards  to  the  faithful  and  spoils  to  the  victors  with 
its  necessary  correlation  of  dismissal  for  the  municipal  em- 
ploye who  puts  faithful  service  above  party  activity  or  who 
is  a  poor  guesser  in  the  direction  of  his  political  activity,  has 
prevailed,  interrupted  only  by  the  civil  service  device.  While 
civil  service  has  been  a  great  help,  it  has  not  been  found  a 
perfect  antidote  for  the  evil.  How  Wichita.  Kan.,  which  is 
under  the  city  manager  form  of  government,  has  selected 
its  municipal  appointive  officers  and  employes  without  civil 
service  regulations  is  told  by  Mr.  L.  W.  Clapp,  City  Manager, 
in  the  February  Kansas  Municipalities.  The  following  is 
taken  from  his  article: 

The  legislature  of  Kansas  adopted  the  commission  and 
city  manager  law  in  January.  1917.  This  act  was  passed  largely 
through  the  efforts  of  the  citizens  of  Wichita.  Immediately 
after  the  law  became  operative  the  city,  first  in  the  state,  ap- 
proved the  form  of  city  government  by  a  large  majority  in 
an  election  held  for  that  purpose  and  thereafter  elected  five 
commissioners  at  large,  none  of  whom  had  ever  held  or 
aspired  to  any  office  and  whose  qualifications  were  under- 
stood to  be  actual  demonstration  of  practical  business  ca- 
pacity  and   success. 

The  law  provides  that  the  commissioners  exercise  their 
own  judgment,  in  the  organization  of  a  working  force,  either 
with  or  without  civil  service  regulations.  All  of  these  men, 
except  one.  were  heads  of  successful  business  institutions 
which  had  grown  up  from  nothing,  under  their  own  efforts 
and  conduct.  The  one  commissioner  not  a  business  man,  as 
the  term  is  usually  employed,  was  a  high  type  of  student  of 
good  government,  good  morals,  much  interested  in  commu- 
nity welfare  work,  a  wage  earner  and  a  leader  in  sane  and 
conservative  organized  labor  activities.  He  had  as  good  as, 
or  perhaps  better  understanding  from  some  viewpoints,  of 
the  elements  that  constitute  a  valuable  employe  and  public 
officer,  as  did  the  other  four  members  of  the  board. 

Decided  Against  Civil  Service. — It  was  but  natural  with 
these  men  to  decide,  with  little  discussion,  that  civil  service 
was  not  a  necessary  or  desirable  plan  of  selection  of  officers 
and  employes  in  a  municipal  government  that  was  expected 
to  be  operated  as  were  their  own  businesses.  The  civil 
service  idea  was  discarded. 

Under  the  law  the  city's  business  was  to  be  carried  on  by 
a  general  manager.  The  board  of  commissioners  was  a  legis- 
lative body,  a  body  to  determine  the  policies  of  the  business 
of  city  government  in  Wichita  and  to  place  a  compe'ent  man 
in  charge  of  the  execution  of  those  policies  and  to  advise 
with  him  as  do  a  board  of  directors  w'ith  a  general  manager. 
The  manager's  duty  was  to  select  and  employ  all  such  heads 
of  departments,  officers,  and  either  directly  or  through  his 
appointees,  employ  all  assistants  and  subordinates  deemed 
necessary  and  competent  to  insure  good  service  economically. 
This  duty  carried  necessarily  the  right  of  dismissal,  by  the 
manager,  at  any  time,  of  any  appointed  officer,  head  of  de- 
partment or  other  employe  down  to  day  laborer,  when,  in 
his  judgment  the  good  of  the  service  suggested  it  to  be  de- 
sirable. 

This  undertaking  was  indeed  quite  revolutionary  in  mu- 
nicipal government. 

A  manager  was  employed  by  the  commissioners  in  full 
understanding  and  harmony  with  the  plan  and  scheme  of  the 
undertaking.  No  officer  or  employe  was  discharged  until  it 
became  evident  to  the  manager  that  he  was  eithei  not  in 
tune  with  the  policy  of  business  government  or  not  able  to 
deliver  the  service  tor  which  lie  had  been  selected.     No  per- 
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son  was  appointed  or  employed  for  any  reason  other  than 
qualifications  to  efficiently  perform  the  duties  of  his  office 
or  position,  and  enthusiasm  to  make  his  department  and 
his  work  a  success  by  loyal  service  and  co-operation  with 
all  other  employes  in  his  and  in  other  departments.  When 
he  failed  in  these  requirements  he  was  no  longer  of  service 
or  use  on  the  pay-roll  of  the  city's  business. 

It  Stopped  Patronage.— One  of  the  most  interesting  and 
astonishing  situations  developed  almost  instantly  from  this 
plan  of  government.  The  entire  citizen  body  seemed  to  have 
at  once  realized  that  old  methods  of  selection  and  employ- 
ment of  department  heads  and  employes  even  in  the  wage 
laborer  class  had  been  supplanted  and  that  a  new  order  pre- 
vailed. It  was  the  universal  e.xperience  of  all  the  commis- 
sioners and  the  manager,  that  practically  no  applications 
were  made  by  any  friends  of  the  commissioners:  none  by 
friends  of  persons  out  of  employment;  none  by  persons  dis- 
qualified from  other  positions,  but  "needing"  the  salary  or 
wage;  none  by  half  competents  and  proven  failures.  <The 
impression  w^as  general  and  immediate  that  all  competent 
persons  would  be  retained  and  only  competent  ones  would 
be  employed,  that  there  was  no  place  for  sinecures  and  that 
delivery  of  service  was  an  essential  to  continued  employ- 
ment. 

A  Wider  Field  for  Selection  Provided.— When  there  was 
not  available  among  the  business  workers  and  citizens  of  the 
city  a  man  for  a  position,  the  plan  permitted  no  hesitation 
In  seeking  and  employing  a  competent  person  wherever  lo- 
cated, and  available.  Objection  in  some  quarters  and  pro- 
test by  one  newspaper  was  made  to  "imported"  talent,  but 
when  consideration  was  directed  to  the  practice  of  these 
same  protestations,  in  managing  their  own  business  and 
the  affairs  of  the  institutions  with  which  they  were  asso- 
ciated, under  which  they  sought  out  their  competent  men 
and  women,  regardless  of  place  of  birth,  rearing  or  residence, 
the  objection  was  soon  silenced  as  a  fallacy  and  without 
reason  in  logic  or  successful  business. 


Street  Maintenance  Methods  in 
Small  Cities* 

By  HARLAN  H.   EDWARDS, 
City   Engineer,   Danville,   111. 

Street  maintenance  in  our  small  cities  is  a  task  of  no  less 
importance  than  in  our  large  cities.  In  fact,  such  work  in 
civies  under  .50,000  is  likely  to  be  made  more  difficult  than 
that  in  the  larger  cities,  by  the  petty  jealousies  of  some  of 
its  citizens..  Its  superintendence  calls  for  the  services  of 
an  engineer,  a  diplomat,  and  one  with  an  unlimited  amount 
of  patience  and  courage,  to  direct  and  prosecute  the  work 
successfully. 

Maintenance  of  Unpaved  Streets. — The  maintenance  of  dirt 
streets  requires  the  judicious  use  of  a  light  blade  grader,  the 
road  drag  or  one  of  its  combinations  in  the  form  of  the  road 
planer  or  one  of  the  various  makes  of  road  machines.  If  the 
district  is  not  well  equipped  with  storm  sewers,  the  services 
of  a  "handy  man"  are  required  to  clean  out  the  waterways 
and  build  new  culverts,  crossings  over  gutters,  etc.  There  is 
little  difference  between  the  maintenance  of  dirt  streets  and 
country  roads  other  than  taking  care  of  the  drainage  which, 
of  course,  is  much  more  complicated  in  towns,  owing  to  the 
frequent  street  and  alley  crossings. 

The  use  of  the  blade  grader  early  in  the  spring,  to  shape 
up  such  roads  as  have  become  badly  rutted  and  pushed  out  of 
shape  by  winter  and  spring  traffic,  followed  by  a  system  of 
patrol  maintenance  with  a  light  drag,  is  probably  the  best 
combination  for  this  work.  In  order  to  accomplish  this,  an 
outfit  consisting  of  one  man  and  a  1-horse  wagon,  together 
with  a  lisjht  drag.  pick,  shovel,  hammer  and  saw.  responsible 
tor  a  district  totaling  about  five  or  six  miles  of  road,  has 
proved  to  be  the  most  economical.  Of  course  it  is  useless  to 
attempt  to  keep  dirt  streets  in  boulevard  shape  in  continuous 
wet  weather,  but  the  continuous  use  of  such  an  outfit  as  this 
will  do  much  toward  keeping  the  streets  in  passable  shape 
and  improving  them  quickly  after  the  wet  period  is  over. 

The  use  of  a  coating  of  asphaltic  road  oil  has  proved  a 
great  aid  in  waterproofing  the  road  surface,  and  when  it  is 
used  it  should  be  applied  after  the  road  has  been  put  in  good 
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condition.     If   the   road   has   not   been   properly   shaped   and 
dragged,  the  use  of  oil  will  only  make  conditions  worse. 

Maintenance  of  Pavements. — The  maintenance  of  street 
pavements  is  occasioned  by  the  formation  of  chuck  holes  or 
breaks,  due  to  the  general  wear  of  traffic,  by  the  opening  of 
pavements  for  connections  or  repairs  to  underground  pipes  or 
cables,  and  by  the  damage  from  poorly  constructed  and  main- 
tained street  car  tracks.  Of  all  these  items  probably  the  last 
two  have  been  the  greatest  cause  of  the  shortening  the  life 
of  pavements. 

Methods  of  repair  of  pavements  made  necessary  by  general 
wear  vary  with  the  type  of  pavement  used.  The  surface  of 
bituminous  pavements  can  be  kept  in  good  shape  by  the 
frequent  use  o£  surface  treatments,  using  either  a  thin  asphal- 
tic product  or  a  coal  tar  product  applied  under  pressure  by 
'tank  wagons.  For  the  ordinary  revitalizing  of  our  asphalt  or 
tar-bound  streets,  we  have  found  "Tarvia  B"  applied  cold, 
about  14  to  %  gal.  per  square  yard,  to  be  very  economical  and 
easy  of  application. 

A  number  of  our  pavements  had  cracked  badly  and  had  ac- 
quired a  tendency  to  ravel  out  easily,  with  the  formation  of 
small  chuck  holes  following  soon  after.  These  chuck  holes 
were  first  cleaned  out.  then  patched  with  a  bituminous  con- 
crete mixture  2  in.  thick,  consisting  of  %-in.  crushed  stone, 
sand  and  "Tarvia  K.  P."  mixed  in  the  proportions  of  6  yd. 
stone,  2  yd  sand  and  one  50-gal.  barrel  "Tarvia  K.  P."  Two 
paint  coat  applications  of  "Tarvia  B,"  about  one  day  apart, 
covered  lightly  with  coarse  sand  or  stone  chips,  have  put 
these  pavements  in  shape  so  that  they  will  be  able  to  with- 
stand traffic  for  several  years  longer  without  additional  care. 

Most  of  our  troubles  with  brick  pavements  have  been  the 
replacing  of  a  few  brick  here  and  there,  the  tops  of  which 
had  been  crushed  off  as  a  lesult  of  improper  penetration  of 
cement  grout  filler  and  the  subsequent  expansion  due  to  in- 
crease of  temperature,  or  the  replacement  of  the  worn  down 
patches  of  soft  brick  in  our  older  pavements.  Generally 
speaking,  our  brick  pavements  have  given  us  from  25  to  30 
years  of  service,  with  practically  no  maintenance  and  many 
of  these  pavements  are  still  in  exceptionally  good  condition, 
and  give  indications  of  many  more  years'  use. 

Resurfacing  Brick  Pavement. — Much  has  been  said  of  re- 
surfacing old  brick  pavements  with  asphaltic  or  tar  concrete, 
but  where  paving  brick  may  be  had  for  a  reasonable  price,  ■ 
the  old  brick  pavements  may  be  resurfaced  by  the  removal 
of  the  old  brick,  the  leveling  of  the  sand  cushion  and  the 
laying  of  a  new  3-in.  vertical  fiber  asphalt-filled  brick  pave- 
ment at  a  cost  which  will  not  greatly  exceed  that  of  the  bitu- 
minous surfacing  and  will  furnish  a  wearing  surface  much 
more  foolproof  and  longer  lived.  In  cities  where  asphaltic 
pavements  are  the  rule,  rather  than  the  exception,  this  may 
not  be  exactly  true  on  account  of  the  cheapness  of  the  asphal- 
tic material  and  the  availability  of  experienced  repairmen: 
but  in  many  of  our  smaller  cities,  where  the  mileage  of  brick 
streets  constitutes  the  greater  proportion  of  the  entire  mile- 
age of  paved  streets,  the  co.st  ot  a  bituminous  surface  is  some- 
what higher,  owing  to  the  higher  cost  of  the  mixture  laid 
down  on  the  street  and  to  the  necessity  of  shipping  in  a 
mixing  plant  to  handle  the  work.  Where  this  type  of  surface 
is  laid,  it  must  have  continuous  maintenance  from  the  time 
it  is  laid  and  probably  after  a  service  of  from  8  to  12  years, 
it  will  require  a  surface  treatment  at  least  once  every  three 
vears. 

Rebuilding  Old  2-Course  Brick  Pavement.— In  1919  we  re- 
built an  old  2-course  brick  street  about  two  blocks  long  at 
a  cost  of  $2.98  per  square  yard,  not  including  excavation.  The 
old  brick  wearing  surface  and  the  sand  cushion  were  re- 
moved, a  3-in.  layer  of  concrete  mixed  1  to  6  was  placed 
on  top  of  the  old  lower  course  of  brick,  a  new  sand  cushion 
placed  on  this  and  a  4-in.  asphalt-filled  brick  pavement 
formed  the  wearing  surface.  The  brick  were  of  the  straight 
wire-cut  variety,  laid  as  closely  together  as  possible  and 
rolled  to  a  smooth  even  surface.  Asphalt  filler  was  then  ap- 
plied by  pouring  cans,  filling  every  joint  from  the  top  to  the 
bottom'.  It  might  be  well  to  state  at  this  time  that  besides 
this  work  we  have  laid  pavements  with  either  the  straight 
wire-cut  brick  or  the  vertical  fiber  brick  with  no  lugs,  on 
five  other  streets,  a  total  of  nearly  two  miles  of  this  type 
of  pavement  and  have  experienced  no  trouble  whatever  from 
lack  of  penetration  of  the  asphalt  filler.  In  most  of  this  work 
the  filler  was  poured  on  and  "squeegeed"  into  the  joints. 

Replacement  of  Pavements  Over  Street  Openings.— The 
greatest  source  of  uneven  surfaces  resulting  in   chuck   holes 
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has  been  Improperly  backniled  trenches  under  the  pave- 
monts.  On  this  account  municipal  control  of  the  replacement 
of  pavements  over  openings  niado  In  the  streets  for  various 
purposes  has  befome  absolutely  necessary.  More  trouble 
has  been  experienced  and  more  pavements  have  been  ruined 
from  this  cause  than  from  any  other. 

Formerly  openings  could  be  made  in  the  pavements  by 
any  one.  the  dirt  thrown  back  loosely,  the  broken  concrete 
piled  on  top  of  I  hat,  the  .sand  cushion  laid  and  a  new  brick 
surface  laid  and  grouted.  This,  of  course,  was  bound  to 
settle,  and  it  formed  a  very  dangerous  hole  in  the  pave- 
ment. The  replacement  of  these  sunken  portions  of  pave- 
ment still  form  a  considerable  amount  of  our  yearly  main- 
tenance. 

Several  years  ago,  however,  a  new  method  of  control 
was  adopted,  making  it  necessary  that  city  forces  replace  the. 
dirt  and  the  pavement,  using  a  concrete  base  about  1  ft. 
thick  and  extending  1  ft.  on  solid  ground  on  all  sides  of  the 
trench.  Since  this  has  been  adopted  no  trouble  has  been 
experienced   from   settlement. 

An  improvement  on  this  type  of  handling  the  work  is  con- 
templated, however,  consisting  of  the  use  of  the  precast  8-in. 
concrete  slabs  in  sections  about  4  ft.  long  and  2  ft.  wide, 
reinforced  with  V;-in.  steel  rods  placed  6  in.  on  centers  and 
2  in.  from  the  bottom  of  the  slab.  As  many  of  these  slabs  will 
bo  used  as  necessary  to  cover  the  trench  completely,  and  they 
will  be  grouted  in  place  thoroughly.  It  is  hoped  that  the 
adoption  of  this  form  of  concrete  base  will  save  time  and  will 
permit  the  replacement  of  pavements  in  cold  weather  when 
it  woiild  be  Impossible  to  lay  new  concrete  in  the  street. 

Organization  and  Equipment. — The  equipment  necessary  to 
handle  all  this  work  is  simple.  .\  1-ton  truck,  preferably 
equipped  with  a  dump  body,  is  sufficient  to  handle  the  ma- 
terial for  the  average  small  city.  Along  with  this  a  small 
concrete  mixer  and  an  asphalt  heating  kettle,  together  cost- 
ing not  over  $."iOO.  are  necessary  items.  A  few  men,  including 
a  foreman  and  two  or  three  workmen,  form  the  nucleus  of  a 
gang  sufficient  to  keep  the  streets  in  good  repair  the  year 
round.  These  three  or  four  men  are  enough  in  the  winter 
months  and  may  be  supplemented  in  the  summer  by  additional 
men,  using  the  regular  men  as  straw  bosses. 

The  small  tool  equipment,  of  course,  consists  of  the  neces- 
sary shovels,  spades,  scoops,  picks,  mattocks,  pesthole  dig- 
gers, axes  and  saws  of  various  sizes,  together  with  hammers 
for  brick  work  and  carpenter  work  and  several  50-ft.  sections 
of  rope  of  various  sizes.  Such  an  equipment,  supplemented 
by  other  small  items  when  needed,  will  enable  the  men  to 
handle  almost  any  situation  from  the  removal  of  large  trees 
to  the  laying  of  good-sized  sections  of  pavement  or  the  build- 
ing of  a  small  bridge  if  necessary. 

Effect  of  Car  Tracks  on  Paved  Streets. — Street  car  tracks 
are  another  source  of  trouble  on  paved  streets  and  if  their 
sphere  of  influence  is  not  curbed  the  rest  of  the  street  Is 
often  ruined.  Where  stone  or  gravel  ballast  is  used  for 
street  car  tracks  the  most  pronounced  destruction  is  found, 
for  the  wave  motion  of  the  street  railway  track  under  the 
effect  of  the  moving  loads  tends  greatly  to  disturb  the  ad- 
jacent pavement.  Where  Trails  are  used  the  wheels  of 
wagons  and  trucks,  when  turning  out  of  the  track,  exert  a 
strong  leverage  on  the  paving  surface  and  grind  or  loosen 
whatever  paving  materials  are  in  the  way.  If  the  paving  is 
loosened  it  is  not  long  before  the  effects  of  water  and  addi- 
tional motion  of  the  car  tracks  disturb  the  pavement  for  a 
considerable  distance  adjacent  to  the  tracks. 

Under  most  franchises  the  maintenance  of  the  pavement 
between  and  adjacent  to  the  railway  tracks  is  taken  care 
of  by  the  street  railwHv  companies.  It  the  costs  run  much 
higher  than  the  maintenance  of  the  pavement  on  the  rest 
of  the  street,  however,  the  result  is  that  the  least  possible 
work  Is  done.  It  falls  upon  the  street  superintendent,  there- 
fore, to  keep  after  the  street  car  companies  and  demand  care- 
ful and  substantial  paving  repairs  along  and  between  the 
tracks. 

In  some  cities  the  street  railway  companies  have  adopted 
a  new  type  of  construction  for  their  track,  wherein  steel  ties 
are  used,  embedded  in  concrete  with  a  minimum  of  9  in.  of 
concrete  beneath  the  rail.  This  has  gone  far  to  cut  down 
destruction  caused  by  loose  tracks,  as  is  seen  very  strik- 
ingly in  Chicago  Heights.  111.  In  this  city  street  car  tracks 
on  two  streets  were  laid  during  the  same  year  and  had  the 
same  type  of  surface,  hut  one  used  a  substantial  concrete 
base  under  the  ties,  while  the  other  used  stone  ballast.     At 


the  present  time  the  first  named  pavement  is  in  perfect  con- 
dition, while  the  other  is  very  rough  with  many  of  the  brick.' 
along  the  rail  considerably  loosened  or  entirely  gone.  Such 
track  construction  as  this  may  be  cheaper  Initially,  but  is 
much  more  expensive  for  the  railroad  companies  to  maintain. 
Isolating  Car  Tracks  from  Pavement. — Wherever  the  flex- 
ible type  of  construction  of  street  railway  tracks  is  used, 
however,  it  is  practically  impossible  to  eliminate  the  bad  ef- 
fects of  the  moving  track  and  it  is,  therefore,  necessary,  if 
the  adjoining  pavement  is  to  be  protected,  to  isolate  the 
street  railway  track  completely  from  the  paving  on  each 
side.  This  matter  is  one  which  has  been  given  great  thought 
by  many  capable  engineers.  Several  designs  have  been  made 
which  accomplish  their  purpose  admirably.  In  all  these 
designs  the  concrete  header  or  subcurb  is  used,  extending 
down  just  outside  the  ends  of  the  ties  to  a  point  several 
inches  below  the  bottom  of  the  street  railway  track  ballast. 
On  some  pavements,  such  as  concrete,  wood  block,  or 
granite  block,  this  subcurb  can  be  easily  extended  to  the 
surface  of  the  pavement,  while  it  is  hard  to  accomplish  this 
without  the  use  of  a  different  paving  material  in  the  case  of 
asphalt  or  brick  with  a  soft  filler.  Even  these,  however, 
can  be  built  with  the  line  of  separation  extending  to  the 
surface  of  the  pavement  if  a  metal  paving  guard  is  installed 
in  the  concrete  base,  so  that  the  long  side  of  the  guard  ex- 
tends up  as  a  retainer  through  the  sand  cushion  to  within 
about  li  in.  of  the  surface  of  the  brick  pavement  or  to  the 
surface  of  the  asphalt  pavement. 

The  advantages  of  using  'he  header  or  subcurb  are  several. 
It  affords  ample  protection  from  poor  track  work  and  from  the 
lesser  movement  of  well  constructed  track,  thereby  reducing 
the  worries  of  the  street  repair  gang  and  confining  the  dam- 
age to  the  unit  in  which  it  originates.  It  allows  tracks  to  be 
repaired,  or  torn  up  and  relaid  without  causing  damage  to 
the  abutting  pavement.  Repaving  of  the  track  space  will 
bo  done  more  quickly,  for  the  two  curbs  will  be  at  the  proper 
street  level,  thereby  serving  as  a  paving  line  during  such 
work.  This  type  of  construction  along  street  railway  tracks 
is  now  being  used  by  many  of  our  most  progressive  cities. 
The  expense  is  not  great  when  the  benefits  to  be  gained 
are  considered.  It  is  the  opinion  of  many,  however,  that  the 
cost  of  the  header  curb  should  be  borne  by  the  street  railway 
company,  inasmuch  as  it  is  necessitated  by  the  presence  of 
their  track  in  the  street. 

Railroad  Crossing  Pavement. — The  pavement  within  and 
along  street  railway  tracks,  however,  is  not  the  only  source 
of  trouble.  The  portion  of  streets  lying  within  the  right-of- 
way  of  railroads  at  grade  crossings  is  oftentimes  the  most 
dangerous  portion  of  the  street  if  not  properly  taken  care  of. 
The  question  of  maintenance  of  the  pavement  in  this  portion 
of  the  street  is  one  which  has  occupied  the  attention  of  rail- 
way and  highway  engineers  for  many  years.  Many  different 
types  of  surfaces  have  been  tried  with  the  usual  reversion 
to  the  old  form  of  plank  crossing.  No  other  section  of  the 
highway  must  meet  conditions  as  severe  as  those  imposed 
upon  the  pavement  adjacent  to  and  between  the  rails  of  a 
grade  crossing.  Demands  made  on  it  are  two-fold.  It  must 
fulfill  the  need  of  highway  traffic  and  at  the  same  time  con- 
form to  the  railroad  requirements.  As  a  part  of  the  high- 
way, built  to  carry  modern  motor  truck  traffic,  the  pave- 
ment must  be  of  sufficient  strength  to  carry  the  loads  and 
withstand  the  impact  caused  by  the  wheels  of  heavily-laden 
trucks.  The  surface  must  be  as  durable  as  the  highway 
of  which  it  is  an  important  link. 

From  the  traffic  point  of  view  any  pavement  which  will 
produce  a  smooth  even  surface  at  the  same  level  as  the 
bearing  surface  of  the  rail  is  highly  desirable.  A  crossing  free 
from  nails,  which  might  cause  punctures  or  penetrate  horses' 
hoofs,  and  free  from  jagged  splinters  of  sharp  stones  which 
might  cut  tires,  is  much  needed.  Railroad  operation,  on 
the  other  hand,  requires  that  crossings  permit  trains  to  pass 
over  them  without  shock,  danger  or  undue  noise.  Railroad 
maintenance  demands  easy  access  to  the  ties  and  rails  and 
that  the  crossing  pavement  be  economically  repaired  and  re- 
placed. 

The  growth,  weight  and  volume  of  traffic  during  the  past 
few  years  have  made  the  old  type  of  timber  crossings  obso- 
lete. Newer  types  of  pavements  for  this  purpose  have  been 
evolved  by  experiment,  yet  the  experimental  stage  is  not 
over.  One  type  consists  of  reinforced  concrete  slabs  precast 
and  set  into  place.  Another  type  consists  of  crushed  stone 
maintained  with  stone  chips. 
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One  Course  Monolithic  Concrete 
Sidewalks  Versus  Two  Course 

By  MAJ.  F.  S.  BESSON, 

Assistant  to  Engineer  Commissioner,  District  of  Columbia, 

Wasliington,  D.  C. 

Highway  books  in  general  describe  two-course  concrete 
sidewalks  practically  to  the  exclusion  of  one-course.  Among 
the  essential  features  for  two  course  walks  are  stated:  a  base 
of  good  concrete,  a  wearing  course  of  rich  mortar,  and  divi- 
sion into  small  blocks  by  continuous  longitudinal  and  trans- 
verse  Joints   extending   entirely   through    the   concrete   base. 


Fig.  1. — Two  course  sidewalk  laid  in  1900.  Illustrating  tendency 
of  blocks  to  sepaiate  and  piecent  the  appearance  of  a  flag  walk. 
The  "ongitLdinal  jo.nt  has  opened  for  the  full  length  of  the  walk. 

Though  some  cities  use  a  one-course  walk  to  a  more  or  less 
limited  extent,  the  District  of  Columbia  for  the  past  29  years 
has  departed  f;om  none  of  the  above  mentioned  two-course 
essentials.  From  the  standpoint  of  conservatism  it  is  with 
hesitation  that  consideration  is  given  to  any  departure  from 
this  long  established  practice,  particularly  in  view  of  the 
fact  that  there  is  a  lack  of  information  on  the  relative  value 
of  the  two  types  of  pavement.  A  study  has  been  made  the 
results  of  which  are  described  herein  with  the  hope  of  devel- 
oping further  knowledge  upon  the  subject. 

An  examination  of  the  1,750,000  sq.  yd.  of  concrete  side- 
walk in  Washington  tends  to  the  conclusion  that  the  two 
course  walk  is  faulty  in  that  it  prevents  the  monolithic  slab 
action  of  concrete.  Made  joints  in  concrete  are  not  fool 
proof  and  sooner  or  later  htimps  appear  either  due  to  diffi- 
culties of  subgrade,  upheaval  due  to  frost  and  tree  roots, 
or  slippage  at  the  joint  due  to  internal  stresses  in  the  slabs. 
Because  of  these  troubles  so-called  expansion  joints  are  left 
out  of  the  District's  specifications  for  concrete  roads  and 
with  entire  success.  Natural  cracks  do  not  appear  at  closer 
intervals  than  the  occurrence  of  cracks  and  joints  under 
usual  expansion  joint  practice.  They  are  easily  maintained 
and  the  concrete  bordering  natural  cracks  does  not  hump 
above  the  highway  grade.  The  success  obtained  in  road 
work  by  the  elimination  of  made  joints  encourages  the 
thought  of  like  practice  in  the  case  of  sidewalks.  Some  ex- 
perimental work  in  accordance  with  this  idea  has  been  car- 
ried out,  and  certain  conclusions  have  been  reached.  It 
would  be  worth  much  to  know  if  these  conclusions  are  war- 
ranted by  results  obtained  in  other  cities. 

Separated  block  pavements  have  been  claimed  necessary 
in  order  that  plumbing  and  other  cuts  may  be  facilitated. 
The  surface  of  a  one  course  monolithic  walk  is  readily 
marked  into  squares  with  jointing  tools  so  that  it  may  have 
exactly  the  appearance  of  a  two  course  one.  By  cutting  to 
these  marks  a  patch  can  be  made  as  neatly  as  in  any  other 
type  of  walk.  This  has  been  determined  by  trial.  Also, 
cuts  in  concrete  roads  are  of  common  occurrence  and  are 
repaired  with  every  success.  If  economy  is  desired,  cuts 
need  not  be  carried  to  the  square  marks  but  may  be  of  ir- 
regular shape.  The  hair  line  cracks  that  delineate  such  patches 
offer  no  offensive  projecting  edges  and  their  mere  existence 
is  no  more  objectionable  than  that  of  the  many  cracks  that 
occur  in  two  course  walk  notwithstanding  division  into  small 
blocks. 

The  photograph.  Fig.  1,  of  a  20  year  old  sidewalk,  shows 


plainly  the  objectionable  features  of  the  block  walk.  It 
may  bo  noticed  that  the  projecting  edge  of  the  continuous 
longitudinal  joint  has  been  chiselled  down  in  an  attempt  to 
lessen  the  likelihood  of  a  turned  ankle.  The  defects  shown 
could  have  been  prevented  by  the  use  of  a  monolithic  slab. 
Just  how  objectionable  these  defects  are  is  made  clear  by 
all  too  frequent  jury  awards  covering  damage  claims  for 
injuries.  Concrete  in  a  walk  on  a  residential  street  should 
give  everlasting  service,  certainly  for  as  long  a  time  as  the 
residences  themselves.  In  the  photograph  it  is  seen  that, 
though  the  walk  should  be  replaced,  the  concrete  itself  is 
excellent.  The  marks  of  the  corrugated  roller  have  not  been 
worn  from  the  surface  after  20  years'  use  and  if  separation 
into  blocks  had  been  precluded  the  walk  today  would  have 
been  as  good  as  when  laid. 

It  is  often  reported  that  sidewalks  are  pushed  up  by  tree 
roots,  but,  in  truth,  Washington  trees  of  approved  species,  as 
far  as  concrete  walks  are  concerned,  are  wrongly  abused  in 
this  respect.  Brick  walks  offer  little  or  no  resistance  to  the 
lifting  effect  of  roots  and  much  damage  is  done.  Concrete 
walks,  even  two  course  jointed  ones,  offer  more  resistance, 
and  defects  found  in  them  due  to  tree  roots  are  much  in  the 
minority.  It  is  believed  such  trouble  can  be  entirely  elimi- 
nated by  the  adoption  of  the  monolithic  continuous  slab. 

Illustrating  the  faults  of  superfiicial  observation,  it  is  a 
usual  assumption  by  the  casual  passerby  that  the  curb  stones 
shown  in  Fig.  2  have  been  pushed  out  of  place  by  tree  roots 
and  statements  to  that  effect  are  common.  More  close  at- 
tention shows  that  the  only  curb  out  of  line  is  that  opposite 
concrete  leads  to  houses.  The  subject  of  expansion  and  con- 
traction of  concrete  is  a  fundamental  element  in  a  discussion 
whether  of  roads  or  walks.  It  is  surprising  that  such  a  great 
degree  of  curb  moveiuent  results  from  the  expansion  in  but 
a  6  ft.  length  of  lead  while  in  other  cases  no  movement  re- 
sults from  stresses  developed  in  long  stretches  of  walk  such 
as  tha'  fronting  the  steps  in  the  photograph.  Alternately 
expanding  and  contracting,  the  joints  in  the  leads  fill  with 
dirt  and  the  result  is  cumulative  year  after  year.  A  total 
movement  of  as  much  as  .3  in.  in  a  curb  opposite  a  6  ft. 
length  of  lead  has  been  recorded.     Movement  does  not  take 


Fig.  2. — Walk  laid   In   1900.      Curbs  abutting   leads  pushed   out  of 
line;   those   opposite   trees   remaining   true  to   line   and   grade. 

place  in  a  long  stretch  of  walk  because  its  own  weight  and 
friction  on  the  soil  sub  base  hold  it  in  position.  Similarly  on 
streets  of  high  class  construction  where  the  curb  is  rigidly 
held  in  place  by  the  street  pavement  the  concrete  in  the 
leads  is  confined  and  any  condition  tending  to  expansion  but 
develops  internal  stresses  without  consequent  curb  move- 
ment. 

In  the  District  of  Columbia  two  course  sidewalks  the  4  in. 
base  is  1:2:5  concrete  and  the  1  in.  topping  is  1:1V4  mortar 
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and,  tlierefore,  division  into  small  blocks  is  necessary.  Other- 
wise. huvhiK  a  different  expansive  coetndent  than  the  base 
and  being  laid  In  sikIi  a  thin  layer  that  it  cannot  take  com- 
pression without  biiclillnK.  the  topping  of  mortar  cracks, 
separates  from  the  base  and  imshes  up  like  the  pitched  roof 
of  a  house.  In  order  to  overcome  this  tendency  small  blocks 
are  made  and  projecting  edges  in  due  time  appear  for  pedes- 
trians to  trip  over,  a  fault  that  was  particularly  condeninable 
in  flag  walks.  Even  with  division  into  blocks  buckling  of  the 
topping  Is  not  entirely  prevented  and  this  notwithstanding 
most  careful  inspection  during  construction.  Transverse 
mastic  joints  spaced  at  :!0  or   In  ft.  intervals  are  often  advo- 


Fig.  3. — This  area  of  two  course  walk  was  laid  in  1919.  Tne 
defect  results  from  the  separation  of  the  topping  from  base,  and, 
because  of  its  thinness,  it  is  unable  to  take  compression  without 
rupture. 

cated  for  the  prevention  of  ill  effects  from  expansion.  Re- 
ferring to  Fig.  ;!  it  is  readily  seen  that  the  presence  of  expan- 
sion joints  would  not  have  prevented  the  defect  sliown  in 
this  photograph.  The  action  that  caused  the  buckling  was 
entirely  localizen  within  an  area  3  ft.  square. 

Detrimental  effects  of  compressive  stresses  developed  in 
pavenu  nts  due  to  the  tendency  of  concrete  to  successively 
contract  and  expand  are  not  directly  proportional  to  the 
length  of  construction  as  is  often  supposed.  If  concrete  is 
rigidly  Jield  in  place  and  Is  of  sufficient  thickness  to  success- 
fully take  com|)ression,  no  trouble  ensues.  Otherwise,  ob- 
jectionable movement  occurs  even  in  very  short  stretches; 
and  buckling,  though  the  slab  area  is  a  minimum. 

In  long  continuous  stretches  of  sidewalk  the  effect  of 
longitudinal  expansion  is  negligible,  as  has  been  stated,  for 
the  reason  that  the  walk  is  held  in  position  by  its  own  weight 
and  friction  on  the  soil  sub  base.  While  this  in  universally 
true  in  the  direction  of  length,  it  is  not  so  crosswise  of  the 
walk  in  the  case  of  two  course  ones  jointed  into  small  slabs. 
Transversally  the  weight  and  friction  on  the  soil  sub  base 
not  being  sufficient  for  confinement  a  longitudinal  opening 
appears  sooner  or  later  for  the  full  length  of  the  sidewalk 
as  shown  in  Fig.  1.  Injurious  frost  action  is  encouraged  by 
the  existence  of  such  joints  and  the  result  is  as  illustrated 
in  the  photograph,  the  edge  of  one  line  of  slabs  showing 
above  the  abutting  edge  of  the  other  line.  While  this  is 
habitual  to  two  course  jointed  pavement  it  is  entirely  elimi- 
nated m  monolithic  one  course  ones.  Moreover  the  laying 
of  leads  integral  with  the  walks,  taken  in  conjunction  with 
the  elimination  of  the  longitudinal  joints,  would  do  away 
with  such  large  displacement  of  curbs  as  at  present  exists 
on  macadam  streets. 

There  are  two  main  defects  in  two  course  construction, 
one  being  open  longitudinal  joints  as  just  described;  and  the 
other,  projecting  edges  at  transverse  joints  as  illustrated  in 
Fig.  4.  This  latter  is  very  objectionable  and  if  permitted  to 
exlat  soon  leads  to  a  damage  suit  in  every  case.  The  edge 
shown  in  the  photograph  is  li^  in.  above  the  plane  of  the 
walk.  The  stresses  leading  to  this  displacement  occurred 
entirely  within  &  distance  of  .";  ft.  of  the  joint,  in  the  three 


blocks  of  concrete  shown  on  llie  far  side  of  the  tauH.  No 
movement  took  place  in  the  remainder  of  the  walk. 

Though  joints  in  two  course  i)avements  are  expected  to 
preclude  the  development  of  cracks  along  other  lines,  random 
cracks  do  frequently  appear.  Examination  shows  that  these 
are  in  the  mortar  topping  only,  seldom  or  never  extending 
into  the  concrete  base.  In  the  lower  central  portion  of  Fig. 
1  appears  a  random  natural  crack.  The  photograph  aptly 
illustra'.es  the  degree  to  which  joints  in  a  walk  may  become 
a  menace  while  natural  cracks,  though  perhaps  unsightly, 
remain  otherwise  inoffensive.  I'edestrians  pay  little  or  no 
attention  to  the  walk  beneath  them  and,  therefore,  accidents 
are  common  when  any  unusual  projection  appears.  The  same 
<lisregard  of  underfoot  conditions  causes  the  existence  of 
natural  cracks  fo  be  but  slightly  observed.  As  for  one  course 
monolilhic  construction,  since  sidewalks  are  seldom  more 
llian  I'.'  ft.  wide,  longitudinal  cracks  are  of  exceptional  oc- 
currence though  transverse  ones  occur  at  more  or  less  regu- 
lar intervals.  Where  new  work  abuts  old  care  must  be  exer- 
cised to  have  the  faces  of  the  resulting  joint  vertical  and 
new  concrete  well  tamped  against  old.  Compressive  stresses 
in  a  T,  in.  slab  of  homogeneous  construction  bearing  normally 
against  another  give  no  trouble  at  such  a  joint. 

Not  only  does  one  course  monolithic  walk  of  rich  concrete 
do  away  with  those  objectionable  features  of  two  course 
walk  which  at  present  prevent  the  attainment  of  full  value 
from  concrete,  but  a  comparative  test  shows  that  there  is 
marked  economy  in  construction  cost  in  favor  of  the  one 
course  walk.  In  order  to  first  of  all  determine  the  practica- 
bility of  constructing  one  course  sidewalk  several  small  jobs 
have  been  completed  under  various  conditions.  After  this 
preliminary  work  two  stretches  of  proposed  sidewalk  were 
selected,  similar  as  to  conditions  in  all  respects,  beirfg  lo- 
cated on  opposite  sides  of  the  same  street.  These  two  jobs 
were  carried  out  by  the  regular  sidewalk  contractor,  one  In 
accordance  with  his  contract  specifications  for  two  course 
walk,  the  other  under  new  specifications  calling  for  one  course 
of  rich  concrete.  The  favorable  results  obtained  by  the  latter 
are  the  more  remarkable  when  it  is  considered  that  a  reor- 
ganization of  the  contractor's  gang,  which  had  been  working 
like  clock  work  day  after  day  on  a  regular  routine,  was  re- 
quired in  order  to  adapt  it  to  new  work  as  to  the  practica- 
bility of  which  the  entire  gang  was  skeptical. 

In  selecting  the  site  for  the  test  one  was  chosen  that 
presented  as  difficult  a  situation  as  possible.  Terraces  and 
fences  prevented  the  continuous  screeding  of  the  concrete  as 


Fig.  4. — Walk  laid  July  1917.  Shows  that  the  projecting  edge  of 
the  defective  transverse  joint  is  dangerous  to  pedestrians  and  that 
the  natural  crack  which  has  occurred,  through  perhaps  unsightly. 
is   in    no    other   way    objectionable. 

is  usually  done  on  road  work  with  the  strike  board  held  to 
grade  by  the  side  forms  or  rails.  Instead  the  walk  had  to 
be  struck  oft  from  the  houses  toward  the  curb  in  patches  1;; 
ft.  long.  Also  there  were  tree  pockets  along  the  curb  which 
interfered  to  some  extent  with  the  free  use  of  the  strike 
board,  A  comparison  of  the  two  types  of  sidewalk  construc- 
tion may  be  discussed  under  the  heads;  materials,  concrete, 
mortar,   and   surface. 
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Materials:  In  the  two  course  walk  361.4  sq.  yd.  were 
laid  using:  a  4  in  base  proportioned  1:2:5  and  a  1:1%  mortar 
topping  1  in.  thick.  In  the  one  course  walk  413.3  sq.  yd. 
were  laid  5  in.  thick  proportioned  l:2Vi:3%.  Each  walk  was 
dusted  with  a  1 : 1  dry  coat.  Data  relative  to  the  work  may 
be  tabulated  as  follows: 


, One    course.- 

Cement.    Sand.    Gravel. 


-Per    1.000   sii.   yd.- 


Concrete 
Mortar  . . . 
Dry  coat 

Total    . 


bags.   cu.  yds. 

7S7  71 


33.6 

S20.6 


1.2 

72.2 


cu.  vds. 
99.4 


99.4 


-Two    course. ^ 

Cement.    Sand.    Gravel. 
bags«  cu.  yds.   cu.  .vds. 
586  41  103 

i.'is  :!n 

16.6  .li 


1.055.1; 


71.6 


103 


Thus  in  the  two  types  of  walk  though  there  is  insignificant 
difference  as  to  the  quantities  of  fine  and  coarse  agfiregate 
there  is  a  saving  of  more  than  200  bags  of  cement  in  each 
1,000  sq.  yd.  of  walk  in  favor  of  the  one  course. 

The  mixture  used  in  the  one  course  walk  was  l:2i4:3%. 
In  handling  the  aggregate  214  cu.  ft.  wheel  barrows  were 
used  and  the  mixer  charged  with  two  bags  of  cement,  two 
barrows  of  sand  and  three  barrows  of  gravel  for  each  batch. 
Though  these  proportions  gave  excellent  results,  the  walk 
being  floated  to  a  finish  fully  as  easily  as  one  with  a  mortar 
topping,  it  is  believed  that  for  usual  practice  the  sand  and 
gravel  thoi'ld  be  slightly  decreased  and  the  cement  increased 
about  100  bags  per  1.000  sq.  ft.  This  would  give  a  ratio 
more  nearly  equal  to  what  is  commonly  known  as  1:2:::  and 
provide  sufficient  leeway  to  give  proper  workability  of  the 
concrete  to  insure  good  surfacing  notwithstanding  more  or 
less  rough  wheel  barrow  measurement  at  the  mixer  and 
variation  in  Potomac  aggregate  grading.  It  is  important  to 
specify  aggregate  in  terms  of  cubic  feet  per  bag  of  cement 
and  to  insist  that  in  case  wheel  barrows  are  used  tor  mixer 
charging  that  they  be  of  such  size  that  the  use  of  partially 
filled  or  heaped-up  barrows  shall  be  unnecessary.  Thev 
should  hold  the  exact  required  quantity  when  struck  off  flush 
with  the  sides  by  a  board. 

Concrete:  The  amount  of  gravel  being  only  slightly  greater 
for  the  two  course  walk  than  for  the  single~course  it  was 
possible  for  the  number  of  men  charging  the  mixer  with 
grave!  to  be  the  same  for  each  type.  One  more  man  was 
required  for  sand  on  the  one  course  wall;  than  on  the  base  of 
the  two  course,  and  the  cement  was  handled  by  the  same 
number  in  each  case.  Therefore  it  took  but  one  more  man 
to  charge  and  operate  the  mixer  for  a  course  of  n  in.  of  con- 

r—y 


Crete  than  for  a  base  4  in.  thick  of  leaner  concrete.  Since 
gravel  is  the  determining  element  governing  the  capacity 
of  a  mixer  it  was  found  that  an  area  of  one  course  walk  5 
in.  thick  was  laid  at  as  fast  a  rate  as  the  4  in.  base  of  the 
two  course  walk.  This  is  shown  in  Fig.  o.  Making  allowance 
tor  mixer  delays  of  one  kind  or  another  common  to  concrete 
worli  it  is  seen  that  the  curve  for  the  5  in.  walk  practically 
coincides  with  that  representing  the  4  in.  base,  and  this  with 
but   one    more   man    in   the   mixer   gang.     Furthermore,    it   is 


seen  tl;at  with  the  8-hour  law  in  force  the  mixer  may  operate 
later  in  the  afternoon  when  a  mortar  gang  is  not  interposed 
between  the  concrete  and  surfacing  gangs.  This  permits  the 
attainment  of  a  greater  daily  yardage. 

For  the  4  in.  base  of  the  two  course  walk  the  concrete  gang- 
tor  spreading,  making  sand  joints  and  tamping  averaged 
seven  men.  For  the  one  c-ur.-e  work  the  gang  on  the  walk 
consisted  of  eight  men.  This  amply  provided  for  using  the 
strike  board,  spreading,  rolling  and  such  extra  work  as  was 
needed  around  tree  spaces  and  at  the  rear  of  the  walk.     The 


Fig.  6. — This  shows  the  four  details  of  one  course  walk  con- 
struction after  the  concrete  i"  deposited:  Screedlng.  rolling,  dry 
coat  and   marking   and    surface   finishing. 

distribution  is  illustrated  in  Fig.  li.  (.'oncrete  was  placed  in 
12  ft.  3ti  etches.  The  strike  board  rode  on  a  1%  in.  by  5  in. 
strip  in  the  forward  position  and  overlapped  the  previously 
laid  concrete  by  about  Wi  feet  riding  on  this  concrete  as 
screed.  The  strike  board  man  at  this  end  stood  on  a  12  in. 
by  1  in.  plank.  With  concrete  mixed  of  the  proper  consistency 
the  disturbance  caused  by  this  plank  was  negligible. 

The  matter  of  consistency  is  of  extreme  importance  as 
thereui)on  depends  the  success  or  failure  of  the  type  of  one 
course  walk  described  herein.  The  consistency  was  testsd 
with  a  12  in.  cone  Laving  an  8  in.  base  and  4  in.  top.  It  was 
found  that  with  a  slump  of  less  than  '4  in.  the  concrete  was 
so  dry  that  the  surfacing  gang  had  difficulty  in  obtaining  a 
good  finish.  With  a  slump  of  more  than  \  in.  so  much  water 
came  to  the  surface  that  the  work  of  surfacing  had  to  be  de- 
layed pending  drying  out.  A  slump  between  %  and  %  in. 
gave  good  practicable  results  with  sufficient  latitude  not  to  be 
bothersome  in  the  adjustment  of  water  on  the  mixer.  It  must 
be  realized  that  this  slump  advocated  pertains  to  the  par- 
ticular aggregate  used  on  this  job  and  that  other  aggi-egate 
might  demand  other  regulation. 

Mortar:  The  greatest  economy  in  favor  of  the  one  course 
walk  is  in  the  elimination  of  the  first  cost  and  maintenance 
of  a  mixer,  and  in  the  labor  cost  of  operating  it  and  spread- 
ing the  mortar.  The  labor  for  the  1  in.  mortar  topping  ap- 
proximated 3  men  with  the  mixer.  2  delivering  mortar  and  3 
spreading  and  screeding,  a  total  of  eight.  In  two  course 
work  with  three  major  elements — concrete,  mortar,  and  sur- 
face— carried  along  simultaneously,  the  number  of  men  on 
each  fluctuates  from  time  to  time  during  the  day.  It  takes 
a  good  foreman  and  a  well  trained  crew  to  develop  a  routine 
that  will  give  the  largest  measure  of  success. 

Surface:  The  surface  appearance  given  the  walks  was 
identical,  each  being  marked  into  :;  ft.  square.  The  compara- 
tive test  showed  that  the  expenditure  of  time  and  labor  in 
bringing  them  to  a  finish  approximated  the  same  for  the 
two  types,  labor  being  somewhat  more  conveniently  and 
economicallv  distributed  on  one  course  walk.  It  can  bo  seen 
from  a  study  of  Fig.  .'>  that  during  the  forenoon  verv  little 
surfacing  was  done  on  the  two  course  walk  and  that  during 
the  afternoon,  due  to  increasing  the  number  of  finishei-s  the 
surfacing  was  speeded  up.  Such  an  arrangement  was  neces- 
sary due  to  the  interposition  of  the  mortar  gang  between  the 
concrete  and  surfacing  gangs.  The  surfacing  curve  for  the 
one  course  walk.  Fig.  ,'>,  also  shows  a  lagging  tendency  during 
the  forenoon.     This  was  due  to  the  fact  that  it  was  somewhat 
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(Ufflciilt  for  the  oreanizalion  to  get  out  of  iis  usual   niutine 
and  QuicUly  adapt  itself  to  the  new  work. 

U  would  have  heeii  entirely  practicable  on  this  one  course 
walk  to  have  started  the  dry  coat  men  and  finishers  close 
behind  the  men  rolling  the  concrete  and  to  have  continued 
them  uniformly  till  the  end  of  the  day.  With  such  an  ar- 
ranjiemenl  the  burfacing  curve.  Fig.  5,  would  have  been  par- 
allel to  that  representiuK  the  base  and  about  .'>o  minutes  (or 
SO  H(|.  yd.)  behind  it.  The  photoKraph.  Fig.  6.  shows  the  sur- 
facing gang  working  at  approximately  ihis  intarval.  First  is 
the  strike  board  gang  working  on  a  12  tt.  stretch.  Thp  next 
12  ft.  is  occupied  by  the  roller.  Then  two  men,  having  dusted 
the  dry  coat  on  the  following  12  ft.,  are  lightly  marking  it 
into  :!  ft  blocks  in  order  that  the  finishea  walk  may  have 
the  appearance  of  our  heretofore  constructed  two  course 
walks.  Finally,  on  the  fourth  12  ft.  space  are  five  finishers, 
each  one  kneeling  on  individual  boards  placed  directly  on 
the  concrete. 

To  sum  up:  a  5  in  one  course  walk  of  gravel  concrete, 
proportioned  1  bag  of  cement  (one  cu.  ft.).  2%  cu.  ft  sand 
and  :;%  cu.  ft.  gravel,  presents  all  the  advantages  of  a  two 
couise  walk  and  none  of  its  disadvantages.  This  is  accom 
plished  with  (1)  a  saving  of  from  100  to  200  bags  of  cement 
per  l.ooo  sn.  yd.  of  walk.  (2)  a  labor  saving  of  6  iTien  In 
an  organization  capable  of  approximating  :!50  to  400  sq  yd.  of 
walk  per  day.  (.".)  an  increase,  with  a  given  type  of  con- 
crete mixer,  of  from  10  to  12  per  cent  in  daily  yardage,  and 
(4)  a  saving  of  the  first  cost  and  maintenance  of  a  mortar 
mixer. 


New  Path  Digging  Loader  Equipped  With 
Creepers 

A  new  Path  Digging  wagon  loader  equipped  with  creepers 
has  been  placed  on  the  market  by  the  (ieorge  Haiss  .Mfg.  Co.. 
New  York  City.  This  new  machine,  the  outcome  of  12 
months'  study  and  test,  is  a  stronger  and  heavier  machine 
than  thf  Haiss  Path  Digging  loader  equipped  with  v.heels. 
The   creepers,    which   are   S    ft.    long   overall   and    tl    ft.   long 


New    Haiss    Patli    Digg  ng    Wagon    Loader. 

centers,  are  cast  steel  10  in.  wide  and  of  the  self  cleaning 
type.  They  overlap  to  prevent  dirt  and  foreign  matter  from 
clogging  the  sprockets.  The  creepers  are  built  of  heavy 
steel  castings  and  the  frame  support  has  a  three  point  sus- 
pension. The  motor  is  a  15  h.p.  General  Electric  or  West- 
jnghouse  and  the  engine  is  a  Waukesha  heavy  tractor  type 
developing  :;7  h.p.  at  1,000  r.p.m.  It  is  connected  to  the 
counter  shaft  by  means  of  a  Baldwin  chain  and  through  a 
gear  which  drives  the  elevator  and  also  the  wagon  loader. 
The  loader  has  a  forward  speed  of  7.i  ft.  a  minute,  a  reverse 
speed  of  45  ft.  a  minute  and  a  crowding  speed  of  22  in.  per 
minute.  The  head  shaft  is  of  heavy  chrome  nickel  steel 
supported  by  steel  takeup  bearings  which  can  be  adjusted 
to  take  up  the  slack  of  the  chain.  This  loader  is  also  equipped 
with  extra  heavy  buckets  on  which  are  installed  saw  tooth 
cutting  edges.  The  rear  tail  shaft  is  :»  in.  in  diameter, 
squared  to  receive  extra  heavy  steel  lugs  on  which  are 
bolted  the  heavy  propellers.  The  overall  height  of  the  ma- 
chine is  14  ft.,  with  elevator  collapsed  it  is  9  ft.  The  height 
under  the  chute  is  8%  ft. 


Resurfacing  and  Surface  Treating 
Macadam  Roads* 

By  T.  J.  WASSER. 

Pie.sidcnt.    Bates    &    Kogcrs    Construftion    Co..    Chicago. 

To  resurface  or  surface  treat  an  old  macadam  road  so  that 
the  maximum  amount  of  service  will  be  secured  from  the 
money  expended  is  not  an  easy  task.  A  macadam  road  may 
be  suitable  for  a  surface  treatment  yet  wholly  unfit  to  act  as  a 
foundation  for  a  bituminous  pavement.  The  ignoring  of  these 
differences  has  in  the  past,  and  is  yet,  causing  the  yearly 
loss  of  tremendous  sums  of  money.  The  causes  that  pioduce 
these  differences  in  macadam  roads  are  fairly  well  known,  yet 
the  damage  that  these  factors  produce  is  seldom  recognized. 
The  fact  that  these  old  roads  gave  fairly  good  service  as  mac- 
adam reads  is  no  proof  of  their  suitability  to  act  as  a  foun 
dation  for  a  bituminous  pavoment   or  surface  coating 

Old  Macadam  as  Base  for  Bituminous  Pavement, — When  an 
old  macadam  pavement  is  to  be  used  as  a  future  foundation 
for  a  bituminous  pavement  it  should  be  stulied  during  the 
critical  time  of  the  different  seasons  and  all  unstable,  im- 
properly drained  or  unsatisfactory  places  located  and  record- 
ed. The  depth  of  stone  in  the  old  pavement  should  be  de- 
termined at  frequent  intervals,  for  it  is  often  found  that 
instead  of  having  from  10  to  12  in.  of  stone,  there  is  often 
not  more  than  S  or  4  in.  The  size  of  stone  in  the  old  pave- 
ment should  also  be  noted,  for  it  is  frequently  found  that 
the  base  of  those  old  macadam  roads  sometimes  do  not 
contain  over  5  per  cent  of  stone  retained  on  a  2-in.  screen. 
Stone  of  this  kind  is  certainly  too  small  for  base  purposes. 
It  is  seldom  that  these  old  macadam  pavements  have  the 
desired  width.  Additional  w^idth  is  often  secured  bv  exca- 
vating and  constructing  a  new  foundation  on  one  or  both 
sides  of  the  old  pavement.  This  method  of  securing  addi- 
tional width  of  foundation  will  not  give  the  results  expected 
unless  the  old  macadam  pavement  is  scarified  to  its  entire 
depth,  resharert  and  the  entire  roadway,  including  the  new 
foimdation.  rolled,  until  of  the  same  density  and  stability. 
Unless  this  is  done  the  old  macadam  pavement  will  be  found 
to  be  much  more  rigid  and  stable  than  the  new  foundation. 
This  difference  in  stability  will  cause  a  crack  or  break  in 
the  nev/  surface  pavement  at  the  point  where  the  two  foun- 
dations meet. 

The  diffeience  in  width,  depth  of  stone,  character  of  stone, 
•Irainagp  and  general  conditions  of  old  macadam  roads 
makes  it  very  diflicult  to  prepare  a  set  of  specifications  that 
will  definitely  define  the  quantity  of  each  item  of  work  to 
be  performed  when  these  roads  are  to  be  used  as  i  future 
loundation  for  another  type  of  pavement.  In  view  of  this 
fact,  specifications  should  be  so  prepared  and  the  various 
items  of  work  so  defined  that  they  can  be  increased,  de- 
creased or  omitted  as  occasion  mav  demand,  when  the  real 
conditions  of  the  road  are  disclosed,  during  construction. 
Such  a  set  of  specifications  naturally  will  differ  greatly  from 
those  ordinarily  used  for  new  work,  because  in  some  places 
there  may  be  no  additional  width  or  depth  of  foundation 
required,  while  in  others  half  of  the  old  pavement  wi'l  have 
to  be  replaced  with  a  new  foundation  or  additional  layers 
of  stone  added. 

To  meet  these  conditions  it  is  desirable  to  secure  bids 
whenever  possible  upon  the  unit  quantity  of  mater'als  be- 
ing used,  which  should  include  all  the  work  and  equipment 
necessary  to  install  these  materials  as  required.  WH-enever 
an  item  is  to  be  used  in  a  fairly  uniform  quantity  through- 
out the  work,  it  can  be  specified  in  the  usual  manner  The 
following  set  of  specifications  is  prepared  along  these  lines 
and  found  to  successfully  convert  an  old  macadam  road  into 
a  fairly  satisfactory  bituminous  pavement,  and  will,  we  be- 
lieve, be  found  applicable  to  most  of  the  old  macadam  roads. 
Soecifications  for  Converting  Old  Macadam  Into  Founda- 
tion for  Bituminous. — In  these  specifications  blank  spaces 
pt-e  left  for  the  insertion  of  other  materials  than  thosp  speci- 
<'pd;  also  when  reference  is  made  to  a  particular  require- 
ment, the  article  and  page  should  be  inserted,  for  it  is  as- 
sumed that  these  specifications  will  be  only  part  of  a  set 
which  will  contain  all  the  other  requirements  governing  the 
contract. 

FOUNDATION    TYPE    REPAIRED   MACADASI. 
GENERALi. — The  old  maoad.nm  pavement,  when  used  as  a  foun- 
dation, shall  be  repaired,  rebuilt  and  reconstructed  in  the  majiner 

'From   a  paper  T^^-eQented    Pe'i.    s   at  the   Highway   Engineering 
Conference  at  the  University  of  Pennsylvania. 
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given  be'cw.  The  location,  lenrth  and  widtli  of  the  old  pavement, 
crosaroads,  entrances  or  driveways  to  be  repaired,  rebuilt  or  re- 
constructed, or  of  new  foundation  required,  shall  be  as  designated 
on  plans.     The  materials  required  therefor  are  given  below. 

PAYMENT. — This  work  will  he  paid  for  at  the  contract  price 
per  ton  of  stone  a.s  given   in   the  proposal,   which  will  include: 

First.  The  cost  of  furnishing  all  labor,  equipment,  stone  and 
binder  needed  to  repair,  rebuild  or  reconstruct  the  old  macadam 
pavement  as  herein  required. 

Second.  The  cost  of  furnishing  all  labor,  equipment,  stone 
and  binder  needed  to  construct  all  new  foundations  and  surfaces 
required. 

Third.  The  cost  of  furnishing  all  labor,  equipment,  stone  and 
binder  needed  to  repair,  rebuild  or  reconstruct  all  crossroads,  en- 
trances and  driveways  shown  on  plans  to  be  repaired,  rebuilt  or 
reconstructed. 

It  does  not,  however,  include  the  cost  of  scarifying,  or  the  cost 
of  making  any  necessary  excavations  or  embankments  for  new 
foundation,  sub-base  material,  street  entrances,  driveways,  shoul- 
ders, gutters,  curbs,  underdrains  or  cross-drains. 

Scarifying  will  be  paid  for  by  the  square  yard  at  the  unit  con- 
tract price  as  given  in  the  proposal. 

Excavation  and  embankment  will  be  paid  for  at  the  unit  con- 
tract price  specified   in   the   proposal. 

MATERIAI^S  REQUIRED.— The  broken  stone  required  for  re- 
pairing, resurfacing,  rebuilding  or  reconstructing  the  old  macadam 
pavement,  the  new  macadam  foundation,  or  pavement  on  cross- 
roads,   entrances,    or   driveways,    shall   be    2V2-'m.    stone    prepared 

from  trap  rock,  dolomite,  or   The   binder  used   for   this 

stone  shall  be  screenings  prepared  from  trap  rock,  dolomite,  lime- 
stone, or  

REPAIRING  OLD  PAVEMENT. — Before  the  old  pavement  is 
scarified,  all  places  showing  evidence  of  instability,  or  improper 
drainage,  shall  be  repaired  as  specified.  The  old  foundation  shall 
then  be  replaced  with  the  addition  of  sufficient  new  stone  to  fill 
the  opening  so  that  the  same  will  be  even  with  the  adjacent  foun- 
datioi  after  compression.  This  stone  shall  then  be  rolled  suf- 
ficient to  insure  that  it  has  the  required  stability,  and  is  at  the 
required  gi-ade. 

The  excavation  for  all  new  foundation  required  shall  be  made 
and  the  same  constructed  as  specified  below  before  the  old  ma- 
cadam pavement  has  been   scarified. 

When  the  old  foundation  at  the  edges  is  not  of  the  proper 
character  or  thicJtness  it  shall  be  excavated  and  the  excavation 
carried  toward  the  center  of  the  roadway  until  a  good  stone 
shoulder  is  exposed  having  the  required  depth  and  stability.  All 
new  foundation  thus  required  that  is  not  shown  on  plans  shall  be 
designated  or  located  by  the  engineer  and  constructed  as  herein 
provided  for  a  new  macadam  foundation. 

CONSTRUCTING  NEW  FOUNDATION.— The  2\i-m.  stone  shall 
be  deposited  upon  the  subgrade  in  a  uniform  layer  for  the  depth 
and  width  shown  on  plans.  It  may  be  spread  directly  from  vehicles 
approved  for  this  purpose.  If  dumped  on  the  subgrade.  it  must 
not  be  deposited  within  the  area  over  which  it  will  be  spread. 
The  ihickness  of  this  course  of  stone  shall  be  measured  by  wooden 
blocks  of  the  required  thickness  placed  among  the  stone  when  so 
ordered  by  the  engineer.  No  stone  .shall  be  spread  upon  a  wet 
subgrade  nor  more  than  sufficient  stone  for  an  average  day's  work 
shall  be  sjjread  in  advance  of  rolling  and  filling  neither  shall  stone 
be  placed  adjacent  to  structures  or  railroad  tracks  until  they  have 
been  set  to  the  required  grade  and  alignment. 

As  soon  as  this  course  of  stone  has  been  properly  spread  it  shall 
be  rolled  with  a  3-wheel  power  roller,  weighing  not  less  than  10 
tons,  until  thoroughly  consolidated  and  compacted  to  an  even, 
smooth  surface.  During  the  initial  rolling  the  roller  shall  travel 
parallel  to  the  axis  of  the  pavement.  Subsequent  rolling  shall 
be  both  diagonal  and  parallel  to  the  axis  of  the  pavement.  The 
rolling  must  be  ."^o  executed  that  every  part  of  the  stone  surface 
receives  compression  from  the  rear  wheels  of  the  roller. 

jVlter  the  stone  has  been  properly  rolled  there  shall  be  spread 
over  its  surface  and  worked  into  the  voids  thereof  one  of  the 
binders  above  specified.  This  binder  shall  be  applied  in  thin  layers 
with  intermittent  rolling  between  each  application.  The  binder 
shall  not  be  rolled  until  it  is  dry.  The  application  of  binder  with 
intermittent  rolling  shall  continue  until  all  voids  in  the  stone  have 
been  filled,  the  stone  ceases  to  creep  or  sink  under  the  roller  and 
is  at  the  proper  gi-ade.  If  the  binder  forms  a  cake  or  layer  on 
top  of  the  stone  during  rolling  and  does  not  work  into  the  voids 
properly  it  shall  be  broomed  or  swept  into  the  voids.  The  binder, 
however,  shall  not  be  applied  in  sufficient  quantity  to  completely 
cover  or  form  a  layer  or  coating  of  this  stone.  When  so  applied 
the  excess  binder  must  be  removed.  The  binder  must  not  be 
dumped  on  the  subgrade  or  upon  unbound  stone.  Before  and  until 
the  surface  pavement  is  applied  on  this  foundation  it  must  be 
firmly  bound  together,  be  at  the  proper  grade,  have  the  required 
,^^  crown,  be  free  from  ruts,  loose  stone  or  places  showing  evidence 
'^ft  of  instability  and  stone  covered  with  sufficient  binder  as  to  hide 
^P    the  top  faces  and  edges. 

SCARIFYING. — After  the  old  macadam  pavement  has  been  re- 
paired as  above  specified  and  all  new  foundation  required  has 
been  constructed,  the  surface  of  the  old  pavement  shall  be  scari- 
fied sufficient  to  loosen  the  original  pavement.  At  places  where 
the  original  pavement  has  been  worn  away,  exposing  the  founda- 


tion of  macadam  or  telford.  care  must  be  exercised  during  scari- 
fying not  to  disturb  the  old  foundation  at  such  points.  The  road 
surface  shall  then  be  reshaped  by  distributing  the  old  material 
evenly  over  the  surface  of  both  the  old  pavement  and  the  new 
foundation,  so  that,  p.fter  being  thoroughly  consolidated  by  rolling, 
the  surface  thereof  will  be  at  tlie  grade  and  have  the  crown  shown 
on  plans. 

SPREADING  NEW  STONE.— There  shall  then  be  spread  over 
the  entire  surface  of  all  new.  recon.structed  and  repaired  founda- 
tions, a  uniform  layer  of  new  2'/4-in.  stone. 

The  thickness  of  this  layer  of  stone  shall  be  sufficient  that 
after  ultimate  compression  it  shall  have  the  depth  shown  on  plans. 
After  it  has  been  spread  it  shall  be  rolled  with  a  3-wheel  power 
roller,  weighing  not  less  than  10  tons,  until  thoroughly  consolidated 
and  compacted  to  an  even,  smooth  surface.  During  the  initial 
rolling  the  roller  shall  travel  parallel  to  the  axis  of  the  pavement, 
beginning  at  each  edge  and  working  toward.'?  the  center.  Subse- 
quent rolling  shall  be  both  diagonal  and  parallel  to  the  axis  of 
the  pavement.  The  rolling  must  be  so  executed  that  every  part  of 
the  stone  surface  receives  compression  from  the  rear  wheels  of 
the  roller. 

APPLICATION  OF  BINDER. — ^After  the  stone  has  been  properly 
rolled  there  shall  be  spread  over  its  surface  and  worked  into  the 
voids  thereof  one  of  the  binders  above  specified.  This  binder 
shall  be  applied  in  thin  layers  with  intemiittent  rolling  between 
each  application.  The  binder  shall  not  be  rolled  until  it  is  dry. 
The  application  of  binder  with  intermittent  rolling  shall  continue 
until  all  the  voids  have  been  filled  and  the  stone  ceases  to  creep- 
er sink  under  the  roller  and  is  at  the  proper  grade.  If  the  binder 
forms  a  cake  or  layer  on  top  of  the  stone  during  rolling  and  does 
not  work  into  the  voids  properly  it  shall  be  broomed  or  swept  into- 
the  voids.  The  binder,  however,  shall  not  be  applied  in  such  a 
quantity  as  to  completely  cover  or  form  a  layer  or  coating  on 
this  stone.  Wlien  so  applied  the  excess  binder  must  be  removed. 
The  binder  must  not  be  dumped  on  the  unrolled  foundation  stone. 

After  this  layer  of  stone  has  been  bound  and  consolidated,  as 
above  specified,  .and  complies  with  the  other  requirements  given 
therefor,  the  road  shall  be  open  to  travel  for  a  period  of  5  to  15 
days,  or  as  much  longer  as  the  travel  will  require,  in  the  opinion 
of  the  engineer,  to  give  the  pavement  the  additional  compression 
desired,  to  remove  from  its  surface  all  loose  and  surplus  material, 
and  to  leave  the  surface  of  the  stone  projecting  through  the 
binding  matrix  with  the  top  edges  of  the  surface  clean  and  free 
from  all  dust,  dirt  or  other  foreign  material.  During  this  period 
all  material  removed  by  traffic  from  the  center  of  the  pavement 
and  deposited  on  the  edges  shall  be  swept  towards  the  center  of 
the  pavement  until  such  time  as  the  surfaces  and  edges  of  the 
stone  are  uniformly  cleaned  and  exposed  for  the  full  width  of  the 
pavement.  The  contractor  must  repair  at  once  any  places  that 
become  loose,  raveled  or  rutted.  The  stone  shall  be  re-rolled  and 
re-lwund  in  the  same  manner  as  specified  above  unless  ordered 
otherwise  by  the  engineer.  Before  and  until  any  surfacing  ma- 
terial is  deposited  on  this  stone,  it  must  be  firmly  bound  together, 
be  at  the  specified  grade,  have  the  required  crown,  and  be  free 
fro.-n  ruts,  loose  stone,  or  stone  coated  wtth  binder  or  dirt,  and 
stone  covered  with  sufficient  binder  as  to  cover  the  top  faces 
and  edges  thereof. 

If  at  any  time  during  the  construction  of  the  surface  the  sub- 
grade  shows  evidence  of  instability,  is  forced  below  grade,  or  up 
into  the  voids  of  the  stone,  the  contractor  shall,  without  additional 
compensation,  dig  out  all  such  loose  or  unstable  material,  reshape 
and  repack  the  subgrade  in  the  inanner  ordered  by  the  engineer 
and  leplace  the  stone  removed  with  the  necessary  additional  stone 
which,  when  bound  and  rolled  as  herein  specified,  shall  give  the 
required  stability. 

Resurfacing  Macadam  with  Bituminous  Dressing. — The 
mileage  of  macadam  roads,  "which  have  been  resurfaced  with 
a  bituminous  dressing,  is  certainly  very  large.  The  initial 
cost  of_  such  a  treatment  is  usually  very  low,  which  makes 
this  method  rather  popular,  yet  if  we  judge  the  merits  of 
this  method  by  the  results  which  have  been  achieved  in 
many  localities,  it  certainly  cannot  be  recommended  as  be- 
ing very  efficient  or  satisfactory.  However,  in  certain  locali- 
ties, very  satisfactory  results  have  been  secured  by  this 
method.  The  reason  for  the  differences  between  the  results 
secured  can  usually  be  traced  directly  to  the  character  of  the 
aggregate  and  the  sub-base  conditions  'of  the  roads  thus 
treated. 

In  many  localities,  it  has  been  the  practice  to  repair  these 
roads  with  the  addition  of  %-in.  stone  and  screenings. 
These  materialE  have  been  scattered  over  the  surface  of 
the  road  for  years  and  generally  the  inequalities  in  the  road 
surface  are  removed  by  the  addition  of  such  stone  just  be- 
fore a  surface  applicatiori  of  bitumen  is  applied.  In  general, 
the  surface  of  those  old  roads  is  composed  of  stono  from 
1  in.  in  diameter  down  to  dust  and  it  is  not  surprising  that 
a  bituminous  dressing  will  not  properly  adhere  to  such  a 
surface.  Stones  of  this  size  are  not  very  firmly  anchored 
into   the   road-bed  and  are   easily  knocked   out  by  traffic  or 
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in  the  cleaning  of  the  surface  during  sweeping.  It  is  very 
difficult  to  properly  clean  such  a  surface  and,  unless  the 
surface  stones  are  clean,  the  bituminous  material  applied 
will  not  properly  adhere. 

It  Is  not  uncommon  to  nnd  stretches  of  bituminous  coated 
roads  v.here  tho  dressing  has  broken  loose  and  disappeared. 
Holes  are  quickly  formed  in  such  e.xposed  surfaces  which 
make  a  road  nearly  impassable  for  auto  traffic.  Roads  of 
this  type  are  not  uncommon  and.  as  previously  stated,  this 
method  of  maintaining  a  macadam  road  has  not  given  the 
satisfaction  expected. 

Again,  we  find,  in  order  to  true  up  the  ruts  and  depres- 
sions in  a  macadam  surface  which  has  not  previouslv  been 
treated  with  a  bituminous  material,  that  sufficient  bitumen 
is  added  to  form  a  bituminous  coating  from  V2  in.  to  1  in.  in 
thickness.  Bituminou.s  coatings  of  this  kind  are  prone  to 
creep  and  become  bumpy  unless  the  aggregate  used  in  ab- 
sorbing the  bitumen  is  composed  of  stone  from  '^  in.  to  1 
in.  in  diameter.  One-quarter  inch  stone,  pebbles  or  coarse 
sand  docs  not  iisually  possess  sufficient  stability  to  prevent 
a  layer  of  this  thickness  from  creeping  since  the  bituminous 
material  is  usually  very  soft  and  possesses  very  little  sta- 
bility within  itself.  It  is  false  economy  to  cover  these  old 
roads  with  a  bituminous  coating  of  this  thickness  for,  as  a 
general  rule,  the  thinner  the  layer  that  can  be  held  in  place, 
the  better  results  will  be  secured. 

If  th(-  nia.ximum  amount  of  service  is  to  be  expected  of 
these  bituminous  coatings,  the  surface  upon  which  they  are 
to  be  applied  must  be  free  of  all  material  that  will  prevent 
the  bitumen  from  properly  adhering  to  the  stone  surface. 
This  makes  it  almost  mandatory  that  the  stones  in  the  sur- 
face be  of  sufficient  size  to  be  firmly  anchored  in  place  so 
that  they  may  be  cleaned  by  traffic  or  sweeping  without 
danger  of  raveling  the  road  surface.  It  is  seldom  that  we 
find  the  surface  of  an  old  macadam  road  composed  of  stones 
that  are  of  the  proper  size  to  permit  being  satisfactorily 
cleaned. 

T^sualb  a  surface  to  be  given  a  bituminous  dressing  is 
more  or  less  raveled  and  full  of  holes.  Such  a  surface  should 
always  be  scarified  and  covered  with  a  layer  of  stone.  The 
size  of  this  stone  should  he  sufficient  to  permit  of  its  being 
properh  bound  and  cleaned  without  raveling.  Two  and  one- 
half  inch  stone  has  been  found  to  be  the  size  best  adapted 
for  this  purpose  and  this  stone  should  be  fairly  uniform  in 
size  and  free  from  the  smaller  sizes.  Such  a  stone  will 
make  a  n:ore  uniform  pavement  surface  and  the  individual 
stones  in  the  surface  layer  will  be  held  more  firmly  in  place 
than  if  the  stone  were  run  of  the  crusher  from  this  size 
down  to  •%  in.  stone.  Very  satisfactory  results  have  been 
secured  by  re-dressing  old  macadam  roads  with  stone  of  this 
size  and  then  resurfacing  with  a  bituminous  material.  The 
Initial  cost  of  such  a  treatment  is  naturally  somewhat  more 
than  if  the  holes  were  simply  repaired  with  %-in.  stone  and 
the  surface  then  given  a  bituminous  coating.  Yet  while  the 
former  method  may  be  somewhat  more  costly  than  the  lat- 
ter, it  puts  the  macadam  road  in  shape  so  that  it  can  be 
constantly  maintained  at  a  reduced  cost.  The  latter  method 
of  treatment  cannot  be  considered  as  any  permanent  im- 
provement to  the  macadam  surface  and  each  year  it  will 
be  found  more  difficult  and  expensive  to  maintain  the  sur- 
face than  previously,  for  the  failures  will  become  more  pro- 
nounced and  the  chances  of  the  surface  creeping  and  be- 
coming bumpy  is  also  increased. 

Specifications  for  Surface  Coating  for  Macadam  Roads. — 
The  mrthod  recommended  to  he  followed  in  the  surface  coat- 
ing for  a  macadam  road  by  the  addition  of  a  new  layer  of 
stone  is  that  given  in  the  specifications  below.  It  should 
also  be  noted  that  all  the  materials  required  to  be  used  are 
not  specified,  but  blank  spaces  left  in  w-hich  any  of  the  va- 
rious materials,  vhith  liave  been  used  for  this  purpose,  may 
be  insetted.  It  is  assumed  that  these  specifications  will  be 
only  part  of  a  set  which  will  contain  all  the  other  require- 
ments ;;overninj;  the  contract.  When  it  is  thought  necessary 
to  refer  to  a  definite  page  and  article  defining  the  require- 
ments of  any  materials  or  equipment  to  be  used,  these  pages 
and  articles  should  be  Inserted. 

Sl'RF.\CE  TYPE  B.  C.  M.— BITUMINOUS  COATED  MACADAM. 
Mattrhils     Required. — This    pavement    surface    shall    be    con- 

3truot.»il    ficm    2%-in.    trap    roclc,    dolomite,    or    and    a 

Hinder  cf  trap  rocJc,  dolomite  or  limestone  serceningrs,  or 

The  bituir.lnous  coating  .ippliod  shall  bn  constructed  from  asphaltlc 
oil>  prni''  -  and  ?4-ln.  stone  or  dustless  screening,  pre- 


par.;d    from    trap    rock,    dolomite    or    These    materials 

■ihall   comply  with  the  requirements  given  herein. 

.Scarifying. — The  entire  surface  of  the  old  macadam  pavement 
.shall  be  scarified.  The  depth  to  which  scarifying  shall  extend 
shall  not  be  sufflcicnt  to  loosen  or  disturb  the  old  foundation. 
After  scarifying  the  surface  material  shall  be  so  distributed  that 
aJl  inequalities  in  the  contour  and  composition  of  the  surface  shall 
be  eliminated.  The  le-shaped  .surface  shall  then  be  rolled  just 
sulficirnt  to  anchor  the  stone  Into  place  and  true  up  the  surface. 
Spreading  Stone.— The  2V4-ln.  stone  shall  be  deposited  upon  the 
foundation  in  a  uniform  layer  of  such  depth  that  after  ultimate 
conjpression  it  .shall  have  the  depth  and  width  shown  on  plans  and 
weigh  not  less  than  7.5  lb.  per  square  yard  for  each  inch  of  depth 
.^xchi.3ive  of  binder.  It  may  be  spread  directly  from  vehicles  ap- 
proved for  this  purpose.  If  dumped  on  the  foundation,  it  must  not 
be  deposited  within  the  area  over  which  it  will  be  spread.  When 
so  ordered  by  the  engineer  the  thickness  of  this  cour.se  of  stone 
.shall  be  measured  by  wooden  blocks  of  the  required  depth  placed 
on  the  foundation.  No  stone  shall  be  placed  upon  a  wet  founda- 
tion nur  more  than  sufficient  stone  for  an  average  day's  work 
shall  be  spread  in  advance  of  rolling  and  filling. 

Roiling. — As  soon  as  this  course  of  stone  has  been  properly 
spread  it  shall  be  rolled  with  a  three-wheel  power  driven  roller 
waigbing  not  less  than  10  tons  until  thoroughly  consolidated  and 
compacted  to  an  even,  smooth  surface.  During  the  initial  rolling 
tho  i-oller  shall  travel  parallel  to  the  axis  of  the  pavement,  begin- 
ning at  each  edge  and  working  towards  the  center.  Subsequent 
rolling  shall  be  both  diagonal  and  parallel  to  the  axis  of  the  pave- 
ment. The  rolling  must  l>e  so  executed  that  every  part  of  the 
stone  surface  receives  compression  from  the  rear  wheels  of  the 
roller. 

-\pplication  of  Binder. — -After  the  stone  has  been  properly 
rolled  there  sh.all  be  spread  over  its  surface  and  worked  into  the 
voids  thereof  one  of  the  binders  above  specified.  This  binder  shall 
be  applied  in  thin  layers  with  intermittent  rolling  between  each 
application.  The  binder  shall  not  be  rolled  until  it  is  dry.  The 
application  of  binder  with  intermittent  rolling  shall  continue  until 
all  the  voids  have  been  filled  and  the  stone  ceases  to  creep  or  sink 
under  the  roller  and  is  at  the  proper  grade.  If  the  binder  forms 
a  cake  or  layer  on  top  of  the  stone  during  rolling  and  does  not 
work  into  the  voids  properly  it  shall  be  broomed  or  swept  into  the 
voids  when  so  ordered  by  the  engineer.  The  binder,  however,  shall 
not  be  applied  in  sufficient  quantity  to  completely  cover  or  form 
a  layer  or  coating  on  this  stone.  When  so  applied  the  excess 
binder  must  be  removed.  The  binder  must  not  be  dumped  on  the 
unbound  stone. 

After  this  layer  of  stone  has  been  bound  and  consolidated,  as 
above    specified   and    complies   with    the    other   requirements   given 

therefor,   the   road   sliall   be   open   to  travel  for  a  period   of 

to  days,  or  as  much  longer  as  the  travel  will  require,  in  the 

opinion  of  the  engineer,  to  give  the  pavement  the  additional  com- 
pression desired,  remove  from  its  surface  all  loose  and  surplus 
material  and  leave  the  surface  of  the  stone  projecting  through 
the  Dinding  matrix  with  the  top  edges  of  the  surface  clean  and 
free  from  all  dust,  dirt  or  other  foreign  material.  During  this 
period  all  material  removed  by  traffic  from  the  center  of  the  pave- 
ment and  deposited  on  the  edges  shall  be  swept  towards  the 
center  of  the  pavement  until  such  time  as  the  surface  and  edges 
of  the  stcne  are  uniformly  cleaned  and  exposed  for  the  full  width 
of  the  pavement;  also,  the  contractor  must  repair  at  once  any 
places  that  become  loose,  raveled  or  rutted.  The  stone  shall  be 
re-rolled  and  re-bound  in  the  same  manner  as  specified  above 
unless  ordered  otherwise  by  the  engineer.  Before  and  until  any 
surfacing  material  is  deposited  on  this  stone  it  must  be  firmly 
bound  together,  be  at  the  specified  grade,  have  the  required  crown, 
be  free  from  ruts,  loose  stone  or  stone  coated  with  binder,  or  dirt 
or  stone  containing  sufficient  Ijinder  to  cover  the  top  faces  «,nd 
edges  thereof;  also,  must  be  free  from  places  showing  evidence  of 
instability,   improperly  consolidated  or  bound  stone. 

•  As  soon  as  the  road  surface  is  in  condition  as  above  specified 
it  shall  be  coated  immediately  with  an  application  of  asphaltic 
oil.  Grade  This  oil  shall  be  uniformly  applied  over  the  sur- 
face of  the  stone  at  the  rate  of  gallons  per  square  yard  of 

surface  coated  from  a  pressure  distributor  which  has  been  pre- 
viously approved  by  the  engineer  for  this  purpose.  The  oil  shall 
only  be  applied  during  warm,  clear  weather  and  the  stone  must 
be  dry  when  application  is  made.  The  road  need  not  be  closed 
to  travel  unless  the  engineer  so  directs. 

As  soon  as  the  oil  applied  has  penetrated  into  the  road  sur- 
face and  cured,  sufficient  to  hold  the  fine  mineral  matrix  in  place 
and  settle  all  dust,   the  surface  shall  be  immediately  coated  with 

an  application  of  asphaltic  oil  grade   It  shall  be  applied  at 

the  rate  of gallons  per  square  yard  of  surface  coated  in  tjie 

same  manner  as  specified  above.  The  application  of  this  second 
oil  coating  must  be  made  before  travel  has  started  to  loosen  the 
stone  or  ravel  its  surface.  Immediately  after  this  oil  coating  has 
been  applied  it  shall  be  covered  at  once  with  a  coating  of  dustless 
screenings  or  %-in.  stone,  as  may  be  directed  by  the  engineer. 
This  stone  shall  be  applied  in  sufficient  quantity  to  completely 
cover  the  bituminous  binder  applied.  It  shall  be  rolled  immedi- 
ately and,  as  soon  as  the  rolling  is  completed,  the  road  may  be 
opened  to  travel.  During  rolling  or  any  time  previous  to  the  final 
acceptanc(    of   the  work,  if  bituminous  material  appears  on   the 


(120) 


Engineering   and    Contracting   for   May   4,   1921. 


451 


surface  of  the  road,  additional  dustless  screenings  shall  be  applied 
at  the  time  and  in  the  manner  required  by  the  engineer.  If  the 
contractor  fails  to  make  such  repairs  within  10  days  after  being 
directed  to  do  so  by  the  engineer,  said  repairs  may  be  made  by 
the  Department  and  the  cost  thereof  shall  be  deducted  from  any 
money  or  moneys  due  the  contractor. 

The  contractor  shall  leave  at  frequent  intervals  along  the  road- 
way, as  directed  by  the  engineer,  piles  of  dustless  screenings  to 
make  repairs  in  the  manner  above  specified. 


A  Plain  Statement  of  the  Need  of 

Better  Pay  for  Engineering 

Service 

Some  weeks  ago  Mr.  A.  R.  Hirst,  State  Highway  Engineer  of 
Wisconsin,  tendered  his  resignation.  His  reasons  for  taking 
this  step  were  set  forth  in  a  statement  given  out  by  him  at 
the  time.  This  statement  voices  so  clearly  the  views  of  many 
other  engineers,  that  we  are  reprinting  it  belov^  in  full: 

The  filing  of  ray  resignation  as  state  highway  engineer,  effective 
not  later  than  Dec.  31  of  this  year,  or  earlier,  at  the  pleasure  of 
the  State  Highway  Commission,  has  occasioned  considerable  com- 
ment and  some  speculation  as  to  my  reasons  for  taking  the  step, 
especially  in  view  of  the  fact  that  the  present  salary  attached 
to  the  position,  $7,500  per  annum,  is  one  of  the  largest  paid  in 
the  state  service.  It  is  only  fair  to  those  people  of  the  state  who 
have  .so  loyally  and  freely  supported  our  efforts  for  the  betterment 
of  highway.s  in  Wisconsin  that  I  should  at  this  time  give  some 
of  the  reasons  for  taking  the  step  which  has  been  announced. 

I  wish  to  state  at  the  outset  that  there  is  and  has  been  noth- 
ing in  my  relations  with  the  State  Highway  Commission,  with  any 
past  or  present  state  oflicial.  or  with  the  present  legislature,  to 
impel  me  to  re.sign.  Hy  personal  and  business  relations  with  all  of 
these  persons  and  bodies  have  been  of  the  pleasantest,  and,  I  have 
every  reason  to  believe,  would  so  continue  as  long  as  I  felt  able  to 
remain  in  the  state  service. 

Wisconsin's  Accomplishments  in  Highway  Building. — It  is  nearly 
14  years  since  I  entered  the  highway  service  of  Wisconsin.  In 
that  time,  under  the  impetus  of  the  state-aid  and  federal-aid 
highway  laws,  the  highway  program  in  Wisconsin  has  reached 
tremendous  proportions.  There  have  been  built  S.500  miles  of  all 
t.vpes  of  highway  and  1.700  bridges  at  a  total  cost  of  $40,000,000. 
For  the  planning  and  execution  of  this  work,  I,  as  the  chief  en- 
gineer and  executive  officer  of  the  State  Highway  Commission,  have 
been  personally  responsible. 

For  1921  there  is  available  a  total  of  over  $20,000,000  for  federal, 
state  and  county-aid  construction  of  roads  and  bridges  in  Wis- 
consin, exclusive  of  the  amounts  available  for  strictly  town,  village 
and  city  construction.  This  sum  will  not  and  should  not  all  be 
spent,  because  we  are  not  organized  to  spend  it  properly,  but 
probaoly  well  over  2.000  miles  of  all  types  of  highway  will  be  built. 
The  years  that  have  gone  since  1907  have  seen  Wisconsin  placed  in 
the  voremost  rank  as  a  state  which  is  building  roads  as  fast  as 
sound  business  judgment  warrants,  and  as  a  state  which,  in  the 
meanwhile,  has  maintained  a  highway  system  of  which  most  of 
her  citizens  are  proud. 

I  give  these  matters  of  record,  not  in  a  spirit  of  boastfulness. 
but  simply  in  order  that  something  of  the  magnitude  of  this  great 
enterprise  may  be  realized.  In  these  accomplishments,  through 
nearly  14  years  of  service  I  have  played  my  part.  I  am  proud  to 
have  been  connected  with  the  state  and  with  its  highway  work. 
The  fact  that  no  shadow  of  suspicion  of  crookedness  or  graft  has 
ever  fallen  on  any  part  of  this  great  exbenditure  will  always  be 
one  of  my  proudest  memories. 

Public  Opinion  of  Value  of  Public  Service. — I  have  been  content 
to  serve  because  I  loved  the  work  and  it  was  my  one  ambition  to 
help  to  give  Wisconsin  a  system  of  highways  worthy,  if  possible, 
of  the  state  and  of  its  citizenry.  It  has  not  been  profitable  work, 
in  terms  of  money;  it  has  been  hard  work  and.  at  times,  extremely 
trying.  Nevertheless,  I  should  gladly  have  continued  for  the  rest 
of  my  active  life  had  I  felt  reasonable  assurance  that  public  senti- 
ment would  support  the  legislature,  the  highway  commisison  and 
the  county  boards  in  the  payment  of  salaries  adequate  to  maintain 
organizations  of  the  proper  capacity  to  handle  with  efficiency  the 
tremendous  expenditures  ahead. 

.Salary  has  been  considered  the  only  unimportant  part  of  public 
oftice.  Given  any  salary,  and  place  could  be  filled.  There  would  be 
liundreds  of  applicants  for  the  position  of  state  highway  engineer 
if  the  salary  were  $2,500  mstead  of  $7,500  per  annum.  As  long  as 
the  public  is  willing  to  accept  any  kind  of  service,  it  can  fill  all  of 
its  places  at  any  given  salary. 

As  examples  of  public  opinion  of  the  value  of  public  service, 
Wisconsin  pays  its  Governor  $5,000  a  year,  its  secretary  of  state. 
Its  treasurer,  and  its  attorney  general  the  same  amount.  She 
pays  the  members  of  her  legislature  $500  for  two  years'  service,  not 
(■nough  to  ray  their  board  in  Madison  and  their  railroad  fares  to 
and  from  Madison,  while  they  spend  at  least  six  months  in  the 
state's  service  away  from  their  business,  homes  and  families. 

All   of  these   places   and  many  hundreds  of  other   elective   posi- 


tions in  state,  county  and  all  other  units  of  government,  are  and 
will  always  be  filled  and  generally  well  filled,  because  the  honor, 
prestige  and  experience  are  worth  a  personal  sacrifice  for  a 
limited  period.  However,  few  of  these  offices  are  the  life  work 
of  the  incumbent.  They  are  either  stepping  stones  to  other  things, 
or  are  the  contribution  to  the  public  welfare  of  men  who  have 
made  their  stake  and  can  afford  the  sacrifice.  The  expediency  of 
this  public  policy  for  even  this  type  of  public  service  is  a  grave 
qiiestion. 

Public  Must  Pay  the  Market  Price. — Certainly,  a  business  un- 
iltitaking  of  the  first  magnitude,  such  as  is  Wisconsin's  program 
of  .-lighway  construction,  cannot  be  picked  up  and  laid  down  by 
any  citizen,  or  group  of  citizens,  at  will.  It  is  worthy  of.  and  must 
have,  the  service  of  a  high  class,  continuing  organization  of  the 
best  business  brains  and  the  best  engineering  and  administrative 
talent  that  the  market  affords,  if  the  state  and  the  counties  are 
to  .-xpend  to  advantage  the  millions  which  are  available  and  which 
will  continue  to  be  available  for  all  the  years  to  come.  Hundreds 
of  dollars  can  be  saved  or  wasted  at  every  step  and  millions  can 
be  made  or  lost  by  a  mistaken  state-wide  construction  or  admin- 
istrative policy. 

A  proper  organization  to  control  this  kind  of  construction  en- 
terprise cannot  be  political:  it  cannot  suffer  too  great  annual 
changes  in  personnel.  It  must  be  an  organization  able  to  meet  on 
an  even  footing  of  brains,  training  and  experience,  the  best  or- 
ganizations that  the  manufacturers  of  road  machinery  and  ma- 
terials can  buy.  It  must  be  able  to  stand  knee  to  knee  with  the 
best  and  worst  contractors  and  get  for  its  clients,  the  people  of 
Wisconsin,  good  construction  at  a  fair  price.  The  public  must 
equip  itself  with  eminently  fitted  representatives  in  this  struggle, 
or  the  losses  in  poor  roads  and  unjustified  prices  will  be  appalling. 
I  had  hoped  to  build  up  such  an  organization  for  Wisconsin. 
Until  the  public  mind  grasps  the  situation  and  supports  a  proper 
scale  of  salaries  in  the  public  service  I  am  convinced  that  I  cannot 
succeed.  As  fast  as  we  train  men.  the  best  are  picked  for  service 
in  the  commercial  field.  In  1920  the  commission  lost  27  per  cent 
of  its  principal  employes,  and  indications  are  that  the  losses  in 
1921  will  be  even  greater.  This  will  continue  to  be  the  case  until 
the  public  realizes  that  it  must  protect  itself  by  paying  more  nearly 
the  market  price  for  highway  training,  business  experience,  brains 
and  energy. 

The  situation  facing  the  state  highway  organizations  is  serious, 
but  the  situation  in  the  county  highway  organizations  is  infinitely 
worse.  The  salary  paid  the  county  highway  commissioner  in  most 
of  the  counties  does  not  attract,  or  it  it  does  attract,  cannot  long 
hold  in  the  service  the  type  of  men  who  should  and  must  fill  these 
important  executive  positions.  In  a  large  fraction  of  the  counties 
the  clerical  organizations  charged  with  the  accounting  for  ex- 
penditures often  reaching  into  the  hundreds  of  thousands  of  dol- 
lars !S  not  as  adequate  as  would  be  required  to  operate  properly 
a  not  too  busy  corner  grocery  store.  Despite  all  that  the  com- 
mission has  preached  and  sought  to  teach,  the  last  few  years  have 
seen  but  little  improvement  in  the  average  standard  of  the  county 
organizations,    while    the    expenditures    have   mounted   apace. 

The  Mole  Hill  of  Public  Service  Expenditures  and  the  Mountain 
of  Public  Waste. — There  is  little  that  I  can  sense  in  the  present 
public  attitude  toward  public  service  to  make  it  possible  to  hope 
for  .any  great  improvement  in  the  situation.  Petty  saving:s  to  be 
made  by  reducing  the  compensation  of  already  and  always  un- 
derpaid public  servants  are  dragged  forth  constantly  in  all  units 
of  government  as  the  panacea  for  all  tax  evils.  Waste  at  the 
bunghole  is  lost  sight  of.  while  a  pin  prick  through  the  head  of 
the  barrel  is  magnified  into  a  geyser.  The  people  cry  for  efficiency 
in  public  expenditures  and  then  strangle  it,  still-born,  by  ill 
conceived  and  shortsighted  financing  of  the  supervision  of  those 
expenditures.  It  seems  impossible  to  make  the  people,  as  a  whole, 
realize  that  if  the  entire  expense  of  all  national,  state,  county  and 
local  legislative,  executive  and  clerical  staffs  were  eliminated  from 
their  tax  bills,  they  would  sense  no  appreciable  difference  in  their 
individual  taxes.  So  much  attention  has  been  centered  on  the  mole 
hill  of  public  service  expenditures  that  little  regard  has  been  paid 
to  the  mountain  of  public  waste  resulting  from  inadequate  and  ill- 
paid  staffs  of  public  servants. 

The  consequences  of  this  general  public  attitude  is  not  so 
serious  ivhen  only  routine  clerical  public  business  is  concerned,  but 
when  the  states  come  into  contact  with  an  open  competitive  mar- 
ket for  skilled  service  in  a  great  construction  enterprise,  where  the 
public  buys  hundreds  of  millions  of  dollars  worth  of  machinery. 
materials,  roads,  and  bridges  from  corporations,  firms,  and  in- 
dividuals who  equip  themselves  with  the  best  brains  and  ex- 
perience that  the  market  afl:ords,  the  only  possible  ultimate  result 
is  disaster  to  the  public  and  to  the  public  purse. 

As  I  look  into  the  probable  future.  I  am  unwilling  to  continue 
to  take  the  responsibility  for  the  proper  expenditure  of  the  tre- 
mendous funds  now  available  longer  than  is  necessary  for  the 
State  Highway  Commisison  and  the  state  chief  engineer  to  select 
my  successor.  I  shall  relinquish  the  work  with  the  most  profound 
regret.  One  does  not  easily  surrender  an  almost  lifetime  ambition 
unfulfilled. 

The  Public's  Highway  Organization  Must  Be  Put  on  a  Business 
Basis. — However,  until  there  is  a  general  public  awakening,  it 
must   be  obvious  that   the  financial   measurement   by   the   public   of 
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the  valUB  of  my  services  must  vary  so  greatly  from  the  value  of 
those  sGrvlces  to  myself  and  family  In  the  commercial  field,  that 
no  other  course  Is  open  for  me.  If,  by  continuing  my  connection 
with  the  work,  I  could  prevent  the  coming  dlstaster,  it  would  be 
my  duty  to  stay.  But  I,  or  no  other  one  man,  can  stem  the  tide. 
The  public  must  sense  the  danger  and  urge  Its  representatives  to 
act.  If  any  worth  while  action  Is  to  be  secured. 

It  the  whole  public  service  cannot  be  properly  organized,  at 
least  the  public's  highway  organization  must  be  put  on  a  business 
basis.  I  cannot  afford  to  be  longer  connected  with  it  unless  it  is 
so  put.  Lacking  that  basis,  l)oth  the  elements  of  personal  progress 
and  the  element  of  protecting  my  reputation  as  a  highway  en- 
g;lneer  must  Impel  the  relinquishment  of  a  position  both  un- 
prodtable  and  fraught  with  danger  to  my  future  career. 

It  may  naturally  bo  said,  "Is  thi.s  not  a  cry  of  wolf,  wolf?  Wis- 
consin has  done  pretty  well  and  Is  recognized  as  one  of  the  leading 
states  in  highway  construction  and  maintenance.  There  is  no 
reason  why  It  should  not  continue  to  do  so.    Hirst  is  an  alarmist." 

It  Is  true  that  Wisconsin  has  done  pretty  well.  The  results  have 
been  probably  75  per  cent  of  what  they  could  have  been  made  with 
adequate  public  support.  Wisconsin  and  her  counties  have  been 
lucky  and  have  gotten  better  service  than  they  paid  for.  But  we 
are  entering  a  new  era.  The  expenditures  of  past  years  are  as 
nothing  compared  to  those  proposed  for  the  years  to  come.  The 
competition  for  brains  and  e.xperience  of  superior  value  in  planning 
and  buildine  hiehways  and  for  talent  in  all  the  fields  allied  to 
unless  her  counties  act.  the  price  of  self-satisfaction  will  be  ex- 
acted. This  is  not  a  cry  of  "wolf,  wolf"— it  is  the  expression  of  a 
mathematical  certainty. 


Modified  Road  Construction  Con- 
tract for  Present  Conditions 

A  new  form  o£  contract  for  highway  construction  designed 
to  protect  both  the  contractor  and  the  state,  has  been  worked 
out  by  Mr.  W.  R.  Neel,  State  Highway  Engineer  of  Georgia. 
The  form  was  described  by  Mr.  Neel  in  a  paper  presented 
Dec.  14  at  the  annual  meeting  of  the  American  Association 
of  State  Highway  Officials.    The  paper  follows: 

In  presenting  for  the  consideration  of  this  association  a 
new  form  of  contract,  I  wish  to  remove  from  the  minds  of 
■everyone  any  suggestion  or  thought  that  I  have  devised  a 
form  of  "cost  plus"  under  a  new  name.  However,  the  "cost- 
plus"  contract,  when  originally  drawn,  embodied  two  funda- 
mental principles,  namely,  fairness  to  everyone. 

I'irst,  that  the  owner  or  beneficiary  should  pay  the  cost 
•of  the  improvement.  Second,  that  the  contractor  effecting 
the  improvement  should  be  fairly  compensated  for  his 
efforts.  Recognizing  these  two  principles,  then,  we  have 
had  as  a  result  several  forms  of  contracts  based  on  these 
fundaraental.s.  The  cost,  with  a  percentage  of  whatever 
that  cost  might  be  to  cover  the  compensation,  commonly 
known  as  the  "cost  plus,"  is  in  bad  repute,  and  certainly 
the  results  of  the  use  of  this  method  during  the  late  war 
have  given  everyoile  just  cause  for  prejudice  against  it.  In 
an  effort  to  remove  the  incentive  to  an  unscrupulous  contrac- 
tor to  increase  the  cost,  thereby  increasing  his  profit,  the 
■cost,  plus  a  fixed  fee,  was  tried  out  and  proved  more  satis- 
factory to  the  owner  and  also  the  conscientious  contractor. 

My  principal  criticism  of  the  cost  plus  a  fixed  fee  is  that 
there  is  no  incentive  for  the  contractor  to  keep  down  the 
cost  of  the  work  other  than  a  desire  to  secure  a  reputation 
for  economical  and  efficient  work.  In  public  work,  where  it 
is  necessary  to  advertise  and  receive  bids,  thereby  remov- 
ing to  a  great  extent  the  discretionary  powers  of  the  public 
official  in  selecting  the  contractor,  something  more  than  the 
two  above-mentioned  forms  of  contract  are  needed.  In 
attempting  to  embody  the  two  fundamental  principles  recog- 
nized by  everyone  as  a  basis  for  any  contract,  and  at  the 
same  time  perfect  a  contract  more  adapted  to  the  execution 
of  public  work,  the  Form  "B"  Contract  was  written. 

The  original  draft  was  submitted  to  a  large  number  of 
people,  such  as  experienced  engineers  and  contractors,  as 
well  as  legal  talent  of  varied  ability,  and  changed  to  meet 
those  suggestions  we  thought  worthy  of  consideration. 

Since  initiating  work  under  this  form  of  contract  other 
changes  have  been  made  to  perfect  its  weak  points,  and 
I  wish  you  to  understand  that  in  submitting  this  to  you  I 
am  cognizant  of  the  fact  that  it  will  probably  be  changed 
from  time  to  time  as  experience  in  its  use  directs. 

Reasons  for  New  Form  of  Contract. — In  approaching  the 
demand  for  a  new  form  of  contr.ict  in  Georgia  I  was  con- 
fronted with  a  constantly  ascending  scale  of  unit  prices, 
«ach  succeeding  set  of  bids  being  a  little  higher  than  those 
preceding,  until  it  was  a  question  of  either  suspending  the 


lotting  of  new  contracts  or  of  devising  a  means  of  decreasini; 
the  cost  of  the  work.  I  do  not  wish  to  place  all  the  blamt- 
for  the  excessively  high  bidding  upon  the  contractors;  they, 
in  turn,  were  under  the  fear  and  actual  conditions  of  con- 
stantly  ascending  prices  for  material  and  labor,  together  with 
the  uncertainty  of  freight  rates,  until  no  one  knew  wher^- 
he  stood  r.or  how  to  bid.  It  was  a  gamble,  as  the  old  foru. 
of  contract  always  har  been,  with  the  odds  heavily  agains' 
the  contractor,  and,  as  a  consequence,  the  high  bidding 
furthermore,  everyone  was  affected  by  the  many  unter 
taintics,  and  the  bonding  companies,  realizing  the  greater 
risk,  demanded  of  the  contractor  higher  bidding.  On  sc . 
eral  ocasions  contractors  have  informed  me,  after  the  bids  i 
had  been  rejected,  that  they  were  willing  to  submit  a  lower 
bid,  but  could  not  secure  a  bond  if  they  did  so. 

It  therefore  appeared  to  me  that,  in  order  to  meet  this 
situation,  it  would  be  necessary  for  the  state  of  Georgia 
to  carry  a  large  part  of  the  risk,  and,  briefly,  the  actual 
use  of  the  present  form  of  contract  immediately  produced 
the  desired  results  in  deceasing  the  cost  of  the  work  to 
the  state. 

Some  Features  of  the  New  Contract. — The  use  of  this 
form  of  contract  does  not  eliminate  competition.  The  con- 
tractor, in  submitting  his  bid,  divides  it  into  two  parts — 
the  estimated  cost  and  the  desired  compensation.  In  order 
to  have  an  incentive  to  keep  down  the  cost,  the  contractor 
is  allowed  25  per  cent  of  any  saving  on  the  estimated  cost, 
providing  it  does  not  exceed  50  per  cent  of  the  total  compen- 
sation in  the  proposal,  and  should  the  cost  exceed  the  esti- 
mate, 50  per  cent  of  this  excess  is  deducted  from  the  com- 
pensation, with  the  provision  that  the  compensation  must 
not  be  reduced  more  than  75  per  cent.  Therefore,  the  con- 
tractor is  assured  of  at  least  25  per  cent  of  the  compensa- 
tion, as  shown  in  his  bid.  for  which  he  must  furnish  at  his 
expense  a  superintendent  and  any  overhead  expense,  such 
as  the  maintenance  of  his  general  office.  It  is  calculated 
that  the  25  per  cent  will  allow  the  contractor  to  break  even, 
with  no  loss  other  than  that  of  his  time.  The  contract  also 
provides  for  a  machinery  and  equipment  rental,  a  form 
being  provided  which  niu.st  be  filled  out  and  which  forms 
a  part  of  the  contract  cost  of  work.  However,  the  rental 
schedule  is  fixed,  and  only  the  interest  on  the  value  of  the 
equipment  is  allowed,  plus  a  fair  compensation  for  depre- 
ciation, insurance  and  estimated  repairs.  In  this  way  no 
profit  can  be  made  other  than  that  shown  as  compensation, 
and  this  amount  varies  with  the  skill  and  zeal  used  in  prose- 
cution of  the  work.  Thus  the  minimum  compensation  ob- 
tainable by  the  contractor  will  be  25  per  cent  of  the  com- 
pensation shown  in  the  bid.  and  the  maximum  will  be  the 
compensation  shown  in  the  bid,  plus  an  additional  50  per 
cent  of  this  amount.  If  the  contractor  should  be  so  fortu- 
nate, the  owner  should  not  begrudge  him  this  additional 
compensation,  as  additional  compensation  means  a  saving 
of  75  per  cent  to  the  owner. 

The  cost  of  the  work  is  paid  by  the  owner,  who  is  required 
to  pay  promptly  all  bills  in  order  to  take  advantage  of  any 
cash  discounts.  A  bonded  accountant  in  the  employ  of  the 
owner  makes  up  payrolls  and  supervises  the  paying  of  all 
labor,  etc.  All  materials  are  purchased  by  the  purchasing 
agent  of  the  state  highways  department,  and  the  prices  for 
all  materials  f.o.b.  r.-iilroad  siding  are  included  in  the  pro- 
posal. In  this  way  the  only  financing  required  by  the  con- 
tractor is  in  purchasing  of  equipment  pertaining  to  the  job 
and  in  paying  the  salary  of  his  superintendent.  This  has 
resulted  in  the  immediate  delivery  of  all  necessary  mate- 
rials for  the  vigorous  prosecution  of  the  work  as  soon  as 
practicable  after  the   awarding  of  the  contract. 

The  contractor  is  called  upon  to  furnish  the  necessary 
equipment,  and  a  skilled  organization  properly  directed  by 
an  experienced  and  efficient  superintendent.  The  elimina- 
tion from  the  requirements  of  the  contractors  of  practically 
all  financing  results  in  a  considerable  reduction  in  the  com- 
pensation demanded  hy  them,  so  that  is  practically  net 
profit  to  the  state  under  this  form  of  contractor. 

At  first  thought  it  might  appear  that  the  compensation 
of  a  contractor  could  be  saved  by  an  organization  operated 
by  the  highway  department,  but  analysis  makes  it  evident 
that  the  item  of  compensation  of  a  contractor,  if  conserva- 
tive, v.'ouid  c'osely  correspond  to  the  operating  expenses  of 
an  organization  owned  by  the  highway  department,  and, 
while  It  should  not  be  the  case,  I  am  afraid  in  actual  prac- 
tice it  would  be  hard  to  get  supervision  for  a  state  contract 
in  an  organization  working  on  salary  that   would  exert   the 


(122) 


Engineering   and    Contracting   for   May   4,   1921. 


453 


same  effort  in  construction  as  would  a  contractor  under  the 
Form  "B"  contract,  where  incentive  in  dollars  and  cents 
would  be  to  keep  the  construction  cost  under  the  estimate. 
At  the  same  time,  the  estimate  must  be  conservative  in 
order  to  meet  the  competitive  feature. 

In  addition  to  this  objection  to  a  state  construction  organ- 
ization, there  would  be  the  enormous  investment  in  equip- 
ment which  could  only  be  used  on  state  highway  work, 
whereas  a  contractor  has  for  a  Held  not  only  state  high- 
ways within  the  state,  but  in  other  states,  as  well  as  mu- 
nicipal, railroad  work,  etc. 

Results  Obtained  Under  New  Contract.— One  of  the  first 
advantages  of  this  new  form  of  contract  is  that  it  permits 
honest  contractors  of  small  means  to  show  their  ability  on 
a  larger  scale  than  would  be  possible  under  the  old  form 
under  which  a  surety  bond  is  required  for  the  full  amount 
of  the  contract,  which  many  contractors  of  small  means 
are  unable  to  make.  At  the  same  time,  the  facilities  of 
financing  this  Form  "B"  contract  open  a  field  for  intelli- 
S^nt,  honest  bidders  who  would  otherwise  be  unable  to 
participate  in  a  project  of  very  great  magnitude,  except 
as  subcontractors,  although  their  ability  might  be  ample  to 
handle  the  project.  A  striking  example  of  this  is  a  recently 
completed  concrete  paving  project.  The  successful  bidders 
could  not  have  financed  a  project  of  this  extent  under  the 
old  form  of  contract,  and  yet  they  have  had  charge  of  the 
construction  of  more  miles  of  concrete  pavement  within  the 
state  than  any  other  contractor. 

The  result  has  been  that  51/2  miles  of  18-ft.  concrete  pave- 
ment were  laid  in  3%  months  at  a  15  per  cent  net  saving  on 
the  contract  as  awarded.  The  contractors  not  only  earned 
their  compensation  as  set  forth  in  their  bid,  but  an  addi- 
tional 50  per  cent,  the  maximum  amount  permissible.  The 
advertisement  for  the  letting  of  this  contract,  as  is  our 
custom,  called  for  bids  under  both  forms  of  contract.  The 
successful  bid  was  on  Form  "B,"  and  was  24  per  cent  less 
than  the  next  lowest  bid,  which  was  on  the  old  form  of 
contract,  and  it  therefore  resulted  in  an  actual  net  saving 
of  practically  30  per  cent  under  the  Form  "B"  as  against 
the  standard  form  of  contract. 

Project  1-A — F-2  concrete  pavement  is  showing  a  saving 
of  11.3   per  cent   on   first   estimate. 

F.  A.  Project  No.  162,  a  grading  job.  shows  a  saving  of 
13.2  per  cent,  and  the  work  has  been  under  way  for  more 
than   three  months. 

The  contracts  now  under  way  in  Georgia  under  the  Form 
"B"  amount  to  over  $1,500,000,  and  a  saving  of  a  little  over 
$20,000  has  been  effected  in  bond  premiums  alone,  as  a 
minimum  bond  is  required  under  this  form  of  contract. 

The  supervision  that  is  required  under  the  Form  "B" 
contract  by  the  owner  requires  a  very  high-class  man. 
preferably  one  with  experience  as  an  inspector  on  the  old 
form  contract,  and  also  experience  as  a  contractor  or  super- 
intendent for  a  contractor.  His  duties  are  to  watch  for  vio- 
lations of  the  contract  and  to  catch  the  leakages  on  the 
job.  The  former  duty  should  be  performed  subconsciously, 
but  most  of  his  thoughts  should  be  centered  on  methods  to 
reduce  the  cost.  The  cost  sheet  tells  him  a  very  true  story, 
and  should  be  kept  up  to  date,  so  that  he  can  see  at  a  glance 
where  he  should  put   most  of  his  attention. 

I  will  conclude  by  stating  that,  in  my  judgment,  this  form 
of  contract  requires  a  more  intelligent  insight  into  construc- 
tion details  and  a  more  thorough  knowledge  and  analysis 
of  costs  by  the  engineer  than  the  old  form. 


Increased  Interest  to  Be  Paid  on  Pennsylvania  Road  Bonds. 
— Governor  Sproul  of  Pennsylvania  has  signed  the  Eyre  bill, 
authorizing  the  replacement  of  the  $11,800,000  short  term  road 
bonds  issued  early  last  spring  to  a  syndicate  of  bankers 
when  no  buyers  could  be  found  at  the  41/2  per  cent  interest 
rate  paid  by  the  state,  by  bonds  of  a  longer  term  and  higher 
interest  The  bill  provides  the  replacement  bonds  shall  be 
at  the  interest  rate  for  which  the  bond  issues  to  be  sold  in 
July  are  offei'ed  and  that  any  premium  paid  on  the  new 
bonds  is  to  be  taken  into  consideration  in  the  replacement 
of  the  short-term  bonds. 

$1,000,000,000  of  Highway  Bonds  Authorized. — State  and 
county  highway  bond  issues  aggregating  $998,953,000  were  au- 
thorized from  Jan.  1,  1919,  to  Dec.  31,  1920,  according  to  statis- 
tics collected  by  the  Portland  Cement  Association.  Of  the 
above  total,  $594,132,000  was  authorized  to  Dec.  31,  1919,  and 
the  remainder  authorized  in  1920. 


Contractor's  Organization  and  Plan- 
ning for  Asphalt  Paving  Jobs 

Useful  suggestions  on  the  above  subjects,  based  on  experi- 
ences and  observations  of  the  past  15  years  in  highway  work, 
are  given  by  Mr.  Henry  B.  Drowne,  Division  Engineer  of  the 
Lane  Construction  Corp.,  Meriden,  Conn.,  in  a  brochure,  "Sug- 
gestions for  Asphalt  Paving  Contractors,"  prepared  for  and 
published  by  The  Asphalt  Association.  From  advance  proofs 
of  the  brochure  we  take  the  matter  that  follows: 

Some  jobs  will  not  move  right  and  ultimately  may  show  a 
loss  in  spite  of  the  fact  that  the  contractor  has  everything 
it:  the  way  of  plant  equipment,  ample  resources,  and  fair 
prices  on  the  work.  In  such  an  instance  lack  of  success  can 
probably  be  laid  to  poor  organization  as  much  as  anytthing 
else. 

The  Value  of  a  Good  Superintendent. — A  good  superintend- 
ent on  the  job  is  a  prerequisite  and  many  contractors  who  un- 
dertake to  superintend  their  own  jobs  make  a  miserable  fail- 
ure of  it.  The  contractor  is  obliged  to  leave  a  good  dea!  of 
the  detail  of  construction  to  his  superintendent.  Contingen- 
cies will  arise  that  require  a  modification  or  change  of  auv 
prearranged  plan,  and  the  superintendent  must  adopt  "ucb  a 
change  on  liu.  own  responsibility.  As  a  superintendent  is  con- 
tinually comins.'  in  contact  with  the  residents  in  the  neighbor- 
hood of  the  job,  it  is  worth  a  good  deal  if  he  is  a  man  of 
diplomatic  trend.  If  he  hasn't  such  a  trait,  the  contractor  can 
well  afiord  to  spend  some  time  in  trying  to  impress  him  with 
its  importance.  The  tactful  superintendent  is  often  able  to 
make  arrangements  for  materials  or  set  ups  that  save 
money,  while  the  superintendent  who  possesses  the  faculty 
of  rubbing  people  the  wrong  way,  often  causes  the  contrac- 
tor a  lot  of  unnecessary  trouble.  A  contractor's  reputation 
is  based  on  the  results  he  delivers  and  a  reputation  for  dcn 
jng  good  work  in  an  efficient  manner  is  a  valuable  asset  for 
any  contractor  to  have.  A  contractor's  reputation  is  largely 
in  the  hands  of  the  organization  actually  performing  the 
work.  It  takes  time  to  build  up  an  organization  of  superin- 
tendents, foremen  and  engineers  who  are  worth  while. 

A  contractor  should  observe  closely  the  work  of  his  men 
and  the  undesirables  should  be  dropped.  Those  that  are 
worth  while  should  be  given  an  incentive  to  stay.  Some 
men  in  any  organization  are  brighter  than  others.  By  se- 
lecting such  men  and  giving  them  more  responsibilty  and 
observing  how  they  perform  their  new  duties  may  result  in 
placing  them  in  charge  of  work  either  as  foremen  or  super- 
intendents. Men  brought  up  from  the  ranks  in  this  man- 
ner usually  have  a  sense  of  loyalty  and  appreciation  that 
otherwise  would  be  lacking. 

Importance  of  Careful  Planning  and  Co-ordination  of 
Woj-k. — Planning  and  co-ordination  of  work  are  of  extreme 
importance  in  the  successful  accomplishment  of  highway  con- 
struction. The  type  of  work  and  the  size  of  the  job  deter- 
mines the  kind  of  equipment  that  is  necessary.  The  time  in 
which  the  job  must  be  completed  and  the  availability  of  plant 
will  influence  its  selection,  and  the  amount  of  labor  required 
will  depend  upon  the  methods  adopted.  If  advantage  can  be 
taken  of  some  particular  method  of  the  manipulation  of  ma- 
terial, the  economy  of  such  a  method  should  be  considered 
with  relation  to  the  new  and  special  equipment  that  it  might 
require  Buying  special  equipment  that  is  not  suitable  for 
general  use  on  work  is  usually  inadvisable. 

When  the  methods  to  be  used  have  been  determined,  a 
progress  plan  of  the  work  should  be  made.  The  need  of  plant 
and  materials  necessary  for  the  work  should  be  anticipated 
tar  enough  in  advance  so  that  no  delays  will  occur  for  lack 
of  them  A  well  defined  plan  of  progress  will  enable  the  con- 
tractor to  keep  the  different  parts  of  the  work  more  closely 
co-ordinated  than  if  no  such  plan  is  made. 

A  daily  report  of  progress  may  be  made  on  a  form  similar 
to  the  one  shown  in  Fig.  1.  The  report  should  show  each 
day  the  total  of  the  work  performed  to  date.  By  comparing 
these  repofts  to  the  progress  anticipated  the  work  can  be 
speeded  up  where  necessary,  or  the  original  plan  modified  to 
suit  the  conditions  which  prevail.  Another  valuable  feature 
of  this  report  is  the  listing  by  car  number  of  the  material  Im- 
ported by  rail.  Material  which  is  slow  in  arriving  can  be 
traced  and  rushed  and  one  only  has  to  look  at  the  last  re- 
port to  learn  the  whole  situation.  Careful  planning  will  pre- 
vent having  too  many  laborers  on  work  that  cannot  work  to 
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advunlage  because  some  other   part  of  the  work  is  held  up 
for  a  cause  that  could  have  easily  been  foreseen. 

Many  ol"  the  Items  of  uork  done  on  a  highway  con- 
tract are  difHcult  of  exact  measurement  until  the  final  sur- 
vey is  made.  The  daily  expense  on  the  job  should  be  kept 
and  classified  into  as  many  divisions  as  the  contractor  may 
desire.  There  should  be  at  least  as  many  sub-divisions  as 
there  are  items  in  the  contract  and  sometimes  it  is  advisable 
to  make  further  subdivision.  To  illustrate,  the  following 
table  Is  given  which  shows  on  left  side  the  contract  quanti- 
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Fig.  1 — Form  for  Daily   Progress  Report. 


ties  and   on   the   right   side   the  subdivisions   that  might   be 
made  in  classifying  the  costs: 

Headling.^!  for 
Contract   headings.  cost   classification. 

28,500  sq.  yd.  grading Grading 

28,600  sq.  yd.  2-inch  Topeka 2-inch  Topeka 

Plant  Repair 

Asphalt 

Filler 

.^and 

.Stone- 
Mix 

Haul  Mix 

Lay  Mix 
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Coal  and  Oil 
A  superintendent  can  roughly  estimate  the  daily  output 
on  the  different  parts  of  the  work  and  from  his  classified 
expense  arrive  at  the  unit  costs  of  the  work.  The  frequency 
with  which  the  daily  classified  costs  should  be  sent  to  the 
office  is  optional  with  the  contractor.  While  some  prefer 
to  know  the  total  expended  each  day,  others  do  not  require 
the  classification  costs  to  be  submitted  except  with  the  pay- 
roll, which  may  be  once  a  week  or  once  in  two  weeks.  A 
superintendent  should  approximate  his  unit  costs  from  day 
to  day.  The  need  for  checking  up  the  cost  of  work  oftener 
than  every  one  or  two  weeks  is  not  so  essential  in  the  case 
pf  superintendents  in  whose  ability  the   contractor  has  the 


utmost  confidence,  as  it  is  in  the  case  of  superintendents 
whose  knowledge  of  work  is  not  so  proficient.  An  analysis 
of  costs  will  sometimes  show  where  expensive  mistakes  are 
being  made  which  can  easily  be  avoided. 

If  a  contractor  has  certain  rules  or  methods  which  he 
wishes  followed  in  conjunction  with  the  work,  it  is  advisable 
that  he  prepare  a  set  of  instructions  covering  them  and  put 
it  in  the  hands  of  each  superintendent.  Much  confusion  will 
be  avoided  by  doing  this  and  there  should  be  no  excuse  on 
the  part  of  the  superintendent  for  his  failure  to  comply  with 
the  written  instructions.  Written  work  and  reports  of  su- 
perintendents if  made  on  printed  report  forms  furnished  by 
the  office  will  facilitate  the  recording  and  filing  work  of 
the  office  in  a  marked  degree. 


Relation   of  Highway  and  Motor 

Transport  Movement  to 

Education* 

By    C.    J.    TILDEN, 

Director  Hishway  Transport  Education  Committee. 

U.    S.    Bureau   of   Public  Roads. 

Topics  which  were  of  utmost  importance  a  few  years  ago,, 
and  in  which  college  courses  have  been  established,  may 
cease  to  have  the  relative  importance  in  changed  commer- 
cial and  industrial  conditions.  A  case  in  point  is  the  theory 
and  science  of  railroad  location,  a  vitally  important  subject  a 
generation  or  so  ago.  Today  tlie  problems  of  highway  loca- 
tion, construction  and  maintenance  are  far  greater  than  in 
railroad  work,  and  yet  most  of  the  older  colleges  devote 
much  more  time  to  railroad  courses  than  to  those  in  high- 
ways. 

Just  what  is  the  situation  today  as  regards  highways? 
And  how  are  the  highways,  as  more  or  less  organized  sys- 
tems of  transportation,  being  used  by  the  citizens  who  build 
and  support  them?  It  may  be  well  to  review  briefly  some 
of  these  questions  and  then  see  in  what  way  the  colleges 
can  help  in  fitting  future  citizens  to  take  their  part  in  this 
important  development. 

Distribution  Now  the  Chief  Problem. — It  has  been  said 
that  the  chief  problem  before  the  country  today  is  that  of 
distribution.  The  fundamental  problems  of  production  have 
been  largely  solved.  While  there  are  many  details  that  are 
still  being  worked  out  and  certain  new  problems  constantly 
arising  in  systematic  production,  the  basis  principles  are 
pretty  well  understood.  The  same  may  be  said  of  transpor- 
tation. Railway  organization  has  been  thorough,  operation 
systematized,  and  up  to  the  time  that  the  government  toolr 
over  operation  during  the  war  our  railway  system  as  a 
whole  was  pretty  generally  satisfactory.  Water  transporta- 
tion is  limited,  but  it  has  always  formed  an  important  part 
of  the  transportation  system  of  the  country,  where  it  could 
be  used  economically. 

Highways  have  always  been  a  most  vital  part  of  our  gen- 
eral transportation  scheme,  reaching  as  they  do  every  com- 
munity and  each  individual  farm,  and  bringing  them  into 
contact  with  the  main  centers  of  distribution,  whether  rail- 
way or  waterway.  This  universal  need  for  roads  has  led  to 
a  basis  of  highway  building  entirely  different  from  that  of 
railway  building.  The  highways  are  free  paths  over  which 
.anyone  may  travel;  they  are  built  and  maintained  by  public 
funds  (except  in  the  very  rare  instance  of  toll-roads)  and  an 
:mp  )rlant  body  of  public  laws  has  developed,  regulating  their 
construction  and  use. 

The  Highway  Field  and  Its  Opportunities  for  Engineers. — 
During  the  war  our  highways  were  enormously  overloaded. 
Not  only  was  railway  transportation  necessarily  limited,  but 
the  greater  convenience  and  speed  in  many  instances  of  the 
motor  truck  brought  that  phase  of  transportation  very  much 
to  the  foreground.  It  was  soon  discovered,  however  that 
certain  roads,  built  on  what  were  supposedly  the  soundest 
principles  of  highway  construction,  would  not  stand  up  under 
the  rapidly  increasing  loads  of  heavy  trucks.  Many  miles 
of  road  were  destroyed.  It  was  evident  that  new  principles 
of  highway  construction  must  be  developed.  EIngineers  are 
still  seeking  the  best  way  of  meeting  this  new  problem,  and 
many  arc  at  work  on  research  along  these  lines.  Foremost 
of  these  research  agencies  is  the  United  States  Bureau  of  Pub- 
lic  Roads    which  has  been  and  still  is  doing  unusually  fine- 


•From  a  paper  presented  Feb.  9  at  the  convention  of  the  Amer- 
ican Road  Builders'  Association. 
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work  in  the  scientific  investigation  of  highway  materials, 
Taethoc's  of  coEstruction,  and  other  problems  relating  to  the 
road. 

Since  the  war  there  has  been  a  remarkable  increase  in  high- 
way fuilding,  reconstruction  and  improvement.  The  generous 
appropriation  of  Federal  money  apportioned  to  the  states 
under  the  Federal  Aid  Act  has  stimulated  this  activity  to  a 
large  extent.  In  the  current  year  1921  there  is  available  for 
hignway  construction  and  maintenance  several  times  as  much 
money  as  has  ever  been  spent  for  that  purpose  In  a  single 
year  before.  While  the  figures  are  not  as  yet  exact,  a  careful 
investigation  by  the  statisticians  of  the  Bureau  of  Public 
Roads  within  the  last  two  or  three  weeks  places  this  total  at 
$697,000,000,  an  average  of  about  $2,000,000  a  day  available 
for  expenditures  in  building,  maintaining  and  improving 
roads.  This  is  of  course  for  the  country  as  a  whole,  and  in- 
clude state  and  county  appropriations  as  well  as  those  of 
the  Federal  government.  It  does  not,  however,  include  en- 
tire bond  issues,  but  only  such  portions  of  these  as  are  avail- 
able for  the  current  calendar  year.  The  total  stated  above, 
therefore— nearly  $700,000,000~is  the  amount  actually  on 
hand  ready  for  spending  in  1921.  It  will  probably  be  physi- 
cally impossible  to  spend  it  all  within  the  12  months  under 
existing  industrial  conditions,  but  the  fact  that  it  has  been 
voted,  with  buch  unanimity  throughout  the  country,  is  strik- 
ins^  evidence  of  the  great  importance  which  the  people  gen- 
erally attach  to  our  great  highway  program. 

The  work  throughout  the  states  will  call  for  upwards  of 
10,000  engineers  in  all  grades— a  figure  that  is  probably  un- 
derestimated, rather  than  the  reverse.  This  is  an  estimate 
made  by  Mr.  MacDonald,  chief  of  the  Bureau  of  Public  Roads, 
some  months  ago,  and  includes  only  those  who  have,  or 
should  have,  education  and  experience  along  civil  engineer- 
ing lines.  The  supply  is  far  short  of  the  demand,  which 
means,  of  course,  that  in  many  sections  of  the  country  inex- 
perienced and  untrained  men  will  be  put  in  charge  of  the 
expenditure  of  large  amounts  of  money.  The  result  will  in- 
evita'jJy  be  a  great  economic  waste.  The  universities  and 
technical  schools  can  not  turn  these  men  out  in  sufficient 
numbers  of  course,  within  a  few  weeks,  and  the  falling  off 
in  enrollment  during  the  war  will  limit  the  number  of  engi- 
neering graduates  for  2  or  .3  years  to  come. 

With  reference  to  the  use  of  highways,  the  increase  in  the 
number  of  vehicles  of  all  kinds  is  a  matter  of  such  common 
knowledge  that  it  need  not  be  stressed.  Passenger  vehicles 
have  multiplied  many  times  in  a  very  few  years.  This  is  un- 
doubtedly one  ot  the  most  potent  causes  for  the  increased  in- 
terest in  highway  building.  The  increase  in  motor  trans- 
port, however,  while  the  actual  number  of  motor  trucks  is 
very  much  'ess,  raises  a  far  more  serious  problem.  The  nat- 
ural development  of  economic  principles  has  led  to  a  great 
increase  in  the  capacity  of  single  truck  units.  Where  the 
driver's  wages  form  a  substantial  part  of  the  cost  of  opera- 
tion, a  1-ton  capacity  truck  means  a  higher  rate  per  ton-mile 
than  a  .5-ton  capacity  truck,  but  it  has  been  demonstrated 
that  the  5-ton  truck  (or  heavier)  requires  a  much  more  ex- 
pensiv  e  road  than  the  lighter  vehicle,  for  many  of  the  older 
roads  were  badly  torn  to  pieces  by  the  heavy  trucks.  It 
seems  reasonable,  therefore,  that  if  we  add  to  the  cost  per 
ton-mile  for  operating  the  truck  the  legitimate  overhead 
charges — interest  on  first  cost  of  road,  maintenance,  rebuild- 
ing, etc. — the  heavier  truck  would  not  show  so  great  an  econ- 
omy. With  our  present  system  of  highway  construction, 
where  is  the  economist  who  can  tackle  this  question  and 
determine  liow  the  cost  of  improved  highways  may  be  eiiuita 
bly  charged  up  to  those  who  reap  the  chief  benefit?  Or  else 
prove  to  the  satisfaction  of  all  taxpayers  that  a  large  initial 
expenditure  is  justified?  *Here  is  surely  a  research  problem 
of  the  hi>;hest  order. 

Highway  Transport — A  New  Activity. — The  use  of  highways 
for  motor  nocking,  a  comparatively  new  activity  well  named 
"highway  transport,"  is  growing  fast  and  "motor  express'' 
lines  on  a  systematic  basis  will  unquestionably  be  estabJishd 
in  large  i;umbers  in  the  near  future.  Not  only  will  this  fill 
an  important  economic  need,  but  it  will  furnish  to  young 
men  of  adventurous  and  roving  tendencies  opportunity  for 
an  active  outdoor  life  with  plenty  of  the  spice  of  variety 
and  even  a  touch  of  danger  that  is  so  appealing.  For  some 
time  past  the  Goodyear  Co.  of  Akron,  O.,  has  operated  a 
line  of  trucks  between  Akron  and  New  York  City.  In  talk- 
ing la?t  summer  with  one  of  their  chauffeurs,  I  was  par- 
ticularly impressed  with  the  point  just  made.  The  trucks 
are    large    and    fitted    with    pneumatic    tires.      They    travel 


normally  at  a  pretty  good  speed,  from  25  to  35  miles  an 
hour.  End  run  continuously.  Bach  truck  is  manned  by  a 
crew  of  two  who  work  In  six-hour  shifts.  A  small  bunk  just 
back  of  the  driver's  seat  permits  the  man  off  duty  to  get  his 
rest,  such  as  it  is,  while  in  case  of  an  emergency  both  men 
must  turn  to  and  correct  the  trouble.  The  man  I  talked  to 
was  a  wiry,  snappy,  clear-eyed  youngster,  for  whom  It  was 
evident  the  work  had  a  peculiar  fascination. 

A  development  of  highway  transport  of  unsual  interest 
has  recently  been  carried  out  by  one  ot  the  large  manufactur- 
ers of  motor  trucks.  This  consists  of  an  economic  survey  of 
a  county  in  Pennsylvania  which  had  in  it  no  transportation 
facilities  whatever  other  than  highways.  It  so  happened  that 
there  were  no  railways,  either  steam  or  electric,  in  the  county, 
although  it  comprised  many  square  miles  of  productive  land. 
With  the  assistance  and  hearty  support  of  the  principal 
bank,  tv.o  of  the  truck  manufacturer's  engineers  made  a  com- 
prehensive study  of  the  entire  proposition  of  getting  the  prod- 
ucts of  this  county  to  the  nearest  railroad  center  and  bring- 
ing back  the  commodities  that  were  needed  by  the  inhabitants. 
A  final  estimate  was  made  of  the  number  and  capacity  of 
trucks  that  could  be  economically  operated,  a  detailed  state- 
ment of  the  routing,  and  an  estimated  balance  sheet  show- 
ing the  probable  return  on  the  investment,  as  well  as  the 
great  advantage  to  the  community  and  possible  stimulation 
to  further  productivity.  The  report  was  an  admirable  docu- 
ment in  every  way  and  was  most  suggestive  as  to  possibili- 
ties along  this  line  for  many  similar  communities  throughout 
the  country. 

1,000  C.  E.  Graduates  Required  Annually  for  Highway 
Work. — It  is  difficult  to  point  out  with  any  degree  ot  certainty 
the  educational  need  in  connection  with  such  a  rapidly  chang- 
ing and  quickly  developing  activity  as  that  ot  the  construc- 
tion and  use  of  highways.  One  point  has  already  been 
touched  upon,  and  that  is  the  need  of  trained  engineers  to 
undertake  highway  construction  as  a  public  service.  The 
idea  of  public  service  can  not  be  overstressed.  At  the  meet- 
ing in  Washington  last  May,  called  by  the  Commissioner  ot 
Education  for  the  purpose  of  considering  current  needs  in 
highway  education,  it  was  estimated  that  for  the  next  three 
years  there  would  be  about  1,100  civil  engineering  graduates 
turned  out  each  year.  Many  of  these  will  go  into  structural 
engineering,  a  number  into  sanitary  work,  or  other  branches 
of  the  profession,  and  a  great  many — 'indeed  the  majority  of 
them,  if  we  can  trust  the  statistics  of  years  past — will  turn 
to  business  or  other  work  not  connected  with  professional 
engineering.  On  the  basis  of  the  10,000  or  more  engineers 
needed,  which  is  admittedly  conservative,  and  on  the  further 
basis  of  an  annual  "turn-over"  in  this  force  of  10  per  cent, 
we  have  at  the  very  least  1,000  civil  engineering  graduates 
who  could  be  absorbed  annually  by  this  highway  work.  This, 
be  it  remembered,  is  the  work  with  highway  construction,  and 
does  not  include  any  other  activities,  such  as  the  manage- 
ment and  operation  of  highway  transport  lines.  The  enroll- 
ment is  increasing  in  our  technical  schools  in  a  gratifying 
way,  but  the  beys  who  are  entering  now  will  not  be  available 
for  three  or  four  years.  There  is  a  tendency  on  the  part  of 
engineering  students  to  shy  away  from  highway  work  be- 
cause the  subordinate  positions  do  not  pay  as  well  as  those 
in  some  other  lines;  but  the  higher  places,  which  can  be 
reached  only  through  experience,  are  well  paid,  and  the  pres- 
ent tendency  of  certain  states  and  counties  to  offer  substan- 
tial salaries  to  their  chief  engineers  and  principal  assistants 
will  in  time  attract  the  attention  of  students. 

Preparing  Men  for  Motor  Transport  Engineering. — With  one 
or  two  noteworthy  exceptions  nothing  has  been  done  by  the 
universilies  and  technical  schools  to  prepare  men  for  the  busi- 
ness of  motor  transport,  such  as  is  done  for  example,  in  rail- 
road administration  and  operation.  Perhaps  this  is  inevitable. 
It  may  be  that  the  need  and  the  opportunity  must  be  more 
apparent  before  there  will  be  sufficient  demand  on  the  part  of 
college  students  to  justify  the  establishment  of  specific 
courses.  There  is  another  side  to  that,  however,  and  that 
is  the  chance  that  the  colleges  have  to  take  the  initiative, 
show  the  wonderful  opportunity  there  is  in  this  field,  and 
point  out  in  carefully  planned  courses  of  study  the  rational 
basis  and  underlying  business  and  engineering  principles  of 
motor  transport  activities.  In  other  words,  instead  ot  letting 
the  business  grow  up  and  then  fitting  men  to  take  care  of  it, 
why  not  train  men  to  establish,  promote,  and  manage  the 
business  which  is  undoubtedly  there  simply  waiting  to  be 
developed? 

One  of  the  exceptions  noted  above  deserves  special  men- 
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tion.  A  BtronK  highway  department  hiiB  recently  been  estab- 
lished at  thf!  University  of  Michigan,  under  the  able  direction 
of  Prolesaor  Arthur  H.  Blanchard,  the  well-known  highway 
engineer.  The  department  offers  carefully  planned  courses 
in  hlgliway  transport  enKineering  as  well  as  In  the  older  fields 
of  highway  construction  and  maintenance.  With  well-equipped 
laboratories,  and  a  large  student  body,  and  located  in  the  cen- 
ter of  a  community  which  ha.s  always  supported  roads  gener- 
ously, the  new  department  has  a  most  promising  future  tor 
rapid  and   useful  development. 

Combining  Motor  Truck  and  Indus- 
trial Railway  Haulage  on  Con- 
crete Road  Job 

By  adopting  a  combination  of  motor  truck  and  industrial 
railway  haul,  the  contractor  for  a  5-miIe  reinforced  concrete 
road  Job  in  Bradford  County.  Pennsylvania,  so  arranged  the 
work  as  to  secure  the  maximum  use  of  the  completed  pave- 
ment. This  meant  I  hat  periods  of  wet  weather,  which  would 
have  made  the  unimproved  road  impassable  for  trucks  haul- 
ing dry  batches,  did  liot  prevent  the  transportation  of  ma- 
terials from  the  loading  station  by  truck  to  the  end  of  the 
concrete  open  to  traffic,  and  from  that  point  to  the  mixer 
by  industrial  railway.  The  method  is  described  in  the  March- 
April  Concrete  Highway   Magazine. 

The  only  railioad  point  available  was  at  the  northern  end 
of  the  job.  The  mixer  was  started  here  and  materials  de- 
livered by  the  industrial  railway,  which  was  placed  along 
the  shoulder.  As  soon  as  the  first  section  of  concrete  had 
been  cured  sufficiently,  4-ton  trucks,  each  carrying  three 
steel,  tipover,  batch  boxes,  were  put  into  service.  Stone  and 
sand  for  a  4  sack  batch  were  carried  in  each  box  and  sacked 
cement  hauled  out  to  the  transfer  point  in  a  separate  truck. 

The  batch-box  transfer  consists  of  an  I-beam  mounted  at 
each  end  on  a  wooden  tripod,  with  sufficient  distance  between 
supports  to  provide  clearance  for  two  trains  and  a  truck. 
By  means  of  a  chain  block  suspended  from  a  4-wheel  car- 
riage, which  runs  on  the  lower  flange  of  the  I-beam,  loaded 
boxes  are  picked  up  and  placed  on  the  ears,  two  to  the  car. 
except  that  one  car  of  a  train  carries  a  single  box.  This 
makes  it  possible  to  transfer  a  loaded  box  to  fill  the  empty 
space,  and  then  to  move  empty  and  loaded  boxes  alternately. 

Three  trains  of  six  cars  each  and  two  3-ton  gasoline  loco- 
motives make  up  the  rolling  stock.  Five  cars  in  each  train 
carry  a  total  of  nine  boxes,  and  the  sixth  car  is  for  cement. 
One  train  is  always  loaded,  another  is  being  loaded,  while  the 
third  is  at  the  mixer  or  en  route  to  or  from  the  transfer 
point.  At  a  signal  given  at  the  mixer,  the  loaded  train 
leaves  the  transfer  station  and  passes  the  returning  empty 
train  at  a  siding  a  few  hundred  feet  from  the  mixer. 


Arrangement    for    Transferring    Batch    Bcxts    from    Trucks    to    In- 
dustrial  Railway. 

A  derrick  attached  to  the  mixer  frame  dumps  the  boxes. 
Cement  is  added  at  the  skip. 

The  contractor  is  the  B.  G.  Coon  Construction  Co.,  of  Lu- 
zerne, Pa.,  and  J.  S.  Ritchey  is  district  engineer  for  the 
Pennsylvania  State  Highway  Department. 


IWeeting  of  Society  for  Promotion  of  Engineering  Education. 
— The  29th  annual  meeting  of  the  Society  for  the  Promotion 
of  Engineering  Education  will  be  held  at  Yale  University, 
New  Haven,  Conn.,  June  28-July  1,  1921.  Dean  F.  L.  Pishop, 
T'nivor  itv  nf  Pittsburgh.  Pa.,  is  Recrt'tary  of  the  Sojiety. 

(1 


Improved  Model  A  Little  Giant  Road 
Crane 

A  new,  improved  Model  A,  Little  Giant  road  crane  em- 
bodying certain  marked  refinements  has  been  brought  out  by 
the  Locomotive  Crane  Co.  of  America,  champaign,  111.  One 
of  these  refinements  consists  of  the  substitution  of  steel 
castings  throughout  wherever  parts  are  exposed  to  strain 
or  actual  wear.  The  improved  Model  A  has  been  further 
refined  by  an  innovation  in  design.  It  is  now  equipped  with 
an    independent,   swinging   engine;    that   is,   a    self-contained 
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Model    A    Little   Giant    Road    Crane. 

unit,  consistiug  of  a  double  cylinder,  throttle,  reversing  en- 
gine has  been  provided.  This  engine  is  securely  bolted  to 
the  rotating  frame  with  the  vertical  swinging  shaft  bearings 
fitting  snugly  into  and  passing  through  the  frame  of  the 
swinging  engine  itself.  This,  it  is  claimed,  makes  possible 
perfect  alignment  of  the  shaft  at  all  times,  and  with  the 
perfect  balance  of  the  engine,  the  rotating  operation  is  ac- 
complished without  any  jerking  either  on  starting  or  stop- 
ping. The  flexibility  of  the  steam  engine  eliminates  the 
necessity  of  friction  slip  rings.  The  weight  of  this  machine 
is  29.000  lb.,  including  a  %  yd.  clam  shell  bucket. 


Pump  for  Handling  Paving  Liquids 

A  steam  jacketed  pump  for  handling  heavy  road  oils  and 
paving  asphalt  liquids  has  been  developed  by  the  Viking 
Pump  Co..  Cedar  Falls,  la.  The  pump  has  but  two  moving 
rotors,  which  rotate  in  running  clearance.  These  annular 
rotors  are  placed  eccentrically  inside  of  a  round  casing  mak- 
ing it  possible  to  entirely  surround  the  pump  casing  with  a 
steam  jacket,  affording  opportunity  of  effective  heat  applica- 
tion during  passage  through  the  pump  proper 

The  Viking  principle  ii  indi- 
cated by  Fig.  1.  The  small  ro- 
tor, mounted  eccentrically  on  a 
stud-shaft  in  the  cover  plate,  op- 
erates as  an  idler  in  balance, 
being  driven  by  the  large  rotor 
which  is  integral  with  the  driv- 
ing shaft.  The  crescent  shaped 
portion  fills  up  the  space  be- 
tween the  rotors  acting  as  a  mo- 
tionless valve  to  prevent  the  re- 
turn of  the  liquid  passing 
through.  The  teeth  of  the  ro- 
tors are  machined  so  as  to  per- 
mit of  rolling  contact  and  do 
not  rub  each  other,  nor  do  they  scrape  or  rub  the  interior 
of  the  pump  easing  or  cover  plate.  The  dis-engagement  of 
the  small  rotor  teeth  while  in  operation  creates  a  strong 
suction  effect,  similar  to  that  of  piston  strokes.  This  pulls 
the  liquid  into  the  pump  filling  the  spaces  betw-een  both 
rotor  teeth.  The  crescent  preventing  the  return,  the  liquid 
is  carried  on  around  until   the  meshing  of  the   rotor  teeth, 
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forming  an  impassable  barrier  between  suction  and  discharge 
ports,  torces  the  liquid  out  the  discharge  port.  Remember- 
ing that  the  rotors  are  continuously  rotating,  it  will  be  read- 
ily seen  that  the  pumping  action  is  positive  and  non  pulsat- 
ing, avoiding  the  need  of  an  expansion  chamber.  The  liquid 
is   drawn   in   and   discharged   with   a   steady,   even   flow   and 


For  a  full  day's  run  a  bonus  was  paid  for  each  slab  over  9. 
If  work  was  stopped  at  the  end  of  5  hours  and  18  minutes 
(two-thirds  of  a  day)  a  bonus  was  paid  for  each  slab  over 
6  completed,  the  purpose  being  to  fix  the  bonus  for  each 
slab  placed  and  not  only  for  a  big  run  during  an  entire  day's 
operation.  For  each  slab  placed  above  the  required  amount 
the  sum  of  $12  was  paid,  to  be  distributed  equally  among 
the  27  men  employed.  The  average  day's  run  was  12  slabs, 
allowing  a  bonus  of  $36  for  the  3  slabs  over  the  9  required 
in  an  8-hour  day.  The  maximum  run  was  131/2  slabs.  Clifton, 
Appelgate  &  Toole,  Anaconda,  Mont.,  were  the  contractors. 


Industrial  Railway  Track 

A    new   design   of    Koppel    railway   track    for   use    in   road 
building   is   illustrated   below.     The   principal   difference   be- 


Fig.  2. — Viking  Pump  Direct  Connected  to  Erie  Engine, 
each  revolution  delivers  a  certain  definite  amount  of  liquid 
regardless  of  driving  speed  or  pressure.  The  Viking  pump, 
therefore,  does  not  depend  on  scraping  action  of  any  kind 
and  is  totally  free  from  valves.  The  Viking  steam  jacketed 
pumps  can  be  furnished  in  two  sizes,  to  answer  practically 
every  pumping  need  in  connection  with  paving  liquids.  This 
includes  installation  on  road-oiling  motor  trucks,  as  well  as 
in  pumping  from  tank  cars  to  storage  and  other  installations 
requiring  pumps.  They  are  offered  with  vertical  steam  en- 
gine drive,  and  with  belt  drive  or  electric  motor  drive  in  self- 
contained  compact  units.  The  Schirmer  Co.,  1006  Guardian 
Bldg.,  Cleveland,  O.,  are  general  distributors, 


Special    Device    for    Holding   Joint    Filler 

In  the  construction  of  the  9.4  miles  of  IS  ft.  wide  concrete 
road  between  Butte  and  Anaconda,  Mont.,  elastite  joints  were 
spaced  30  ft.  A  specially  designed  device  for  holding  the 
joint  filler  while  the  following  section  was  being  placed  was 
used  on  this  work. 

This  holder,  which  gave  excellent  satisfaction,  was  made 
of  sheet  steel,  Vs  in.  thick  and  about  9  in.  deep,  with  a  3-in, 
lip  doubled  back  at  the  top.     Slots   were  cut  in  the  bottom 
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Device   for   Holding   Joint   Filler. 

of  the  holder  so  as  to  enable  the  concrete  in  the  new  slab 
to  come  in  contact  with  the  joint  filler.  At  each  end  of  the 
holder  a  handle  was  welded  to  the  top  of  the  lip.  The  joint 
filler  was  placed  in  the  groove  formed  by  the  slotted  steel 
and  the  lip,  and  the  device  staked  in  place  with  steel  pins 
across  the  subgrade.  After  concrete  has  been  placed  on 
both  sides  of  the  joint,  the  holder  is  easily  lifted  out  by  the 
handles  on  each  end,  leaving  the  filler  in  correct  position 
with  minimum  disturbance  of  the  fresh  concrete. 


Bonus  System  for  Road  Construction  Crew. — For  the  pur- 
pose of  encouraging  individual  effort  among  the  workers  a 
bonus  system  of  payment  was  employed  for  the  crew  engaged 
In  constructing  a  9.4  mile  concrete  road  between  Butte  and 
Anaconda,  Mont.  The  pavement  was  a  1:2:3  mix,  18  ft.  wide, 
6  in.  thick  at  the  edges  and  8  in.  thick  at  the  center.  At 
average  efficiency  the  gang  of  27  men  was  expected  to  put 
in  a  30  ft.  slab  every  53  minutes,  or  9  slabs  per  S-hour  day. 
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Riveted  Track  wrlth   Koppel   Pressed   Steel  Ties. 

tween  this  type  and  the  old  one  is  in  the  tie.  The  new  tie  has 
a  web  in  the  center  which  is  claimed  to  increase  its  strength 
by  at  least  35  per  cent.  For  24-in.  gage  track  this  web  is  18 
in.  long  and  has  an  elevation  of  %  in.  Another  improvement 
is  in  the  construction  of  the  end  tie.  The  clasps  on  this  come 
up  much  higher  than  in  the  old  design.  They  cover  the  entire 
web  and  holes  are  provided  so  that  the  rails  can  be  bolted 
together  when  necessary.  The  track  is  made  by  the  Koppel 
Industrial  Car  &  Equipment  Co.,  Koppel,  Pa. 


Concrete  Road  Construction  on  Adobe  Sub 

Base 

In  preparing  the  adobe  sub  base  for  a  concrete  road  in 
Stanislaus  County,  California,  a  procedure  almost  as  exact- 
ing as  that  required  in  the  construction  of  an  earth  dam  was 
followed.  This  road  was  built  in  1917  between  Newman  and 
Patterson  and  tor  a  distance  of  several  miles  north  of  the 
latter  place.  The  concrete  pavement  is  16  ft.  wide  and  4  in. 
thick,  slightly  reinforced  at  the  expansion  joints  and  corners. 
Sections  of  it  are  covered  with  1  in.  of  Topeka  asphaltic  con- 
crete. The  surface  of  the  road  is  maintained  about  18  in. 
above  the  general  ground  level.  The  Department  of  Agricul- 
ture has  classified  the  soil  on  which  the  road  is  built  as 
"Yolo  adobe"  and  "Yolo  sandy  clay." 

Engineers  of  the  Automobile  Club  of  Southern  California 
and  the  California  State  Automobile  Association  when  making 
a  study  of  the  state  highways  of  California  inspected  the 
road  in  1920  and  reported  it  to  be  in  fine  condition  over  all 
classes  of  soil  except  at  its  extreme  north  end,  where  it  was 
laid  through  the  small  town  of  Westley,  largely  under  the 
direction  of  the  local  authorities  as  distinct  from  the  regular 
organization.  The  road  was  built  under  the  direction  of 
Lloyd  Aldrich,  at  that  time  county  engineer  of  Stanislaus 
County.  The  procedure  as  laid  down  by  Mr.  Aldrich  in  this 
work  for  the  preparation  of  the  sub  base  is  outlined  as 
follows  in  the  recently  issued  report  of  the  above  mentioned 
clubs: 

1st.  Plow  the  entire  space  across  the  roadway  between 
gutters  for  a  width  of  40  ft. 

2nd.     Make  fill  with   scrapers  in  layers  of  not  over  6   in. 

3rd.  As  fills  are  made  the  material  is  pulverized  with  a 
spiked  roller  such  as  was  used  in  former  days  with  oiled 
roads.  The  fill  is  then  sprinkled  and  built  up  in  thin  layers 
so  as  to  moisten  the  adobe  but  not  to  work  it  into  any  liquid 
or  soft  condition.  The  moisture  in  this  sub  base  is  brought 
to  a  consistency  such  as  is  contained  in  the  underlying  deeper 
soils. 

4th.  A  10  to  12-ton  3-wheel  roller  follows  the  pulverizing 
and  the  entire  40  ft.  of  road-bed  is  thoroughly  rolled  in  this 
manner  to  a  uniform  degree  of  hardness.    As  much  attention 
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)s  paid  to  the  rolling  of  the  shoulders  as  to  the  central  por-  ami    manipulation    cost   of   the    coneiete    shows   an   advance 

tlon  of  the  road.  (luring  the  same  interval  from  $L'.02  to  |7  per  cubic  yard,  or 

5th.     Hrader  board.K  are  all  set  In  excavation.     That  is,  a  240  per  cent.    It  is  estimated  that  the  total  advance  in  freight 

proovp  If  dug  In  which  the  header  board  is  brought  to  a  solid  costs  on  all  shipments  of  construction  materials  is  at  least 

condition  of  rest.    The  sub  base  is  then  scarified  to  a  depth  300  per  cent  above  the  pre-war  charges. 

of  3  in    between  the  header  boards.     The  loose  material  is 

then  taken  out  from  between  the  boards  to  within  a  depth  PerSOnals 

f.v.      r^M.  1         J      .      .v  1    1  i_j    „_j    .,>iia/i    oiroin   r\r  B.   A,    BrlgQs  has   Ixc-n   appointed   superintendent  of  streets  of 

Cth.     The   siibgrade  is  then  sprinkled  and  rolled  again  or       coloiado  sprinKs.  Colo. 

BOt,  as  required.  Lafayette    HIggins    has   resigned    as    sanitary   engineer   of   the 

7th.     The  surface  is  then  cut  to  true  subgrade  with  a  special  low.a  state  Board  of  Health. 

oiitHnn-  Tmnhino      Mr>  nnto   In   ovooaa  nt  V. -in    are   nprmlttpd  Glaver   &   DlnkeiberQ,   engineers  and   architects,   have  removed 

cutting  machine.     JNo  cuts  m  excess  or    A-in.  are  perraiiieu.  ^^^^^   offlces    to   500-504    Wrigley    Bldg.,    400    N.    Michigan    Blvd.. 

Any  holes  that  are  developed  in  this  process  are  scanned,  Chicago. 

filled  and  lolled.  ~ 

8th.     The  finished  siibgrade  is  then  sprayed  with  water  so  Industrial    NoteS 

it  shows  a  sheet  over  its  entire  surface.     This  does  not  mean  d.  Henry  Bonner,  whose  resignation  from  the  Ford  T.Iotor  Co. 

a    standing   pool   of  water,   but   rather   a   film   of   water.      The  was  recently  announced    has  joined   the   Four  Wheel  Drive  Auto 

.    ,  ,,         .                      3             1.       ,   ,,       ■         J  Co.   in  the  rapacity  of  sales  manager.     Mr.   Bonner  went  with  the 

sprinkling  is  repeated  on  the   following  day.  Ford  organization  in  1914  and  made  rapid  progress  holding  many 

9th.     The   subgrade   Is  then  left  for   five  or  more  days   to  responsible  positions.     At  the  time  of  his  resignation  he  was  in 

.  ■ ,   r  ■-      1   .        ...    ^      t   .    1                    ,       J           »    J  charge  of  assembly  operations  in  all  of  the  branches  m  the  United 

dr>'.     (Mr.  Aldrich  states  that  shrinkage  cracks  do  not  de-  states. 

velop  in  the  subgrade  during  this  period.)  ..5^"*'"'"?,"  S'""?-^,-^.  S-  Dearborn   St.,  Chicago,  have  arranged 

.Jl.        _.                      1      .      ^^                .           »,.           ,.        J  with    Mr.    S.    D.    LeClair    of    San    Francisco,    Calif.,    to    take    over 

10th.     The   concrete   is  then   cast  on  the  subgrade.  the   manufacturing  and  selling  rights  on   the  power  drag  scraper 

of   which    Mr.    LeCIair   is   patentee.     This   gives    Sauerman    Bros. 

four   different   types   of   scrapers,   namely,   the   "Crescent."    "T>'pe 

•                      •         /-^            .              A.   Tt     •               r^     f  £              •  C."    "Excavator"   and    "LeClair."      All    four   types   of   scrapers   are 

J\.\QT2iQ.G   V-iOntrflCt   i  riCGS  L-i3lllOrill3  similar  in   one  respect,   they  are  all   bottomless  and   thus  require 

'^  no    power  or  mechanism   for  dumping. 

UJi-tliiiT-niTo         1  Q1  O      ♦.r-v  The  Equipment  Corporation  of  America  announces  through  Its 

lliyilWay  a,       L"  ±Z,       lO  president.  Mr.   H.  M.  Capron,  the  purchase  of  a  10  acre  tract  of 

T-v               ^  <        «  <-v/%/-v  '^"''   ^^   *^be   Indiana  Harbor   Belt  at   Maywood,   lU..   where   it  will 

I  IpP      ^  I        I  VJv(|  erect  a  large  plant  for  the  rebuilding  of  heavy  contractors  equip- 

J-^C\.-.    ^Xj    J.  y^\J  ment.     Their  present   Union   Ave.   plant  in   Chicago   will  be   con- 

_      .    J.      .       .                                         u          .u             .         r   11.         ,.    *  linued  to  rebuild  hoisting  engines,  concrete  mixers,  pumps  and  sim- 

To  indicate   in   some  measure   how   the  costs  of  the  state  jjar  smaU  equipment,     this  will  give  the  Equipment  Corporation 

highways  of  California  have  increased  vear  by  year,  a  studv  of  .\merica  five  plants,  including  manufacturing  plant  at  Chicago 

*  l^eig^ts 

was   made   by   the   State    Highway   Commission   of   the   two  '  

principal   items  of  work  which   affect   the   cost,  namely,  the  Trade  Publications 

earthwork  and  the  concrete.     The  following  table  from  the 

second  biennial  report  of  the  Commission  covering  the  period  eonT,icto?sTa've^blTn''isi'"e''d"rtcen"t1y°'   '"'"""*  '°  engineers  and 
ending  Dec.  31,   1920,   shows   the  weighted   average  contract  Road  Making  Machinery.— Stroud  &  Co.,  Omaha,  Neb.    32  page 

„,!„„„  „.,  »i,^„„  !*««,,.  f,„™  1Q10    »»  *v„  \,^^-„^;^,T  „*  t-h^  TT/sT-ii-  catalng  illustrating  and  describing  elevating  graders,  wagons,  road 

prices  on  these  items  from  1912,  at  the  beginning  of  the  work,  maintSiners.  road  machines,  road  drags,  dirt  moving  tools,  etc. 
to   Dec.   31,   1920:  Road    Building    Equipment. — Baker   Manufacturing   Co.,    Spring- 

field.   111.     4S    page   catalog   devoted   to    the   road   tools   and   earth 

Grading  (all  classifications),  per  cu.  yd $0.62  moving   specialties.      Includes    description    of   various   methods    of 

Concrete  (including  all  materials),  per  cu.  yd 8.08  moving  dirt  with  Baker-Mancy  self  loading  scrapers.     Road  lev- 
Sand   (delivered),   per  ton 68  eier.s.    road    graders,    snow    plows,    etc.,    also    are    illustrated    and 

Broken  stone  and  gravel   (delivered),  per  ton 90  described 

Cement    (delivered),   per  bbl 1.88  Concrete   Mixers. — T.  L.   Smith  Co..  Milwaukee.   Wis.     48  page 

•Concrete  (exclusive  of  materials),  per  cu.  yd 3.81  catalog  for  Smith   Non-tilting  Mixers.     Contains  illustrations  and 

descripticns  of  general  engineering  designs  of  the  mixers,  together 

'This  is  the  item  upon  which  the  contractors  bid  in  most  cases;  with  descriptions  of  the  various  mixers,  and  their  equipment:  also 

the  state  supplies  the  material.  detailed    specification    tables,    dimension    drawings    and    tables    of 

Taking    certain     significant    periods     into    consideration.       ''''''^^ra%lZ"T^'^'^^"^-^^^^^^^^ 
namelv,  the  pre-war  years,  the  vears  of  the  war,  and  those        Ind.     .^G  page  catalog  devoted  to  road  building  and  maintenance 
Since  the  armistice,  brings  out  some  interesting  facts.     The       'g^e^thl^.^^^ih  mscuisfo^o/  Te^'Spil?  a?d°usT"of  ^th%^Tdams 

figures  follow: — 

WKIGHTED    AVERAGE    CONTRACT    PRICES,    1912-1916    (INCLUSIVE). 

Concrete,  Broken  stone  Concrete.' 

Grading'  including  Sand,  and  gravel.  Cement.  exclusive 

Tear.  (per  cu.  yd.).       all  materials  delivered  delivered  delivered.  of  materials 

(per  cu.  yd.).  (per  ton).  (per  ton).  (per  bbl.).         (per  cu.  yd.). 

1912  S0.39  S5.82  (•)  (»1  S1.61  .(«)„ 

1913    0.46  5.91  $0.56  $0.58  165  $?.56 

1914    0.51  6.75  0.54  0  85  1.70  3.03 

1915    045  6.26  05?  076  1.74  2.84 

1916    0.37  6.37  0.60  0  76  1.80  2-90 

Weighted  average $0.49                       S6.35  50.56  $0.78  31.70  $2.92 

WEIGHTED  AVERAGE   CONTRACT  PRICES.    1917  AND    1918.  „  ^    , 

Concrete,  Broken  stone  Concrete.' 

Grading!               including  Sand.  and  gravel.  Cement.  exclusive 

Tear.                                                                       (per  cu.  yd.).       all  materials  delivered  delivered  delivered.  of  mterlals 

(per  cu.  yd.).  (pc-  ton).  (per  ton).  (per  bbl.).  (per  cu.  yd.). 

1917   $0.73                        '$8.03  $0.66  $0.86  J1.80  $4.1i 

1918    0.78  n0.51  1.05  1.28  2.20  5.53 

Weighted  average S0.74                       $8.67                      \o.76  $0.96                       $1.90  $4.51 

WEIGHTED  .WERAGE  CONTRACT  PRICES,  1919  AND  1920    (TO  DEr-RMKER  31.  1920). 

Concrete,  Broken  stone  Concrete." 

Grading!               including                  Sand,  and  gravel.             Cement.  exclusive 

Tear.                                                                       (per  cu.  yd.).       all  materials  delivered  delivered  delivered.  of  materials 

(per  cu.  vd.).  (per  ton).  (per  ton).  (per  bbl.).  (pereu.yd.). 

1919  $0.96                        $13.08                        M.lfl  S1.33                         $2.64  $6.37 

1920    1.10  16.92  123  1.41  2.68  '^M 

W^elBhted   average $1.01  $15.43  $1.1'  $1.37,  $2.66  $7.00 

'Includes  aP  classiflratlons.  ^This  is  the  item  unon  which  the  contracto-.-s  i>id  mo=t  ca-'eo;  the  state  supplies  the  materials.  In  1912 
the  contractors  In  all  casc.x  except  one  furnished  the  concrete  aggresates.  'In  1.^17  and  1918  the  paving  concrete  was  enriched  from 
l:2M;:5  mixture  to  1:2:4.     In  the  prices  stated  allowance  has  been   made  for  this  change. 

These   data    show  that   during  the   war   period   the   earth-       ~  ' 

■work  cost  about  51   ner  cent   and  the  concrete  about  37  per  adjustable  leaning  wl-eel  graders.     Descriptions   and  Illustrations 

.                 11.         J      •  "      *u          .    J         J  it    »      ,          r.  o'    road    m.nintainers.    scrapers,    drags    and    sundry   tools    also   are 

rent  more  than  during  the  pre-war  period  and  that  since  the  included.                     .is 

armistice  the  earthwork  has  cost  106  per  cent  and  the  con-  Road  Buildinq  and  Maintenance.— Hercules  Powder  Co..  Wilm- 

Crete  143  per  cent  more  than  they  averaged  to  cost  before  'rt",,^,"rn™^;^,,,'?;;il^irg '^''nt  mainVfn.we*^  and  camnJ'"ueK'tion"?o 

the  war.  the  '  meanim-   of   the   more    important  results    of   present  J^?-V   ex- 

It  is  also  worth  while  to  note  that  before  the  war  the  cost  ^^^\^^„'f;  r  *'!  X'Ve^fi^T^PuM-cVoads'^lf  ■i^"divideS-  i^ff^J 

of  the  cement   delivered  averaged   $1.70  per  barrel  and   that  r>nrts:    Part  i— Planning  the  Rn.nd;  P,art  n— Road  Materials:  Part 

since  the  armistice  the  cost  has  advanced  to  $2.66  per  barrel.  ?,Irt'^2fThri'^e"''of°Ex^osivJs'~?re''b^ok"is  wM 

or  approximately  56  per   cent;    also,  that  the  labor,  hauling  illustrated  and  contains  a  large  amount  of  useful  information. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street   Cleaning 

(d)  Municipal   Miscellanies 


(e)    Management    and    Office 
System 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworlts  (c)   Irrigation    and    Drainage 

(b)  Sewers  and  Sani-        (d)   Power  and  Pumping 

tation 

(e)   Management    and    Office 
System 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and    Pits 

(b)  Management    and        (d)   Steam    Railways,   Con- 
Office    System  struction   and   Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


(d)  Miscellaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management     and     Office 

System 


Copyright.     1921,     by    the    Engineeriiig  and  Contrafting  Publishing  Company. 

Member     Audit     Bureau     of    Circulations.       Member    Associated    Business    Papers,    Inc. 

Extra  postage  in  Canada,  all  issues  $2.00:  any  one  montlily  issue   SOc    Extra  foreign  postage,  all  issues  $4.00;   any  one 

monthly  issue  $1.00, 


Volume  LV. 


CHICAGO.  ILL.,  MAY  11.  1921, 


Number  18. 


The  Movement  for  More  Forest 
Lands 


Recently  there  has  been  considerable  agitation  for  the  de- 
velopment of  forests  in  middle  western  and  other  states.  The 
motives  back  of  this  agitation  are  undoubtedly  good,  but  most 
newspaper  articles  on  the  subject  have  failed  to  make  it  clear 
that  the  movement  is  wisely  undertaken  or  that  the  economic 
principles  involved  are  well  understood  by  some  of  its  ad- 
vocates. Granting  the  necessity  of  providing  timber  for  future 
generations,  we  have  failed  to  see  in  the  articles  referred 
to,  any  reference  to  what  classes  of  lands  and  what  localities 
are  desirable  for  the  purpose,  and  what  are  not  so. 

The  writers  seem  to  have  contented  themselves  with  a 
rather  indiscriminate  urging  of  tree  planting  and  forest  start- 
ing, which  because  of  its  impractical  tone  is  quite  likely  to 
react  adversely  upon  desirable  forest  projects.  It  is  to  be 
hoped  that  practical  foresters  will  take  steps  to  counteract 
the  growing  impression  that  tree  planting  projects  are  pri- 
marily a  hobby  of  impractical  sentimentalists. 

The  timber  needs  of  the  future  we  can  not  foretell.  With 
somewhat  greater  certainty  we  can  say  that  our  food  supply 
must  be  greatly  increased.  To  the  latter  end  two  means  will 
be  employed — more  intensive  cultivation  and  the  e.xtension  of 
cultivated  areas.  Importation  from  other  countries  is  not  a 
means  which  can  safely  be  relied  upon.  Since  the  food 
requirement  may  be  expected,  as  it  always  has  done,  to 
maintain  first  place  among  the  needs  of  man,  it  is  fairly  clear 
that  of  the  lands  now  cultivated,  only  those  thoroughly  un- 
suited  to  agriculture  ai-e  likely  to  be  forested,  and  such  lands 
are  too  small  in  extent  to  be  of  much  importance  one  way 
or  the  other.  Furthermore,  forest  lands  are  still  being  brought 
under  cultivation. 

Our  lands  which  can  be  of  little  use  except  for  the  raising 
of  timber  are  of  very  great  extent,  but  obviously  some  are 
much  better  suited  to  the  purpose  than  are  others— whether 
by  virtue  of  their  composition,  climate  or  location— and  it  is 
these  better  lands  which  should  be  first  utilized  in  a  compre- 
hensive   plan    of    forestation.      Any    other    procedure    would 


be  wasteful.  The  selection  of  lands  and  the  kind  of  trees  tor 
planting  may.  we  believe,  be  safely  left  in  the  hands  of  our 
expert  foresters.  As  yet  no  real  beginning  has  been  made  in 
this  work,  and  it  is  to  secure  its  practical  start  and  continu- 
ance that  attention  must  be  given. 

It  has  sometimes  been  stated  that  with  the  necessary 
physical  data  at  hand  only  a  compound  interest  formula  is 
needed  to  solve  the  problem  of  what  is  a  justifiable  present 
expenditure  for  the  benefit  of  the  future,  but  we  cannot  con- 
cede that  the  case  is  so  simple. 

Assuming,  in  the  absence  of  actual  data,  that  it  costs  10 
cts.  to  start  a  tree  and  care  for  it  in  its  early  years,  and 
assuming  that  the  tree  matures  in  200  years  with  a  yield  of 
8,000  ft,  B,  M.  (a  fair  amount  of  merchantable  timber  for  a 
log  4  ft,  at  the  butt  and  100  ft.  long),  and  neglecting  all  ex- 
pense during  intermediate  years  we  have  a  moderately  strik- 
ing example  to  consider.  At  4  per  cent  compound  interest 
the  10  cents  initial  investment  will  have  grown  to  $250,  or 
J.'JO  per  1,000  ft,  B.  M.  of  standing  timber  for  comparison  with 
a  present  price  of  $20  per  1,000  ft.  B.  M.  for  boards  ready  for 
shipment  at  some  of  our  western  mills.  But  this  example  is 
one  of  exceedingly  rapid  growth.  At  4  per  cent  an  initial 
10  cent  cost  would  grow  to  $32,000,000  for  a  tree  maturing  in 
500  years.  What  of  a  redwood  that  matures  in  2,000  years? 
We  can  not,  therefore,  figure  such  expenditures  as  business 
investments  for  posterity;  but  we  can,  and  should,  consider 
them  as  gifts  to  posterity  because  we  wish  our  country  to 
be  great  and  our  descendents  to  be  happy  as  far  into  the 
future  as  we  can  imagine  the  influence  of  our  acts.  How  much 
we  should  give  for  such  reasons  no  man  can  say,  but  as- 
suredly we  must  give  something  unless  we  are  willing  to 
say  with  the  courtiers  of  King  Louis — "After  us  the  deluge." 

Instead  of  coming  after,  the  deluge  engulfed  the  gay  cour- 
tiers of  Louis;  and  while  we  cannot  draw  an  exact  parallel, 
we  may  well  consider  that  a  lumberless  land  may  result 
sooner  than  is  expected.  The  editor  sometimes  recalls  with 
amusement  a  quotation  which  he  once  read  from  a  report 
made  to  the  government  by  an  army  officer  in  the  very  early 
days  of  development  of  the   Puget  Sound   country.     In  sub- 
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BtaiKf  the  words  were  these:  "Travel  between  Olympla  and 
other  liOlnts  on  Puget  Sound  will  always  be  by  water  be- 
cause the  land  Is  covered  by  an  Impenetrable  forest  which 
will  never  be  cut  through."  When  Olympla  got  its  first  high- 
way connections  with  other  points  we  do  not  know,  but  its 
rail  connections  arc  of  more  than  30  years'  standing.  How 
little  vision  most  of  us  have!  The  army  ofllcer  may  have 
lived  to  ride  into  Olympla  in  a  Pullman  car. 

Hut  provision  of  a  future  timber  supply  is  not  the  most  im- 
portant reason  for  reforestation  in  many  parts  of  our  country. 
The  preservation  of  the  very  land  itself  demands  that  it 
have  trees.  In  China  great  areas  of  once  fertile  land  have 
been  ruined  by  the  denuding  of  watersheds  above  them — the 
ground  being  progressively  cut  to  pieces  by  unrestrained  tor- 
rents following  heavy  rains;  while  through  lack  of  absorptive 
power  it  becomes  too  dry  for  agriculture  after  the  rains  stop. 

For  the  same  reasons  certain  Mediterranean  islands  have 
been  changed  from  rich,  cultivated  territories  to  uninhabited 
deserts,  and  many  other  localities  afford  similar  examples. 

Of  the  extensive  criticism  of  wasteful  American  methods  of 
lumbering  only  a  part  has  been  deserved.  In  the  development 
of  new  territory  primitive  methods  mu.st  be  used,  and  primi- 
tive methods  are  wasteful.  In  this  country  the  one  alternative 
to  wastefulness  was  to  leave  the  land  undeveloped.  The 
timber  of  the  Pacific  Northwest,  for  example,  could  not  have 
been  marketed  had  it  been  necessary  to  harvest  it  by  the 
more  conservative  methods  of  the  East.  Had  the  Northwest- 
ern timber  not  been  marketed  the  East  would  have  paid  a 
higher  price  for  Its  lumber,  forests  of  the  Middle  West  and 
South  would  have  been  cut  off  much  more  quickly  and  com- 
pletely, and  the  cities  of  Puget  Sound  would  still  be  frontier 
settlements. 

We  have  already  given  our  endorsement  of  timber  conserva- 
tion, and  that,  if  it  means  anything,  means  that  we  think 
needless  waste  exists  and  can  be  curtailed.  It  does  not  mean 
that  we  think  it  were  better  to  preserve  vast  wildernesses 
until  they  can  be  so  logged  as  to  save  every  possible  foot  of 
timhr. 

Protection  from  fire,  reasonable  care  in  logging  methods, 
and  reforestation  an>  the  means  which  mu.«t  be  looked  to  to 
conserve  our  diminishing  timber  supply  for  the  benefit  of  our- 
selves and  our  descendents. 


Wanted- 


-A  Scientific  Rating  of 
Profits 


In  spite  of  advances  in  the  science  of  accounting,  and  to 
a  lesser  extent  in  the  broader  science  of  economics,  our  pres- 
ent methods  of  rating  profit  are  unwarrantably  crude.  We 
think  that  we  are  not  stating  the  case  too  strongly  when  we 
say  that  at  present  there  is  no  established  means  of  comparing 
the  profits  of  a  doctor,  a  merchant,  a  manufacturer,  and  a 
public  utility.  Yet  a  youth  wishing  to  enter  the  most 
remunerative  line  of  activity  might  fairly  ask  for  such  a 
comparison,  and  a  body  establishing  income  taxes  or  a  body 
regulating  rates  cannot  do  full  justice  without  an  approxi- 
mately accurate  comparison  of  different  classes  of  business. 

By  established  custom  the  merchant  figures  his  profit  on 
each  article  as  a  percentage  of  its  selling  price — less  com- 
monly and  less  conservatively,  as  a  percentage  of  cost.  Among 
his  costs  he  may  or  may  not  include  interest  on  his  plant  and 
working  capital,  and  all  his  direct  and  indirect  expense  of 
wages,  salaries,  etc. 

The  manufacturer's  basis  -of  profit  is  not  well  standardized, 
and  many  experts  are  busy  devising  means  to  show  manufac- 
turers what  their  true  profits  are,  which  lines  are  profitable 
and  which  unprofitable.  Sometimes  he  computes  his  profit 
as  a  percentage  return  on  investment,  sometimes  in  terms 
f  a  year's  business,  and  sometimes  otherwise. 

The  doctor  rarely  rates  his  profit  in  any  fashion.  Expenses 
paid,  deducted  from  total  dollars  earned,  leaves  a  balance 
which  he  calls  profit. 

The  public  utility's  case  is  simple.  The  law  says  that  it 
may  earn  a  fair  percentage  of  the  value  of  its  property,  and 
the  utility  manager  knows  that  in  most  cases  more  than  8% 
will  be  held  by  the  court  to  be  excessive,  while  if  earnings 
fall  below  6%  the  court  will  permit  him  to  increase  rates. 

What  comparison  exists  between  the  utility's  S%  on  prop- 
erty value  and  the  merchant's  15%  or  207c  on  business  trans- 
acted? None  that  we  can  see.  Yet  similar  elements  in  varj-- 
ing  proportions  mi>^-e  up  the  cost  and   the  income  of  every 


business,  and  they  are  not  so  numerous  that  a  profit  formula 
based  upon  them  should  be  impossible. 

First  there  is  invested  capital.  The  doctor's  Is  comprised 
In  the  cost  of  his  education  and  his  equipment — a  very  im 
portant  item  to  the  individual,  and  unless  his  practice  i.s 
highly  remunerative,  a  fairly  large  one  in  comparison  with 
annual  income.  The  merchant's  "fixed  capital"  in  lands, 
buildings  and  permanent  equipment  is  not  usually  large  in 
proportion  to  annual  business,  and  must  be  carefully  dis 
tinguished  from  the  "working  capital"  which  he  keeps  in 
vested  in  goods  for  sale.  The  manufacturer's  fixed  capital 
may  be  anything:  often  it  is  enormous.  The  utility's  invest- 
ment is  usually  conspicuous  for  its  size  in  proportion  to  its 
annual  business,  but  exceptions  appear  in  such  cases  as  ex- 
press companies. 

The  second  element  Is  the  cost  of  goods  purchased  and 
disposed  of  in  the  course  of  a  business  period — say  a  year 
For  the  doctor  it  is  small;  for  the  merchant  it  is  the  most 
important  single  item;  for  the  manufacturer  it  may  be  either 
large  or  small  (a  few  raw  materials  such  as  clay  for  brick 
making  are  still  cheap  in  some  places);  for  a  water  powpi 
utility  it  will  be  very  small;   for  a  gas  plant,  large. 

As  the  third  element  there  is  the  cost  of  labor — small  iuv 
the  doctor  and  large  for  the  others  in  most  cases,  though 
comparatively  small  for  hydroelectric  utilities  and  for  sonip 
others. 

In  the  fourth  place  there  are  the  items  of  taxes,  rentals,  ad- 
vertising, etc. 

Certainly  this  is  not  so  large  a  group  of  elements  as  to 
discourage  efforts  at  the  solution  of  the  problem.  Even  if 
there  are  omissions  or  if  some  subdivision  should  prove  de- 
sirable, the  array  is  not  appalling. 

We  remember  reading  of  a  manufacturer  who  successfully 
produced  an  article  in  which  the  material  was  the  chief  item 
of  expense;  but  when  hte  attempted  to  turn  out  a  product 
on  which  labor  w-as  the  largest  cost  he  nearly  failed  because 
he  figured  his  profit  on  the  same  basis  which  he  had  used  for 
the  first  article — the  basis  of  the  combined  cost  of  labor  and 
material.  An  efficiency  expert  showed  him  the  simple  but 
vital  error  of  assuming  that  the  same  rate  of  profit  is  suit- 
able on  both  labor  and  material. 

Surely  it  is  worth  some  one's  while  to  develop  a  proper 
method  for  the  comparison  of  profits.  Should  it  prove  more 
difficult  than  is  expected  to  find  the  mathematically  correct 
formula  applicable  to  every  case,  the  use  of  arbitrary  scales 
is  still  possible.  Many  of  our  physical  scales  are  not  the 
less  useful  because  they  are  arbitrary;  and  the  introduction 
of  an  arbitrary  scale  has  often  resulted  in  the  finding  of  some 
form  of  natural  scale. 


Race  Segregation  and  City  Planning 

We  assume  that  it  is  unnecessary  to  recite  the  nature  of 
race  problems  or  the  evils  which  follow  a  mixing  of  white 
families  and  colored  in  a  single  residental  district.  Every 
large  city  of  the  North  having  a  considerable  negro  popula 
tion  is  confronted  with  one  or  more  phases  of  the  problem, 
and  attempts  at  solution  have  been  conspicuous  by  their  ah 
senee  or  their  weakness. 

In  Chicago,  where  depreciation  of  large  amounts  of  very 
high-class  residence  property  has  resulted  from  negro  in 
trusion,  a  plan  is  now  in  preparation  by  large  financial  in 
terest.5  whereby  it  is  expected  that  the  negroes  will  segregate 
themselves. 

That  the  backers  of  this  project  are  presumably  actuated 
by  hope  of  financial  gain  in  some  form,  increases  rather  than 
diminishes  its  value,  for  such  a  motive  is  the  one  most  likely 
to  carry  the  plan  to  success  with  benefit  to  both  negroes  and 
whites.  It  is  stated  that  under  this  scheme  the  colored  popu- 
lation will  be  housed  in  a  space  one-third  as  large  as  that 
now  occupied.  It  is  not  expected  that  every  negro  will  at 
once  move  to  the  district  chosen,  but  if  the  great  majority 
settle  there  the  problem  as  a  whole  will  have  been  solved. 

We  believe  that  the  promoters  are  correct  in  thinking  that 
if  given  a  favorable  opportunity  the  colored  people  will  settle 
the  matter  rightly.  We  know%  of  course,  that  there  is  the 
aggressive  and  offensive  negro  who,  having  enjoyed  some 
form  of  success,  wishes  to  thrust  himself  into  the  company 
of  whites,  but  we  believe  that  the  very  great  majority  will 
be  content  to  live  comfortably  by  themselves,  and  that  there 
are  many  colored  people  who  realize  that  the  races  are  better 
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separated  and  that  their  own  self  respect  can  be  best  pre- 
served when  they  live  separately. 

The  project  of  the  Chicago  realty  men  and  financiers  may 
not  generally  and  at  once  be  recognized  as  an  accomplish- 
ment in  city  planning;  yet  if  it  is  carried  out,  it  will  be  that 
very  thing  and  by  no  means  a  small  accomplishment.  In 
the  Michigan  Ave.  extension,  in  the  widening  of  certain 
streets  and  in  other  ways.  Chicago  has  made  a  most  credit- 
able start  toward  a  plan  which  will  work  to  her  ultimate  great 
good,  but  she  has  dallied  with  the  first  and  most  important 
step  toward  securing  an  orderly  city — a  comprehensive  zoning 
system.  So  long  as  any  piece  of  property  may  be  put  to  any 
use  which  the  exigencies  of  the  moment  make  profitable  to 
the  property  owner  we  shall  have  disorder  and  incongruity. 
Natural  development  is  to  be  desired  but  natural  develop- 
ment does  not  result  from  a  mere  letting  alone.  A  misuse 
of  property  is  an  abnormality  on  the  city's  body  which  may 
be  well  likened  to  a  wart  or  a  tumor  on  the  human  body — a 
blemish  on  beauty  or  a  disease  working  desperate  injury. 

Of  the  latter  class  is  a  mixed  racial  district.  We  do  not 
know  what  may  be  legally  possible  in  forcing  segregation: 
but  segregation  without  resort  to  legal  means  is  vastly  to  be 
preferred,  and  if  it  can  be  accomplished,  great  credit  will  be 
due  to  the  business  men  through  whose  foresight  and  activity 
it  is  brought  to  pass. 


InOurlndustrialControversiesGive 
Us  Facts,  Not  Assertions 

Every  citizen  who  prefers  realities  to  pictures  must  de 
plore  the  prevalence  of  unsubstantiated  assertion  in  the 
public  discussion  of  our  vital  social  and  industrial  problems. 
Such  presentation  stimulates  resentment  and  hatred  on 
both  sides  without  contributing  to  or  tending  toward  any 
solution  except  the  solution  of  might. 

Yet  they  constitute  a  very  large  part  of  the  discussions 
by  the  champions  of  each  cause.  We  do  not  ask  the  cham- 
pions to  halt  the  contest.  A  relaxation  of  effort  by  either 
side  at  the  present  time  would  probably  result  in  still  worse 
ills.  But  here  is  a  quarrel  in  which  a  very  large  non-com- 
batant public  has  so  deep  an  interest  that  it  may  yet  arise 
and  deliver  the  decisive  blow.  In  fact  the  frantic  efforts 
of  both  sides  to  gain  public  favor  indicate  that  this  con 
tingency   is   far  from   being   overlooked. 

Had  either  side  been  ingenuous  we  might  say.  "Woe  unto 
the  deceiver  when  the  public  shall  learn  that  it  has  been 
trifled  with";  but  since  the  public  is  fairly  well  aware  that 
both  sides  have  often  been  tarred  with  the  stick  of  mis- 
representation, it  is  not  likely  to  act  because  of  outraged 
confidence. 

Two  motives  should  prompt  the  contestants  to  make  all 
their  statements  as  reliable  as  possible — a  sense  of  com 
mon  decency  and  the  recollection  that  falsehood,  however 
clever,  usually  suffers  in  the  end.  A  Sunday  school  plati- 
tude? Perhaps,  but  still  the  truth.  The  desire  for  a  right 
eous  peace  should  prompt  non-contestants  to  expose  false- 
hood and  error,  and  to  publish  the  truth  whenever  possible 

We  started  with  a  reference  to  unsubstantiated  asser- 
tion and  passed  to  a  consideration  of  falsehood.  The  two 
have  much  in  common.  They  will  be  treated  alike  by  the 
opposition.  The  impartial  observer,  having  found  a  false- 
hood, will  suspect  every  assertion.  A  mistaken  assertion 
is  in  all  respects  as  bad  as  a  lie  except  in  its  effect  upon 
its  maker. 

An  example  of  assertion  which  is  harmful  throu£;h  its 
bareness  occurs  in  some  of  the  accounts  of  the  testimony 
of  Mr.  W.  .Jett  Lauck,  economist  for  the  railway  labor  or- 
ganizations in  the  recent  hearings  before  the  Railway  Labor 
Board.  Mr.  Lauck's  sensational  statements  are  quoted  by 
papers  of  varying  political  persuasions,  but  we  have  so  far 
seen  no  single  piece  of  supporting  evidence.  We  do  not 
ask  for  all  the  evidence  or  even  for  a  large  part  of  it.  but 
we  hold  that  the  statements  as  published  contain  nothing 
by  which  they  can  be  judged,  and  therefore  that  they  con- 
stitute appeals  to  prejudice  rather  than  to  reason.  Mr. 
Lauck's  friends  will  accept  his  statements  as  coming  from 
an  honest  and  competent  authority.  His  enemies  will  claim 
that   every   unproved    assertion    is   a   falsehood,    and    will   en- 


deavor to  discredit  his  data.  The  dispassionate  observer 
will  in  so  far  as  possible  judge  the  statements  on  the  basis 
of  his  own  knowledge,  but  beyond  that,  will  suspend  judg- 
ment until  he  has  the  evidence.      « 

What  the  average  reader  wants  is  a  brief  and  eonvinc- 
iuf;  statement— a  truly  difficult  thing  to  produce.  It  seems 
to  us  that  the  requirement  can  be  most  nearly  fulfilled 
when,  in  addition  to  the  principal  assertions  or  contentions, 
there  is  published  a  resume  of  the  most  convincing  evi- 
dence on  some  one  of  the  claims— or  if  space  is  available, 
on  more  than  one.  Such  a  procedure  would  afford  at  least 
some  opportunity  to  convince  readers  on  the  one  point;  and 
if  convinced  of  the  truth  of  one  contention  they  are  the 
more  likely  to  accept  others  from  the  same  source.  The 
method  is  far  from  perfect  but  it  is  the  most  practical  of 
which  we  have  been  able  to  think. 

The  New  Republic  almost  makes  a  start  in  this  direction 
when  it  prints  the  following  in  regard  to  Mr.  Lauck's  testi- 
mony : 

"The  total  v/aste  by  the  railroads  he  places  at  a  billion 
dollars  a  year,  and  he  divides  this  staggering  total  among 
a  damagingly  specific  list  of  items.  The  application  ot 
well-known  improveiuents  to  locomotives,  for  instance,  would 
save  $272,000,000  a  year;  better  operation  of  locomotives 
would  save  $50,000,000  more;  enormous  sums  could  be  re- 
trieved from  the  waste  column  by  improvements  in  shop 
organization,  in  cost  accounting,  in  buying  supplies,  in  ob- 
solete power  plants,  in  preventable  loss  and  damages.  Mr. 
Lauck  quotes  an  official  of  the  Southern  Pacific  to  the  effect 
that  'five  times  a  minute,  300  times  an  hour  .  .  .  2,529,000 
times  a  year,  an  employe  is  lost  and  replaced.'  In  other 
words,  he  says,  the  labor  turnover  of  the  railroads  is  140 
per  cent." 

Regarding  the  "damagingly  specific  list  of  items"  it  would 
be  interesting  to  be  told  what  locomotive  improvements 
would  save  $272,000,000  annually.  Unquestionably  improve- 
ments are  possible,  but  $272,000,000  is  too  large  a  sum  to 
l)'^  passed  with  a  bare  statement.  Better  operation  of  loco- 
motives is  also  an  unquestioned  possibility,  but  what  are 
some  of  the  improvements  which  are  to  save  $50,000,000 
each  year'.'  If  the  labor  turnover  is  140  per  cent  is  the 
management  wholly  to  blame?  And  we  should  very  much 
like  to  know  if  the  hundreds  of  millions  of  savings  which 
.Mr.  Lauck  specifies  are  based  upon  a  100  per  cent  efficiency. 
It  may  be  answered  that  no  practical  man  would  imply  the 
possbility  of  a  100  per  cent  eiliciency:  but  is  Mr.  Lauck  prac- 
tical, and  is  his  partisanship  so  lofty  that  he  scrupulously 
refrains  from  implications  which  he  could  not  maintain  if 
i-losely  pressed?  In  the  absence  of  further  evdence  the 
reader  may  well   be  in  a  quandary  as  to  a  decision. 

We  have  read  denials  of  the  Lauck  charges,  and  in  gen- 
eral they  were  of  no  higher  order  than  the  charges  them- 
selves. If  broad  public  sympathy  is  to  be  gained  by  either 
side  it  must  be  by  more  careful  methods  than  those  now 
commonly  pursued. 

State  Development  of  Water  Power 
Unnecessary 

If  private  utility  companies  under  public  regulation  were 
not  exercising  their  stewardship  to  good  account  in  the  de- 
velopment and  popularization  of  needed  hydro-electric  facili- 
ties, there  would  be  some  logic  in  looking  to  the  state  to  sup- 
ply the  .service.  Given  fair  conditions,  however,  there  is  lit- 
tle reason  to  fear  that  private  capital  will  be  found  wanting 
in  this  field,  and  long  study  of  the  relative  merits  of  public 
conduct  and  private  conduct  of  business  affairs  has  led  rela- 
ti\ely  few  well-informed  engineers  and  technical  executives 
to  champion  the  former.  The  attempt  sometimes  made  by  poli- 
ticians to  arouse  interest  in  the  state  development  of  water 
powers  on  the  ground  that  these  are  being  held  back  from 
the  people  by  private  companies  ignores  the  fact  that  in  many 
cases  a  marketable  surplus  of  hydro-electric  energy  may  ex- 
ist in  the  very  territories  on  whose  soil  and  over  whose 
streams  public  ownership  propaganda  is  being  spread.  In 
common  fairness  to  the  companies  that  are  doing  their  effi- 
cient best  to  bring  their  service  at  reasonable  rates  alike  to 
the  home  of  the  humblest  citizen  and  to  the  largest  indus- 
trial plant,  let  this  unworthy  imputation  be  confuted  by 
hard  facts  in  every  case  where  it  is  utilized  as  an  excuse  for 
socialistic  pleas  for  public  power  development! — Editorial  in 
the   Electrical  World. 
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Cleveland  Convention'()f|American 
Waterworks  Association 

The  tentative  program  for  the  41st  annual  convention  of 
the  American  Waterworks  Association,  which  will  he  held 
at  Cleveland,  O.,  June  C-10,  has  been  announced.  The  IIol- 
lenden  Hotel  has  been  selected  as  the  headquarters,  where 
the  meetings  will  be  held  and  the  exhibits  made.  On  the  open- 
ing day,  .luno  C,  there  will  be  a  feature  of  special  interest  to 
waterworks  superintendent.  This  will  consist  of  group  meet- 
ings of  those  interested  in  certain  subjects  or  topics.  These 
are  intended  to  be  get-together,  get  acquainted  meetings,  to 
talk  over  informally  such  topics  or  problems  as  each  is 
specially  interested  in.  Commencing  Thursday  forenoon, 
June  9,  the  convention  will  be  under  the  control  and  for  the 
benefit  of  superintendents,  waterworks  managers  and  opera- 
tors.   The  tentative  program  of  the  convention  follows: 

MONDAY,    JUNE   6. 
Secretary's  Convention  Office  open  for  reei-stration  at  8  a.  m. 
Executive  Committee  meeting,  2  p.  m.     OUier  committee  meet- 
!nps. 

Group  Meetings — Arrangements  will  be  made  to  have  members 
In  attend^rce  Monday  meet  in  small  groups  interested  in  topics 
that  will  be  announced  later.  This  is  a  new  feature  and  is  in- 
tended to  promote  acquaintance  and  a  get-together,  helpful  spirit. 
Evening. 

Address  of  welcome  and  Informal  reception  with  dancing. 
TUESDAY,   JUNE  7. 
Forenoon : 

President's  address. 
Papers: 

Progress  in  Filtration,  by  J.  W.  EUms. 

Construction  Progress  of  the  Cleveland  Water  Works,  by  A.  V. 

Uuggles. 
Operation  of  the  Jlechanical  Department  of  the  Cleveland  Water 
Works,  by  L.  A.  Quayle. 
Afternoon: 

Effect  of  Cleaning  Mains  at  Kansas  City  on  Their  Capacity,  by 

C.  S.  Foreman. 
The  Waste  of  Water  in  Detroit,  by  G.  H.  Fenkell. 
Water  Rates,  by  N.  S.  Hill,  Jr.,  and  J.  N.  Chester. 
Eljction,  by  Districts,  of  members  of  the  Nominating  Committee. 
Indies"  auto  trip  to  the  Cleveland  Yacht  Club. 
Evening: 

Water  Supply   From   the   Supply   Man's   Viewpoint,   by   Charles 

Ade. 
Electrical  Control  of  Valves,  by  Peter  Payne  Deane. 
Experience  in  the  Development  of  Oil  Engines,  by  F.  B.  Leopold. 
Standardization  of  Meters,  by  R.  K.  P.lanchard. 
WEDNESDAY,   JUNE  S. 
Forenoon: 

The  Romance  of  Water  Storage,  by  Col.  George  A.  Johnson. 
The  Water  Works  of  Brie,  Pa.,  by  John  N.  Chester. 
Reports  of  Standing  Committees. 
Reports  of  Special  Committees. 
General  business. 

.Selection  of  place  for  holding  the  1922  Convention. 
Afternoon: 

Licensing  Operators  of  AVater  Purification  Plants  in  New  Jersey. 

by  Charles  H.  Capen,  Jr. 
Improving  the  Scientific  Features  of  Water  Works  Operation  in 

Texas.  l)y  L.  O.  Bernhagen. 
The  Small  Plant  Operator  as  a  Scientist,  by  Abel  Wolman. 
The  Loading  of  Filter  Plants,  by  H.  W.  Streeter. 
Tastes  and  Odors  With  Chlorination.  by  W.  A.  Sperry. 
Quality  of  Water  at  Different  Points  on  a  Water  System,  by  S. 

T.  Powell.  » 

State  vs.  I.nr.il  Viewpoint  on  Filter  Plant  Control,  by  Robert  B. 
Morse. 
Evening: 

Theatre  party  for  the  ladies. 

.Smoker  for  the  men.  Rainbow  Room,  Hotel  Winton. 

THURSDAY.  JUN^E  9. 
The    Chemical    and   Bacteriological    Section    will    hold    separate 
meetings  Thursday,  program  tor  which  will  be  announced  later. 
Foraaoon: 

Report  of  Committee  on  Standardization  of  Water  Meter  Speci- 

lications,  Caleb  M.  Saville,  Chairman. 
Use  of  Dynamite  in  Breaking  Out  Old  Water  Mains,  by  Alvin 

Buebee. 
Tapping  Large  Steel  Mains  Under  Pressure,  by  D.  F.  O'Brien. 
Afternoon: 

Mechiinlcal  Aids  in  Distribution  Work,  by  W.  it.  Mitchell. 
Ownership  and  Operation  of  Trench  Excavators  an*  Other  Me- 
chanical Eiiuipnient  by  the  Water  Department  of  Baltimore, 
by  V.  Bernard  Siems. 
Other  Practical  <">peration  Papers. 
Discussion  of  Superintendents'  Topics. 


QueMtions  and  Answers. 
An   Tfternoon   card   party   for  the  ladies. 
Kvenlng: 

Moonlight   boat   ride,   with  dancing. 

FRIDAY,  JUNE  10. 
For.^noon: 

Superintendents'  Topics  and  Questions  continued. 
Suprrintondents'   Day   Program    will   be  continued   in    the   after- 
noon if  there  is  sufficient  material  and  interest. 
Arrangements    may   be   made   for   talks,    illustrated    by   lantern 
slides  and  moving  pictures  for  the  evening. 


The  Dose  of  Alum  for  Classification  of 
Water  By  Precipitation 

Public  Health  Engineering  Abstracts  of  April  23,  contains 
the  following  note  on  this  subject,  the  matter  being  taken 
from  an  ar^cle  by  Capt.  J.  Morison  in  the  Indian  Journal 
of  Medical  Research  for  April,  1916: 

A  large  number  of  experiments  on  the  action  of  alum  on 
the  tu!l)id  water  treated  by  the  Poona,  Bombay,  India,  water- 
works plant  and  on  other  waters  showed  that  the  best  dose 
of  alum  tor  the  perfect  clarification  of  soft  water  is  obtained 
by  adding  half  the  equivalent  weight  of  alum  necessary  to 
react  completely  with  the  alkalinity  calculated  as  calcium 
caihonate.  For  a  hard  water  the  same  rule  holds  good;  but 
an  equally  good  clarification  can  be  obtained  by  the  use  of  a 
smaller  dose  and  a  mechanical  filter.  A  watery  solution  of 
haematoxylin  (logwood)  gives  a  reddish  color  when  the  cor- 
rect dose  has  been  used.  With  doses  in  excess  or  in  defect 
of  this,  a  decoloration  or  a  gradation  of  shades  of  purple 
or  lavender  is  obtained.  This  can  be  used  for  a  colorlmetric 
estimation  of,  and  hence  a  check  on,  the  dose  of  alum  actually 
used.  The  clarification  obtained  by  adding  the  optimum  dose 
of  alun)  is  not  affected  by  the  turbidity  of  the  water  within 
the  wide  limits  of  turbidity  found  in  the  Poona  water. 

It  was  found  that  with  the  use  of  smaller  doses  of  alum, 
the  nearer  the  approach  to  the  optimum  dose,  the  greater  is 
the  reduction  of  the  bacteria  per  unit  of  alum  used. 

The  experiments  seemed  to  show  that  precipitated  alumi- 
num hydrate  is  a  reversible  colloid  and  not  an  irreversible 
colloid  as  usually  described. 

The  rule,  which  decides  the  amount  of  alum  that  should 
be  used  to  clarify  water,  helps  also  in  deciding  when  alum 
alone  will  suffice  for  the  treatment  of  a  water  and  when  a 
mechanical  filter  is  a  necessary  adjunct.  In  the  case  o£  hard 
water,  the  optimum  point  for  precipitation  by  alum  is  so 
high  that  the  use  of  alum  alone  is  prohibitive  from  the  point 
of  cost.  Besides  which,  half  the  temporary  hardness  will 
be  converted  into  permanent  hardness.  In  such  case,  a  much 
smaller  dose  of  alum  will  be  sufficient  to  form  a  film  of 
aluminum  hydrate  on  a  mechanical  filter  the  running  cost 
of  which  may  be  cheaper  than  the  difference  in  the  cost 
of  the  alum. 

On  the  other  hand,  with  soft  water,  the  dose  of  alum  to 
obtain  perfect  settlement  is  low  and  exceeds  by  very  little 
the  dose  necessary  to  enable  a  mechanical  filter  to  act.  The 
question  then  lies  between  the  cost  of  alum  for  the  optimum 
dose  and  the  cost  of  running  a  mechanical  filter  plus  the 
interest  on  its  capital  cost. 

A  point  that  still  remains  to  be  investigated  is  the  optimum 
dose  for  a  mechanical  filter.  At  present  no  definite  rule 
is  observed  for  attaining  this  dose.  It  is  highly  probable 
that  the  most  economical  and  yet  efl^cient  dose  will  bear 
some  ratio  to  the  optimum  dose,  and  will  vary  with  the  al- 
kalinity. At  present  the  dose  for  a  mechanical  filter  is  en- 
tirely empirical,  and  it  Is  likely  that  a  considerable  economy 
on  the  working  of  such  filters,  especially  with  a  water  vary- 
ing in  its  constitution,  may  be  attained  by  putting  the  method 
for  finding  the  dose  on  a  more  scientific  basis.  It  is  prob- 
able also  that  the  method  described  may  assist  in  the  eco- 
nomical precipitation  of  sewage  and  in  the  removal  of  silt 
from  rivers;  but  in  neither  of  these  fields  has  the  writer 
been  able  to  test  the  method. 


Production  of  Electric  Power  in  U.  S.  in  1919— The  total 
production  of  electric  power  by  public-utility  companies  in 
1919  WHS  39  billion  kilowatt-hours,  according  to  the  United 
States  Geological  Survey.  Of  this  power  62  per  cent  was 
produced  by  fuels — 35  million  tons  of  coal,  11  million  barrels 
of  oil.  and  21.7  billion  cubic  feet  of  gas — the  remainder  by 
water  power. 
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Construction  Features  of  New  Re- 
inforced Concrete  Covered  Reser- 
voir for  Arkansas  City,  Kansas 

By  R.  E.  McDonnell, 

Of  Burns  &  McDonnell  Engineering  Co.,  Consulting  Engineers, 
Kansas  City.  Mo. 

A  2,000,000  gal.  concrete  reservoir  recently  completed  at 
Arkansas  City,  Kan.,  embodies  some  interesting  features  of 
design  and  methods  of  construction. 

The  water  supply  is  obtained  from  wells  equipped  with 
motor-driven   deep   well    type   vertical   centrifugal   pumps    lo- 


Concreting    Operations   for   Arkansas   City    Reservoir. 

Gated  approximately  I'iJ  miles  from  the  high  service  pumping 
station,  and  is  pumped  through  a  20-in.  wood  stave  pipe  line 
to  the  reservoir  located  near  the  main  pumping  station.  The 
reservoir  provides  a  reserve  storage  for  interruptions  of 
power  service,  emergency  demands  and  allows  the  well 
pumps  to  operate  at  uniform  steady  rates. 

The  site  available  for  the  reservoir  location  was  a  low 
tract  of  ground  that  had  been  of  a  swampy  nature  and  had 
been  partially  filled  in  with  old  refuse,  brick,  tin  cans,  street 
sweepings  and  rubbish.  Test  borings  were  made  and  the 
results  indicated  approximately  an  average  of  8  ft.  of  old 
fill  and  original  loam  and  2  ft.  of  water-bearing  sand  over- 
lying a  solid  limestone  stratum,  requiring  6  ft.  of  tight 
sheeting  to  hold  lower  banks.  The  ground  water  level  was 
approximately  4  ft.  above  the  rock  surface.  The  rock  sur- 
face was  fairly  smooth  and  level,  having  a  grade  or  dip  of 
less  than  0.8  of  1  per  cent.  Several  faults  or  cracks,  from 
%  in.  to  1  in.  wide,  averaging  about  20  ft.  apart,  running 
straight  angles  to  each  other,  were  cleaned  and  grouted  full 
with  a  1:2  cement  mortar  and  after  chipping  off  some  of 
the  uneven  places,  the  entire  rock  surface  was  washed  with 
a  cement  grouting  and  used  as  a  floor. 

The  reservoir  is  a  circular  reinforced  concrete  ring  ten- 
sion type,  156  ft.  inside  diameter  and  designed  for  a  depth 
of  14  ft.  of  water.  It  is  covered  with  a  5-in.  reinforced  con- 
crete roof  slab  carried  by  10  in.  by  15  in.  beams  spaced  12 
ft.  centers  each  way  and  supported  by  10  in.  by  10  in.  con- 
crete columns.  The  roof  was  divided  by  expansion  joints 
into  slabs  24  ft.  square  and  rests  freely  upon  the  beams. 
The  slab  was  designed  for  90  lb.  live  load  in  excess  of  the 
dead  load.  The  entire  roof  was  given  a  slope  of  8  in.  from 
the  center  to  the  outside  walls. 

A  trench  was  excavated  in  the  rock  to  provide  a  sub-foot- 
ing under  the  walls  and  to  secure  a  good  bond  to  prevent 
leakage.  In  order  to  provide  for  the  indeterminate  canti- 
lever stresses,  the  sub-footing  was  finished  off  smooth  and 
an  asphalt  expansion  joint  was  provided  between  the  sub- 
footing  and  the  wall  footing  proper. 


The  wall  was  made  14  in.  thick  without  taper  toward  top, 
in  order  to  facilitate  the  use  of  slipforms.  The  horizontal 
steel  was  placed  in  two  rows  and  held  in  place  by  vertical 
standards,  6  ft.  centers,  built  up  of  3-in.  channels,  to  which 
short  strap  steel  lugs  with  notches  for  holding  the  bars  were 
riveted  at  the  required  intervals.  The  channel  standards 
facilitated  the  placing  of  the  steel  and  insured  the  proper 
spacing  and  against  the  displacing  during  the  pouring  of  the 
concrete.  The  standards  were  accurately  centered  and  held 
in  place  by  braces  until  the  footing  was  poured  and  then 
the  standards  were  sufficiently  rigid  to  be  self-supporting. 

A  system  of  slip  forms  4  ft.  in  height  and  sections  12  ft. 
long  were  made  up  of  1  In.  shiplap  and  assembled  and  cen- 
tered in  place.  The  forms  were  filled  within  6  in.  of  the 
top  and  at  this  point  they  were  raised  by  means  of  the  ordi- 
nary slip  form  jack  operating  on  a  1-in.  jack  rod.  The  jack 
rods  were  spaced  approximately  8  ft.  centers  and  two  men 
made  the  circuit  twice  an  hour  raising  the  form  about  1  in. 
each  time.  The  1-in.  jack  rods  were  cut  off  at  the  top  of  the 
wall  when  the  pouring  of  concrete  was  completed. 

The  wall  concrete  was  run  continuously,  requiring  a  total 
time  of  SO  hours  for  completion.  Three  8-hour  shifts,  each 
consisting  of  10  laborers  and  foreman  mixing  and  placing 
concrete,  three  men  placing  and  wiring  steel,  two  men  oper- 
ating form  jacks  and  two  carpenters  shifting  runways  and 
miscellaneous  work.  Two  mixers  were  placed  on  opposite 
sides  but  owing  to  shortage  of  labor  only  one  mixer  was  in 
operation  at  one  time,  the  crew  changing  from  one  mixer 
to  the  other  every  hour.  Concrete  was  conveyed  from  mixers 
to  wall  in  wheelbarrows  on  board  runs. 

This  method  of  construction  eliminated  all  construction 
joints  and  gave  a  smooth  finished  surface  which  under  water 
test  showed  practically  no  leakage  and  only  slight  leakage 
was  found  through  the  small  fissures  in  the  rock  bottom. 
Column  footings  were  placed  and  tops  carefully  graded  from 
center  to  walls  to  conform  to  roof  slope,  so  that  all  column 
forms  were  of  same  length,  simplifying  the  construction  and 
placing  of  forms.  A  part  of  the  roof  was  poured  during 
freezing  temperatures,  the  work  being  protected  by  using  a 
canvas  tent  covering,  heated  with  steam  coils,  heating  sand 
and  water  for  mixing  and  covering  completed  work  with 
paper  and  straw  before  removing  tent  to  next  section. 

The  location  of  the  reservoir  being  on  public  park  property, 
the  top  slab  was  given   a  float  and  trowel  finish,  the  man- 


Reinforced  Concrete  Reservoir  of  Arl<ansas  City. 

hole  openings  and  ventilators  so  placed  that  two  tennis 
courts  were  laid  out  on  top  of  the  reservoir.  Pipe  couplings  or 
sockets  were  installed  in  the  roof  slab  for  installing  net 
posts  and  also  round  the  wall  for  fencing  the  entire  area. 

The  principal  quantities  in  the  construction  were  7,162 
cu.  yd.  earth  excavation;  1,038  cu.  yd.  concrete;  71.7  tons 
reinforcing   steel   and   4.2   tons    channels    and   miscellaneous. 

The  total  cost  of  the  completed  reservoir  was  $52,887.  The 
reservoir  was  designed  by  Burns  &  McDonnell  Engineering 
Co.  of  Kansas  City,  Mo.,  was  constructed  by  Ray  &  Son,  con- 
tractors, of  Baxter  Springs,  Kan.,  and  the  work  was  in- 
spected and  supervised  by  Charles  W.  Lusk,  city  engineer 
of  Arkansas  City,  Kan. 
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Operating  Results  of  Experimental 

Activated  Sludge  Plant  at 

Worcester,  Mass. 

Tliu  results  ol  1,'.  iiionllis'  operation  of  an  experimental 
activated  sludge  plant  at  Worcester,  Mass.,  showed  that,  for 
conditions  as  lound  there.  It  required  about  4  cu.  ft.  of  free 
air  per  gallon  of  sewage,  6  hours'  aeration  and  6  hours'  re- 
aeration  of  tlio  sludge,  using  about  25  per  cent  returned 
sludge  and  treating  average  to  strong  sewage,  to  produce  a 
final  effluent  of  good  chemical  quality  and  having  a  stability 
of  from  75  to  90  per  cent. 

Without  furtlier  experimentation,  the  city  is  proceeding  to 
construct  a  treatment  plant  using  Imhoff  tanks  and  trickling 
filters.  Previous  experiments  with  the  latter  method  proved 
it  to  be  satisfactory  for  Worcester  sewage. 

A  description  of  the  experimental  activated  sludge  plant 
with  the  results  of  operation  were  given  by  Roy  S.  Lanphear, 
Supervising  Chemist,  Worcester  Sewer  Department,  before 
the  Sanitary  Section  of  the  Boston  Society  of  Civil  Engi- 
neers.    From  his  paper  the  data  following  were  obtained. 

The  Worcester  Experimental  Activated  Sludge  Plant. — The 
experimental  activated  sludge  plant  consisted  of  a  bar  screen, 
grit  chamber,  sewage  aeration  tank,  sludge  re-aeration  tank, 
sedimentation  tank,  sludge  concentration  tank  and  a  shallow 
tank  used  for  sludge  concentration  experiments  and  for 
measuring  excess  sludge  previous  to  disposal. 

Sewage  was  taken  from  the  outlet  of  the  main  grit  cham- 
bers in  a  6-in.  pipe  line  to  the  screen  chamber,  where  it 
passed  through  the  screen  with  %-in.  openings  between  the 
bars.  It  then  passed  in  a  trough,  by  a  swivel  gate,  where 
excess  quantities  of  sewage  were  wasted,  to  a  gi'it  cham- 
ber, 72x10x8  in.  deep,  formed  by  a  depressed  section  of  the 
trough  bottom.  The  sewage  flow  was  measured  by  a  weir  and 
hook-gage  and  then  continued  in  the  trough  to  the  sewage 
aeration  tank,  the  returned  sludge  entering  this  trough  close 
to  the  tank. 

The  sewage  aeration  tank  was  constructed  of  wood  and 
had  a  concrete  bottom;  it  was  26  ft.  long,  14  ft.  wide  and  1(T 
ft.  deep — water  depth — and  had  a  capacity  of  25,283  gal.  The 
tank  was  divided  into  three  channels,  giving  the  sewage  a 
travel  of  nearly  80  ft.  The  bottom  of  the  tank  was  of  saw- 
tooth construction,  rows  of  four  filtros  plates.  Grade  "S," 
being  placed  45  in.,  center  to  center,  giving  a  ratio  of  tank 
surface  to  working  plate  area  of  5.2  to  1.  Concrete  blocks 
were  placed  between  the  rows  of  plates  and  had  slopes  of 
1.5  on  1.  Compressed  air  was  delivered  by  a  4-in.  header 
to  three  2%-in.  pipes,  one  for  each  channel.  Each  set  of 
filtros  plates  was  supplied  with  air  by  a  1-in.  pipe  which 
entered  a  chamber  under  the  plates  made  by  using  a  form 
when  putting  in  the  concrete  bottom. 

No  baffles  were  used  in  either  aeration  tank,  but  such  in- 
stallation in  the  sewage  aeration  tank  had  been  considered. 

The  effluent  from  the  sewage  aeration  tank  passed  in  a 
trough  to  a  point  above  the  center  of  the  sedimentation  tank 
and  was  measured  by  a  wier  and  hook-gage.  The  inlet  to  the 
sedimentation  tank  was  a  box  of  increasing  area  of  cross-sec- 
tion which  extended  down  into  the  tank  about  8  ft.  This 
tank  was  of  the  Dortmund  type,  14  ft.  In  diameter  and  9.6 
ft.  deep,  circular  section,  with  a  conical  bottom,  9  ft.  deep, 
having  a  slope  of  1.5  on  1.0.  The  capacity  of  the  upper  sec- 
tion was  11,058  gal.,  and  of  the  conical  bottom,  4,017  gal. 
During  operation,  the  conical  bottom  was  usually  kept  filled 
with  sludge  to  aid  in  returning  sludge  to  the  sewage  which 
had  sufficient  and  uniform  density.  The  sludge  did  not  slide 
down  this  slope  readily,  and  a  squeegee  was  used  daily.  The 
effluent  was  collected  in  a  circumferential  trough  and  the 
sludge  settling  to  the  bottom  of  the  tank  was  raised  by  air 
lift  and  delivered  in  a  trough,  containing  swivel  gates,  to  the 
sewage  or  sludge  aeration  tanks  or  to  either  of  the  sludge 
tanks. 

The  sludge,  with  or  without  re-aeration,  was  returned  to 
the  sewage  in  a  trough  previously  mentioned,  and  was  meas- 
ured as  the  difference  of  the  combined  sewage  and  sludge 
and  the  sewage  flows.  The  sludge  re-aeration  tank  was  12 
ft.  long,  5  ft.  4  in.  wide  and  10  ft.  deep,  and  had  a  capacity 
of  4,3SG  gal.  Its  construction  was  similar  to  that  of  the 
sewage  aeration  tank  and  the  ratio  of  tank  surface  to  air 
dllTuser  area  was  4.76  to  1.0. 

The  equipment  for  furnishing  compressed  air  included  two 
10-HP.  single-phase  motors,  belt-connected  to  two  No.  2  Nash 


hydroturbine  compressors  or  blowers.  The  air  passed  through 
cheesecloth  screens  and  was  washed  with  water  in  the  com- 
pressors. Air  used  for  aeration  of  sewage  and  of  sludge  was 
measured  by  Venturi  meters  connected  to  graduated  manom- 
eter tubes,  and  that  for  the  air  lift,  by  a  Westinghouse 
No.  12  gas  meter.  A  pressure  gage,  thermometer,  and  a 
waste  valve  were  suitably  installed  in  connection  with  a 
storage  tank  placed  between  the  compressors  and  the  sep- 
arate air  supply  mains.  The  quantity  of  air  used  was  reg- 
ulated by  adjusting  the  valves  on  each  supply  main  and  the 
waste  valve.  On  this  account,  together  with  interruptions 
of  operation  and  the  operation  of  one  or  both  compressors, 
the  pressure  data  are  inconsistent.  The  average  pressure 
increased  from  5%  lb.  to  about  6>4  to  6%  lb.  in  the  winter, 
and  during  the  second  summer  dropped  to  from  5%  to  6  lb., 
indicating  the  probability  of  slight  clogging  of  the  filtrcm 
plates.  The  higher  pressure  of  winter  may  be  explained  in 
part  by  interruptions  of  operation  and  by  the  probable  in- 
creased friction  in  the  air  distribution  system  due  to  con- 
densation. The  air  distribution  pipes  were  protected  from 
the  winter  temperatures  by  covering  with  felt  and  boxing 
them  in. 

Operation  of  Plant.— From  125,000  to  165,000  gal.  of  sew- 
age were  screened  daily,  the  screen  raked  once  an  hour,  and 
an  average  quantity  of  11.4  cu.  ft.  of  screenings  removed  per 
million  gallons  of  sewage  screened.  Fine  screening  is  ap- 
parently not  necessary  for  successful  operation,  but  might 
result  in  the  reduction  of  the  quantity  of  air  required.  On 
account  of  the  large  oxygen  requirement  of  Worcester  sew- 
age, due  to  the  presence  of  large  quantities  of  trade-wastes, 
the  reduction  would  be  relatively  small. 

The  results  of  operation  of  the  small  grit  chamber  indicate 
that  the  treatment  of  combined  sewage  by  the  activated 
sludge  process  requires  careful  design  and  operation  of  the 
grit  chambers. 

Careful  records  were  kept  of  all  temperatures  of  opera- 
Ion,  and  it  may  be  stated  that  winter  operation  of  the  ac- 
tivated sludge  process  in  New  England  climate  is  generally 
possible. 

The  quantity  of  sludge  returned  to  the  sewage  was  regu- 
lated according  to  the  results  of  a  30-minuto  settling  test  of 
the  effluent  from  the  sewage  aeration  tank,  the  test  being 
made  by  reading  the  volume  of  settled  sludge  in  a  500  c.c. 
graduated   cylinder. 

Foaming  occurred  in  the  sludge  re-aeration  tank  during 
the  first  10  days  of  operation,  and  it  was  necessary  to  raise 
the  tank  walls  9  in.,  and  cover  the  tank  with  chicken-wire 
to  prevent  the  foam  going  over  the  walls.  Foaming  occurred 
at  other  times,  usually  with  the  aeration  of  activated  sludge 
of  poor  quality. 

Analyses  of  the  air  after  use  in  the  aeration  tanks  showed 
that  oxygen  was  removed  and  carbon  dioxide  formed,  about 
2.1  and  4.3  per  cent  in  the  sewage  and  sludge  aeration  tank, 
respectively.  A  small  amount  of  methane  and  heavy  hydrocar- 
bons was  also  formed. 

The  sedimentation  period  of  the  aerated  sewage  and  sludge, 
based  on  the  cylindrical  portion  of  the  sedimentation  tank, 
varied  from  1.6  to  2.9  hours,  which  is  much  longer  than  is 
generally  considered  necessary.  This  period  can  probably 
be  shortened,  but  provision  should  be  made  for  the  continu- 
ous removal  of  reasonably  dense  sludge,  as  experience  has 
demonstrated  that  the  return  of  large  volumes  of  thin  sludge 
to  the  sewage  aeration  tank  is  undesirable.  It  will  also  be 
necessary  to  arrange  for  the  removal  of  unsightly  grease 
balls  and  scum  from  the  water  in  the  sedimentation  tank. 

Chemical  analyses  of  sewage  and  final  effluent  showed  a 
general  lack  of  reduction  of  free  ammonia,  considerable  re- 
duction of  albuminoid  ammonia  and  oxygen  consumed,  from 
85  to  95  per  cent  removal  of  suspended  solids,  about  90  per 
cent  removal  of  iron,  and  an  entire  absence  of  nitrification 
of  the  effluent.  Clarification  was  generally  excellent  and 
in  the  absence  of  nitrification  exerted  considerable  influence 
upon  the  stability  of  the  effluent.  Clarification  was  generally 
excellent  and  in  the  absence  of  nitrification  exerted  consid- 
erable influence  upon  the  stability  of  the  effluent.  The  dis- 
solved oxygen  content  of  the  effluent  usually  averaged  from 
20  to  30  per  cent  of  saturation,  but  many  times  was  zero  in 
the  afternoon. 

In  general,  effluents  having  less  than  0.2  part  of  total  al- 
buminoid ammonia,  about  0.05  part  per  100,000  of  suspended 
albuminoid  ammonia  and  less  than  3.0  parts  per  100,000  of 
suspended  solids  were  of  good  appearance,  but  the  stability 
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was  variable,  being  influenced  by  the  actual  content  of  or- 
ganic matter  and  suspended  solids.  The  effluent  usually 
contained  from  50,000  to  350,000  bacteria  per  c.c.  according 
to  the  quality,  a  maximum  reduction  of  97.5  per  cent  being 
obtained  when  the  maximum  quantities  of  air  and  periods 
of  aeration  were  used. 

Results  of  Sewage  Treatment. — From  75,000  to  125,000  gal. 
of  sewage  were  treated  daily,  using  from  2  to  5  cu.  ft.  of  free 
air  per  gallon  and  periods  of  aeration  of  sewage  from  3.S 
to  6.2  hours  and  of  sludge,  with  the  exception  of  one  period 
of  six  weeks,  from  2.8  to  6.5  hours. 

1.  A  total  quantity  of  1.75  cu.  ft.  of  free  air  per  gallon  of 
sewage,  together  with  3.8  hours'  aeration  of  the  sewage  and 
3.1  hours'  re-aeration  of  the  sludge,  using  31  per  cent  returned 
sludge,  did  not  remove  the  color  of  the  trade  wastes  from 
average  sewage. 

2.  A  total  quantity  of  2.16  cu.  ft.  of  free  air  per  gallon  of 
sewage,  together  with  5.3  hours'  aeration  of  the  sewage  and 
5.3  hours'  re-aeration  of  the  sludge,  using  21  per  cent  returned 
sludge  and  treating  weak  sewage,  gave  an  effluent  having  an 
average  stability  of  about  90  per  cent. 

3.  A  total  quantity  of  1.99  cu.  ft.  of  free  air  per  gallon  of 
sewage,  4.3  hours'  aeration  of  the  sewage  and  no  re-aeration 
of  the  sludge,  using  18  per  cent  returned  sludge  and  treating 
very  weak  f-ewage.  gave  an  effluent  having  an  average  stabil- 
ity of  about  60  per  cent,  but  of  good  chemical  quality. 

These  three  statements  practically  define  the  treatment  of 
weak  Worcester  sewage  according  to  the  degree  of  stability 
desired.  Three  or  four  days'  stability  of  the  eflluent  can  be 
obtained  without  re-aeration  of  the  sludge,  when  using  al 
least  2  cu.  ft.  of  free  air,  from  4  to  5  hours'  aeration  of  the 
sewage  and  about  ?0  per  cent  returned  sludge. 

4.  A  total  quantity  of  from  3.3  to  3.6  cu.  ft.  of  free  air  per 
gallon  of  sewage.  6.3  to  6.5  hours'  aeration  of  the  sewage 
and  5.0  to  '6.5  hours'  re-aeration  of  the  sludge,  using  about 
25  per  cent  returned  sludge  and  treating  fairly  strong  sew- 
age, gave  an  eflluent  having  an  average  stability  of  about 
90  per  cent.  This  result  did  not  always  obtain,  and  the 
variation  or  inconsistency  is  attributed  to  the  character  of 
the  sewage. 

5.  A  total  quantity  of  4.95  cu.  ft.  of  free  air  per  gallon  of 
sewage,  6.3  hours'  aeration  of  the  sewage  and  5.1  hours' 
re-aeration  of  the  sludge,  using  27  per  cent  returned  sludge 
and  treating  hardly  average  sewage,  gave  an  effluent  having 
perfect  stability. 

6.  The  results  indicate,  but  with  considerable  iincertainty 
on  account  of  the  inability  to  duplicate,  that  a  total  quan- 
tity of  about  4  cu.  ft.  of  free  air  per  gallon  of  sewage,  6  hours' 
aeration  of  the  sewage  and  6  hoHrs'  re-aeration  of  the  sludge, 
using  about  25  per  cent  returned  sludge  and  treating  average 
to  strong  sewage,  should  give  a  final  effluent  of  good  chem- 
ical quality  and  having  a  stability  of  from  75  to  90  per  cent. 

7.  Elimination  of  re-aeration  of  sludge  while  treating  aver- 
age to  strong  sewage  was  not  attempted  on  account  of  the 
poor  results  of  the  second  summer  and  the  interruption  of 
operation  of  the  plant. 

Summary  of  Sewage  Treatment. — Worcester  sewage  con- 
tains much  trade  wastes  of  such  varying  character  and  quan- 
tity that  nitrification  did  not  take  place  with  the  quantities 
of  air  and  periods  of  aeration  used  in  the  operation  of  the 
experimental  activated  sludge  plant.  A  stable  effluent  was 
obtained  by  the  reduction  of  the  organic  content  of  the  sew- 
age. I^ack  of  nitritioation  and  low  dissolved  oxygen  content 
of  the  effluent  furnished  no  factor  of  safety  or  stability,  such 
as  is  usually  present  in  effluents  from  biological  processes  of 
treatment:  consequently,  sewage  of  greatly  varying  character 
was  not  uniformly  well  treated.  Increased  quantities  of  air 
and  periods  sf  aeration  would  probably  overcome  the  sensi- 
tive character  of  the  activated  sludge  process  in  treating 
Worcester  sewage  and  give  uniformly  good  results  with  ap- 
parently similar  conditions  of  treatment. 

Comparison  of  Effluents.  Activated  Sludge  and  Imhoff  Tank- 
Trickling  Filter  Methods  of  Sewage  Treatment. — It  has  been 
stated  that  the  activated  sludge  eflluent  was  generally  clear, 
colorless  and  of  good  chemical  quality  but  lacked  stability. 
Treating  stronger- sewage  and  operating  at  a  rate  of  2.000,000 
gal.  per  acre  filter  daily,  the  Imhoff  tank-trickling  filter  ex- 
perimental plant  gave  an  effluent  which  was  generally  slightly 
turbid,  slightly  colored  at  times,  of  greater  organic  content, 
but  contained  about  0.5  part  per  100,000  of  nitrogen  as 
nitrates,  and  was  perfectly  stable  during  the  warm  weather. 


and  75  per  cent   of  the  samples  were  non-putrescible  during 
the  winter  season. 

Sludge  Production.— The  quantity  of  activated  sludge  pro- 
duced per  million  gallons  of  sewage  varied  from  12,000  gal. 
in  summer  to  25,000  gal.  in  winter;  both  quantities  are 
much  greater  than  have  been  produced  by  any  other  process 
of  treatment  of  Worcester  sewage.  The  sludge  contained 
from  97.1  to  98.7  per  cent  moisture,  the  denser  sludge  being 
obtained  in  the  summer.  The  dried  sludge  contained  from 
50  to  70  per  cent  of  organic  matter,  from  8.5  to  18  per  cent 
of  ii-on,  from  2  to  9  per  cent  of  fats,  and  from  4.0  to  6.5 
per  cent  of  nitrogen.  Worcester  activated  sludge  was  as 
dense  as  that  which  has  been  obtained  elsewhere,  and  indi- 
cates that  it  will  be  difficult  to  obtain  activated  sludge, 
without  concentration,  having  less  than  97  per  cent  moisture. 
Air  Drying  of  Sludge. — The  greater  part  of  the  sludge  was 
dried  upon  sand  beds';  this  method  of  disposal  is  impractical 
on  account  of  being  unable  to  dose  the  beds  to  a  depth 
greater  than  4  or  5  in.  .  If  more  than  this  quantity  was 
applied,  the  sludge  settled  rapidly  and  water  remained  on 
top.  which  had  to  evaporate  before  actual  drying  com- 
menced. The  dose  had  to  be  of  such  size  that  the  bulk  of 
the  water  drained  away  during  application  to  the  bed:  crack- 
ing of  dried  sludge  commenced  after  twenty-four  hours,  and 
removal  was  possible  twenty-four  hours  later.  The  usual 
dose  was  from  2.0  to  2.5  gal.  per  square  foot  of  drying  bed 
area.  Concentration  of  sludge  improved  results  very  slightly. 
Concentration  of  Sludge. — The  first  step  in  disposing  of 
activated  sludge  on  a  large  scale  would  be  concentration,  in 
ordei'  to  decrease  the  volume  to  be  handled.  Concentra- 
tion experiments  were  made  in  two  tanks,  one  of  which  was 
14  ft.  in  diameter,  6  ft.  deep  and  held  2,n00  gal.;  the  other 
was  3  ft.  in  diameter,  18%  ft.  deep  and  held  650  gal.  Heavier 
sludge  could  be  drawn  from  the  bottom  of  the  deep  tank  if 
extremely  long  periods  of  concentration  were  used,  but  in  no 
instance  was  sludge  obtained  containing  less  than  95  per 
cent  moisture.  Concentration  of  sludge  for  from  15  to  24 
hours  decreased  the  volume  of  sludge  about  50  per  cent  and 
its  water  content  from  98  to  96  per  cent,  the  best  results 
being  obtained  when  the  sludge  was  in  a  flocculent  condition. 
Character  of  sludge  effects  the  quantity  to  be  handled;  that 
is.  poor  results  of  operation  as  regards  sewage  treatment 
may  mean  increased  cost  of  sludge  disposal. 

Pressing  of  Sludge. — A  section  of  a  press  of  the  Bushnell 
type,  formerly  used  for  chemical  precipitation  sludge,  was 
demonstrated  to  be  unsuitable  for  pressing  activated  sludge, 
unless  about  2.500  lb.  of  lime  in  the  form  of  milk  of  lime 
were  added  to  100,000  gal.  of  sludge  and  pressing  made  for 
about  two  hours  at  60  lb.  per  square  inch  pressure.  With- 
out the  use  of  lime,  various  results  of  pressing  were  o'b- 
tained,  depending  somewhat  upon  the  character  of  the  sludge; 
but  in  all  cases  radial  streaks  of  soft  sludge  were  formed 
which  rendered  the  press  cake  unfit  for  disposal.  Our  pres- 
ent installation  of  sludge  presses  is  unsatisfactory  for  han- 
dling activated  sludge  without  preliminary  treatment.  The 
results  indicated  that  the  successful  press  should  de-water 
the  sludge  to  about  70  per  cent  moisture  during  the  first 
20  to  30  minutes  of  operation,  and  the  addition  of  lime 
should  not  be  necessary. 

Sludge  as  Fertilizer  Material.— The  nitrogen  content  of 
activated  sludge  is  greater  than  that  of  any  other  sewage 
sludge  at  Worcester.  Fertilizer  analyses  of  activated  sludge. 
Imhoff  tank  and  final  settling  basin  sludges  are  given  as  fol- 
lows, the  results  being  percentages  and  given  in  the  above 
order. 

•     Substance.  1.  II.  HI- 

Total  nitrogren    4.0fi  2.61  2.42 

Available  nitrogen    1.39  1.25  1.  a 

Total  phosphoric  acid 2.26  1.66  3.43 

Citrate  insoluble  acid 0.50  0.46  1.16 

Citrate  soluble  acid 1.76  1.20  2.27 

'Potash. 

'IS'ot  determined,  varies  from  0.0  to  0.05  per  cent. 

The  available  nitrogen  in  the  Imhoff  tank  sludge  is  but 
little  less  than  that  in  the  activated  sludge,  while  the  final 
settling  basin  sludge  contained  considerably  more  than  did 
activated  sludge.  The  final  settling  basin  sludge  also  con- 
tained much  more  total  and  citrate  soluble  phosphoric  acid 
than  did  activated  sludge.  The  actual  nitrogen  content  of 
activated  sludge  as  compared  with  combined  Imhoff  tank 
and  final  settling  basin  sludge,  based  on  unit  quantity  of 
sewage  treated,  is  approximately  iVi  times  as  great.  If  reve- 
nue was  desired  along  these  lines,  facilities  would  have  to 
be  provided   for  handling  six  times  as  much  unconcentrated 
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and  throe  times  ns  much  coiucnlnited  activated  sludge  as  of 
the  combined  sludges,  and  about  one  and  one-half  times  as 
much  dry  solids. 

Summary.— The  operation  of  the  experimental  activated 
slud>;c  plant  for  a  period  of  IS  months  demonstrated  that  this 
process  of  treatment  of  Worcester  sewage  will  produce  an 
eflluent  of  excellent  appearance  and  good  chemical  quality. 
The  quantity  of  air  required  was  much  gi-eater  than  that 
which  has  been  considered  possible  to  use  in  other  cities. 
This  increased  air  requirement  is  due  in  great  part  to  the 
necessity  of  reducing  the  organic  content  of  the  effluent  (o 
a  relatively  small  quantity  in  the  absence  of  any  nitrogen 
as  nitrates,  in  order  to  obtain  a  stable  effluent.  The  prob- 
lem of  disposal  of  large  volumes  of  sludge  each  day  was 
only  partially  solved,  but  it  was  demonstrated  that  our  pres- 
ent sludge  press  installation  was  not  suitable  for  handling 
activated   sludge. 

The  Net  Duty  of  Irrigation  Water* 

By  PROF.  W.  L.  POWERS, 
Chiif  in   Soils.  Orepon  K.xperiment  Station,  Corvallis,  Ore. 

By  net  duty  is  meant  the  quantity  of  water  required  to  be 
delivered  to  the  field  or  the  forty. 

Water  requirement  is  a  terra  used  to  refer  to  the  total  soil, 
rainfall,  and  irrigation  water  required  per  unit  of  crop,  and  is 
conveniently  expressed  in  "pounds  of  water  per  pound  of  dry 
matter"  in  crcps  produced. 

Irrigation  requirement  refers  to  the  irrigation  applied  ar- 
tificially to  meet  the  water  requirement  of  the  crop. 

As  to  standards  for  judging  the  terms  we  may  consider, 
first,  the  yield  ptr  acre  which  is  best  in  a  new  country;  sec- 
ond, the  yield  per  acre-inch  or  per  acre-foot  which  is  a  val- 
uable standard  for  judging  results  where  water  is  high  in 
cost,  as  where  pumped,  and  which  is  best  for  showing  the 
efficiency  per  unit  of  water:  third,  the  maximum  net  profit 
per  acre  which  is  regarded  as  the  best  present  basis  for  de- 
termining the  economic  duty  of  water.  Maximum  net  profit 
per  acre  is  realized  with  more  water  than  is  required  to  give 
the  maximum  yield  per  acre-inch,  but  with  a  little  less  water 
than  is  required  to  give  the  maximum  yield  per  acre.  Where 
costs  are  high  the  maximum  net  profit  draws  closer  to  the 
quantity  required  to  produce  the  maximum  yield  per  acre- 
inch,  so  it  allows  for  beneficial  use  according  to  conditions, 
all  costs  considered;  furrher,  it  makes  possible  the  highest 
productive  values. 

Modern  irrigation  contemplates  that  the  water  be  meas- 
ured. This  lessens  contention,  dispels  doubt,  and  increases 
duty.  The  amount  of  water  at  present  used  does  not  neces- 
sarily indicate  the  amount  needed,  yet  it  shows  what  farm- 
ers are  getting  along  with  in  practice,  and  the  difference 
between  the  amount  used  and  the  indicated  net  duty  shows 
the  amount  of  possible  improvement.  The  use  on  about 
1,000,000  acres  included  in  the  United  States  reclamation 
projects  reported  by  Moritz  in  the  Reclamation  Recordf 
shows  that  the  amount  used  during  the  past  six  years  has 
been  materially  decreasing. 

Avara^e  cepth  applied   in   WIS  on  22  Government  pro.iects 

WIS.  feet  2.1 5 

Range,   feet   ""'"n  o„ 

Average  rainfall,  feet • 0j2 

Total  water  received,  feet 3.5 1 

Avarase  per  cent  of  alfalfa  and  other  meadows  for  these 

projects   was    52.5 

Average  per  cent  of  alfalfa  and  other  grain 22 

Average  per  cent  of  alfalfa  and  other  cultivated  and  mis- 
cellaneous crops   25.5 

Alfalfa  and  meadows  occupy  50  per  cent  of  the  irrigated 
area  and  require,  roughly,  about  twice  the  amount  of  water 
as  other  crops,  such  as  grain  and  row  crops  need,  hence, 
merit  75  per  cent  of  our  attention,  as  they  require  75  per 
cent  of  the  irrigation  water. 

Water  variation  experiments  on  alfalfa  afford  data  for 
each  of  eight  states.  The  indicated  economic  duty  or  amount 
giving  the  indicated  maximum  net  profit  runs  from  30  to  40 
in.,  where  yields  are  from  4  to  9  tons,  or  0.12  to  0.20  ton 
per  acre-inch.  Based  on  12  years'  water  requirement  studies 
at  Corvallis,  Ore.,  and  on  the  average  water  requirement 
which  in  each  year  gave  the  maximum  net  profit,  it  takes 
5.23  in.  under  field  conditions  per  ton  of  alfalfa  produced,  or 
0.166  ton  per  acre-inch.     On  this  basis  it  would  take  15  to 

♦»om  the-  Reclamation  Record,  April.  in21. 
tRoclnncatlon  Record,  March,  1920,  paee  128. 
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18  in.  depth  of  irrigation  for  a  3-ton  region,  or  30  to  36  in. 
for  fi-ton  land. 

r.rain  crops  require  less  water.  In  the  water  variation 
trials  on  wheat  carried  on  for  six  states  the  irrigation  require- 
ments ran  from  13  to  24  in.  in  depth,  the  yield  amounting 
to  15  to  55  bu.  and  under  good  conditions  up  to  3  bu.  per 
acre-inch.  In  other  words,  fairly  efficient  use  of  the  water 
is  being  secured  where  3  tons  of  alfalfa  are  secured  with  15 
to  IS  in.,  or  3C  hu.  of  wheat  with  12  in.,  or  300  bu.  of  pota- 
toes with  12  in.  depth  of  irrigation. 

Factors  Affecting  Farm  or  Field  Duty.— The  kind  of  ditches 
or  distributaries  afl^^eets  the  loss  in  delivery  on  the  40.  They 
should  be  lar.se  enough  to  permit  rotation  in  use  and  of  com- 
pact section;  10  to  15  per  cent  of  waste  below  the  turnout  is 
allowable  under  present  conditions. 

Careful  preparation  of  the  land  by  thorough  leveling  to  one 
or  more  planes   will   save  time,  money,  and  water. 

The  method  of  applying  water  affects  the  irrigation  re- 
quirement. The  head  and  length  of  run  should  be  such  that 
the  plot  irrigated  can  be  covered  by  the  time  the  irrigation 
has  wet  the  root  zone.  In  many  of  our  valleys  the  flooding 
system  is  being  improved  by  the  introduction  or  extension  of 
the  strip-border  method  of  flooding  and  by  determining  the 
proper  length  and  width  of  strips. 

Climate  affects  the  duty  of  water.  Evaporation  records 
are  as  important  as  rainfall,  as  they  give  a  collective  meas- 
ure of  the  drying  influences  of  the  weather. 

Altitude  as  related  to  climate  affects  the  duty.  It  the  loam 
soil  in  eastern  Oregon  requires  about  3  ft.  up  to  a  2,000ft. 
elevation,  2  ft.  is  a  reasonable  depth  of  irrigation  at  a  3,000- 
ft.  elevation  and  IVi  ft.  is  suitable  for  a  4,000-ft.  elevation. 

Soils,  their  texture,  depth,  structure,  or,  collectively,  their 
usable  water  capacity  aftect  duty.  Our  coarsest  irrigated  sand 
has  a  usable  water  capacity  of  about  two-thirds  of  an  acre-inch 
per  acre-foot;  for  fine  sand,  1  in.  per  acre-toot;  fine  sandy 
loam  1V4  to  1%  in.;  very  fine  sandy  loam  1%  to  %  in.;  silt 
loam  1?4  in.;  silty  clay  loam  approximately  2  in.  per  acre- 
foot.  Some  of  our  peaty  loam  soils  have  usable  water  ca- 
pacity of  2  to  3  in.  per  acre-foot  as  determined  by  the  cylin- 
der  method  under  field  conditions. 

Duty  is  affected  by  the  kind  and  variety  of  crops.  Meadows 
require  much  water,  grain  crops  and  peas  require  a  moderate 
amount,  and  cultivated  crops,  such  as  potatoes,  require  still 
less. 

The  average  yield  up  to  a  certain  limit  represents  to  some 
extent  a  ratio  between  the  quantity  of  crops  and  the  quantity 
of  water  required.  The  average  yields  under  good  modern 
methods  of  farming  should  be  considered  in  determining 
duty. 

The  kind  and  amount  of  cultivation  affect  greatly  the  irri- 
gation requirements. 

The  method  of  delivery  affects  the  use  of  water  and  this 
conforms  as  nearly  as  possible  to  plant  needs.  A  higher  duty 
may  be  obtained  where  the  irrigator  pays  at  least  main- 
tenance charge  in  proportion  to  the  actual  amount  of  water 
used. 

The  skill  and  economy  of  the  irrigator  aTe  important  fac- 
tors. During  irrigation  the  irrigation  farmer  is  worth  more 
in  manipulating  his  irrigation  and  watching  it  than  he  is  on 
any  other  work  ordinarily  done  on  the  farm. 

The  time  of  irrigation  affects  greatly  the  efficiency  of  the 
water  applied.  The  whole  purpose  of  irrigation  is  to  pro- 
vide a  favorable  moisture  content.  In  the  Oregon  experi- 
ments the  moisture  was  applied  according  to  the  moisture 
content  of  the  soil.  It  was  found  that  as  much  as  50  more 
bushels  of  potatoes  could  be  secured  by  applying  water  at 
just  the  right  time. 

The  amount  of  water  applied  at  each  irrigation  affects  the 
use  of  water.  It  should  be  sufficient  to  raise  the  moisture 
content  to  the   excess   point  throughout  the  root   zone. 

Soil  fertility  is  one  of  the  most  important  factors  affect- 
ing irrigation  requirement.  With  good  fertility  the  plant 
does  not  have  to  exert  as  much  effort  to  secure  the  nourish- 
ment required  to  form  a  pound  of  dry  matter.  For  example, 
with  potash  as  fertilizer  we  have  obtained  39  bu.  of  pota- 
toes per  acre-inch,  whereas  an  unfertilized  adjoining  acrej 
returned  only  24  bushels  per  acre-inch.  Applications  of  sul-jp 
phur  have  increased  the  efficiency  of  water  per  acreincl 
about  25  per  cent  on  several  Oregon  irrigation  projects^ 
About   16,000   acres   of   alfalfa   have   been   sulphured    in   tha 
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stale.  Experinient.s  have  proved  that  applications  of  80  to 
100  lb.  of  sulphur  per  acre  once  in  four  j'ears  will  increase 
the  yield  at  least  a  ton  per  acre  per  year  on  200,000  acres  of 
alfalfa  land  under  irrigation  in  the  more  arid  sections  of 
the  state. 

Crop  diversity  is  important.  A  cultivated  cash  crop  which 
requires  little  water  generally  gives  large  cash  returns  per 
unit  of  water  consumed.  Such  a  plan  also  involves  distribu- 
tion in  the  use  of  water  on  irrigated  lands. 

Crop  rotation  is  of  more  importance  to  the  irrigation  farinor 
than  to  the  rainfall  farmer.  As  large  irrigated  crops  g.n- 
erally  remove  large  amounts  of  fertility,  equally  large  amounts 
of  refuse  should  be  returned  to  the  land.  Rotation  permit:--, 
plowing  up  of  the  meadows  and  marketing  the  nitrogen  ar 
cumulated  by  the  legumes;  and  plowing  increases  the  usable 
water  capacity  and  liberates  plant  food. 

The  value  of  crop  rotation  and  manure  has  been  tested  by 
the  Oregon  station.  In  a  recent  experiment  covering  two  3- 
year  rotation  cycles  beans  were  grown  continuously  in  com- 
parison with  beans  in  rotation  with  grain  and  alsike  clover. 
The  upper  half  of  each  half-acre  plat  was  dry  farmed  and 
one  side  of  the  half-acre  was  manured.  The  three  crops  were 
represented  in  the  experiment  each  year.  Beans  grown  continu- 
ously for  six  years  yielded  under  irrigation  10.21  bu.;  with 
irrigation  and  rotation  the  beans  grown  on  alsike  clover 
sod  yielded  1.5.19  bu.,  and  beans  rotated  and  manured  yielded 
18.2.5  bu.  The  yield  per  acre-inch  was  4.8,  o.lG,  and  7.3  bu.,  re- 
spectively. The  average  yearly  net  profit  due  to  rotation 
under  irrigation  was  $11.72,  which  was  increased  with  manure 
and  rotation  to  $21.50. 

The  net  profit  per  acre-inch  for  beans  grown  continuously 
was  $6.84,  grown  in  rotation  $11.52,  and  grown  in  rotation 
with  manure  plants  $15.44,  showing  the  great  value  of  rota- 
tion and  manure  in  increasing  the  efficiency  per  unit  of 
water  employed.  The  water  requirement  per  pound  of  dry 
matter  with  continuous  cropped  beans  was  approximately 
2,500  lb.,  in  rotation.  1.700  lb.,  and  with  rotation  and  manure 
1,300  lb.  Beans  give  a  moderate  amount  of  dry  matter  per 
acre,  hence  the  water  requirement  of  this  crop  is  rather  high. 

CROP-PRODUCING    POWER    OF    WATER. 

(Bas-fd  on  an  average  water  cost  of  most  profitable  plot  records 
under  field  conditions,  showing  least  probable  amount  of  water 
lacro-inches)   likely  to  be  needed  lor  different  yields.) 

ALFALFA.  CI-OVER. 

Yield  Acre- 

per  acre.  inches 

Tons.  required. 

1 5.23 

2 10.46 

.1 15.69 

4 20.92 

r, 26.15 

6 31.38 

7 36.61 


CRASS. 
Yield  Acre- 

per  acre.  inches 

Tons.  reiiuired. 

1 4.27 

2 8.54 

n 12.81 

4 17.08 

r, 21.35 

f, 25.62 

7 29.89 


Yield 
pe'-  acre. 
-Tons. 
1.... 
2 

Acre- 

inches 

required. 

3.84 

7.68 

8.54 

4 

.      .    12  81 

5 

17.08 

fi 

.■ 21.35 

25.62 

Yield 
per  acre 
Tons. 
5 

BEETS. 

Acre- 

inches 
required. 
2.5 

in 

5.0 

15 

7.5 

20 

in.o 

25 . . . 

12.,'; 

?A 

ir.  n 

35 

17.5 

POTATOES. 
Yield  ,  Acre- 

per  acre.  inches 

Bus,  required. 

50 1.5 

100 3.0 

150 4.5 

200 6.0 

250 7.5 

300 9.0 

400 12.0 

The  water  cost  or  water  requirement  per  pound  of  dry 
matter  is  reduced  by  most  farming  operations  that  improve 
the  tilth  and  soil  fertility  and  by  having  a  good,  even  stand 
of  the  best  variety,  seeded,  cultivated,  and  irrigated  at  the 
right  time.  Similar  factors  affecting  evaporation  or  perco- 
lation have  a  bearing  on  duty.  However,  water  requirement 
is  a  technical  measure  of  the  efBciency  secured  for  each  unit 
of  water.  Based  on  the  water  requirement  in  the  western 
Oregon  experiments,  it  has  taken  5.23  in.  to  produce  a  ton  of 
alfalfa,  3  in.  to  produce  100  bu.  of  potatoes,  and  one-half 
inch  to  produce  a  ton  of  beets. 

In  arriving  at  a  reasonable  duty  of  water  we  must  take 
into  consideration  the  value  of  land,  water,  labor,  and  crops 
for  the  district.  At  present,  in  the  Northwest  at  least,  the 
maximum  net  profit  per  acre  seems  the  best  basis  for  judg- 
ing  economical   use   of  water. 


Operating   a  Waterworks   Plant 
Under  State  Supervision 

Privately  owned  waterworks  plants  in  Illinois  have  been 
sub.lect  to  state  supervision  for  the  past  eight  years  now, 
and  there  is  a  considerable  discussion  as  to  whether  state 
supervision  should  be  abolished  in  favor  of  so-called  home 
rule.  C.  M.  Roos,  secretary  Cairo  Water  Co.,  Cairo,  111., 
thinks  that  the  utilities  should  take  the  public  more  into 
their  confidence.  In  a  paper  read  by  him  before  the  recent 
annual  meeting  of  the  Illinois  and  Iowa  Sections  of  the 
American  Waterworks  Association,  he  gives  his  views  as 
follows: 

Discussion  of  this  utility  regulation  question  by  those  who 
advocate  "home  rule,"  has  brought  forth  expressions  from 
various  interests  and  classes  throughout  the  entire  state, 
which  appear  to  be  largely  in  the  majority,  favoring  a  con- 
tinuation of  state  regulation  as  opposed  to  home  rule. 

Regulation  of  Public  Utilities. — Few  questions  in  Illinois  at 
present  are  attracting  as  much  attention  from  commercial 
organizations,  business  men,  bankers,  professional  men.  mu- 
nicipal authorities  and  labor  organizations  as  this  one  of  reg- 
ulation of  public  utilities.  In  all  of  the  discussion  little  has 
been  said  publicly  by  the  utilities  themselves.  It  is  ob- 
vious why  there  should  be  hesitancy  on  the  part  of  the  utili- 
ties in  going  on  record  in  a  discussion  of  this  character,  be- 
cause past  history  proves  that  there  is  a  tendency  on  the 
part  of  the  public  to  look  upon  statements  by  public  utili- 
ties with  a  certain  suspicion,  and  not  to  accept  them  in  the 
good  faith  which  should  exist  if  co-operation  and  best  re- 
sults for  ail  interests  concerned  are  to  be  obtained. 

But  have  we  not  reached  the  time  when  common  sense, 
good  business  tor  all  concerned,  and  the  best  interests  of 
the  general  public  demand  that  the  experience,  opinions  and 
advice  of  public  utilities  be  heard  in  the  discussion  of  thfs 
and  other  similar  utility  questions  which  vitally  affect  the 
public?  Certainly  no  other  interests  are  better  qualified  to 
participate  in  the  discussion  of  public  utility  problems  than 
the  public  utilities  themselves. 

Utilities  to  Blame  for  Lack  of  Public  Understanding  of 
Their  Problems. — The  woeful  lack  of  intelligent  understand- 
ing on  the  part  of  the  general  public  of  some  of  the  vexing 
utility  problems  of  today  is  largely  because  the  utilities  have 
hesitated  frankly  and  openly  to  discuss  these  problems  and 
to  take  the  people  into  their  confidence. 

This  entire  situation  is  largely  due  to  the  attitude  which 
the  utilities  have  taken  toward  the  general  public.  Utilities 
have  not  talked  to  the  people  as  freely  as  they  should.  The 
utility  business  is  the  most  vital  business  in  any  community, 
having  a  more  direct  bearing  on  the  community  welfare, 
progress  and  convenience  than  any  other  class  of  industry. 
There  are  few  classes  of  business  more  dignified  and  con- 
tributing more  to  the  comforts  and  welfare  of  man  and  which 
are  today  operated  in  better  faith  than  the  public  utilities. 
Utilities  have  much  to  talk  to  the  people  about,  many  inter- 
esting and  vital  things  about  the  business  to  explain,  and 
the  sooner  the  general  public  knows  the  real  facts  about  the 
utility  business,  coming  frankly  and  in  good  faith  from  the 
utilities  themselves,  the  easier  will  it  be,  wisely  and  suc- 
cessfully, to  solve  some  of  the  problems  with  which  we  strug- 
gle today. 

It  the  public  really  knew  conditions  as  they  exist  today  in 
the  public  utility  business  there  would  be  little  difficulty  in 
solving  our  utility  problems,  the  utilities  would  be  in  a  posi- 
tion to  do  financing  to  better  advantage,  confidence  in  utility 
securities  would  not  be  shaken  and  utilities  would  be  in  a 
position  to  make  needed  improvements  and  extensions,  all 
of  which  would  be  directly  to  the  advantage  and  interest  of 
the  consumers  and  would  contribute  directly  to  community 
development  and  the  re-establishment  of  general  business 
confidence. 

How  to  Conduct  a  Public  Utility  Educational  Campaign. — 
Public  utility  educational  cafiipaigns  are  needed  and  the 
burden  of  conducting  them  rests  upon  the  slioulders  of  the 
utilities.  Is  it  not  true  in  practically  every  community  that 
the  public  criticises  and  openly  attacks  its  public  utilities 
more  freely  than  any  other  class  of  industry  within  the  com- 
munity, and  yet  only  a  very  small  percenta.ge  of  the  citizens 
of  a  city  will  ever  take  the  time  and  enough  direct  interest 
in  their  utilities  even  to  visit  the  plants,  see  how  the  work 
is  done  or  talk  with  the  managers  and  learn  first  hand  some 
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of  Iht-  tilings   they   should   know   ;iI)imii    ihk,   Mi..r,i    vital   pail 
of  their  coinnumlty  life  and  fxiwlence? 

The  public  utility  oducatlonal  progroTii  should   Include: 

1.  InteiestinK  menihcis  of  coniniorciul  organizations,  city 
councils,  women's  clubs  and  civic  and  labor  organizations  in 
maki'iK  careful  inspections  of  the  utility  plants.  These  visits 
should  he  made  in  Rroups  and  instruclois  :it  the  plants  should 
explain    details    of   operation,    maintenance,    expenses,    etc. 

2  When  at  all  practical  local  citizens  should  invest  finan- 
clallv  in  their  local  utilities.  The  jieople  themselves  can  do 
mucii  to  make  their  utility  investments  the  safest  and  most 
desirable  to  be  found,  and  as  a  result  they  will  not  on  y 
prolit  ftnanciallv  directly  from  their  investment,  but  indirectly 
in  service  rendeivd  bv  the  utilities  and  in  the  ability  of  the 
utilities  to  keep  pace  or  set  the  pace  for  community  develop- 
ment and  expansion. 

:;  Local  boards  of  education  should  lie  led  to  see  the  im- 
portance and  necessity  of  having  pupils  of  all  grades  in  the 
public  schools  study  their  local  utilities.  In  most  cities  the 
utilities  could  provide  lectures,  periodically  to  the  school 
children,  and  also  to  the  school  instructors  who.  in  turn, 
could  teach  the  sub.iect  in  connection  with  their  regular  class 

studies.  ,      \  .    ,,       . 

4.  Newspapei-  advertising  in  the  form  of  heart-to-heart 
talks  with  the  people.  Enclosure  slips  in  local  mail  telling 
the  consumers  about  their  utilities. 

.5  It  should  bi-  known  in  the  community  that  questions 
and  complaints  or  criticism  about  service,  etc..  are  solicited 
hv  the  utilities  instead  of  discoura.ged.  so  that  consumers 
will  not  hesitate  to  go  direct  to  the  utilities  about  any  mat- 
ter in  connection  with  their  business  in   the  community. 

Education  of  Public  Along  Three  Lines.— Education  of  the 
pulilic  should  be  along  three  distinct  lines,  viz.: 

1  The  people  should  take  a  real  and  direct  interest  (finan- 
cial if  possible)  in  local  utilities,  familiarizing  themselves  with 
the   business  to   the  extent   possible. 

2.  To  select  capable,  well  qualified  men  to  represent  them 
in  their  government,  local  and  otherwise,  regardless  of  po- 
litical affiliation  and  to  trust  to  the  judgment  of  experts  in 
deciding  questions  of  a  technical  or  professional  character. 

:;.  To  be  less  hasty  in  openly  criticising  constituted  au- 
thority unless  or  until  the  basis  for  criticism  is  well  and  in- 
telligently established.  Unless  the  attitude  of  our  American 
people  toward  constituted  authority  changes  it  will  soon  be 
diiflcult  to  persuade  highly  qualified  men  to  serve  in  public 
office.  Lack  of  confidence  in  constituted  authority  destroys 
the  very  basis  of  sound  government  and  the  results  are  evi- 
dent on  every  hand. 

We  are  living  in  an  age  when  the  people  demand  control 
and  rule  as  never  before.  The  rights  of  the  people  must 
be  defended  and  preserved,  as  this  is  a  country  of  and  for 
the  people,  and  no  one  has  any  authority  whatever,  civil  or 
otherwise,  to  deprive  any  citizen,  who  respects  the  laws  es- 
tablished by  the  majority,  of  his  rights  as  a  citizen.  But  rule 
or  control  or  regulation  by  the  people  does  not  mean  that 
safety,  economy  and  efficiency  in  all  channels  of  civic  and 
industrial  activities  can  be  secured  by  direct  supervision  or 
regulation  by  the  masses,  who  can  not  be  expected  to  be 
qualified  to  pass  wisely  on  all  phases  of  community  life  and 
industry.  Thus  the  judgment  of  a  doctor  of  medicine  would 
scarcely  be  good  in  deciding  a  technical  question  in  connec- 
tion with  the  regulation  of  a  waterworks.  The  same  can  be 
said  of  many  other  classes  of  citizens  without  in  any  sense 
refiecting  upon   their  intelligence. 

Waterworks  Business  Must  Be  a  Monopoly.  The  water- 
works business  is  unique  in  many  respects  as  compared  with 
private  industries.  It  is  by  nature  a  monopoly  in  its  com- 
munity which  it  serves.  It  is  to  the  interest  of  both  the  coii- 
•  sumer  and  the  operator  that  it  be  a  monopoly.  Duplication 
of  investments  In  public  water  supplies  in  any  city  invariably 
results  in  the  necessity  of  finally  consolidating  the  systems, 
thus  throwing  upon  the  consumers  the  burden  of  support- 
ing a  larger  investment  than  would  otherwise  be  necessary. 

A  waterworks  is  unique  in  that  the  investment  in  it  is  or 
should  always  be  of  a  permanent  character.  The  very  nature 
ji  the  business  requires  this  Our  limited  franchise  (a  relic 
of  Illinois  borne  rule)  prevent  economical  financing  of  perma- 
nent investments  in  waterworks  and  also  prevent  private 
utility  corporations  from  installing  in  communities  as  high 
type  equipment  as  otherwise  could  be  provided.  Attempts 
by  local   communities   to  fasten   upon    water   works   utilities 


iron  clad  contracts  in  the  lonn  of  franchises,  and  at  the 
same  time  demand  immense  investments  in  equipment,  the 
protection  of  which  dejiends  directly  upon  the  bargaining 
again  at  the  expiration  of  the  franchise  with  local  authori 
ties  w^ho  though  otherwise  intelligent  men  have  no  technical 
knowledge  of  waterworks  and  cannot  be  expected  to  have, 
cannot  hut  result  in  working  havoc  at  no  distant  date.  The 
truth  of  this  will  certainly  soon  dawn  upon  many  cities  mncli 
to  their  sorrow. 

A  waterworks  pUuil  is  uni<|ue  in  that  it  is  expected  t(j 
operate  continuously  whether  costs  of  supplies  are  high  or 
low.  regardless  of  labor  troubles  or  transporlation  difficulties 
whether  the  business  is  profitable  or  not.  whether  the  com 
pany's  credit  is  good  or  bad.  and  when  repairs  are  difliciili 
and  expensive  to  make  on  account  of  inability  to  cease  opera 
tions  for  a  period.  In  addition  to  all  of  this  the  plant  is  sup- 
posed to  be  operated  on  the  basis  of  a  bare  legal  interest  rate 
of  return  on  its  investment  as  its  maximum  return,  with  no 
guarantee  against  losses.  No  profit  is  supposed  to  be  figured 
in  waterwork  business.  An  interest  rate  of  return  on  an  in- 
vestment in  an  industry  cannot  be  considered  as  profit.  To 
insure  holding  the  return  to  utilities  at  the  rock  bottom  or 
below,  the  public  stands  by  dictating  the  rates  to  be  charged 
for  service. 

Private-  Industry  and  Waterworks  Business. — Now  in  con- 
trast with  a  waterworks  plant,  note  that  a  private  industry 
has  the  sky  as  its  limit  for  profit  and  when  business  is  bad 
it  closes  its  doors  and  lays  off  its  employes,  thus  cuttiuK 
down  expenes.  It  ceases  operations  at  will  to  make  repairs 
at  ease  and  economically.  Its  machinery  and  equipment 
usually  operate  only  about  8  or  9  hours  per  day  and  6  days 
per  week,  which  gives  the  mechanical  department  ample 
opportunity  to  uo  emergency  work  to  good  advantage.  1' 
markets  its  securities  to  much  better  advantage  than  a  water 
comiiany  possibly  can.  It  has  an  unlimited  field  for  develop- 
ment. Finally,  it  is  its  own  boss  in  the  sense  that  it  has  no 
public  regulation  of  its  rates  or  prices  for  its  products. 

These  statements  as  to  conditions  under  which  a  water- 
works utility  must  operate  as  compared  with  a  private  indus- 
try is  true  in  a  sense  w^iether  it  is  under  state  regulation 
or  home  rule.  In  both  cases  it  is  public  regulation  by  ihe 
people.  The  question  under  discussion  by  so  many  in  our 
state  is  which  method  of  regulation  is  to  the  best  interests 
of  all  concerned. 

Public  Utilities  .Must  Be  Regulated.— The  public  utility 
business  by  nature  should  be  and  must  expect  to  be  subject 
to  public  regulation.  The  only  real  fault  or  complaint  along 
this  line  which  utilities  should  file  is  that  it  is  discriminatory 
and  grossly  unjust  that  the  public  should  "regulate"  utilities, 
which  mean  keeping  profits  down  to  rock  bottom  and  far 
below-  in  many  instances  and  at  the  same  time  not  "regulate" 
the  control  of  the  state's  natural  resources  and  necessary 
commodities  upon  which  utilities  must  depend  to  operate- 
their  plants. 

Public  control  of  utilities  and  failure  to  contfol  the  busi- 
ness which  furnishes  utilities  with  necessary  operating  sup 
plies  has  resulted  during  the  last  few  years  in  the  utilities' 
already  deflated  purse  becoming  leaner  and  leaner,  with  the 
contents  of  same  filling  the  purse  of  private  industry  in  enor- 
mous profits.  The  State  Public  Utilities  Commission  is  not 
at  fault  in  this.  The  fault  lies  in  the  provision  by  oui  gov- 
ernment for  regulation  of  one  class  of  business  while  an- 
other class  is  earning  large  profits  from  money  from  the- 
first  class,  a'l  unmolested,  because  no  authority  has  beea 
provided   to   regulate   certain   private   industries. 

This  discussion  is  not  presented  for  the  purpose  of  regis- 
tering an  objection  on  the  part  of  a  public  utility  against 
public  control  of  its  business.  Its  object  in  part  islo  state 
that  both  home  rule  and  state  regulation  of  utilities  are  con- 
trolled by  the  people,  of  which  control  so  many  are  jealous. 
Its  object  further  is  to  call  attention  to  the  fact  that  the 
general  public  does  not  realize  that  the  public  utilities  have 
suffered  enormously  in  depleted  earnings  and  heavy  losses 
during  the  last  few  years,  when  other  industries  were  grow- 
ing fat,  and  that  the  small  increases  in  rates  authorized  from 
time  to  time  recently  by  the  State  Public  Utilities  Commis- 
sion were  absolutely  necessary  in  practically  every  case  to 
barely  keep  the  utilities  alive. 

A  Few  Facts  the  Public  Should  Remember.— The  people^ 
of  Illinois  do  not  appear  to  remember  that  from  Jan.  1,  ]»13. 
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to  JiUi.  1,  r.UT,  the  State  Public  Utilities  Coiiunission  lowered 
rates  for  utility  service  throughout  the  state  to  the  extent 
that  over  $5,0ii0,000  was  saved  to  the  consumers  during  that 
period. 

The  general  public  apparently  does  uot  realize  the  tre- 
mendous significance  of  the  tact  that  during  the  last  few 
years  the  increase  in  the  cost  of  money  to  the  public  utili- 
ties has  been  three  times  that  to  manufacturing  industries, 
and  that  the  only  way  capital  can  be  secured  for  our  utili- 
ties is  in  the  open  market  in  competition  with  these  other 
more  attractive  securities. 

Our  people  fail  to  realize  the  significance  of  the  fact  that 
in  the  Ifnited  States  today  the  investment  in  public  utilities. 
e.xclusive  of  railroads,  amounts  to  approximately  $15,000,000.- 
000.  of  which  about  $1,2.50.000,000  is  in  Illinois,  and  that  this 
immense  investment  has  not  been  made  by  a  favored  few, 
but  by  the  people  themselves  who  hold  utility  securities.  In 
Chicago  alone  $555,000,000  is  invested  in  utility  companies, 
being  more  than  twice  as  large  as  Chicago's  investment  in 
its  own  utilities.  These  figures  represent  book  value  Re- 
production of  our  utilities  as  of  today  would  show  a  much 
larger  investment  than  is  indicated  by  these  figures  here 
submitted. 

The  general  public  does  not  realize  that  it  is  benefited 
directly  and  otherwise  more  by  the  capital  invested  in  its 
public  utilities  than  in  any  other  enterprise  within  its  bor- 
ders, yet  the  tendency  on  the  part  of  the  public  generally  is 
to  ab\!se  or  fail  to  appreciate  capital  invested  in  its  utilities 
more  than  in  any  other  industry. 

Those  who  are  opposing  state  regulation  do  not  know  the 
great  value  and  importance  of  having  uniform  systems  of 
.  accounting,  well-established  standards  for  service-,  equip- 
ment, etc..  for  all  the  utilities  in  force  throughout  the  state, 
all  of  which  have  been  brought  about  by  state  regulation 
and  which   cannot  be   provided   or  maintained   otherwise. 

The  general  public  is  woefully  ignorant,  indifferent  or  for- 
getful of  all  of  this,  largely  because  the  utilities  have  failed 
to  talk  frankly  to  the  people  as  they  should. 

While  the  public  utilities  as  a  class  have  hesitated  to  s,o 
on  record  in  expressing  an  opinion  about  state  regulation, 
yet  it  is  a  fact  that  many  utilities  have  chafed  under  the  ap- 
parent delays  in  securing  absolutely  necessary  relief  through 
the  Slate  Utilities  Commission,  and  when  relief  would  finally 
come  it  would  often  be  inadequate  to  provide  for  increases 
in  opeiating  costs  subsequent  to  the  time  when  applications 
for  increased  rates  were  filed.     -- 

State  Regulation  Necessary. — We  as  utilities  must  realize 
the  fact  th:it  the  State  Commission  has  been  dealing  with  a 
public  sentiment  invariably  strongly  prejudiced  against  pub- 
lic utilities,  which  made  it  difficult  for  the  people  to  under- 
stand the  absolute  necessity  and  justice  of  increased  rates 
for  service.  The  commission,  a  representative  of  the  people, 
has  the  people  to  consider  as  well  as  the  utilities.  Few  of 
our  communities  realize  as  we  utilities  do  that  they  owe  the 
State  Public  Utilities  Commission  a  real  debt  of  gratitude 
for  having  tided  the  utility  business  of  the  state  over  the 
most  dangerous  and  difficult  period  in  history,  when  com- 
modity prices  soared  from  100  to  300  pe^'  cent  above  normal, 
and  at  the  same  time  holding  rates  for  \iti!ity  service  down  to 
a  very  small  fraction  of  this  increase  in  general  commodity 
costs. 

Though  the  utilities  have  suffered  greatly  during  thi'^  diffi- 
cult period,  it  is  a  remarkable  fact  that  our  state  regulatory 
liody  has  handled  the  situation  without  a  single  case  of  a 
utility  ceasing  to  function. 

Rates  for  service  seems  to  be  the  point  around  which  prac- 
tically all  criticism  of  state  regulation  on  the  pai't  of  the 
general  public  centers.  Illinois  has  no  reason  to  complain 
about  its  utility  rates  for  service,  particularly  about  water 
rates.  The  average  highest  rate  for  water  in  Illinois  is  30.4 
ct..  and  the  average  best  commercial  rate  is  13  ct.  per  1,000 
gal.,  as  of  .Tan.  1.  1921,  which  is  considerably  lower  than  the 
average  rates   in  other  states. 

Confidence  in  utility  investments  must  be  restored.  The 
interests  of  the  public  will  best  be  served  by  having  it  so, 
regardless  of  the  direct  effect  it  may  have  on  the  utilities 
themselves. 

Regardless  of  the  attitude  of  the  public  utilities  toward 
state  regulation,  anything  less  than  state  regulation  of  our 
utilities  will  mark  the  complete  collapse  of  the  market  for 
utilities  securities  and  thus  destroy  the  very  foundation  and 
framework  of  our  entire  economic  structure. 


A   30,000   H.   P.   Development  in 
Northern  Ontario 

Work  has  been  in '  progress  for  about  a  year  on  a  new- 
power  development  at  Twin  Falls,  on  the  Abitibi  River  in 
Northern  Ontario.  Twin  Falls  is  located  above  the  townsite 
of  Iroquois  Falls  where  the  mills  of  the  Abitibi  Power  & 
Paper  Co.  are  located.  The  purpose  of  the  development  is 
to  provide  increased  power  for  these  mills  and  will  approxi- 
mately double  their  present  output  of  200  tons  of  paper  per 
day.  A  description  of  the  project  and  also  the  construction 
plant  was  contained  in  a  recent  issue  of  The  Canadian  Engi- 
neer in  an  article  by  Col.  Harold  L.  Trotter,  Resident  Engi- 
neer, and  the  following  abstract  is  of  interest. 

The  natural  head  available  at  the  site  of  the  dam  was 
only  1..5  ft.,  hut  the  dam  will  raise  the  head  to  57  ft.  and 
provide  from  25,000  to  30,il00  HP.  during  low-water  periods. 
Five  6.000  HP.  units  are  included  in  the  design. 

The  development  involves  the  construction  of  a  main  dam 
across  the  river,  with  three  submerged  openings,  two  Stoney 
sluices,  core  walls  extending  into  the  banks  on  each  side  of 
the  river,  and  a  powerhouse  on  the  west  side. 

The  powerhouse  is  of  reinforced  concrete,  with  heavy 
pilasters  carrying  the  crane  beams  and  roof  trusses.  It  is 
divided  into  two  main  parts — the  generator  room,  178  by 
40  ft.,  and  the  gate  house,  162  by  30  ft.  There  is  an  inter- 
mediate room  between  these  two,  above  the  batter  of  the 
breast  wall,  which  is  used  as  the  high  tension  room  and 
olfice.s. 

The  dam  is  of  gravity  type.  360  ft.  long,  with  overflow 
crest  at  elevation  881.63,  local  datum.  A  foot  bridge  4  ft. 
wide,  is  provided  over  this,  supported  on  piers  2  ft.  wide, 
set  30  ft.  center  to  center.  The  crest  of  the  dam  is  heavily 
reinforced  to  withstand    ice   pressure. 

The  three  submerged  sluices  have  7  by  7-ft,  clear  open- 
ings, with  sills  at  elevation  SIO.  They  are  protected  against 
driftwood  and  other  obstructions  by  a  coarse  rack.  The 
discharge  from  the  openings  is  controlled  by  steel  gates 
which   slide   In   checks   provided    for   the    purpose. 

The  gates  were  supplied  by  the  Coffin  Valve  Co.,  and  are 
operated  by  a  screw  stem  and  gate  hoist.  The  hoists  are 
located  in  chambers  opening  olf  a  passage  in  the  middle  of 
the  solid  dam.  Access  to  the  passage  is  had  through  a  tun- 
nel leading  from  the  powerhouse  floor. 

The  Stoney  sluices  have  40-ft.  clear  openings,  with  sills 
at  elevation  859.5.  The  gates  have  the  usual  elevating  gear 
and  towers,  and  they  slide  up  and  down  on  roller  trains.  In 
addition  to  the  Stoney  gates,  each  opening  is  provided  with 
checks  for  emergency  stoplogs.  and  one  set  of  stoplogs  will 
be  kept  in  the  stoplog  storage  bouse  beside  the  piers.  The 
stoplogs  consist  of  two  2t-in.  I-beams  riveted  to  a  skin  plate 
on  one  flange  and  latticed  on  the  other  flange,  forming  a 
box  girder.  The  logs  vary  in  height  according  to  their  place 
in  the  gate,  the  bottom  log  being  14  in.  in  height,  and  the 
top  one  3  ft.  6  in.  Wooden  inserts  are  arranged  on  the  web 
to  make  water-tight  contact  between  logs. 

On  the  east  side  of  tlie  river  the  dam  is  carried  a  dis- 
tance of  360  ft.  into  the  clay  hillside,  in  the  fortn  of  a  con- 
crete core  wall,  4  ft.  thick.  The  top  of  the  concrete  is  at  eleva- 
tion 8^2.63.  and  this  will  be  covered  over  with  earth  fill  to 
elevation  SS7.  and  the  embankment  will  be  sloped,  back  and 
forward,  with   1   in  3   slopes,   paved   with  rubble. 

A  similar  core  wall  is  being  built  on  the  west  side,  from 
the  powerhouse  westward  about  300  ft.,  and  from  there  on, 
150  ft.  of  sheet  steel  piling  will  be  driven  to  rock. 

If  was  found,  as  the  core-wall  excavation  progressed,  that 
the  rock  dropped  jway  below  elevation  SOO.  A  very  care- 
ful survey  was  made  by  means  of  wash  borings,  and  if  was 
decided  to  carry  on  the  concrete  as  a  4-ft.  concrete  wall 
on  rock  to  the  end  of  the  300  ft.,  and  from  there  on  to  drive 
steel  sheet  piling  to  rock.  '  .Vfterwards.  by  tunneling  from  a 
shaft,  it  is  intended  to  place  a  substantial  toe  of  concrete  be- 
hind the  piling  on  the  rock.  This  precaution  was  decided 
on,  owing  to  the  saturated  c<mdition  of  the  sand  stratum 
overlying  the   rock. 

The  sheet  piling  purchased  for  this  work  is  in  30-ft.  leugth.s 
and  has  to  be  spliced  to  three  lengths  to  reach  rock,  which 
is  from.  90  to  110  ft.  below  surface  level  along  the  line  se- 
lected. 

Backfilling,  with  1  in  3  slopes,  will  be  placed  over  the 
top  of  the  core  wall  and  piles  w-hen  completed. 

As  most  of  the  pulpwood  for  the  mills  at  Iroquois  Falls  is 


(111) 


470 


Engineering  and  Contracting  for  May  11,  1921. 


•cut  above  Ihe  dam  site  and  floated  to  the  mill,  a  steel  log- 
slulco  has  been  provided  at  the  east  end  of  the  powerhouse. 
At  the  entrance  the  log  sluice  Is  8  ft.  wide,  and  It  narrows 
to  4  ft.  at  the  discharKc  as  the  velocity  of  flow  in  the  chute 

The  water  wheels  consist  of  five  G.OOOHP.  single  runner 
vertical  turbines  running  at  1.28.';  r.p.m.  Power  is  generated 
at  13,000  volt?,  and  transmitted  to  Irociuois  Falls  and  300,000 
cm.  stranded  copper  wire  set  on  towers  .400  It.  apart. 

The  transportation  equipment  on  the  river  consists  of 
a  tug,  three  scows  of  12n.ton8  capacity,  and  one  scow  of 
40-ton3  rapacity. 

The  river  trip  is  2 1  miles,  and  tal<es  about  6  hours  to  per- 
form. .\t  Matheson.  a  siding  was  built  from  the  T.  &  N. 
O.  Railway  to  the  dock,  about  one-halt  mile.  The  docks 
existed  before  work  was  started  but  had  to  be  much  im- 
provod  before  trains  could  run  out  on  them.  Oars  are  spot- 
ted by  the  T.  fc  N.  O.  Railway  on  the  dock,  and  the  material 
is  unloaded  onto  the  scows.  A  12-ton  derrick  was  set  up  for 
the  purpose  ot  moving  machinery  from  the  cars  to  the  scows. 

At  the  power  site,  ample  dockage  convenient  to  the  work 
has  been  provided  for  unloading. 

At  the  site  where  the  dam  is  being  built,  the  river  was 
only  some  140  ft.  in  width,  and  the  rock  banks  rose  sharply 
about  20  ft.  on  oitlicr  side.  The  first  problem  was  to  pro- 
vide a  means  of  deflecting  the  river  How  during  construction. 
To  do  this  and  to  provide  rock  for  filling  cribs  and  for  con- 
crete aggregate,  a  cut  was  made  on  the  east  side  100  ft. 
wide,  at  elevation  S22,  i.  e..  1  ft.  below  tailwater. 

The  base  of  the  dam  and  piers  for  four  sluices,  each  20 
ft.  wide,  were  then  built  in  this  section  and  provided  with 
stoplog  checks.  The  sills  and  piers  for  these  sluices  conform 
to  the  section  of  the  dam.  so  when  the  final  closure  is  made 
the  whole  will  be  embodied  in  the  dam. 

In  the  first  instance  It  was  intended  to  use  crushed  rock 
and  sand  for  the  concrete  aggregate,  the  rock  to  be  taken 
from  excavations  and  quarries  at  tlie  site,  and  the  sand  to  be 
obtained  from  a  pit  on  the  river  bank  about  three  miles  above 
the  work. 

The  crusher,  an  Austin  .gyratory  No.  Ti.  was  on  the  ground 
when  the  work  was  taken  over,  and  this  was  set  up  and  op- 
erated in  April  and  May.  After  the  snow  had  gone,  how- 
ever, a  gravel  bed  of  ample  quantity  and  excellent  propor- 
tions was  discovered  not  far  from  the  original  sand  pit.  and 
the  consent  of  the  consulting  engineer  was  obtained  to  use 
this  without  the  addition  of  crushed  rock. 

The  concreting  plant  consists  of  two  1-yd.  Smith  mixers. 
They  are  char.^ed  by  means  of  Smith  batch-charging  hop- 
pers, which  in  turn  are  filled  through  gravity  chutes  from 
storage  bins.  The  mixers  are  set  up  with  twin  towers  120 
ft.  high,  and  the  Ransome  No.  3G  buckets,  which  carry  the 
•  concrete  up  to  the  towers,  discharge  inwards  so  as  to  use 
the  same  discharge  hopper.  This  makes  a  very  flexible  sys- 
tem, for.  by  having  two  hoppers  at  different  elevations  be- 
tween the  towers,  either  one  or  both  mixers  can  be  used 
for  either  hopper. 

The  chutes  employed  are  wooden,  rectangular  in  shape, 
with  S-in.  sides,  12-in.  bottom,  IVo-in.  chamfer  in  corners, 
and  lined  with  sheet  iron.  These  chutes  are  supported  on 
A-frame  trestles  on  a  4in.  per  toot  grade.  A  walkway  and 
handrail  are  laid  at  one  side  of  the  chute. 

Short  lengths  of  swing  chutes  or  concrete  buggies  are  used 
for  distributing  concrete  in  wall   forms. 

To  cross  the  river  where  intermediate  support  could  not 
be  obtained,  the  chutes  were  slung  on  cables.  Owing  to  the 
sag  in  the  cables,  the  grade  was  increased  to  Ti  in.  per  foot, 
which  proved   entirely  satisfactory. 

Gravel  is  excavated  from  the  gravel  pit  by  means  of  a 
10-ton.  Marion  steam  shovel.  It  is  loaded  onto  a  train  of 
six  4yd.  cars,  and  thence  it  goes  by  rail  %  mile  to  the  river 
hank.  The  cars  are  dumped  at  the  chute  and  the  gravel  runs 
by  gravity  to  its  place  in  the  storage  pile.  Two  trains  are 
employed  on  this  line,  with  a  through  siding  near  the  upper 
end  for  passing.  By  this  method  a  train  load  is  dumped  to 
the  storage  pile  every  20  minutes. 

The  track  at  the  dumping  chute  is  90  ft.  above  the  river 
level,  and  the  gravel  slides  by  gravity  to  a  1-yd.  clam,  which 
rel-.:!;;<ll"s   it   to  the  scows. 

carry  a  load  of  from  120  to  140  yd.  each,  and 
are  :    tue  from   the   point  of  loading  to   the   gravel 

wharf.  :,;)out  three  miles.     Here  the  scows  are  unloaded  by 
,1   c!:.ii.-:!°n   derrick   into   ."i-vd.   dump   cars.     These   cars    are 
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hauled  up  an  Inclined  trestle  to  dump  to  storage  or  into  the 
hopper  which  feeds  the  car  serving  the  mixer  bins. 

The  screening  of  the  gravel  for  difTerent  classifications  ot 
concrete  is  done  progressively.  At  the  point  where  the 
trains  dump  gravel  to  the  cars,  the  large  stones  down  to  G-in. 
are  screened  out  by  an  inclined  grizzly  of  light  rails.  There 
is  another  similar  screen,  with  bars  4-in.  apart,  at  the  un- 
loading plant,  and  at  the  storage  bins  above  the  mixers  is 
the  final  adjustable  screen  that  can  be  altered  according  to 
the  requirements. 

The  total  force  employed  on  the  work  is  from  T,no  to  GOn 
men.  The  work  is  being  done  under  contract  by  Morrow  & 
Beatty,  Ltd.,  engineering  contractors,  of  Peterborough,  Ont., 
under  the  supervision  of  W.  B.  Crombie,  representing  Geo. 
F.  Hardy,  consulting  engineer,  of  New  York  City.  T.  A. 
Barnett.  formerly  ot  the  Ontario  Hydro-Electric  Power  Com- 
mission's construction  department,  is  the  contractors'  super- 
intendent o'n  the  work. 


Conveyance   Losses   of  Water  on 

U.  S.  Reclamation  Service 

Irrigation  Projects 

A  knowledge  of  conveyance  losses  in  canals  is  of  transcend- 
ent importance  to  the  irrigation  engineer;  but  notwithstand- 
ing this,  it  has  probably  received  less  study  and  investigation 
than  less  important  factors  bearing  upon  irrigation  practice 
and  engineering.  The  quantity  of  water  lost  in  transit  is 
enormous,  and  in  some  cases  appears  to  equal  and  even  ex- 
ceed the  quantity  delivered  to  the  lands.  Useful  informa- 
tion on  this  subject  is  given  by  Mr.  E.  A.  Moritz,  former 
project  manager.  Flathead  (Indian)  Project,  Montana,  in  the 
April  Reclamation  Record,  from  which  the  matter  following 
is   taken. 

Seepage  Losses  on  Li.  S.  Reclamation  Projects. — It  is  not 
so  difficult  to  estimate  the  total  losses  from  an  irrigation 
system,  although  it  involves  more  elaborate  or  extensive 
records,  as  it  is  to  estimate  the  probable  losses  from  canals 
in  different  materials,  and  the  variation  is  not  so  large.  Both 
classes  of  records  have  been  kept  on  projects  of  the  United 
States  Reclamation  Service.  Table  I  shows  the  percentage 
of  water  lost  on  the  several  projects  for  each  year  from 
1912  to  1918  inclusive.  A  considerable  variation  is  noted  on 
most  of  the  projects  in  the  percentages  of  water  lost  in  the 
different  years.  Some  of  the  variations  show  a  rather  erratic 
tendency  at  times.  For  example,  the  North  Platte  project 
shows  a  loss  of  CG  per  cent  in  1915,  whereas  the  next  highest 
loss  is  only  47.2,  and  the  average  for  all  years  is  43.6.  It 
is  difficult  to  believe  that  the  loss  could  have  been  so  mucli 
higher  in  1915  than  in  any  other  year.  The  average  is  prob- 
ably very  close  to  the  truth,  but  the  yearly  figures  may  or 
may  not  be.    The  same  is  true  on  other  projects. 

Variation  in  percentage  of  losses  from  year  to  year  must 
be  expected.  The  projects  are  nearly  all  in  process  of  devel- 
opment and  conditions  are  continually  changing:  new  canals 
and  laterals  are  built  and  larger  quantities  of  water  carried 
perhaps  through  longer  distances.  Another  factor  that  may 
have  considerable  effect  is  the  cleaning  of  silt  deposits  from 
the  canals.  When  an  extensive  job  of  this  kind  is  done  the 
following  season  is  very  likely  to  show  a  considerable  in- 
crease in  the  losses. 

The  large  variation  in  the  losses  between  projects  is  diffi- 
cult to  understand  without  a  knowledge  of  the  projects.  The 
small  indicated  loss  on  the  Uncompahgre  project  of  6.1  per 
cent  is  explained  by  the  fact  that  most  of  the  canals  act  as 
collecting  channels  for  seepage  and  waste  water  from  canals 
higher  up.  This  frequently  results  in  a  net  gain  to  the  canal 
rather  than  a  loss.  The  percentage  loss  includes  the  gains 
as  well  as  the  losses.  The  small  indicated  loss  on  the  Rio 
Grande  project  results  from  the  fact  that  the  losses  shown 
are  for  a  few  trunk  canals  only.  In  1918  the  losses  w«re 
taken  on  many  additional  canals,  hence  the  large  increase 
indicated  in  that  year.  On  all  other  projects  the  figures  in- 
clude losses  in  all  canals  and  laterals. 

It  the  Rio  Grande  and  Uncompahgre  projects  are  excluded, 
the  lowest  indicated  loss  is  on  the  Tieton  project,  Washington. 
which  shows  a  mean  of  24.3  per  cent.  The  highest  loss  is  53.2 
per  cent  for  the  Carlsbad  project.  New  Mexico.  The  aver- 
age loss  for  all  the  projects,  exclusive  of  Rio  Grande  and 
Uncompahgre,  is  36.1  per  cent.     From  this  it  is  fair  to  as- 
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TABLE  I— SEEPAGE  LOSSES  IN  U. 

, Total 

Proiect  1912.  1913.  1914. 

Salt  River 40.0  40.0  42.7 

Ynnm  34.4  32.0  27.7 

Orland '.'■'■'..'■ 20.0  26.5  26.0 

B^'"''';^^':'. :::::::::::;:::::::::::::.::  ^Ij  zli  si:! 

*"  North  'SW*   gravity 26  0  22  6  25.0 

South  Side  pumping 35.1  32.9  dS.l 

Huntley  l0'2  "L"  ''''•'> 

ATilk  River     42.8  32.7  40. S 

Sun  River 20.0  38.1  39.7 

Lower    Yellowstone 43.0  52.0  52.4 

North  Platte .■ 38.'  3S._4  36.8 

Newlands     39.8  36.  /  ^9. a 

Carlsbad    48.0  54.5  55.5 

Rio    Grande ■  „6.8  J^.l 

Umatilla    ■ 27.8  27.4  40.1 

Klamath 36.1  39.8  40.1 

Belle   Pourche 31.7  40.2  43.6 

Okanogan    47.1  38.4  21.1 

Yakima.    Sunnyside ,    26.7  25.8  28.4 

Takima.  Tieton 16.6  21.4  £1.^ 

Shoshone 36.4  36.5  37.2 


S.  RECU'VMATION  SERVICE.      IRRIGATION   PliOJECTS. 


losses  (per  cent) 

1915.  1916.  1917.  1918. 


40.0 
20.0 
27.3 
12.4 
37.1 

36.3 
36.3 
41.3 
61.4 
41.8 
43.1 
66.0 
41.2 
48.6 
5.1 
43.8 
50.3 
31.1 
24.1 
31.2 
27.4 
35.1 


43.3 
27.4 
20.5 
2.2 
34.8 

43.9 
38.8 
40.3 
38.5 
41.9 
47.9 
40.7 
29.9 
58.5 
6.5 
36.5 
49.1 
15.7 
22.2 
26.2 
27.3 
34.9 


43.7 
25.3 
27.3 
2.9 
35.8 

48.9 
36.6 
48.9 
41.4 
37.6 
42.8 
47.2 
32.2 
57.2 
3.7 
24.8 
41.5 
31.5 
20.4 
26.8 
26.2 
41. S 


45.9 
23.2 
33.1 
7.7 
35.1 

41.4 
35.6 
47.5 
35.3 
40.3 
46.9 
37.7 
38.0 
50.1 
14.9 
32.2 
40.4 
32.6 
33.7 
23.4 
27.8 
37.7 


Me£in 
42.2 
27.1 
25.8 
6.1 
36.7 

35.2 
35.8 
34.9 
41.8 
37.1 
46.9 
43.6 
35.4 
53.2 
6.6 
33.2 
42.5 
32.3 
29.6 
26.9 
24.  S 
37.1 


Predominaling    soils. 
Sandy  loam  and  clay. 
Rich  alluvium. 

Sandy  loam,  silt  and  gravelly  loam. 
Red  sandy  gravel,  adobe  and  clay  loam. 
Clay  loam  and  light  sandy  loam. 

Sandy  loam,  clay  loam  and  volcanic  ash. 

Sandy  loam,  clay  loam  and  volcanic  ash. 

Clay  and  sandy  loam. 

Sandy  loam,  clay  and  gumbo. 

Sandy  loam,   clay,  adobe  and  alluvium. 

Sandy  loam  and  gumbo. 

Sandy  loam. 

Sandy  loam,  clay  and  volcanic  ash. 

Pecos  sandy  loam;  large  lime  content. 

Rich  alluvium. 

Sandy  loam. 

Disintegrated  basalt,  volcanic  ash. 

Clay  and  sandy  loam. 

Volcanic  ash,  sand  and  gravel. 

Sandy  loam  and  volcanic  ash. 

Volcanic  ash. 

Light  sandy  loam  and  clay  loam. 


sume  that  25  per  cent  is  about  the  minimum  loss  that  may  enty-seven    measurements    are    listed    covering    24    different 

safely  he  assumed   under  favorable   conditions   and   that    50  classes  of  materials. 

per  cent  is  sufficiently  high  for  a  well-planned  project  under  In  the   application   of  these  data  we  encounter   the   same 

unfavorable  conditions.  difficulty  as   in  determining  the  correct  value  of  Kutter's  n 

It  is  commonly  accepted  as  a  fact  that  the  seepage  losses  to  use  for  designing  a  particular  canal.  In  fact,  the  difficulty 
from  canals  decrease  as  time  goes  on  and  the  hanks  become  is  much  greater.  No  two  persons  will  describe  a  given  ma- 
more  compact  and  the  interstices  become  blinded  with  silt.  terial  in  the  same  terms.  Hence  it  is  very  difficult  to  select 
The  figures  given  in  the  table  do  not  show  such  a  tendency.  the  class  of  material  and  corresponding  coefficient  on  which 
However,  this  does  not  prove  the  absence  of  such  tendency  to  base  one's  judgment  as  to  the  probable  losses  from  the 
generally  because,  as  has  been  stated,  the  change  in  percent-  canal  to  be  built.  It  is,  however,  necessary  that  a  selection 
age  of  lost  water  from  year  to  year  is  affected  by  new  con-  be  made,  and  after  having  determined  the  average  class  of 
struction,  variation  in  total  quantity  of  water  used,  and  main-  material  through  which  a  canal  is  to  be  built  a  selection  can 
tenance  work.  But  in  some  cases  the  absence  of  a  tendency  be  made  from  the  coefficient  in  Table  II  which  appears  to 
for  canals  to  become  tighter  with  continued  use  is  clearly  offer  the  best  approximation  to  the  case  in  hand, 
indicated.  The  Sunnyside  project,  Washington,  is  a  good  Methods  of  Stopping  Seepage.-Convevance  losses,  in  ad- 
example.  This  shows  a  loss  in  1912  of  26,7  per  cent.  No  re-  ^^j^^^^^  ^^  ^1^^  ^.^j^^^  ^^  ^^^  1^^^  ^^.^^^^.^  frequently  constitute  a 
duction  in  this  figure  is  shown  after  six  years'  continued  op-  ^gj.i^^g  menace  to  adjacent  lands  and  frequently  to  lands 
eration.  In  fact,  the  average  loss  for  the  years  1912  to  1918,  g^^^^  distance  away.  In  the  latter  case  drainage  ditches 
inclusive,  is  0.2  per  cent  higher  than  the  loss  in  1912.  The  ^^^^^  ^^  ^^^^^^  ^^^^^  ^.^^  probably  remedy  the  situation,  but 
losses  were  little  or  not  at  all  affected  by  the  factors  above  ^^  jj^^  ^^^.^^^^  drainage  is  likely  to  prove  inefilective.  In  that 
mentioned.  The  Boise  and  Minidoka  projects  may  be  cited  ^^^^  ^^^  ^^^^  remedy  is  to  stop  the  seepage  from  the  canal, 
as  other  examples  of  a  similar  condition.  r^^^  ^^^.^  ^^^^^  common  methods  of  doing  this  are  lining  with 

Seepage  Losses  in  Various  Classes  of  Material. — It  has  been  concrete  and  puddling  with  silt.     Concrete  lining  is  very  ex- 

the  practice  in  the  Reclamation  Service  for  the  past  several  pensive,  and  on  this  account  should  be  resorted  to  only  after 

years  to  have  the  project  hydrographers  make  measurements  all  other  means  have  failed,  especially  if  concrete  materials 

of  the  seepage  from  canals  in  various  materials  to  gain  some  are   not    readily   available.     Moreover,   concrete   lining    does 

idea  of  the  actual  and  relative  losses  from  canals  in  such  ma-  not    have   an   indefinite   life   and   is   subject   to   injury     from 

terials.     Precision  of  measurement  is  not  aimed  at,  nor  is  it  various   causes,   principally  frost   and   alkali   action,  whereas 

possible    under    the    operating    conditions.      Rather,    depend-  earth  puddle  is  permanent  so  far  as  its  physical  stability  is 

ence  must  be  placed  on  the  multitude  of  measurements,  thus  concerned. 

making  the  error  of  a   single  measurement   immaterial.     In  Each  individual  case  must,  of  course,  be  considered  in  the 

this  way  a  fair  knowledge  of  the  actual  and  relative  losses  in  light  of  all  the  local  controlling  factors,  but  the  point  it  is 

different  materials  has  been  gained.  desired  to  emphasize  is  that  concrete  lining  is  not  the  best 

Table  II  has  been  prepared  from  these  data.  The  materials  remedy  for  all  seepage  ills.  It  has  not  even  been  deinon- 
are  listed  in  the  order  of  magnitude  of  losses  in  feet  depth  strated  that  it  reduces  the  losses  to  a  minimum.  Table  II 
over  the  wetted  perimeter  per  day.  By  no  means  all  of  the  gives  three  classes  of  material,  namely,  clay,  clay  loam,  and 
measurements  made  are  included  in  this  list,  but  only  those  .aumbo  and  sandy  loam,  that  show  an  average  loss  as  low  as 
that  are  known  to  be  most  reliable.  Two  hundred  and  sev-  or  lower  than  concrete  lining.  The  permanency  of  concrete 
lining  depends  much  upon  the  foundation   upon  which   it  is 

T'VBLE  II— LOSSES  PER  DAY  IN  CANALS  OF  THE  u.  s.  l'^'''-     Where  the  foundation  is  suitable  and  the  concrete  of 

'  "reclamation  SERVICE.'  good   quality,  this  form   of  lining  has   in   many   cases   given 

(Depths   in   feet  per  srniare  foot   of  wetted  area.)  excellent   satisfaction.      It   is   well,   however,   in   all   cases   to 

^^™-  consider  fully  the  practicability   of  cheaper  methods  before 

Soil,                                      obser-     Maxi-       Mini-  doing  much  of  this  expensive  work. 

vations.     mum.         mum.         Mean.  

Gra-v.Bl  and  sand 2  3.62  1.44  2.53 

Gravel    38           7.05             .22           1.70  Typhoid  in  Large  Cities  of  U.  S.  in  1920 — According  to  the 

Gravel  and  rock  meal 9           2.84             .88           1.56  .Journal  of  the  American  Medical   Association  for  March   26. 

Rock  ineal".'..'.'.. .......:...... ....     18           1.73            .38           1.24  a  survey  of  typhoid  fever  mortality  in  the  68   cities  of  the 

iandv^roam"^"  '^"'''^ .■.■".■    60          3?o             01     '      1.01  United  States  in  1920  having  each  more  than   100.000  popu- 

Loani   .'.'.'.'...'.'.'!'..'.'...'.'.....      5           1.44            .84          1.07  lation  and  together  more  than  one-fourth  of  the  toal  popula- 

G^avefand'vofcanic'^ash ^.'          is't            .38            .88  tion  of  the  country  shows  the  following:     Ten  of  the  twelve 

Volcanic  ash  ' ^. . ......... .      3           Li6            .56            .82  cities  with  a  population  of  over  500.000  had  a  rate  under  5 

cfay'^andVavei IS           134            .16            '79  '"  ^  ^^0.  and  only  seven  had  such  a  rate  in  1919 ;  the  average 

Clay  and  sund. .'.'.'.'.'.'.'.'..'...'..:'.'.  .     12           l!43             iso             '.76  deaths  per  100,000  in  these  68  cities  was  S.7  in  1920  and  4.2 

Ha?d^an  a'nd  loose 'ro-ck.'.;.;,;...      2"           i.'fl            .'24             M  in  1919:   the  striking  drop  in  typhoid  occurring  between  1918 

Clay  and  shale 7           1.02            .30            .59  and   1919   which   was   ascribed   to   the  tvphoid   immunization 

Cetont^d^S'kvlf^an^dla^dy'lSSm      2            A,            M            M  Practiced   in   the   army  camps   in   1917-1918   is   borne   out   by 

Caliche  2            .49            .38            .43  additional   data;    there  have   been  frequent   small   outbreaks 

Clay  loam '. 1^          l'l2            '06            'lo  °^  typhoid  in  1920  attributable  to  drinking  the  contaminated 

Gumbo  and 'sandy  loam 11              .77             .12             !2S  water  of  rivers,  small  streams  or  springs  in  public  parks  or 

Concrete  lining     ^          IMH          ^          ^  recreation  grounds :  typhoid  is  still  decreasing  in  the  large  cit- 

All  soils  277           1.66            .43        ,    .87  ies  of  this  country  at  a  rapid  rate. 
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EiifiiJiccriiiff    and    Caul  rail  in  fj  'for    M<i/i    11.    T.Kil. 


,^          ,                        I-»         1               •                           J       r>       UW      t-  ""  ''^^  """■•"■*•     Sonie   protection   against   this  contingency  can  be 

Vjarba^e        KcdllCtlOn       ailO       KUDDlSn  secur-d  by  sdHnB  futur.-.s  in  mess  pork  on  the  ChicaKo  Rs.hanK.-, 

_          .                                 T\t                     T%  ^^  '^''  "'"'^  "^'"  f^P'J^rs  are  purchased. 

Incinerator      1   rants      I\.eCOm~  Whilc  nom  a  theoretical  standpoint  hog   feeding  hay   show  an 

1        1     r           D      1*!           \fa  advantage   cvor  other   means  of   ultimate  disposal,   it   can   not   be 

nienOeU    lOr    OaltimOre  recommended  lor  a  city  the  size  of  Baltimore,   from  sanitary  con- 

The  roMstruttion   of  a  Karbagc  iciluotion   l)lant  and   rubbish  siderations.     Hog  foedlng  as  successfully  practiced  by  other  cities 

incinerators,   calling    for   a   total   expeildilure  of  $1.1.50,000,   is  ^ills  for  careful  selection  of  the  richer  grades  of  garlmge  and  tne 

rPCon.n,en<led   tor  the  permanent  .llsposal  of  the  city  wastes  "««  of  the  remaining  portion  for  fertilising  the  fan,.  3^™';^  ^.'^ 

-  ,.    ,  .               ....       ;.       .         „..      .^  the  j<igger.y.     When  large  quantities  of  garbage  are  produced  and 

of  rialtimore.  Md..  by  .Mr.  H.  C.   Perring.  City  Engineer,  in  a  ^,^^^^,„^^^   ,„.  ^^ow.  as  is  necessary  here,  such  selc-ction  Is  not 

report    submitted    April    9    to   the    Mayor.  physically   possible   and   any   attempt   at    feeding    witlu.ut    can  ful 

On  May  1.  1919,  the  city  entered  into  a  contract  with  a  selection  is  foredoomed  to  failure, 
company  for  the  disposal  of  garbage  by  feeding  to  hogs.  The  ,j.j,g  feeding  of  green  garbage  means  the  rejection  by  the 
conlraclor  agreed  to  pay  the  city  for  eacli  ton  of  garbage  de-  ^og  of  large  quantities  of  material  not  suitable  for  foods  which 
liv<Me<l  a  sum  equal  to  3'<.  times  the  price  per  pound  of  live  adds  t5  the  amount  of  material  to  be  used  a.s  fertilizer  or  other- 
Killing  hogs  on  the  t'hicago  market.  On  .Ian.  l.i,  1921,  the  wise  disposed  of,  possibly  by  incineration.  The  amount  of  rejected 
c(inna<tor  removed   hi.-;  lings  aii.l  abaiidon.'d  the  contract.  garbage  would  be  so  large  in  the  case  of  a  city  the  size  of  Balti- 

-         ,      .           „           J-         ,.-      ,.           r^.             I   L.      Lj ir..^:..^  more,  that  a  much  larger  fann  than  is  now  used  by  the  city  would 

Conclusions  Reaardina  Garbaae  DisDosa    by  Hog  Feeding. —  .                            .^   ^             -      »      - 

,,,.,',","'                '^      LyiBpuaa     uj         a                 a  1^^   necessarv,   as   a  large   area   would   be  required   at  all    times  on 

lleganiing    Haltiinore  s    e.xpeneiues    with      the      hog      teedmg  ^^,^.^^    ^^   ^^^^^^^^    ^^^^    immediately    plow    under.      .a.ny    storing    of 

ni.'thod   of  garbage  disposal    .Mr.  Perrings  report  has   the  fol-  garbage  would  result  in  nuisance  in  a  few  days, 

lowing  to  say  Sterilizers   have   been    built   in   which   the    garbage   is   subjected 

Hog  feeding,  llie  iiuihod  in  use  in  llaltimore  up  to  a  few  months  to    heat,    before    feeding,    to   disinfect    it.      The   State    of   Maryland 

ago.  has  the  Tollowing  advantages:  T>ive   Stock   Commission   has  ruled   that   they  will   not   permit   the 

(a)  The  feed  values  In  the  garbage  are  utilized.  use  of  green   garbage  as  a  feeding  material,  yet  many  authorities 

(b)  Seasonal    fluctuations   In   amount   of  garbage   can    be    com-  claim  tlie  feeding  of  sterilized  garbage  to  be  impracticable  as  the 
pen.satod  for  by  increasing  or  decreasing  th<'  size  of  the  herd.  hog  is  not   able   to  make   natural   selection   of   the   edible   nortions. 

(c)  A  plant  is  already  built  on  land  owned  by  the  city.  but  must  take  the  cooked  mass  as  it  comes  from  the  sterilizers. 
The  disadvantages  of  hog  feeding  are:  Successful    feeding   requires   the    garbage    to    be    delivered    in    a 

(a)  Incomplete  consumption,   involving  the  problem  of  disposal  j.^^,^^    condition,    which    means    daily    delivery    of    scows    10    the 
of  :he  portions  rejected  by  the  hogs.  piggery      This   is  not   impossible  and  in  fact  it   is  highly  desirable 

(b)  DifHculty  in  delivering  the  garbage  from  so  large  a  city  in  ^^^^    garbage   be   removed    from    the    wharf   each    day   and    be   not 
,1  iresh  coiditlon.  allowed  to  ferment  on  the  scow— no  matter'what  means  of  disposal 

(c)  Consequent  malodorous  conditions  on  the  water  gateway  to  ^^.^  used 

the  city.  Plj^    feeding   of  garbage   to   hogs    mav   be   successfully    handled 

(d)  No  large  city  has  had  satisfactor>-  results  with  hog  feeding  j„  ^j^^,,  ^|,jg^  where  it  is  the  continuation  of  the  practice  of  the 
of  garbage.  individual  farmer. 

le)     Because  of  the  experimental  nature  of  this  method  of  dis-  ,„        .           ,               ■_,,.>*                   .                 •            .     .„i 

,    .,  ,          .  .     ,,  The  t  me  of  war  when  food  products  were  at  a  premium,  it  was 

pos.ll,  it  is  apt  to  become  a  nuisance.  .     , ,               ...               .  ,     j       ,       .i.                  •           u    ,          1  ,v, 

_              .          ,  .,        ,-     .,,          T,   ■..               1.      ij       11     .      .,      »   1-n  desirable  to  ut     ze  what  food  value  there  was  in  garbage  and   the 

Econom  OS  of  Hog    Feed  ng — Baltimore  should  collect  about  loO  j>=o"a.u.t    i..    i.u         ,        ,     .    .  ^     ..                 ^    *,,•                       ,    i-        ,    1 

,                    .           ^       ,        ,      ,  ,.             ■,,                               .  United   States  Food  Administration   urged   this  means   of  disposal. 

ions  of  garbage  per  Cay.     One  hundred  hogs  will  consume  one  ton  ^,            .                                            ■  .            j  T,             „■..,    .i,„    ..„„,„»    „„ 

,           _.                                ,          ,  ,                   .      ,           ,,.,,»         I,  No   such    emergency   now   e.v;ists.   and    hence    with   the    recent    un- 

per  .lay.     The  avenge  number  of  hogs  required  would  therefore  be  i>o   ->".-■■    cvh        .>          ,„,^.             ^  ^      '         „v,   „,a !„„„„,. 

■  r  nno      n-u                            •      •           •   i  •           J         i       u   i,       i,      »  i   11,  satlsfactorv  experience  of  Baltimore  before  us,  we  should  no  longer 

l.'),000.     The  average  gain  m  weight  per  hog  should  be  about  1  lb.  ooi'^i^            ..,.„,,,.          .           j-           i   „  *i,   j      f  „,.„„ 

,                            .=     t.                      o       f           n  experiment    in    this    field    but    so   to    a    disposal   method   of   proven 
per  day. 

Assuming  tliat  the  hogs  are  sold  as  .soon  as  they  have  gained  wort  i. 

one  hundred   pounds   in   weight,   the  cost   of  producing   100   lb.   of  Recommended    System    for   Waste    Disposal. — Mr.    Perring  s 

pork  is  about  as  follows:  general   recommendations   for  the  permanent  disposal  of  the 

Interest   on    cost   of   plant   and    equipment,    atiout   $15.00    per  pjty  wastes  are  as  follows" 

hog.  7%  for  100  days   $0.29 

Fixed  charges  per  hog.  includes  Immunization,  dipping,  trans-  (1)     That  hou.seholders  be  required   to  make  careful  separation 

portation.   medical   care,   etc 5.00  of  various  wastes  in  three  receptacles: 

I^abor  of  feeding   1.50  ,    .       .    , 

I.«sses  through  death.  10%  of  herd  (10  lb.  of  pork  at  10  ct 1.00  '^^i     AEhes. 

(b)     Rubbish. 

Cost  of  producing  100  lb.  of  pork   $  7.79  if^\     Onrhaire 

Yield  from  ion  lb.  pork  at  10  ct SIC. 00  '„'     ^f           /       .             i 

i;ost  of  producing  100  lb.  pork 7.79  <2)     That  ashes  be  used. 

fa)     At  fill   in   grading  low-lying  street   beds  at  various  points 

Net  returns  on  100  lb.  pork $  2.21  throughout  the  city. 

Net   returns    from   one    ton   of   garbage,    assuming   from    the  ,,  ,       ,       „,,    .    ,,;„j    „,-ifoV.i<>    K.iib.v.an.^ii    ir.    T-a^ainiino-    irni.-l!infl 

abwe   that   20  lb.   of  garbagi   will    produce   one    pound   of  <b)     As    fill    behind    suitable    bulkheads    in    reclaiming    lowland 

pork    %  2.21  around  the  harbor. 

Net  returns  per  ton  of  garbage,  assuming  that  it  will  take  50  (c)     As  fill  in  bringing  to  grade  low-lying  parcels  of  ground,  old 

Jb.  of  garbage  to  produce  one  pound  of  pork 88  ,    ,  .       <• „ki,.  „«,«.^,i  v.,-  tu.,  «;t». 

During  the  year  1920  it  cost  the  city  50  cents  per  ton  to  barge  quarry  holes,  etc..  preferabl>  owned  b>   the  cit>. 

the  garbage  from   the  water-front   to  the   piggery SO.50  (3)     That  collection  of  ashes   be  made  twice  each  week   in    the 

And  J5.00  jjer  ton  to  collect  and  haul  it  to  the  water-front 5.00  outlying  districts  and  more  frequentlv  in  congested  districts. 

l?edU;[rc:tu"n^?rom^e?d?,'"fL^'■aS^ve^°.'^^^^^^^                                 ''H  O)     No  garbage   or  combustible   wastes  be  allowed   in    the   ash 

fills. 

.Vet  cost  per  ton  for  collection;  deliver.v  and  disposal  at  a  (5)     That  collection  of  rubbish  be  made  once  each  week. 

successfully  operated  piggery $4.62  ^g,     .j,,  .^^  j^^r  incinerators  of  two  15-ton  units  each  be  built  in 

As   success    in   operating   a    piggery    depends   on   good   manage-  convenient  sections  of  the  citv.     All  rubbish  to  be  hauled  to  these 

ment  and  prompt  delivery  of   the   garbage   in    a   fresh    state,   it   is  incinerators    where  salable  material  could  be  salvaged  and   the  re- 

doibtful    whether    as    good    results    as    above    indicated    would    be  ^^ainder  burned  without  nuisance. 

obtained   from    hog  feeding  by  city  employes.     L'nder  the  contract  ^.j     ^^^    extension    of    rubbish    incineration    as    the    collections 
recently   abandoned,   which   provided   for   the   payment    to   the   citv 

r            .    .         ,.         1,          J  .'          .   .     .1                                              ,     '  increase. 

for  each   ton  of  gj.rba.e  delivered   to  the  piggery,   a  sum  equal  to  ^gj     ^^^^    j^i,^.    garbage    collections    be    made    from    April    to 

three  and  one-half  times  the  price  per  pound  of  live  hogs  in  Chi-  October    and  three  collections  per  week  from  October  to  April. 

cago,   the   theoreUcal   cost  to   the   city   for  collection   and  disposal  ,3,     ;^^^^^   garbage    be    removed   quickly    to   relay    stations   and 

*'**■  then.'e   to  a  central   reduction    plant    by   truck  and   trailer,    trolley. 

COST  PER  TON  OF  GAIIBAGE.  i!ien.,e    10  .1.  i.ein  a 

Collection    $5.00  railroad,  scow  or  other  means 

Transportation  by  barges  to  place  of  feeding 50  (10)     That  a  central   leduction   plant   with  a    present  maximum 

Interest  on  city's  investment  at  the  feeding  plant 07  daily  capacity  of  300  tons  be  built: 

(Jross   cost   to   citv   for   each   ton   of   garbage    delivered   at  (a)     In  or  about  the  Curtis  Bay  section,  near  the  fertilizer  fac- 

foeding  plant  $5,57  tories;  or, 

P.et'irns   in  accordance  with   the   feeding  contract   on   the  as-  (b)     Near  the  Back  River  Sewage  Disposal  Plant. 

-umplion  that  pork  is  selling  for  10  ct.  per  lb.  in  Chicago. .     .35  ^^^j     ^^^^j  ^^^  reduction   plant  be  designed  so  as  to  be  added 

Net  ccst  to  city  for  collection  and  disposal   $5.22  to  at  a  minimum  cost. 

ri,..„„  theoretical  figures  have  not  been  realized  and  in  fact  the  (12)     That  the  city  endeavor  to  collect  every  pound  of  garbage, 

ri  ceived   no  return    but   has  been    placed   at   considerable  and  not  under  any  circumstance  permit  private  collections  for  hog 

1  ii    to  the  failure  of  this  method  of  disposal  from  various  feeding,  fertilizing,  etc. 

c,  ;13     That   the  city  own   and  operate   its  collection   and   disposal 

rlativc   to   prospective   returns   from    hog   feeding  are  system  just  as  i*  does  its  water  and  sewer  systems. 

all.  iL'l  v;u,lly  by  an   assumption    that   the  price  of  live  pork  will  (14)     That   no   storage  of  garbage   over  one   day  be   allowed   at 

drop  a  cent  or  two  a  pound  between  the  time  the  shoats  are  pur-  any  i.oint.     That  garbage  as  collected  at  relay  stations  be  removed 

chas.-a  for  feeding  and  the   time  when   the  fattened  hogs  are   put  10  the  central  loading  point,  where  scows  are  used  as  a  means  of 
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transpoi  tation,  tlit-  scows  to  be  reiiiovt-d  to  thu  disposal  plant  each 
day  even  though  hut  partly  loaded. 

(15)  That  careful  investigation  be  made  ol'  the  possible  use  of 
tru::k  and  trailer  in  garbage  and  waste  connection  and  the  whole 
collection  system  studied  more  carefully. 

(16)  That  night  soil  he  disposed  of  by  dumping  at  Back  River 
Sewage  disposal  plant. 

(17)  That  houses  built  in  outlying  sections  of  the  city  be  re- 
quired to  be  equipped  with  some  form  of  individual  incineration  for 
garbage  and  rubbish. 

(IS)     That  dead   animals   to   be   disposed    of   be   handled   at    the 

reduction   plant. 

COST  OF  RECOMMENDED  SYSTEM. 

Garbage  reduction  plant.  :«)0  tons  daily  capacity $l.oon.n(iii.nn 

Kubbish  incineration  plants.  120  tons  daily  ISU.dOd.dO 

$l,lSO,Oi)().(io 
It  is  estimated  that  this  cost  will  include  all  costs  of  sites,  in- 
,.;ineering,  plant,  buildings,  etc.  It  the  financing  of  the  disposal  of 
wastes  is  handled  by  a  bond  issue  to  he  submitted  to  the  people, 
the  motorization  of  the  collection  system  should  be  provided  for 
and  a  total  of  $1,500,000  submitted.  If  further  study  does  not  show 
the  desirability  of  motorization  the  remainder  need  not  be  issued. 


Residual  Aluminum  Compounds  in 
Water  Filter  Effluents 

Although  aluinlmiiii  siUpliale  has  been  (ised  as  a  coagulant 
in  water  filtration  plants  tor  many  years,  it  is  only  recently 
that  the  appearance  at  times  of  alum  compounds  in  Hlter 
effluents  has  been  studied  in  connection  with  the  hydrogen  ion 
concentration  in  the  natural  alkaline  waters.  Previous  con- 
ceptions of  the  appearance  of  alum  in  the  effluent  were  based 
upon  the  passage  through  the  filters  of  undecomposed  alum. 
Theoretical  considerations,  supported  by  experimental  re- 
sults obtained  in  waterworks  and  elsewhere,  appear  to  dem- 
onstrate fairly  completely  that  the  reaction  of  aluminum  sul- 
phate with  the  natural  alkalinity  of  a  water  is  a  complex 
mobile  transformation.  The  reaction  seems  to  be  delicately 
dependent  upon  the  actual  alkalinity  of  a  water,  its  hydi-ogen 
ion  concentration,  rather  than  upon  its  potential  alkalinity. 
The  hydrogen  ion  concentration  in  turn  is  regulated  to  a 
large  degree  by  carbon  dioxide  equilibria.  Such  are  the  con- 
clusions reached  by  Abel  Wolman,  Maryland  State  Depart- 
ment of  Health,  Baltimore,  Md.,  and  Frank  Hannau.  Toronto 
Water  Pilti-ation  Plant,  Toronto,  Canada,  in  an  article  by 
them  which  appeared  in  a  recent  issue  of  Chemical  and 
Metallurgical  Engineering  from  which  the  following  data  are 
obtained. 

The  simplest  and  most  popular  conception  of  the  reaction 
of  aluminum  sulphate  with  the  natural  alkalinity  of  water  is 
given  by  the  following  typical  equation: 

A1.,(S0J,  +  3CaCO,H.CO;  = 

AI.tOH).  +   3CaS0,   +   oCO.  or 

Al*  +  '    f   SHCO;r  =  AKOH)^  +  3CO, 

This  rigid  ti'ansformation  is  usually  accepted  as  appioach- 
ing  the  average  state  ot  affairs  when  "normal"  conditions  ob- 
tain. The  above  equation  has  been  responsible  for  the  oft- 
repeated  statement  that  "if  sufficient  raw  water  alkalinity 
is  present,  there  is  no  excuse  for  the  passage  of  aluminum 
compounds  through  filter  beds."  The  simplicity  of  the  reac- 
tion has  been  so  frequently  emphasized  that  the  inipi-ession 
has  been  gained  by  the  average  filter  plant  operator  that 
when  the  coagulum,  Al(OH),,  is  not  instantly  and  continually 
formed,  the  treatment  is  either  careless  or  faulty.  When 
inquiry,  however,  among  many  operators  elicits  the  infor- 
mation that  such  difficulty  as  ineffective  flock  formation  and 
residual  alumina  in  filter  effluents  are  by  no  means  rare 
occurrences  even  with  plenty  of  alkalinity,  it  seems  wise  to 
search  for  causes  in  other  places  than  poor  operation. 

Such  a  search  demands  at  once  a  reconsideration  of  alum 
reactions.  Since  the  study  of  such  reactions  has  been  re- 
tarded in  the  waterworks  field  by  the  general  hesitancy  to 
question  orthodox  beliefs,  it  is  necessary  to  pursue  our  in- 
quiry into  other  channels.  When  this  is  done,  two  important 
series  of  data  appear.  These  series  are  in  conflict  as  to  the 
nature  of  the  compounds  resulting  from  alum  reactions,  but 
are  in  complete  agreement  as  to  the  absences  of  rigidity  of 
state  of  any  particular  aluminum  compound.  In  other  words. 
we  must  pass  from  a  viewpoint  in  which  alum  reactions  re- 
sult in  stationary  phenomena  to  one  in  which  they  appear  as 
mobile,  delicate  equilibria.  With  such  a  new  viewpoint,  the 
formation  of  an  insoluble  coagulum  as  AKOH);,  when  alu- 
minum  sulphate  is  added   to  water,   becomes   a   desirability. 


buf'not  necessarily  an  eventuality.  Our  problem  now  be- 
comes to  determine  those  factors  which  regulate  the  reac- 
tion in  such  manner  that  the  desired  result,  an  insoluble 
complete  coagulum  of  AKOH),,  is  obtainable. 

Recent  Interpretations  Based  on  Hydrogen  Ion  Concentra- 
tion.— The  important  characteristic  of  recent  conceptions  of 
Al.(SO,);  reactions  is  to  be  found  in  the  realization  that  the 
formation  ot  AKOH),  is  a  reversible  progressive  reaction, 
dependent  upon  a  number  of  conditions,  the  most  important 
of  which  is  probably  the  hydrogen  ion  concentration  or  pH 
value  of  the  solution  in  which  one  is  working.  The  nature 
of  the  solutions  obtained,  however,  when  aluminum  hydroxide 
is  dissolved  in  the  presence  ot  acids  or  bases  has  been  the 
subject  of  much  discussion.  The  underlying  hypotheses  ot 
these  discussions  may  be  divided  into  two  classes.  In  the 
first  case,  the  solution  of  AKOH),  is  ascribed  to  processes 
of  peptization  or  change  in  physical  structure  of  Al(OH),. 
but  not  to  change  in  chemical  composition.  The  second 
school  of  thought  bases  its  understanding  of  the  processes 
entirely  upon  the  hypothesis  that  the  changes  taking  place 
when  Al(OI'l);  is  formed  and  redissolved  are  due  to  varia- 
tions in  chemical  combination.  The  contrasting  viewpoints 
emphasize  changes  in  physical  state  as  against  changes  in 
chemical  combination.  The  salient  features  of  each  con- 
ception are  outlined  below,  in  order  to  demonstrate  that, 
whatever  viewpoint  is  accepted,  one  must  reach  the  conclu- 
sion that  the  complete  formation  of  the  insoluble  Al(OH): 
in  water  is  by  no  means  as  frequent  an  accomplishment  as 
has   been   tacitly  assumed. 

Changes  In  Physical  State. — The  evidence  supporting  the 
hypothesis  that  AKOH):  may  be  redissolved  in  solutions 
through  the  increase  of  hydroxyl  ions,  because  of  a  process 
ol  peptization  or  subdivision  of  particles,  is  by  no  means 
complete.  Mahin,  Ingraham,  and  Stewart,'  for  example,  con- 
elude  that  aluminum  hydroxide  should  not  be  considered  as 
amphoteric  since  they  claim  to  have  established  by  the 
measurements  of  the  heat  ot  solution  of  aluminum  hydroxide 
in  sodium  hydroxide,  of  the  quantitative  relations  between 
ammonium  nitrate  and  sodium  aluminate  and  observations' 
made  upon  the  electrolysis  of  sodium  aluminate  that  the 
colloidal  properties  of  aluminum  hydroxide  play  a  far  more 
important  part  in  conditioning  its  solubility  in  bases  and 
acids  than  the  possible  formation  of  aluminates. 

The  above  statements  give  a  fair  representation,  it  is  be- 
lieved, of  the  hypotheses  presented  by  the  adherents  ot  the 
"peptization"  theory.  It  is  important  to  emphasize  that  these 
authors  and  others  have  demonstrated  the  ephemeral  char- 
acter of  the  insoluble  Al(OH).,.  They  support  simply  one 
explanation  of  the  caus'e  of  the  solution  and  precipitation  of 
the  hydroxide — namely,  that  due  to  change  in  physical  struc- 
ture because  of  some  effect  of  hydroxyl  ions.  They  disagree 
with  the  second  class  of  workers,  not  on  the  fundamental 
idea  of  the  instability  of  the  insoluble  Al(OH),,  but  only 
on  an  explanation  of  the  cause  of  this  instability. 

Changes  in  Chemical  Constitution. — The  basis  ot  the  ex- 
planation of  the  change  of  slate  of  Al(OH),  as  due  to  a 
change  in  chemical  constitution  may  best  be  indicated  by 
the  following  quotation  from   Stieglitz.-' 

"Aluminum  hydroxide  dissolves  in  acids.  From  Its  solu- 
tion in  hydrochloric  acid,  an  aluminum  salt,  aluminum  chlor- 
ide. AICI/jH.O,  is  obtained.  It  also  combines  with  strong 
bases,  dissolving,  for  instance,  in  a  solution  of  sodium  hy- 
droxide and  forming  an  aluminate,  NaAlO,  .  .  .  Accord- 
ing to  the  best  knowledge  we  have  on  the  subject,  the  mole- 
cule of  aluminum  hydroxide  has  the  following  struc- 
ture or  arrangement  of  its  atoms  Al(-O-H) ,.  It  is  readily  seen 
that  the  cleavage  of  the  molecules  may  produce  either  alu- 
minum and  hydroxide  ions,  characteristic  ions  of  a  base,  or 
aluminate  and  hydrogen  ions,  characteristic  ions  of  an  acid : 
Al-**  -f  30H-  =  Al(-0-H),= 
AID,-  +  H  ►  +  H,0." 
Loeb  further  adds  that  "it  is  obvious  that  between  the 
action  ot  acids  and  of  bases  producing  these  two  types  ot 
electrolytic  dissociation  there  must  be  one  hydrogen  ion 
concentration  in  which  aluminum  hydroxide  is  practically 
neither  able  tc  form  Al  +  *  -  nor  AlO, —  ions,  and  this  would 
be  the  isoelectric  point.  The  significance  of  this  statement 
will  appear  later  in  the  discussion. 

The  question  naturally  arises  now  as  to  what  conditions 
determine  the  formation  of  the  insoluble  hydroxide  and  the 
soluble  complex  salts  of  aluminum.  In  the  answer  to  this 
question  should  appear  the  clue  to  the  cause  ot  the  puzzling 
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features  of  presentday  ooaK'ilntloii  problems  in  water  sup- 
ply. Forlunalely  an  abundance  of  exporimeutal  data  are 
available  In  different  fields.  They  are  of  puflicient  Interest 
and  value  to  dlscuKs  at  length  In  this  paper,  fheir  practical 
importance  in  indicating  a  solution  of  our  specific  problems 
will  be  outlined   in  a  later  section  of  this  discussion. 

In  March,  llll.i,  at  the  Milwaukee  meeting  of  the  American 
Chemical  Society  lliidebrand'  presented  a  paper  on  "Some 
Applications  of  the  Hydrogen  Klectrode  in  Analysis.  Research 
and  Teaching."  In  this  paper  Hildebrand  demonstrated 
definitely  thai  aluminum  hydroxide  is  precipitated  by  sodium 
hydroxide,  while  the  solution  of  aluminum  sulphate  is  still 
strongly  acid,  the  hydrogen  ion  concentration  during  the 
precipitation  varying  roughly  between  10-°  and  10-'.  He  also 
shows  that  aluminum  hydro.\ide  goes  into  solution  with  an 
excess  of  alkali,  in  which  the  proportion  of  alkali  used  cor- 
responds to  the  formation  of  XaAlO^  —  nH,0.  It  is  interest- 
ing to  recall  that  Hildebrand  supported  the  theory  of  the 
solution  of  aluminum  hydroxide  .-is  an  acid  rather  than  as 
a  fcolloid,  as  claimed  by  Mahin.  Ingraham  and  Stewart." 
Hildebrand  bases  his  refutation  of  the  above  authors'  con- 
tention upon  the  fact  that  the  ultramicrosope  fails  to  show 
the  presence  of  a  colloid  in  the  solutions  studied,  although 
the  ordinary  .solutions  of  aluminum  hydroxide  produced  by 
dialysis  show  submicrons  very  plainly  in  the  ultramicroscope. 
The  conclusions  reached  by  Hildebrand  were  later  substan- 
tiated  b;-  Bancroft'.  Blum',  and  others. 

The  work  of  Blum  is  most  significant  in  attempting  to 
clarify  some  of  the  results  frequently  obtained  in  the  appli- 
cation of  aluminum  sulphate  to  water.  This  author  has 
made  extensive  studies  of  the  reactions  of  the  aluminum 
compounds  with  certain  bases.  His  studies  are  interesting 
and  valuable. 

The  results  of  Blum's  experiments  appear  to  indicate  the 
existence  of  definite  aluminates  of  the  formulas  NaAlO,  and 
KAIO;  (or  multiple?,  thereof)  in  solutions  obtained  by  the 
action  of  alkalis  upon  aluminum  hydroxide.  More  import- 
antly for  the  particular  subject  with  which  we  are  now  con- 
cerned, the  experiments  demonstrate  beautifully  that  the 
amount  of  Al(OH),  held  in  a  given  alkaline  solution  is  a 
function  of  the  alkalinity  of  the  solution.  This  conclusion 
cannot  be  too  greatly  srressed,  since  it  appears  to  the  writers 
of  this  paper  to  be  the  basis  of  a  new  and  better  understand- 
ing of  the   whole   mechanism   of  alum   coagulation. 

The  obvious  resultant  of  the  above  tests  is  stated  in  brief 
by  Blum. 

"In  the  case  of  amphoteric  hydroxides,  such  as  AUOH)^, 
it  is  obvious  that  an  excess  of  the  base  is  to  be  avoided 
and  it  therefore  becomes  desirable  lo  select  that  degree  of 
alkalinity  which  will  insure  most  nearly  complete  precipita- 
tion and  at  the  same  time  avoid  resolution  of  the  precipi- 
tate." 

Data  adapted  from  one  of  Blum's  publications  which  show 
quantitatively  that  the  precipitation  of  aluminum  hydroxide 
by  ammonium  hydroxide  is  complete  when  the  pH  of  the 
solution  is  between  6.5  and  7.5.  What  is  this  point  of  optimum 
precipitation  in  our  different  water  supplies?  Have  we  ever 
paid  any  attention  to  it?  We  must  expect  certainly  that  there 
are  numerous  points  in  coagulation  in  which  re-solution  of 
Al(OH),  is  always  in  operation.  The  occurrence  of  aluminum 
compounds  in  filter  efPuents  should  be  as  common  as  it  is 
now  considered  rare.  Chance,  and  not  mischance,  in  the  past 
seems  to  account  for  its  failure  to  appear. 

Further  important  experimental  work  on  the  reactions  and 
constitution  of  aluminum  compounds  may  be  found  in  the 
studios  by  Heyrovsky"  on  the  electroafflnity  of  aluminum,  by 
Michaelis,"  and  on  the  production  and  chemistry  of  satin 
whites  by  Cobenzl."  The  latter  adduces  reasons  for  his  be- 
lief that  the  reaction  of  AL(SO.)n  with  Ca(OH),  is  as  follows: 

Al,(SO,l,  -f  fiCa(OH),  —  Al,Ca,0.  +  3CaS0.  .  2H,0 
instead  of  that  commonly  accepted 

AU(SO.).  -f  6CaO  =  AKO,  +  3CaS0,  -f  3CaO 
It  is  interesting  to  note  that  Cobenzl  suggests  that  calciurn 
aluminate,  when  formed,  is  in  a  colloidal  state,  and  the  par- 
ticle size  may  be  regulated  by  the  degree  of  alkalinity  of 
the  solution.  May.  we  not  find  it  necessary  to  search  for 
such  complex  configurations  in  our  water  supply  reactions 
before  scientific  control  is  possible? 

Significance  of  Present  Discussion  in  Reference  to  Prob- 
lem of  Alum  Coagulation  in  Water  Supplies. — A  survey  of  the 
tacts  and  theories  collected  in  the  preceding  portions  of  this 
paper  has  led  the  writers  to  formulate  a  hypothesis  regard- 
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ing  the  ad  ion  of  aluminum  sulphate  in  water  supplies.  The 
important  features  of  this  hypothesis  are  as  follows: 

Aluminum  compounds  may  exist  in  three  states,  defined  by 
their  hydrogen  ion  concentration — namely,  (a)  as  non-iono- 
genic  or  isoelectric  AUOH),,,  (b)  metal  aluminate  (e.g.,  Na 
or  Ca  aluminate)  and  (c)  aluminoacid  salts  (e.g.,  aluminum 
chloride,  aluminum  sulphate,  etc.).  Thus,  in  practically  every 
water  treated  with  alum,  at  any  point  other  than  the  isoelec 
trie  point  (which  has  not  yet  been  determined  for  varying 
waters),  an  equilibrium  may  exist  between  hydrogen  ions 
metal  aluminates  and  non-ionogenic  or  isoelectric  Al(OH) 
(If  the  pH  were  lower  than  the  isoelectric  the  Al  ion  woul 
replace  the  aluminate.  In  water  practice,  however,  such  cases 
would  be  rare.)  It  is  reasonable  to  suppose  that  just  as 
often  as  not  the  pH  of  a  water  is  not  correct  to  permit  the 
complete  formation  of  only  Al(OH)..  For  this  reason  the 
occurrence  of  other  aluminum  compounds  should  not  sur- 
prise one  in  filter  effluents,  for  such  compounds  are  ^^oluble 
and  need  not  be  removed  by  the  sand. 

Some  waterworks  investigators  have  recognized  the  pos- 
sibility of  formation  of  aluminum  compounds  other  than  the 
insoluble  hydroxide.  In  most  instances,  however,  these  pos- 
sibilities have  been  ascribed  both  to  insufficient  alkalinity 
and  to  peptization.  In  this  manner  advantage  has  been  taken 
of  both  the  theories  of  peptization  and  of  chemical  combi- 
nation. It  appears  from  the  preceding  material  that  the 
latter  explanation  alone  may  suffice  if  we  do  not  neglect  the 
important  factor  of  the  hydrogen  ion  concentration  of  the 
medium  with  which  we  are  at  work.  At  this  point  also  it 
is  important  to  suggest  that  not  only  low  alkalinity  may 
be  fraught  with  danger  but  too  high  hydroxyl  ion  concen- 
tration may  not  be  so  desirable  for  proper  and  successful 
coagulation  and  for  the  complete  elimination  of  soluble  alu- 
minum compounds.  It  seems,  as  a  preliminary  theory,  that 
as  one  departs  from  the  point  or  area  of  favorable  hydro- 
gen ion  concentration  in  coagulation  processes,  one  passes, 
in  either  alkaline  or  acid  direction,  into  fields  of  re-solution 
of  aluminum  hydroxide.  This  conception,  it  is  clear,  is  inde- 
pendent of  the  causes  of  such  re-soluton.  It  is  important, 
therefore,  to  keep  in  mind  the  ever-present  possibility  of 
missing  the  favorable  threshold  area  of  coagulation  and  pass- 
ing into  the  unfavorable  dissolution  areas.  This  interpre- 
tation of  the  action  of  aluminum  sulphate  is  widely  differ- 
ent from  that  hitherto  accepted,  in  which  the  presence  of 
delimited  areas  of  effective  flock  formation  was  but  little 
emphasized. 

Does  the  literature  of  water  purification  disclose  any  data 
in  confirmation  of  the  above  hypothesis  of  equilibrium  con- 
ditions of  alum  reactions?  It  should  be  difficult  to  obtain 
such  material,  since  it  is  only  recently  that  determinations 

TABLE  I  (ADAPTED  FROM  MORISON). 

Volumetric   Estimation   of  Alum   in    "Solution"    in   Water.s   Ti-eated 

With   Various   Doses   of  Aluminum    Sulphate. 

Approx.  parts  per  million 
Description    of   sample.  aluminum  salts  in 

supernatant  water. 

Raw  water  +     25  p. p.m.  alum 1.47 

1  liter  evaporated  for  experiinent. 

Raw  water  -4-  40  p. p.m.  as  above 1.47 

Raw  water  -f  3S.4  p. p.m.  as  above* n.(W 

Raw  water  -i-  15.0  p.p.ni.  as  above 0.90 

Raw  water  -^  40.0  p.p  m.  as  above 1.75 

Raw  water  4-  25  p. p.m.  as  above 1.47 

•Also  optimum   clarifloaticm   dose. 

of  hydrogen  ion  concentration  have  been  made  in  water. 
Hitherto  only  potential  alkalinity  and  acidity  have  been  de- 
termined, because  of  current  methods  of  filtration,  while  ac- 
tual alkalinity  or  pH  values  have  remained  unknown.  It  is 
these  latter  conditions  which  are  usually  operative  in  con- 
ditioning our  water  supply   reactions. 

Zones  of  Coaqulation. — Fortunately  we  have  available  an 
excellent  series  of  experiments  in  water  which  does  mucih  to 
substantiate  at  least  some  of  the  possibilities  of  the  sug- 
gestions o\itlined  above.  It  is  interei^ting  to  find  that  the 
author  of  these  experiments,  in  the  distant  land  of  India, 
did  not  completely  recognize  the  significance  of  tlv^  data 
which  he  reports.  In  April,  1916.  Captain  J.  Morison'"  of  the 
Indian  Medical  Service  reported  upon  a  series  of  studies 
of  the  clarification  of  the  water  supply  of  Poena  by  means 
of  alum.  The  results  he  obtained  may  be  well  interpreted 
in  the  light  of  the  theoretical  considerations  previously 
presented.  Morison's  first  experiments  were  made  by  add- 
ing increasing  quantities  of  aluminum  sulphate  to  the  tur- 
bid water  to  be  studied.  He  found  that  the  clarification  of 
the  water  with  these  different  doses  exhibited  the  familiar 
"zone    phenomenon" — that    is.    "by    increasing    the    dose    of 
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alum  up  to  a  certain  point  tlie  clarification  improves  up  to 
an  optimum  point  where  the  settlement  is  excellent;  any 
alum  in  excess  of  the  optimum  point  again  results  in  in- 
complete settlement.  Increasing  the  doses  of  alum  now 
gives  less  and  less  settlement,  until  a  point  is  reached 
where  the  settlement  is  no  better  than  tliat  of  the  untreated 
water.  Further  increments  of  alum  produce  settlement  which 
finally  becomes  complete.  The  improvement,  however,  is 
not  uniformly  continuous.  It  is  broken  by  waves  of  which 
as  many  as  three  have  been  noted." 

Morison,  in  addition,  makes  the  important  notation  that 
"using  now  pure  hsematoxylin  (Griibler)  in  a  1  in  1,000 
watery  solution  ...  it  was  found  that  a  red  color  was 
given"  by  the  natural  water  and  by  the  water  completely 
clarified  by  a  dose  of  alum  just  sufficient  to  clear  it.  If 
this  dose  were  not  attained  the  water  was  vurbul  and 
gave  a  lavender  or  purple  color  with  hasmatoxylin.  If  the 
dose  were  exceeded  the  clear  solution  gave  either  a  reddish 
color  which  was  rapidly  decolorized,  or  a  permanent  bluish 
lavender-  the  latter  color  appearing  when  the  dose  of  alum 
approximated  or  exceeded  2.2  times  the  alkalinity.  This 
seemed  a  curious  result.  The  hasmatoxylin,  used  to  detect 
the  presence  of  alum,  showed  that  the  alum  was  completely 
precipitated  at  a  point  corresponding  to  half  the  weight  of 
alum  necessary  to  react  completely  with  the  alkalinity  of 
the  water,  and  that  both  below  and  above  this  point,  in 
spite  of  there  being  in  each  case  an  excess  of  available 
alkali,   there    still   remained   some   alum    in    solution." 

Morison  then  concludes:  "In  the  above  experiments  where 
the  aluminum  sulphate  was  present  in  quantities  in  which 
it  ought  to  have  been  completely  precipitated  by  the  alka- 
linity of  the  water,  certain  of  the  aluminum  hydrate  re- 
mained in  the  supernatant  fluid  except  when  the  optimum 
dose  of  alum  was  used."  With  this  conclusion  in  mind, 
Morison  then  determined  quantitatively  the  amount  of  alum 
present  in  such  supernatant  liquors  and  found  that  alum 
could  always  be  detected  when  the  doses  were  below  the 
optimum  point.  At  the  optimum  dose  the  alum,  if  present 
at  all,  was  in  minute  quantities.  Morison's  figures  are 
given  in  Table  I.  It  is  interesting  to  recall  also  that  Mori- 
son found  residual  alum  present  in  slow  sand  filter  effluents 
in  Poona,  where  alum-treated  waters  were  being  applied  to 
slow  sand  beds.  The  results  were  not  surprising.  The  con- 
verse of  this  has  been  observed  by  one  of  us,  when  on  one 
occasion  the  alum  application  was  eliminated  completely 
from  a  mechanical  filter  for  five  consecutive  days.  The 
effluent  nevertheless  continued  to  give  the  alumina  reaction 
with  little  or  no  reduction  during  the  whole  of  this  time. 

Of  even  greater  significance  in  connection  with  the  pres- 
ent subject  is  the  fact  that  Morison  demonstrated  that  the 
h.-ematoxylin  test  reacted  with  hard  waters  (356  p. p.m.)  in 
a  manner  very  similar  to  that  described  for  the  soft  waters 
(25  to  50  p. p.m.).  "Below  the  zone  of  settlement,  hapraa- 
toxylin  gave  a  gradation  of  shades  of  lavender;  at  the  opti- 
mum point  a  red  color  was  produced;  immediately  above 
this  point  the  ha?matoxylin  was  decolorized  and,  when  the 
doi=p  exceeded  610  p. p.m.  (alum)  the  lavender  color  returned. 

Importance  of  pH.— A  close  study  of  Morison's  curves  and 
figures  leads  one  at  once  to  the  conclusion  that  the  phe- 
nomena he  noted  were  entirely  due  to  changes  in  hydrogen 
ion  concentration,  similar  to  those  outlined  in  the  earlier 
portions  of  this  paper.  The  similarity  between  Morison's 
curves  and  those  i-eeently  presented  by  Smith"  is  so  strik- 
ing as  to  lend  further  emphasis  .to  the  controlling  import- 
ance of  pH   in   determining   coagulation   phenomena. 

In  the  waterworks  field  Morison'"  has  supplied  sufficient 
evidence  of  the  probable  existence  of  a  point  or  zone  of 
most  effective  coagulation.  In  the  case  of  the  water  with 
which  he  was  working  this  point  coincided  with  the  point 
of  most  satisfactory  sedimentation.  This  coincidence,  we 
believe,  was  largely  a  matter  of  chance,  for  it  is  our  feeling 
that  the  zone  of  complete  coagulation  is  determined  by  pH 
conditions,  while  that  of  sedimentation  will  probably  be  de- 
pendent upon  many  other  factors.  Much  work  remains  to 
be  done  before  any  real  conclusions  upon  any  portion  of 
this   interesting    subject    are   to    appear. 

If  the  assumptions  given  above  are  in  any  way  warranted, 
we  should  be  able  to  test  their  accuracy  in  the  following 
manner:  Theoretically  the  isoelectric  point  for  AKOH), 
should  be  in  the  neighborhood  of  pH  7.0.  If  we  are  experi- 
menting, therefore,  with  a  water  having  a  pH  value  of  8.0 
to  8.6,  we   should   be   able  to   obtain   better   precipitation   of 


AKOH):.  if  we  acidify  such  a  water  to  bring  it  to  a  value 
nearer  pH  7.0.  The  heroic  treatment  of  acidifying  a  water 
to  improve  coagulation  is,  of  course,  contrary  to  most  can- 
ons  of  water   purification. 

Conclusions. — Theoretical  considerations,  supported  by  ex- 
perimental results  obtained  in  water  work  and  elsewhere, 
appear  to  demonstrate  fairly  completely  that  the  reaction 
of  aluminum  sulphate  with  the  natural  alkalinity  of  a  water 
is  a  complex  mobile  transformation.  The  reaction  seems 
to  be  delicately  dependent  upon  the  actual  alkalinity  of  ai 
water,  its  hydrogen  ion  concentration,  rather  than  upon  its 
potential  alkalinity.  The  hydrogen  ion  concentration  in 
turn  is  regulated  to  a  large  degree  by  carbon  dioxide  equili- 
bria. Evidence  so  tar  accumulated  seems  to  indicate  that 
complete  precipitation  of  Al(OH):;  takes  place  at  a  hydro- 
gen ion  concentration  somewhere  near  the  neutral  point, 
p?I  7.0,  unless  disturbing  or  buffer  influences  are  operative. 
Outside  of  this  zone  of  favorable  alkalinity  re-solution  of 
insoluble  flock  occurs  to  a  greater  or  less  degree. 

It  seems  clear,  from  the  above  considerations,  that  the 
appearance  of  aluminum  compounds  in  filter  effluents  should 
not  be  accepted  as  due  to  faulty  operation,  according  to 
orthodox  interpretations,  but  to  failures  due  to  misunder- 
standing of  the  reactions  involved.  This  statement  is  given 
in  the  nature  of  a  hypothesis,  to  be  substantiated  by  further 
experimental  evidence.  If  the  hypothesis  is  found  to  be 
true,  the  problem  of  residual  alumina,  not  only  in  filter  efflu- 
ents, but  in  all  coagulated  waters,  may  be  attacked  from  a 
new  angle. 

The  writers  have  studiously  avoided  any  reference  to  the 
sanitary,  physiological  or  economic  importance  of  the  pas- 
sage of  soluble  aluminum  compounds  through  filters.  That 
it  has  a  great  practical  importance,  however,  the  little  data 
we  now  have  apparently  confirm.  Owing  to  the  controver- 
sial nature  of  the  subject,  it  appears  best  to  reserve  dis- 
cussion of  this  phase  until  more  accurate  and  complete  evi- 
dence  is   available. 
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Report  on   Equipment  and    Oper- 

tion  of  Chicaj^o's  Municipal 

Reduction  Plant 

111  .iMiHiiiry  ol  tlii>  preacnt  yiiir  Hit!  C'hicaBO  City  Council 
lliiDii^li  its  Coinniittee  on  KflitlPiicy.  Kconomy  and  Rehabili- 
union  and  a  sulj-CommittPe  on  Waste  Disposal  employed 
Major  I.  S.  Osborn,  of  Cleveland.  O..  to  report  npon  means 
lit"  increasing  eiflclency  and  economy  at  the  city's  refuse 
reduction  plant.  Acting  in  part  upon  iWajor  Osborn's  rec- 
ommendations, the  sub-commit  lee  reported  an  estimate  for 
the  purchase  of  new  e(iuipnieiit  and  alterations  of  old.  to- 
lallini;  J;i:!4.000.  or  more  than  i;5  per  cent  less  than  the  de- 
partment's estimate  of  $180,000.  The  sub-committee  also 
ri'duced  the  depnrtnienfs  estimate  tor  repairs  from  $41,000 
to   $'JO,700. 

The  followiuK  tabulation  shows  the  total  cuts  made  by  the 
.sub-committee  from    the   departmental   estimate:  / 

Dept.  Sub-com.  Reduc- 

est.  est.  tion. 

Uohabilitations  and  exten.sion.s $180,000  $134,000  $  '"'•'JL* 

lU  pairs  bv  contract  or  open  order..       41.000  20.700  20.300 

i'ortion   of  office 13.2«0  7.440  ,5'?20 

i\lao'iini.stt.    31,000  IS.fiOO  12.400 

.liinicir  operating  engineers 17.820  5.940  IL.SSO 

lOlectrical    nuchanics    22.900  16.300  b.bOO 

C.ai-nonttrs                   6.200  3.100  3.100 

C.arbase  handlers  :;48.noo  210.000  38.000 

Total    reduction    on    above    items 

lecomnKnded    t»y   sut)-c<)nimittee   .• ^144.100 

The  sul>coraniittee  also  recommends,  in  line  with  Major 
Osborn's  report,  that  the  method  of  disposing  of  by-products 
be  handled  on  a  competitive  basis  and  that  contracts  for  the 
sale  of  byproducts  be  awarded  on  the  basis  of  those  com- 
petitive bid.s  so  far  as  possible.  This  will  in  all  probability 
secure  greater  returns  to  the  city  for  the  sale  of  by-products. 
More  genuine  effort  should  be  made  to  obtain  a  larger  num- 
ber of  bidders.  A  surety  should  be  required  on  all  contracts 
to  protect  the  city  from  losses  on  falling  markets  or  on  non- 
completion   of  contracts. 

Following  is  an  abridgement   of   .Major  Osborn's  report: 

Scope  and  Objects  of  Report.  -Investigations  and  studies 
of  the  plant  were  made  with  the  view  of  determining  its 
adaptability  for  the  purpose  intended,  and  the  alternatives 
of  undertaking  additional  construction,  the  installing  of  new 
equipnietit  and  making  repairs,  were  singly  and  collectively 
considered.  Payrolls,  operating  cost  of  existing  equipment, 
and  expenditures  for  repairs  and  maintenance  were  studied 
to  discover  possible  economies  in  operation.  The  records 
and  methods  of  disposing  of  by-products  were  also  investi- 
gated in  order  to  determine  whether  improvements  could 
be  made  and  the  revenues  increased.  In  arriving  at  con- 
clusions, due  consideration  was  given  to  existing  plant  fa- 
cilities as  well  as  to  the  restilts  obtained  and  obtainable. 

Historical. — Prior  to  190.5.  Chicago  had  no  systematic  meth- 
od of  garbage  disposal.  In  lilOS  a  contract  was  awarded  to 
the  Chicago  Reduction  Co.  lor  disposal  of  garbage  at  plant 
located  at  39th  and  Iron  Sts.  in  the  stock  yard  district. 
whereby  the  contractor  disposed  of  all  garbage  delivered 
directly  to  the  plant  by  wagons  or  by  barges  from  loading 
stations,  located  on  the  Chicago  river.  Under  the  contract 
with  the  Chicago  Reduction  Co..  the  city  paid  them  $47. .500 
annually   for  this  work. 

The  contract  with  the  Chicago  Reduction  Co.  expired  in 
September,  1913.  and  from  the  time  of  expiration  until  the 
plant  of  the  Chicago  Reduction  Co.  was  purchased  by  the 
city  and  again  placed  in  operation  in  1915,  the  garbage  was 
temporarily   disposed   of   by   dumping. 

The  old  plant  of  the  Chicago  Reduction  Co.  was  purchased 
for  approximately  1275,000  and  consisted  of  land,  receiving 
building,  primary  dryers,  secondary  dryers,  extractors,  fin- 
ishing dryer  and  mill  house,  and  power  plant.  The  plant, 
as  reconstructed,  together  with  the  equipment  in  use.  have 
not  proven  adequate,  and  many  features  specially  designed 
havo<  been  found  unsatisfactory.  At  the  present  time,  the 
larger  part  of  disposal  work  is  being  done  in  the  old  plant 
with  the  same  equipment  as  originally  purchased  from  the 
Chicago   Reduction   Co. 

The  expenditures  made  for  purchase  of  land  and  for  re- 
habilitation, and  new  construction  of  this  plant,  according 
to  comptroller's  records  to  Dec.  31,  1919,  amounted  to 
$1,928,385. 

Receiving   Building. — The   garbage  is  delivered  now.  as   in 


former  years,  to  the  plant  either  directly  by  wagons  or  by 
barges  from  two  loading  stations  situated  respectively  at 
Oakley  and  Chicago  Aves.  on  the  Chicago  river.  The  direct 
delivery  by  wagon  is  made  during  the  day  and  practically  all 
wagons  arrive  at  the  plant  between  10  a.  m.  and  3:30  p.  m. 
The  garbage  from  the  two  loading  stations  on  the  Chicago 
river  is  delivered  by  transporting  the  wagon  bodies  by  barges 
to  the  disposal  plant.  The  barges  usually  arrive  between 
6  to  7  p.  m..  are  unloaded  at  night  and  returned  for  the 
next   day's   collection. 

Formerly,  the  Chicago  Reduction  Co.  used  a  stiff-leg  der- 
rick by  which  garbage  was  dumped  Into  piles  from  the  wag- 
on boxes,  whence  it  was  discharged  by  an  elevator  onto  con- 
veyors  running   through   the   receiving   building. 

At  present,  the  wagon  bodies  are  taken  from  th<'  wagons 
or  from  the  barges  into  the  receiving  building  by  means  of 
electric  monorail  cranes,  and  the  garbage  dumped  into  large 
concrete  receiving  pit.  The  monorail  system  and  concrete 
receiving  pit  were  installed  by  the  city  after  the  purchase 
of  the  plant. 

The  times  ol  delivery  of  garbage  and  the  necessity  for  un- 
loading promptly  requires  the  operation  of  the  cranes  night 
and  day.  The  night  crew  works  from  6  p.  m.  to  2  a.  m.. 
with  most  of  the  unloading  completed  by  midnight  or  by 
1   a.   m. 

The  garbage,  after  being  discharged  into  the  present  con- 
crete receiving  pit,  is  shoveled  through  hopper  gates  onto 
three  steel  conveyor  belts,  which  extend  under  the  storage 
pits  and  through  the  old  receiving  building.  ,  It  is  then  dis- 
charged through  spouts  to  three  conveyors  which  carry 
the  garbage  to  the  top  of  the  primary  dryer  building.  The 
middle  conveyor  belt  in  the  receiving  building  discharges 
thrdugh  a  crii.^her  which  w'as  originally  installed  by  the 
Chicago  Reduction  Co..  and  from  the  crusher  to  one  of  the 
conveyors  leading  to  primary  dryer  house.  The  other  two 
conveyors  were  provided  with  crushers  at  time  of  recon- 
struction, but  they  did  not  prove  satisfactory  and  were 
abandoned.  The  reason  for  crushing  or  shredding  the  mate- 
rial Is  to  facilitate  the  work  of  drying,  and  after  drying  it 
is  also  easier  to  extract  the  grease  by  percolation.  The 
budget  of  1921  carries  estimates  for  installation  of  two  addi- 
tional crushers  of  the  same  type  as  now  in  use.  While  the 
garbage  is  being  conveyed  through  the  receiving  builditig. 
some  of  the  rubbish  is  picked  out  (but  only  a  small  amount), 
consisting  of  ihe  large  articles  such  as  banana  stems,  wood 
and  large  tin  cans  which  would  cause  trouble  in  operation  of 
equipment. 

Primary  Dryers. —The  garbage,  delivered  over  the  top 
of  the  primary  dryers,  is  fed  by  hand  through  spouts  to  the 
front  end  of  the  dryers.  The  primary  dryers  consist  of  six 
direct-heat  dryers  provided  with  a  brick  combustion  furnace 
at  the  front  and  a  dust  chamber  at  the  rear.  The  heat  for 
drying  is  supplied  by  fuel-oil  burners  in  the  combustion 
furnace.  The  dryers  are  pitched  towards  the  rear  and  pro- 
vided with  lifting  angles  on  the  inside  of  the  shell  so  that 
as  they  revolve  the  garbage  is  carried  towards  the  rear. 
The  combustion  gases  from  the  furnaces  pass  throu^^h  the 
dryer,  mingling  with  the  garbage  and  evaporating  the  mois- 
ture. At  the  rear  end  of  the  dryer,  the  partially  dried  gar- 
bage is  discharged  onto  a  conveyor  and  the  combustioi* 
gases  carrying  the  moisture  pass  to  the  dust  chamber  from 
which  they  are  exhausted  by  fans  and  discharged  into  the 
condensing  tower.  In  the  condensing  tower  the  gases  are 
passed  through  water  sprays  and  then  discharged  through 
one  of  two  stacks. 

The  six  primary  direct-heat  dryers  were  installed  by  the 
Chicago  Reduction  Co.  approximately  13  years  ago.  They 
have  been  in  service  longer  than  is  usually  considered  the 
life  of  dryers  when  subjected  to  such  severe  usage,  wifn 
the  result  that  it  has  been  necessary  to  continually  make 
extensive  and  costly  repairs  in  order  to  keep  these  dryers 
operating.  Since  the  primary  dryers  are  practically  the 
heart  of  the  plant,  it  would  be  necessary  to  close  down  if 
they  were  out  of  service.  Due  to  the  worn  condition  of  the 
present  dryers,  they  should  be  replaced.  The  installation  of 
new  dryers  will  eliminate  not  only  the  excessive  cost  of 
maintenance,  but  also  eliminate  the  escape  of  gases  and 
vapor  into  the  drying  room,  as  well  as  the  labor  required  in 
cleaning  up  the  material  which  now  leaks  through  the  pres- 
ent dryers. 

The  budget  for  1921  contains  an  estimate  for  replacing  the 
six    primary    dryers.     When    new    dryers    are    installed,    the 
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brifk  oombustion  chamber  should  be  redesigned  to  eliminate 
the  trouble  experienced  in  the  warping  and  burning  out  ot 
(he  dryer  shell  by  the  intense  heat  developed  by  the  oil 
burners,  the  flames  o£  which  impinge  against  the  shell.  It 
would  be  difficult  to  maintain  even  new  dryers  under  the 
conditions  as  they  exist  at  the  present. 

In  the  operation  of  the  primary  dryers,  the  material  is 
subjected  to  very  intense  temperature  and  occasionally  the 
material  will  be  found  burning  as  it  is  discharged.  Evi- 
dently the  high  temperature  carbonizes  some  of  the  grease 
in  the  garbage,  thus  reducing  the  quantity  as  well  as  the 
quality  of  the  grease.  It  would  be  desirable  to  determine 
by  tests  and  analysis  the  re.s.ults  that  are  now  being  ob- 
tained in  the  primary  dryers  in  order  to  improve,  so  far  as 
possible,   the   quantity   and    quality   of   by-products. 

Secondary  Dryers. — The  material,  which  is  partially  dried 
in  the  primary  dryers,  is  carried  away  by  means  of  con- 
veyor and  elevator  and  discharged  through  spouts  Into  one 
of  two  secondary  dryers,  located  in  what  is  known  as  Xo. 
2  dryer  house.  The  secondary  dryers  are  of  the  Cummer 
type,  and  were  a  part  of  the  original  Chicago  Reduction  Co. 
equipment.  They  differ  from  the  primary  dryer  by  being 
encased  in  a  brick  setting  so  that  the  combustion  gases  from 
fuel  oil  burners  circulate  around  and  through  inlets  into  the 
dryer. 

The  process  of  drying  is  a  continuous  operation.  The 
material  is  inserted  at  the  front  end  of  the  dryer  and  de- 
livered at  the  rear,  while  the  gases  are  exhausted  at  the 
charging  end.  .The  two  dryers  have  been  used  for  a  num- 
ber of  years,  and  at  time  of  Major  Osborn's  inspection,  only 
one  was  in  service,  the  other  being  in  need  of  repairs  to  the 
shell  and  also  of  alignment  so  as  to  prevent  the  breaking 
of  the  driving  mechanism.  The  passing  of  the  garbage 
through  the  secondary  dryers  completes  the  drying  and  it 
is  then   ready  for  percolation  or  extraction   of  grease. 

Extraction. — The  dried  garbage  from  the  secondary  dryers 
is  carried  by  conveyors  and  elevators  to  the  top  floor  of 
the  extractor  building,  and  then  charged  into  extractors  for 
recovery  of  grease  by  means  of  a  solvent   (gasoline). 

The  extractors  in  use  consist  of  seven  vertical  tanks 
which  were  originally  installed  by  the  Chicago  Reduction 
Co.,  except  two.  which  were  replaced  during  1920.  The 
dried  material  is  placed  in  the  extractor  tanks  and  washed 
with  gasoline.  The  grease  unites  with  the  solvent  and  the 
solution  is  then  drawn  off  at  the  bottom  and  pumped  to  stills, 
where  the  solvent  is  vaporized,  then  condensed  and  re- 
turned to  storage  for  future  use.  The  grease  remaining  in 
the  stills  is  pumped  to  treating  tanks,  thence  to  storage 
ready  for  sale  or  shipment.  The  material  left  in  the  ex- 
tractor tank  after  the  grease  is  recovered  is  still  saturated 
with  the  solvent  which  is  then  vaporized  by  application  of 
steam  and  recovered  by  condensers.  After  extraction,  the 
side  outlet  doors  on  the  extractor  tanks  are  opened  and  the 
material,  from  which  the  grease  has  been  taken,  is  raked 
out  onto  a  conveyor. 

The  seven  extractor  tanks  now  in  service,  with  exception 
of  two  new  ones,  are  badly  worn  and  in  some  cases  not 
serviceable.  The  budget  for  1921  contains  an  estimate  for 
replacing  four  of  the  extractor  tanks,  which  it  will  be  neces- 
sary to  do  if  this  part  ot  the  plant  is  ^ept  in  a  safe  and  serv- 
iceable condition.  The  replacement  of  the  worn  vertical 
extractors  will  provide  capacity  additional  to  that  ot  the 
revolving  extractors  in  the  new  plant.  The  additional  ca- 
pacity thus  secured  will  be  advantageous  at  times  of  maxi- 
mum production,  or  in  reducing  the  time  the  plant  would 
necessarily  have   to  be  kept   in  operation   each   day. 

Adjoining  the  old  extractor  plant,  a  new  extractor  plant 
was  constructed  by  the  city  approximately  three  years  ago, 
and  equipped  with  three  revolving  extractors,  as  manufac- 
tured by  the  Kutztown  Foundry  &  Machine  Co.,  of  Phila- 
delphia; together  with  the  necessary  solvent  tanks,  stills, 
pumps  and  piping.  The  new  extractors  have  never  been 
used  except  for  trial  runs  of  a  few  charges  because  they 
were  equipped  with  special  hydraulically  operated  rack  and 
pinion  drives,  which  were  not  serviceable.  The  budget  for 
1921  includes  an  estimate  to  care  for  installation  of  new 
drives  so  that  the  new  extractors  can  be  placed  in  service. 

The  still,  installed  in  the  new  extractor  plant,  are  now 
used  for  recovery  of  grease  extracted  in  the  old  plant,  and 
it  Is  desirable  that  the  installation  of  new  drives,  provided 
for  in  the  budget,  be  made  and  the  whole  plant  be  placed 
In  operation.     In  the  operation  of  the  new  revolving  extrac- 


tors, some  minor  changes  will  be  found  necessary,  such  as 
the  elimination  of  the  hopper  underneath,  since  it  will  be 
found  difficult  to  discharge  the  percolated  tankage  through 
the  existing  hopper  gates  onto  conveyors.  When  placed  in 
operation,  the  three  new  revolving  percolators  will  have  ca- 
pacity to  handle  most  of  the  tankage  to  be  degreased. 

Finishing  Dryers  and  Screens. — The  material  discharged 
from  extractors  contains  considerable  moisture  added  by 
use  of  steam  in  driving  oft  the  solvent.  Therefore,  it  is 
n^essary  that  it  be  dried  before  going  to  mill  house.  The 
extractors  are  discharged  into  conveyors  wdiich,  in  turn, 
discharge  into  elevators,  delivering  the  material  to  top  of 
dryer  house  No.  4,  where  it  is  passed  through  rag  screens, 
wherein  the  rags,  bones  and  rubbish  are  screened  out  and 
the  material  passing  through  the  screen  discharged  into 
hopper  underneath.  The  screenings  are  discharged  onto  a 
picking  belt,  from  which  the  rags  and  bones  are  picked  off 
and  the  rubbish  carried  by  the  belt  to  storage  pile  at  side 
of  building,  after  which  it  is  disposed  of  under  contract  by 
dumping  while  the  recovered  rags  and  bones  are  sold.  This 
material  is  next  conveyed  from  the  hoppers  to  the  feed 
end  ot  either  one  of  the  two  Atlas  dryers  in  No,  4  dryer 
house,  which  are  used  as  finishing  dryers.  After  drying,  it 
is  conveyed  to  the  mill  house  and  passed  over  a  magnetic 
separator  which  removes  metals  before  it  goes  to  the  dis- 
integrators. 

Mill  House. — The  tankage  from  finishing  dryers  is  ele- 
vated in  the  mill  house  and  screened.  The  material,  which 
does  not  pass  through  the  screen,  is  discharged  into  cage 
mills  where  it  is  disintegrated  and  again  elevated  and  passed 
through  screens.  The  fine  material,  which  passes  through 
the  screens,  is  conveyed  to  storage  hoppers  where  it  is  ready 
for  shipment.  The  finishing  dryers  and  mill  house  were 
constructed  by  the  city  in  rebuilding  the  plant.  The  equip- 
ment in  the  mill  house,  and  the  two  Atlas  dryers  used  for 
finishing,  are  the  only  new  additions  to  the  plant  which 
are  used  with  exception  of  the  stills  in  the  new  extractor 
building. 

Power  House. — A  new  boiler  plant  has  been  constructed 
containing  four  500  HP.  water  tube  boilers,  equipped  with 
Riley  underfeed  stokers,  coal  and  ash  conveyors  and  a  coal 
bunker.  This  installation,  with  the  exception  of  piping, 
was  completed  approximately  two  years  ago.  The  budget 
for  1921  includes  E^n  estimate  for  completing  the  piping. 
The  operation  of  the  new  boiler  plant  will  permit  consid- 
erable saving  in  labor  now  required  for  firing,  handling  of 
coal  and  ashes  in  the  old  boiler  plant.  At  the  same  time, 
steam  can  be  delivered  in  better  condition,  for  operating 
the  extractor  plant,  thus  effecting  a  greater  economy  in 
coal  consumption. 

General  Summary  of  Equipment. — From  the  above  descrip- 
tion of  the  plant  as  now  operating,  it  is  evident  that  most 
of  the  work  is  accomplished  with  use  of  equipment  installed 
by  the  Chicago  Reduction  Co,  The  following  summary 
gives  the  changes  made  in  reconstruction  of  plant  by  the 
city  and  present   status  ot  the  installation: 

1.  An  unloading  system  using  monorail  and  electric 
hoists,  which  unloads  the  garbage  into  concrete  storage  pit. 
It  was  installed  by  city  of  Chicago  and  is  now  in  operation. 

2.  A  garbage  press  for  pressing  green  garbage  before 
drying  in  primary  dryers,  which  was  designed  and  installed 
by  city.  It  was  found  that  the  garbage  would  not  feed 
through   pressing  roll  and   this   press   was  abandoned. 

3.  Number  3  dryer  house,  containing  two  7-ft.  diameter  by 
60-ft.  long  Atlas  dryers  were  installed  by  city  and  operated 
by  city  for  about  one  year,  w-hen  the  first  ring  of  dryer 
shell  was  replaced,  due  to  wear.  Trouble  was  experienced 
in  driving  mechanism  and  in  keeping  dryers  on  the  trun- 
nions. The  dryers  have  been  out  of  service  for  approxi- 
mately two  years. 

4.  A  complete  new  extractor  plant  with  revolving  extrac- 
tors was  installed.  It  will  be  placed  in  service  when  the 
rack  and  hydraulically  operated  pinion  drives  are  replaced. 
The  stills  and  pumps  are  now  used  in  conjunction  with  old 
extractor  plant. 

5.  Dryer  Houses  Nos.  4  and  h,  containing  four  Atlas  dry- 
ers, where  installed  by  the  city.  Two  dryers  in  No.  4  dryer 
house  are  now  used  for  finishing  dryers.  The  rag  screens, 
installed  in  this  building  by  the  city,  are  now  used. 

6.  The  mill  house,  for  disintegrating  and  screening  tank- 
age, was  installed  by  the  city  and  is  now  operating. 

7.  .\    power   house,    containing    four    500    HP.    Page-Burton 
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water   tube    boilers,   equipped    with    Rlley   underfeed   stokers  usually    a\i-iaKir.g    approximately    BU    lb.    or    more    per    ion 

was  Installed  by  the  city  and  completed  except  for  piping.  where    full    recovery    is    made.      It    is   questionable    whether 

8.  Shops,  store  room,  chemical  laboratory  and  office  were  all  the  grease  is  recovered  or  a  part  is  not  destroyed  during 
constructed  by  the  city  and  are  now  in  service.  the  process  of  reduction.     It  would  not  be  difficult   to  deter- 

9.  Conveyors  were  installed  by  the  city  lor  new  parts  of  mine  by  analyzing  the  garbage  as  received,  and  during  the 
plant  now  operating  so  far  as  plant  operates,  and  also  addi-  different  steps  of  the  process,  whether  the  best  results  ob- 
tlonal   conveyors,  which   were  installed  to  connect   up  parts  tainable   were   being   secured. 

of  old   plant  with  the  new.  The    quantity    of    tankage    produced    at    Chicago    is    from 

10.  The  Atlas  dryers  In  No.  3.  4.  and  5  dryer  houses  were  17  per  cent  to  18  per  cent  of  the  weight  of  the  garbage  re- 
all  originally  equipped  with  chain  grate  stokers  for  use  of  duced,  and  is  greater  than  in  a  majority  of  other  cities, 
coal,  but  with  exception  of  two  dryers  in  No.  5  dryer  hou^e,  This  is  due  to  the  fact  that  in  the  dryer  process  all  solids 
the  stokers  have  been  removed  and  fuel  oil  burners  installed.  are  recovered,  whereas  in  the  majority  of  other  plants  using 
The  reason  given  for  the  change  is  that  stokers  in  burning  the  digester  method  a  considerable  part  of  the  solids  are 
coal  required  large  amount  of  labor  in  handling  coal  and  lost  in  solution  and  are  drained  away  with  the  sewage, 
cleaning  out  ash  from  dryer  settings  where  dryers  were  en-  g^,^  ^^  By-Products.-I„  the  sale  of  bv-products.  such  as 
tirely  bricked  in  with  a  combustion  chamber  ex  ending  the  ^^^  producod  in  a  municipal  reduction  plant,  effort  should 
fiaU  60-ft.  length  PMrthermore.  .1  was  claimed  that  it  was  ,^^  ^^^^  ^^  ^^^^^^  responsible  bidders,  and  as  much  compe- 
dlfflcult  to  use  them  since  when  dryers  were  not  in  contin-  ^.^.^^  ^^  possible.  It  is  evident  from  an  investigation  of 
uous  service  of  24  hours  per  days  furnaces  could  not  be  j,^^  ^^^^^^,^  ^^.  ^,^^  ^^^,  ,^  ^^^^  ^^^  ^^^^j^^^  ^^.^_.^  ^^ 
quickly  heated  up  to  temperature  for  starting  or  cooled  oft  ^^^^^.^  ^^^^^  ^^^^^j^^  ,_^^  ^^^  ^^^^  ^,^^^  ^^^  ^^^^^^^  ^.^.^^ 
at  time  of  closing  down.  At  time  of  inspection,  none  of  the  .^  ^^^^  ^^,^^  ,^^^,^  ^^^^^  ^^^^^  ^^  ^^^  ^^^.^  ^,.  ^^^  ^^^  ^^ 
Atlas  dryers  were  in  operation  and  the  merit  of  contention  ,„.„^„^jg  ^^  produced  without  guarantee  on  the  part  of  the 
could  not  be  determined.  ^..^^,  ^^  ^^  ^^^.^^.^^    ^^^  ^^^^   ^^i^^^^^   ^,^   „„j   ^,i^   ^^   ^^^^i,y 

Quantity   of  Garbage    Reduced   and    By-Products    Produced.  ^^r\aev  these  conditions.     It  is  customarv,   however,   to   make 

The  quanity  of  garbage  reduced  since  the  plant  has  been  guarantees    in    selling    bv-products.      The    grease    is    usually 

operated  by  the  city  has  decreased  each  year  as  shown   by  go,,j  o„  j^e  basis  of  a  guaranteed  per  cent  of  saponification 

the   following   table:  and  free  fatty  acids.     In  case  the  pioduct  on  analysis  does 

TONS  OF  tJ.^UBAGE  REDUCED  ANNUAI^LY,  1915  to  1920.  not    meet    such    specifications    that    pro    rata    reductions    in 

Year.                                                                  Tons.  price   are   made   in   proportion   to   the  amount   of   excess   un- 

1916! .'   ".."'.v.'.'.'. ;'!;;;!;;.■;;  iII'mI  saponifiable  matter. 

1917 100,146  The   tankage   has  also   been   sold   at   a   flat   price   per   ton. 

Jgj9";; ;;  —  ■ 82820  This  is  not  the  trade  practice.     It  is  customary  to  sell  tank- 

1920 80,132  age  on    the  basis  of  a  unit  price  bid  for  the  fertilizing  ele- 

The  quantity  of  garbage  to  be  reduced,  based  on  popula-  ments  such  as  ammonia,  bone  phosphate  of  lime,  and  potash, 
tion,  is  proportionately  much  less  than  that  produced  in  Where  sales  are  made  without  guarantee,  it  is  only  nat- 
other  cities  of  the  United  States.  The  quantity  reduced  in  ural  tor  the  buyer  to  bid  conservatively,  resulting  in  loss  to 
Chicago  in  1920  was  approximately  60  lb.  per  capita  as  com-  the  city.  It  is  desirable  to  guarantee  the  quality  as  an  in- 
pared  with  107  lb.  in  Cleveland.  The  per  capita  production  centive  to  those  in  charge  to  produce  a  grade  of  grease  and 
In  the  majority  of  the  larger  cities  will  range  between  150  tankage  which  will  meet  the  specified  requirements,  since 
and  200  lb.  per  capita  per  year.  The  reasons  for  the  small  when  no  guarantees  are  made  there  is  a  tendency  to  pro- 
amount,  as  compared  with  other  cities,  is  difficult  to  deter-  duce  a  grade  inferior  to  that  w^hich  might  be  attained, 
mine,  but  is  probably  due  to  several  causes  such  as:  It  is  not  .difficult  to  sell  by-products  if  bidders  are  assured 

(1)  Non-collections  in  sections  of  the  city  which  are  not  of  their  quality,  and  the  policy  of  strict  observance  of  the 
built-up.  terms  of  contract  is  adopted. 

(2)  Garbage  collected  by  individuals  or  private  render-  The  experience  of  other  cities  operating  municipal  reduc- 
ing  companies.  lion   plants   demonstrates   the   fact   that  the   prices   obtained 

(3)  The  mixing  of  garbage  with  ashes  and  rubbish,  which  for  their  by-products  compare  favorably  to  prices  received 
Is  collected  and  disposed  of  by  dumping.  This  method  is  by  private  companies  operating  plants  producing  the  same 
followed   in  some  sections  of  the  city.  quality   of    products.      To    sell    by-products,    such    as    grease 

(4)  The  use   of   incinerators   in   apartment  houses.  and  tankage  advantageously,  requires  attention  on  the  part 

(5)  A  reduction  in  the  volume  of  garbage,  resulting  from  of  those  handling  the  sales  and  the  work  must  be  conducted 
the  conservation  ol  food.  on  the  same  basis  as  if  done  by  a  private  company.     Buy- 

What  influence  any  one  of  the  foregoing  causes  has  on  the  ers    will     be     secured    without     trouble     when     satisfactory 

quantity  of  garbage  has  not  been  determined,  but  the  falling  methods  are  practiced. 

off  in  quantity,  even  with  an  increase  in  population,  is  con-  The   tankage  produced  at  the   Chicago   reduction   plant   is 

trary  to  the  result  found  in  other  cities.  considered    by   buyers   as    equal    in    quality    and    mechanical 

The    seasonal    or    monthly    variation,    however,    compares  condition   to   the   garbage    tankage   produced   by    private   re- 

favorably   with   that  found   in   other  cities,  as   it   is   usually  duction  plants,  and  will  sell  at  the  same  price.     The  grease 

found    that    the    quantities    during    the    summer    mouths    of  produced  at  Chicago  is  considered  inferior  to  that  produced 

maximum  production  are  approximately  twice  that  produced  by  other  plants,  due  to  the  larger  amount  of  unsaponifiable 

during  the  winter  months.  or  total   impurities  contained.     The  average   for  25   samples 

During  the  period  since  the  war,  there  has  been  a  great  of  grease  analyzed  during  1920  show  a  total  impurity  of  7.65 

Increase   in   the  value   of  by-products  that  can   be  produced  per   cent,   and   5.86   per  cent  was   unsaponifiable.     However. 

from  garbage,   resulting  in   more  effort  being   made  by   pri-  this  should   net  influence  the   comparative   price   to  a  grea't 

vate    companies    or    individuals    to    collect    garbage.      How-  extent,  probably  not  in  excess  of  3  per  cent, 

ever,  with  the  present  decline  in  values,  most  cities  are  ex-  A   record   of  sales  of  grease  during  the   past  three   years 

periencing    an    increase    in    quantity    of    garbage    collected,  shows  the  following: 

probably  due  to  failure  of  private  companies  to  continue  During  1918  the  grease  was  sold  to  Armour  &  Co.  in  Chi- 
collection.  This  is  evident,  to  some  extent,  in  the  collections  cago  at  $11.57  per  100  lb.  This  contract  was  completed  and 
made  in  Chicago.  During  the  past  year,  the  total  tonnage  the  price  received  compares  favorably  with  the  market  quo- 
collected  was  less  than  any  previous  year  the  plant  had  been  tations  during  that  period. 

operated  by  the  city,  but  during  the  last  four  months  of  the  During  1919  contracts  for  the  sale  of  grease  at  the  Chicago 

year  the  amount  collected   per  month  was  greater  than  for  reduction  plant  ranged  from  4  to  5^4  ct.  per  pound  with  an 

the  corresponding  months  of  1918  and  1919.    During  this  time  average  of  5.16  ct.  on  the  total  of  3,710,000  lb. 

the    market    for    by-products    declined    very    rapidly.      This  The  last  shipment  on  the  above  contracts  was  made  Feb. 

would  indicate  that  the  tonnage  for  1921  will  increase  con-  26.  1920. 

siderably  over  that  of  1920.  During    1920   contracts   were    made    totalling   1,440,000    lb.. 

The  results  obtained  in  recovery  of  grease  would  indicate  one-half   of    which    was    $5.75    per    cwt.    and    one-half    at    $6 

that  garbage  in  Chicago  is  not  as  rich  in  grease  as  found  per  cwt. 

in   other  cities.     The   quantity   recovered   in  Chicago    being  On    the    above   orders   there    were   delivered    20    carloads, 

ou  an  average  of  approximately  40  lb.  per  ton  where  plants  amounting   to    1.146,000    lb.,   leaving   a   balance    of   lour    car- 

In   other   cities   recover   greatly    in    excess    of   this    amount.  loads,  or  298,000  lb.  still  on  order  but  not  shipped;    the  last 
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shipment  being  made  on  Sept.  15,  1920.  The  prices  received 
in  19^0  were  much  less  than  that  obtained  tor  similar  prod- 
uct sold  by  other  cities  during  the  same  year. 

The  results  obtained  by  the  city  ot  Chicago  show  that 
the  contractors  for  grease  during  periods  of  high  prices  taite 
their  full  contract  poundage  or  more,  but  when  prices  are 
falling,  they  step  receiving  their  shipments.  This  is  but 
natural,  and  unless  the  city  is  protected  by  surety  bonds,  the 
contractors  will  continue  to  take  all  the  grease  they  can 
get  when  the  market  is  rising  and  refuse  to  take  their  con- 
tracted amounts  when  the  prices  are  falling,  resulting  in  a 
loss  to  the  city  in  either  case. 

There  were  three  sales  of  tankage  made  during  1921!,  call- 
ing for  1,200,  5,500  and  1,000  tons,  respectively,  making  a 
total  of  7,700  tons.  The  last  sale  was  made  on  Aug.  25.  Of 
the  total  amount  contracted  for,  there  remained  l,50o  tons 
undelivered,  and  of  the  order  for  1,000  tons  made  Aug.  25, 
only  159.25   tons   have   been   shipped. 

The  prices  received  for  tankage  during  the  past  year 
amounted  to  from  $7  to  ?S  per  ton,  which  is  low  as  compared 
with  market  conditions  at  time  sales  were  made. 

At  the  time  ot"  inspection,  no  shipments  were  being  made 
and  all  tankage  was  being  stored  in  piles  adjoining  the  plant 
without  milling  or  without  having  the  grease  extracted.  This 
was  made  necessary  on  account  of  lack  of  storage  facilities 
for  grease  and  tankage.  This  condition  would  not  have 
existed  had  shipments  of  products  contracted  for  been  com- 
pleted. 

Before  the  tankage  stored  on  the  prairie  is  marketed,  it 
will  have  to  be  returned  to  the  plant  unless  sold  at  a  low 
price..  The  rehandling  will  not  only  increase  the  costs  of 
operation,  but  the  material  will  depreciate  so  that  original 
value  will  not  be  recoverable. 

The  price  for  by-products,  such  as  tankage  and  grease,  at 
the  present  time  is  very  low  and  there  is  little  demand  All 
garbage  reduction  plants,  either  privately  or  municipally 
operated,  are  now  experiencing  difficulty  in  disposing  of 
their  products   except   at   low   prices. 

Chemical  Laboratory. — This  plant  is  provided  with  a  chem- 
ical laboratory,  which  is  well  and  properly  equipped  with 
apparatus.  The  work  carried  on  in  the  laboratory  consists 
in  making  analysis  of  samples  turned  over  to  the  laboratory 
at  the  time  of  sales  of  by-products  or  the  purchase  of  sup- 
plies for  the  plant,  such  as  fuel  oil   or  gasoline. 

During  the  past  year  the  products  of  tankage  and  grease 
have  been  sold  as  produced  with  no  guarantee  as  to  analysis 
so  that  it  has  not  been  necessary  to  make  as  extensive  lab- 
oratory tests  as  would  be  required  if  they  were  sold  on  a 
basis  of  analysis. 

The  laboratory  work  is  under  the  direction  of  the  senior 
sanitary  chemist  at  a  salary  of  $2,220  per  year.  There  is 
also  employed  in  the  laboratory  an  assistant  and  janitress, 
who  are  carried  on  the  payroll  as  garbage  handlers. 

The  cost  of  conducting  the  laboratory  for  payrolls  and 
supplies  amounts  to  approximately  $5,500  per  year,  which 
is  excessive  for  the  volume  of  work  handled,  as  it  could  be 
done  under  contract  in  a  commercial  laboratory  for  one-half 
that  amount. 

The  chief  advantage  to  be  secured  from  maintaining  a 
laboratory  in  connection  with  the  plant  is  to  carry  on  studies 
and  research  work  in  order  to  determine  where  betterments 
can  be  obtained,  both  as  to  quality  of  the  by-products  or  as 
a  check  on  the  efficiency  of  the  personnel  in  charge  of  op- 
eration;   yet  the   laboratory  has   not   been   so   used. 

Unless  the  laboratory  is  used  to  its  fullest  advantage,  it 
would  be  more  economical  and  just  as  satisfactory  to  have 
the  work  done  in  a  commercial  laboratory  or  in  other  chem- 
ical laboratories  maintained   by  the  city. 

Causes  of  High  Costs. — The  plant,  as  now  constructed, 
could  be  operated  at  less  cost.  There  is  no  one  cause  for 
the  present  excessive  operating  charges.  They  are  many, 
and  a  summary  of  the  principal  factors  contributing  follows: 

1.  The  equipment  maintained  is  more  extensive  than  jus- 
tified by  the   volume  of  work  handled. 

2.  The  method  of  unloading  and  handling  garbage  at  the 
receiving   point  is   uneconomical. 

o.  The  system  of  conveyors  is  complicated  and  requires 
considerable  attention  and  repair. 

4.  The  equipment  is  operated  empty  or  below  capacity  at 
times  when  there   is   not   sufficient   load. 

5.  Steam   and   electric   power  is   used    unnecessarily   when 


material   is  not  being  reduced,  or  for  purposes  not  incident 
to  plant   operation. 

6.  Unnecessary  expense  is  incurred  because  rubbish  is 
not   properly    separated   from   the   garbage. 

7.  Too  many  garbage  handlers  are  carried  on  the  payroll, 
who  are  assigned  to  jobs  which  do  not  occupy  their  full 
time  or  are  non-productive. 

8.  The  number  of  skilled  laborers  employed  as  mechanics 
and  electricians  is  in  excess  of  the  needs  of  the  plant. 

9.  The  supervising  force  is  in  excess  of  the  needs  of  the 
plant. 

10.  The  overhead  in  connection  with  the  maintenance  of 
the  office  is  excessive. 

11.  A  full  organization  is  carried  unnecessarily  at  times 
when  the  plant  is  not  in  full  operation. 

No  one  individual  is  blamable  lor  these  things;  they  are 
rather  the  cumulative  result  of  municipal  management  and 
the  present  physical  condition  of  the  plant. 

Elsewhere  in  this  report  a  comparison  has  been  drawn 
between  the  operation  of  the  Chicago  reduction  plant  and 
that  of  the  municipal  plant  at  Cleveland.  The  reason  for 
using  Cleveland  was  that  the  total  tonnage  reduced  annually 
compares  more  closely  with  that  of  Chicago  than  the  total 
reduced  by  any  other  city.  Furthermore,  the  Cleveland 
plant  was  the  first  to  be  municipally  operated,  and  has  been 
so  used  for  the  past  16  years.  Thus  the  results  achieved 
have  undergone  the  test  of  time  more  fully  than  any  other 
municipally  operated  plant.  The  data  available  is,  there- 
fore, more  representative  than  that  ot  any  other  city,  as  to 
what  can  be  accomplished  by  municipal  management  and 
methods. 

Although  the  "Digester"  process,  whereby  the  garbage  is 
first  cooked  before  drying,  is  not  used  in  Chicago,  yet  the 
equipment  used  by  Cleveland  for  drying  and  extracting  Is 
very  similar.  This  difference  of  method,  however,  does  not 
appreciably  affect   the  basis   for  comparing  results. 

Comparison  of  Labor  Distribution  of  Cleveland  Municipal 
Plant  with  That  of  Chicago. — Although  during  the  past  year 
the  quantity  of  garbage  disposed  of  by  Cleveland  was  within 
12,000  tons  of  that  handled  by  Chicago;  ?nd  although  tlie 
rate  of  wages  paid  in  Cleveland  was  higher  thrn  in  Chicago 
except  in  the  case  of  mechanics;  the  payroll  in  Cleveland, 
nevertheless,  was  less  than  half.  The  following  comparison 
of  the  organization  of  the  employes  in  the  two  plants  il- 
lustrates, in  one  way,  why  the  Chicago  plant  is  not  as  eco- 
nomically operated: 

CLEVELAND. 

68.645 Tons 

1  Superintendent. 


1  Clerk  and  Stenographer. 
1  Bookkeeper. 
1  Laboratory  Assistant  in  City 
Chemical  Laboratory. 


Xote. — Bookkeeper  keeps  books 
for  both  Collection  and  Dis- 
Ijosal. 


garbage    reduced    in    1!)20 

Superintendence. 

1  Foreman  in  Chargf: 
Office, 


CHICAGO. 

so.ri:' 


General     Foremen- 
each  shift. 


-one     for 


1  Head  Clerk. 
1  Principal  Clerk. 
1  Senior  Clerk. 
1   Senior  Clerk. 

1  Junior   Clerk. 

2  Junior  Stenographers. 
1  Senior  Sanitary  Chemist. 
1  As.sistant    Chemist    on    Payroll 

as  Garbage  Handler. 
1   Janitress.  G.  H.  Payroll. 
1  Offlce  Assistant.  G.  H.  Payroll. 
1  Office  Boy,  G.  H.   l^ayroll. 
Foremen. 

1  Assistant  General  Foreman. 

1  Foreman  Garbage  Plant. 

2  Foremen  Garbage  Handlers, 
1  Foreman  Mill  Hou.se. 
1  Assistant  Foreman  Mill  Hoiisi<. 
1  Foreman    Extractor    Plant     (1 

shift)  or  (3  shifts). 
Engineers. 

1  Second    Assistant    Operatins; 
Engineer. 

2  Third   Assistant   Operating 
Engineers. 

!)  .Tnnjor  Operating  Engineers. 

1  Hoisting    En*'inee'-    felpptrif 
power  purchased). 

Power  House. 

4   Firemen. 
14  Garbage    Handlers     used     in 
h.andling    coal     and     aslies 
(day  shift). 
.^  Garbage  Handlers   f2nd   shift). 
4  Garbage  Handlers    CSrd   shift). 
Mechanics. 

■S  Machinists. 

2  Steamfitters. 

1  Steamfitter  helper. 

2  Carpenters, 
1  Blacksmith. 
1   Blacksmith  Helper, 
fi  Electricians  (3  used  on  cranes) 

Oper.ators. 
11   Equipment      Operators       for     10  Equipment  Operators   for  dry- 
dryers,    digesters    and    ex-  ers,  extractors,  etc. 
tractors. 


Engineers  (1  for  each  shift) 
Power  Plant  (electric  pow- 
er generated). 


3  Firemen. 

3  Coal  Passers. 


1  .\sh   Handler. 


2  Machinists. 

3  Machinist  Helpers. 
2  Steamfitters. 

1  .'^teamfltter  Helper. 

1  Carpenter. 

1  Carpenter  Helper. 

1  Electrician. 
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Eiujiiu'ciiiif/   and   Contractiny   for  May   11,   1921. 


None. 


13  Heocivin):  HulldinK. 
21    l»r.v*'rH  and  DlKfslers. 

6  Kx  tract  or  I'lant. 

«  .Mill    House. 


Walehineii. 
2  Wii' 

1.. 

V. 

l.^tlior  or  (larliane  II 


(litlon  to  Gar- 
s     carried     as 


I'Uiiit. 
and  Finishing  Ur>- 


rilllly. 

;'2 Total    miiiili. 


8    \U 

22  Di'.  •  I 
10  Kxtia.  tor 
3;i  Mill  House 

ers. 
22  l-tllity.  , 

employes   on    payroll ^1> 

Private  vs.  Public  Operation.— It  is  tloiibtful  it  any  mu- 
niciiml  rciliiclioii  plain  can  be  operated  by  profit  at  the 
present  time  when  the  market  prices  for  by-products  are  the 
lowest  in  the  history  of  this  business;  when  wages  are  prac- 
tically double  the  1914  rates;  when  all  materials  and  sup- 
plies necessary  for  operation  are  more  costly  than  ever 
before.  True  it  is  that  some  large  municipalities  have  op- 
erated plants  at  a  profit,  but  not  by  using  the  present  meth- 
ods and  extensive  equipment  now  in  service  at  Chicago. 
Observation  of  the  past  performance  of  this  work  justified 
the  conclusion  that  unless  the  operating  costs  are  reduced 
the  city  ol  Chicago  would  gain  by  leasing  the  plant  to^  a 
private  corporation  and  contracting  with  the  company  for 
the  disposal  of  the  garbage  as  collected.  It  properly  safe- 
guarded, it  is  most  probable  that  such  an  arrangement  would 
prove  more  economfcal  and  satisfactory  than  the  city's  ex- 
perience of  the  pasl. 

Summary  of  Conclusions.— As  a  result  of  ths  studies  and 
investigations  made,  the  following  conclusions  are  set   forth: 

1.  That  funds  be  provided  to  complete  the  piping  of  the 
new   boiler  plant. 

2.  That  the  necessary  changes  be  madi-  in  drives  of  new 
extractors  to  permit  their  use. 

3.  That  the  vertical  extractors  be  replaced  where  needed 
to  give  capacity  additional  to  that  which  will  be  available 
when  the  new  extractor  plant  is  placed  in  operation. 

4.  That  the  six  primary  dryers  in  Dryer  House  No.  1  be 
replaced  with  new  dryers  to  eliminate  excessive  mainte- 
nance cost  and   assure  operation   of  the   i)lant. 

5.  That  the  exhaust  fans  used  with  primary  dryers  be  re- 
placed. 

6.  That  the  necessary  repairs  be  made  to  Cummer  dryers 
in  dryer  house  No.   2  to  permit   their  operation. 

7.  That  new  crnshers  be  installed  in  the  receiving  build- 
ing to  replace  the  two  which  are  not  serviceable. 

8.  That  thorough  tests  be  made  to  determine  the  cost  of 
operation  and  the  advantages  and  adaptability  of  the  -A.tlas 
dyers,  as  installed  in  dryer  houses  Nos.  :i,  4,  and   5. 

•i.  That  studies  be  made  of  the  cost  of  the  different  steps 
required  in  the  operation  of  plant,  with  view  to  determining 
where   economies   can    be   effected 

10.  That  special  attention  be  .siveii  to  the  construction  and 
operation  of  conveyors  and  elevators  in  order  to  eliminate 
labor  used  in  watching  their  performance  to  insure  proper 
functionin.i;. 

11.  That  there  be  closer  superMsioii  of  labor  in  order  to 
improve  it.s  productive  elficiency. 

12.  That  ecenoraies  be  effected  in  the  payroll  by  securin.g 
a  greater  productive  efhciency  of  the  organization  rather 
than  by  reducing  the  rate  of  wages. 

13.  That  the  office  force  is  in  excess  of  that  needed  and 
that  a  force  consisting  of  a  principal  clerk,  senior  clerk, 
stenographer  and  time  keeper,  and  stenographer  would  be 
ample  to  conduct    the   office. 

14.  That  the  practice  of  carrying  em|)loyes  used  in  the 
ofhce  or  in  non-productive  work  as  garbage  handlers  on 
payroll,   should   be  discontinued. 


15.  That  men  employed  be  assigned  to  work  as  needed 
instead  of  carried  for  a  particular  task  when  the  task  does 
not  require  full  time. 

16.  That  the  skilled  meclianics  steadily  employed  are  in 
excess  of  the  needs  of  the  plant,  and  that  during  times  when 
additional  mechanics  are  needed  they  be  employed  tempo- 
rarily, or  the  work  be  done  on  contract  or  order. 

17.  That  when  repairs  to  equipment  are  made  in  the  mu- 
nicipal repair  shop,  the  cost  charged  the  municipal  reduc- 
tion plant  should  not  be  in  excess  of  what  the  work  could 
be  done  for  under  contract. 

18.  That  the  plant,  as  (constructed,  will  require  exi)eiiditMre 
for  operation  and  maintenance  in  excess  of  that  found  in 
other  plants,  due  to  extensive  installation  of  equipment  and 
methods  of  handling. 

19.  That  more  effort  be  made  in  improving  the  quantity 
and  quality  of  by-products  and  that  tests  and  studies  be 
made  to  determine  how  affected  by  the  different  steps  of 
the  process. 

20.  That  unless  the  chemical  laboratory,  in  which  research 
of  control  work  is  done,  is  used  more  fully,  its  operation  be 
discontinued  and  the  work  handled  by  other  laboratories, 
maintained   by   the   city. 

21.  That  more  attention  be  given  to  the  sales  of  byprod- 
ucts,  and  that  a  study  of  market  conditions  be  made  to  de- 
termine the  most  desirable  time  to  dispose  of  products. 

22.  That  the  city  require  sufficient  bond  at  time  of  sales 
to  guarantee  fulfillment  of  contract   by  purchasers. 

23.  That  all  sales  be  made  on  competitive  bids,  either  by 
advertising  or  by   invitation. 

24.  That  the  sale?  of  byprodi'ctp  be  made  on  basis  of  an- 
alysis, as  by  so  doing  better  prices  will  be  secured  and  in- 
centive to  improve  the  quality  of  output  will  be  evoked. 

25.  That  special  effort  should  be  made  to  eliminate  rub- 
bish collected  in  the  c;arbage.  since  it  not  only  causes  un- 
due wear  and  tear  on  the  equipment,  but  increases  the  op- 
erating cost  for  labor;  and  the  final  disposal  of  the  rubbish 
by  transporting  to  dumps  entails  a  double  haul. 

26.  That  it  would  be  desirable  to  provide  types  of  collea- 
tion  equipment  and  facilities  whereby  wagons  hauled  to  the 
plant  can  discharge  load  directly  to  storage  pit  without  re- 
quiring cranes  and   labor  for  unloading,   as   at   present. 

27.  That  unless  the  present  cost  of  operation  is  reduced, 
that  steps  be  tsken  to  determine  what  savings  would  result 
from  leasing  the  plant  and  having  the  work  done  by  con- 
tract. 

Increasing  Labor. — The  rfport  contains  a  diagram  show- 
ing man  days'  labor  of  gartage  handlers  required  to  reduce 
one  ton  of  garbage  by  moiiths  from  January,  1915.  to  De- 
cember. 1920  Approximate  weighted  average  for  tUe  re- 
spective years  are: 

^<H5    0.25  inan  days  per  ton 

1916   n..30  man  days  per  ton 

1917   0  R.'i  man  days  per  t<iii 

1918   ".65  man  days  ner  ton 

1919   n.60  man  days  per  ton 

1920 0.60  man  days  per  ton 

This  increase  in  labor  is  coupled  with  a   steady   reductioc 

in  the  amount  of  .garbage  handled  as  noted  in  the  early  part 

of  the  report. 

Ground  Water  Supply  in  .Santa  Clara  Valley,  California  — 
The  V.  S.  (Geological  Survey  has  compiled  a  report  m  tlie 
water  r'lsources  of  the  Santa  Clara  Vallev.  Manuscript 
'Opies  are  on  file  in  its  main  office  in  Washington.  D.  C.  and 
in  its  district  office  a'  32S  Custom  House,  San  Francisco, 
where  they  can  be  consulted  by  hydraulic  engineers  or  any 
others  who  may  wish  to  ust  the  data  they  contain. 


r  1 1  \l  ■ '  \  K 1  S<  1 N 

Year. 
i!>ir.    

OP  ()l'Ki:.\T10NS 

Total 

«reen 

earbage 

-eceived. 

in    tons. 

112.892 
131.292 

Bl'-.TWICKN   THE  CHICAGO  MU  NICIP.AL  Rl- l)t( 
1\\L  REDUCTION  PU/VNT. 

Total                Total             Percent-          Perccnt- 
'ankage            grease              asre  of              age  of 
proiluced.        produced.          tankage         grease  to 
in    tons.        in  pounds.       *a  green            green 
erarboge.          garbage. 
From  Chicago  Records. 

S<-"    .Vote    "B"                       

9,156             3.792.880                 6.8                     1.1 
■•2.674                4.023  4S0                  ^2.6                         2.0 
'.5.774               2.908. .'580                 18.6                       ''.7. 
'4.618                3.393.360                  17.7                        2.1 
'1.410              2,208,620                 14.2                       1.4 
From   Cleveland   Records. 
6.879               3.7:!l.--'>                  11.0                        3.0 
7.038                3.S19.32.T                  11.6                        3.14 
6.24X               •?  071992                  11.1                         'i.36 
6.329              9.726  786                 11  .n                       3.B6 
■'.094               3.116.797                  11.fi                        2.56 
7.243             3.367.037                10.5                     2.45 

"TIO.N'    I'l.ANT  .\XD  THE 

Income           Total  net 
per  ton         profit    i.  +  ^ 
of  green       or  loss  < — ) 
srarbage         per  ton  of 

from                 green 
l>roduots.         garbage. 

$1.19                 —0.36 

2.57  —0.56 
4.25                 —0.31 
6.73                 -4-0.95 
3.46                  -3.17 
2.56                  -6.11 

S3. 60                 4-1.17 
5.10                    -^2.54 
5.22                    4-1.81 

7.58  4-2.97 
<.87                   4-    .96 
6.06                   4.    .58 

CLE^^suv^ 

Total  oper- 
ating ex- 
panse. See 
Note  "A." 

?456.'4V3 
JS9.570 
.';48.«87 
695.247 

?151.503 
155.585 
191.001 
?65.243 
?38.202 
375.949 

iT>  MUNICT- 

Cost    of 
operating 
per  ton  of 
green  gar- 
bage. See 
Note    'A." 

1317     

lOfl.Odll 
81.974 

J7.3i 

5.78 

in- 

191.-,         

8-2.820 
80.132 

'•.2.3S7 

6.63 
8.67 

12.43 

1916                   .... 

«:n.717 

«.r.6 

T*'? 

•;6.121 

.3.41 

191.S           

.S7.75I 

4.61 

1919     

192n     

6n.933 
'.'.'.'.'.....           68.64.'; 

3.91 

5.48 

".^*' — Charges  for  water,  maintenance  and  depreciation  are  includt 
n" — All  collections  were  converted  into  com.  dried  garbage. 


A  in  ligiires  tabulated   for  Cleveland  but  not  for  Chicago. 


(122) 


Engineer'nifi    aitd    Cmtt nuiiinj    far    Mn/i    II,    1921. 


481 


New  "Steam  Hoe"  for  Trench  Excavation 

After  nearly  live  years  of  study,  experiment  and  test  of 
a  patented  device  for  trench  excavation,  the  Ball  Engine  Co., 
of  Erie,  Pa.,  has  just  perfected  and  placed  on  the  market 
the  "Steam  Hoe."  This  might  be  described  as  a  "back-acting 
steamshovel,"  for  the  dipper  moves  toward  the  machine  in 
digging,  and  tills  with  a  "hoe"  mrrtion,  instead  of  being  hoisted 
upward  ami  outward.     Since  the  dipper  is  loaded  by  pulling 


with  a  brief  description  furnishes  an  idea  as  to  the  extent 
of  work  actually  done  on  the  process.  The  bibliography 
sells  for   .$1   net. 


Tyt)e    B     Erie    Siiovel.     Equipped    With    "Steam     Hoe"     Attachment 
and   24-Ft.    Dipper   Sticl<. 

in  toward  the  machine,  a  'steam  hoe"  backs  away  from  tlie 
trench  as  it  digs.  Thus  it  works  along  always  on  solid 
ground,  instead  of  being  supported  on  a  platform  over  the 
excavated  trench.  The  "steam  hoe's"  ability  to  work  on 
solid  ground  is  of  greatest  advantage  in  soft  or  sandy  ma- 
terial. On  such  excavation,  it  is  claimed,  the  "steam  hoe" 
not  only  does  away  with  most  of  the  cave-ins,  but  eliminate^; 
much  of  the  trench-biacing. 

While  the  'steam  hoe"  is  especially  adapted  for  soft  and 
sandy  soils,  it  is  stated  to  be  just  as  well  suited  for  the 
hardest  kinds  of  trench  excavation — such  as  citting  throimh 
stiff  thale,  or  large  boulders.  This  work  requires  all  the 
strength  and  power  of  a  steam  shovel,  which  the  "steam  hoe" 
aftords.  Enuipped  with  22  ft.  dipper  handle,  the  Erie  "steam 
hoe"  digs  trench  as  deep  as  14  ft.  When  digging  trench  of 
this  depth,  it  is  best  to  carry  the  boom  at  4(1  degrees  with 
the  horizontal.  At  this  angle,  it  is  claimed,  the  "steam  hoe." 
with  :'2  tt.  dipper  handle,  can  dump  material  13  ft.  9  in.  above 
grade  and  W.i  ft.  from  the  center  shaft.  Excavated  material 
is  piled  high,  well  away  from  the  trench.  By  means  of  the 
power-driven  worm  gear  operated  boom  hoist,  the  boom  can 
be  quickly  set  at  the  most  effective  digging  angle. 

!n  ordinary  materials  such  as  earth  or  gravel,  it  is  stated, 
the  "steam  hoe"  easily  gives  an  output  of  200  to  .300  cu.  yd. 
a  day  in  trench  excavation.  The  machine  is  very  quick-act- 
ing, with  the  same  simple  control  that  has  proved  so  success- 
ful on  the  Erie  steam  shovel.  The  Erie  "steam  hoe"  is 
furnished  with  either  traction  wheel  or  caterpillar-type  mount- 
ing, the  two  types  of  mounting  being  interchangeable  on  the 
same  truck  frame.  Another  valuable  feature  of  this  ma- 
chine is  its  ready  convertibility  to  either  a  steam  shovel  or 
a   locomotive   crane. 


Cut  Production  Costs  With  Modern 
Equipment 

There  is  a  hoary  old  story  of  the  shiftless  farmer  whose 
house  had  a  very  leaky  roof.  When  it  was  fair  it  didn't  need 
tixmg — and  when  it  rained  of  course  he  couldn't  fix  it  until 
it  cleared  up. 

It's  the  same  way  with  too  many  machine  shops  through- 
out the  country.  Their  leaky  roofs  are  in  the  shape  of  poor 
machine  equipment.  When  demand  is  good  buyers  will  pay 
a  high  price  for  their  product,  and  they  feel  they  do  not  need 
to  put  in  new  machineiy. 

But  when  business  is  slack  and  they  feel  they  cannot 
buy — that  is  the  time  when  their  poor  equipment  counts  most 
agaiust  them.  They  cannot  meet  competition  and  the  busi- 
ness goes  to  those  who  have  proper  machinery  for  producing 
work  at  low  cost. 

These  lame  ducks  always  think  that  the  successful  bidder 
must  he  losing  money  at  the  prices  he  bids  for  work.  They 
are  very  apt  to  call  it  cut-throat  competition,  when  in  reality 
it  is  simply  foresight  and  good  management  in  having  up-to- 
date  shop  equipment. 

In  one  recent  case  of  this  kind  a  contract  was  taken  at 
what  seemed  a  very  low  figure  and  the  high  bidder  protested 
that  it  could  not  be  made  for  the  price  asked.  So  the  suc- 
cessful bidder  showed  his  shop  time  on  the  job  to  be  48 
hours,  as  against  the  other  bidder's  estimate  of  15.5  hours.  A 
comparison  showed  modern  equipment  in  one  plant — out-of- 
date  machinery  in  the  other. 

Now  is  the  time  to  look  over  your  equipment  with  the  same 
critical  eye  as  though  yon.  were  appraising  a  competitor;  to 
ask  yourself  whether  you  can  afford  to  let  business  go  to  the 
other  shop  because  of  its  better  equipment.  Production  costs 
must  be  brought  down  by  the  use  of  the  best  machinery  pos- 
sible.— Editorial  in   Power. 


New  Pipe  Bending  Machine 

A  new  power  driven  machine  for  bending  standard  iron 
pipe  or  tubing  up  to  4  in.  pipe  size  has  been  placed  on  the 
market  by  the  Wallace  Supplies  Mfg.  Co.,  418  Orleans  St., 
Chicago,  111. 

In  this  machine  tlie  roller  bracket  is  adjustalile  to  take 
forms  up  to  48-in.  diameter  and  is  operated  with  eccentric 
lever  to  force  tube  or  pipe  into  groove  or  form  for  holding 
the  outside  follower  bar  close  to  the  tube.  The 
machine  is  operated  by  lever-engaging  fiiiction-clutch  pulleys 
for  forward  and  reverse  drive.  Adjustable  stops  are  pro- 
vided  to   suit  any  degree  of  bend   required.     Clutch   is   auto- 


Bibliography  of  Activated  Sludge  Process 
of  Sewage  Treatment 

A  very  comprehensive  bibliography  of  the  activated  sludge 
process  of  sewage  treatment  has  just  been  issued  by  the 
General  Filtration  Co..  Rochester.  N.  Y.  It  is  compiled  from 
the  various  periodicals  and  brought  down  to  the  close  of 
the  year  1920.  It  supplants  an  earlier  edition  and  con- 
tains a  list  of  over  600  articles,  about  4iiii  more  than  the 
previous  edition.  Brief  abstracts  of  each  article  give  a 
general  idea  as  to  the  nature  of  the  contents.  In  it  is  in- 
cluded a  list  of  the  patents  covering  the  process  and  also 
a  very  complete  list  of  contributors  and  authors.  In  com- 
piling the  index,  ,the  idea  has  been  to  keep  a  chronological 
order  in   arrangement.     An    index    of   the   location   of   plants 

(12.S) 


Power    Driven    Pipe    and    Tube    Bending    Machine. 

iniitically  thrown  out  of  enp;agenient  at  both  tlie  end  of  the 
bending  operation  and  when  the  machine  has  been  reversed 
to  the  starting  position.  Special  forms  with  inside  follower 
bai's  or  floating  mandrels  can  be  furnished  to  order  for  bend- 
ing liglit  gage  tubing  to  a  short  radius  without  flattening  or 
crimping.  Standard  equipment  furnished  with  this  machine 
consists    of   the    following: 

1  form  for  bendinff  W2-\x\.  iron  pipt-  lo  It-in.  radium.  90  lU-grees 
1  form  for  bending  2  -in.  inm  pipe  to  12-in.  radius,  90  degrees 
1  form  for  bendins'  2M>-in.  iron  ()ipe  lo  15-in.  radius.  90  degrees 
I  form  for  bendin.!<  [<  -in.  iron  pipe  to  IS-in,  radius,  !'0  decrees 
1  form  for-  bending:  8H-in.  iron  pioe  to  21-in.  radius.  DO  decrees 
\.  form  for  bendint?  4      -in.   ivcm   pipe  to  21-in.  radius,  JIO  dt'j;recs 
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Henils  can  he  made  cold  with  above  efinipment  and  with- 
out the  UHB  of  an  inside  follower  or  (loatini;  mandrel.  Spe- 
cial forms  and  floatins  mandri'l  with  hr^icket  and  extension 
arm  can  he  furnished  to  suit  Bpeclflcatlons.  The  pipe  is  se- 
cured to  the  form  by  means  of  strap  and  eccentric  lever  and 
both  the  inside  follower  and  the  form  are  grooved  with  the 
proper  thickness  to  secure  the  best  possible  results.  The 
outside  follower  bar  operates  between  the  tube  and  roller 
instead  of  workinK  directly  on  the  tube.  Special  etruipment 
can  be  furnished  for  bending  angles  round,  flat,  channels, 
tees,  or  (lat   on  edge  and  special  section. 


ITIE.S   CO.MBINING   THK   COL.L.ECTION    OF  GAUBAGE   WITH 
THE  COLLECTION  OF  OTHER  CITY  WASTES. 


New  Developments  in  Evinrudc  Centrifugal 
Pump 

Inii'orlant  new  develop;:.cnts  have  been  introduced  la  the 
Kvinrude  centrifugal  pump,  which  has  been  manufactured 
for  I  he  last  four  years  by  the  Rvinrude  Motor  Co.,  Milwau- 
kee, Wis.  As  shown  in  the 
illustration,  the  frame  is  pro- 
vided with  right-angle  brack- 
ets on  both  sides  to  permit 
bolting  in  wood  stringers, 
for  carrying  purposes.  In 
addition,  there  is  a  large 
hole  in  each  side  of  the 
frame  tor  the  insertion  of  a 
hoisting  cable  or  rope.  This 
makes  it  possib'e  to  lower 
the  pump  right  down  into 
the  excavation  and  submerge 
it  in  the  liquid.  It  is,  how- 
ever, not  necessary  to  do 
this  as  the  Evinrude  cen- 
Evinrude  Centrifugal   Pump.  trifugal   pump   can  very   eas- 

ily handle  suction  lifts  up  to  20  ft.  A  new,  large  water 
screen  prevents  the  water  circulation  from  becoming 
clogged.  The  discharge  elbow  is  heavier,  and  is  provided 
with  a  female  instead  of  male  thread  as  formerly,  the  new 
arrangement  being  much  stronger.  The  exhaust  pipe  is  of 
approved,  sturdy  design.  A  universal  joint  connects  the 
power  plant  with  the  pump.  By  means  of  the  universal 
joint,  the  sideplay  on  the  bearings  of  the  motor  and  the 
pump  is  entirely  eliminated,  thereby  lengthening  the  life 
of  the  pump.  The  lugs  or  feet  for  bolting  down  the  pump. 
are  particularly  notable,  as  with  them  the  pump  can  be 
bolted  down  securely  to  a  wooden  platform  or  floor. 


Garbage  Disposal  in  Leading  Cities  of  U.  S, 

In  a   report  on   the  disposal   of  city   wastes  of   Baltimore, 

Md.,  submitted  April  9  by  Mr.  H.  G.  Perring,  City  Engineer, 

the    following   tabulation   compiled   in   1920   by   Mr.    John    A. 

Griffin,  City  Engineer  of  Los  Angeles,  Calif.,  is  included: 

•JE.VERALi  DATA    ON    GARB.\GE    DISPOSAL   IN    LEADING 
CITIES  OF  THE  UNITED  STATES. 


City. 
Albany.  N.  Y. 
Akron.  Ohio  . 


Population 
contributing. 

100,000 

176.000 


Boston,  Mass. 


750,000 


Bridccport.  Conn IflO.OOO 

Chicaiio.  HI 2,600.000 

Cleveland.  Ohio 

Denver.  Colo 255.000 

Detroit.  .Mloh ." l.OOO.OOO 

Grand  Rapids.  Mich 137,000 

Houston.    Te.v 165,000 

Kansas  City.  Mo  • S2n.OO0 

Los  Angeles.  Cal 576.000 

Louisville.   Ky... 261.000 

Lowell.   Mass 

Milwaukee.   Wis 

Minneapolis.  Minn.t   . . . 

New  Haven.  Conn 

Philadelphia    Pa 1 

Pittsbursh.  Pa 

Portlanil,  Ore 

Providence.  R.  I 

TteadlniT.   Pa 

San  .\ntonlo,  Tex 

■^poUnne.  Wash 

Sprinufleld.  Mass 135.000 

Toledo.  Ohio 2^0.000 

■VVashinirton.  D.  C 400,000 

^V(.l•reste^.  Mas-s 200  000 

Yoiinsstown.  Ohio   133.000 


381.000 
146.000 
S20.000 
5R3,00n 
2.-.8.000 

io7.'ow> 

161.000 


Method  of  disposal. 
Fed  to  hogs. 
Reduction    from    1916    to    March, 

1920.    Fed  to  hog^  since  M.'irch. 

1920. 
Partly  by  reduction. 
Partly  by  hoi;  feeding. 
Reduction. 
Reduction. 
Reduction. 
Fed  to  hogs. 
Reduction. 
Fed  to  hogrs. 
One-third  incinerated. 
Two-thirds  placed  on  dumps. 

Reduction. 

To  farmers. 

To  farmers  for  hog  feeding. 

Incineration. 

Fed  to  liotrs  by  contractors. 

Fed  to  hops. 

Reduction. 

Pi>,-e,ster  system. 

Incineration. 

Fed   to  hogs. 

Reduction. 

Dump. 

Incineration  and  bog  feeding. 

Fed   to  hogs. 

Reduction. 

Reduction, 

J-Vrt  tri  tint:.-.- 

Redliclinii 


Population 
City.                             contributing. 
Elizabeth,  N.  J 100, oon 


.Memphis,  Tenn 163,000 

New  Orlean.s,  La 387,000 

San  Francisco,  Cal 


Method  of  disposal. 
Dumped  on  low,  marshy  grounds. 


Incineration  and  dump. 

Residence   garbage   incinerated. 

Business  garbage  fed  to  hogs. 

.Sanitary  fill. 

Sanitar>'  fill. 

Incineration. 

Buried  under  ashes  and  other 
municipal  wastes. 
'X5arb.Tgo  collected  and  disposed  of  by  contract  at  cost  of  $69,000 
to  the  city.  tDiscontinuance  of  feeding  ordered  by  District  Court 
.May.  1920.  ••Hotel  and  restaurant  garbage  sold  to  hog  raisers. 
.\'o  revenue  to  city.  ttTell  system.  Each  householder  pays  con- 
tractor for  amount  collected. 


Seattle.    Wash.*'* 299, 8«e 

Tacoma.  Wash.tt 60.000 

Trenton.  N.  J 115,000 

Troy,  N.   Y 80,000 


Irrigation  from  Wells  in  Santa  Clara  Valley — Nearly  all 
the  fruit  orchards  in  the  Santa  Clara  Valley,  California,  which 
border.5  the  south  end  of  San  F"rancisco  Bay.  and  is  the  home 
of  the  famous  Santa  Clara  prune,  are  irrigated  with  water 
numped  from  wells.  The  V.  S.  Geological  Survey  has  esti- 
mated that  in  1919  about  120,000  acre-feet  of  w-ater  were  ob- 
tained from  pumping  plants  and  flowing  wells  in  Santa  Clara 
Valley  for  irrigation.  This  \s.  nearly  40  billion  gallons, 
equivalent  to  a  continuous  draft  of  more  than  100  million  gal- 
lons a  day.  In  addition  to  the  water  used  for  irrigation 
more  than  2.5.000  acre-feet  was  pumped  in  1919  for  industrial 
supplies  and  public  waterworks,  many  millions  of  gallons 
having  been  pumped  out  of  the  valley  to  supply  Oakland  and 
other  cities  on  the  east  side  of  the  bay. 


Personals 

W.  H,  Larson,  who  has  been  county  highway  superintendent  of 
Union  County.  South  Dakota,  for  the  past  year,  has  gone  to  Pierre, 
where  he  has  been  appointed  county  highway  superintendent  of 
Hughes  County.  L.  J.  Johnson  of  Elk  Point  will  succeed  Mr.  Lar- 
son as  highway  superintendent  of  Union  County. 

P.iul  P.  Haynens,  late  a  member  of  the  Public  Service  Commis- 
sion of  Indiana,  and  Carl  H.  Mote,  late  secretary  of  the  Public 
Service  Commission  of  Indiana,  have  entered  into  a  partner.shio 
for  the  practice  of  law  with  ofiices  at  112  Hume-Mansur  Bids., 
Indianapolis.  They  will  engage  especially  in  the  practice  before 
regulator}'  bodies. 

Perry  T.  Naylcr  has  been  appointed  city  engineer  of  Hastings, 
Neb.  He  has  been  .assistant  city  engineer  for  about  a  year  and  a 
half.  Previous  to  his  coming  to  Hastings  he  was  with  the  Strath- 
more  Paper  Co.,  Springfield,  Mass.,  as  a  construction  engineer. 
He  was  with  the  211th  Engineers  in  the  war.  Before  tlie  war  he 
was  ae-sistant  chief  engineer  for  the  Springfield  Street  Ry.  Co. 
and  Worcester  Consolidated  Street  Ry.  Co.,  with  oflice  at  Spring- 
field, Mass. 

.lohn  J.  Swan  has  become  associated  with  the  Engineering 
Business  Exchange  of  New  York  City  and  has  removed  there  from 
Indianapolis.-  resigning  his  position  with  the  Prest-O-Lite  Co.. 
which  he  has  held  for  two  years  past.  Mr.  Swan  was  graduated 
from  Cornell  in  1S97.  He  was  for  a  time  one  of  the  editors  of 
Engineering  News  and  later  held  important  engineering  and  execu- 
ti\'e  positions  witii  well-known  industrial  companies,  including  the 
Ingorsoll-Rand  Co.,  the  Longmead  Iron  Co.,  the  Chicago  Pneumatic 
Tool  Co.,  Keller  Mfg.  Co..  and  the  American  Arms  Corporation. 

Charles  H.  MadDow^ell  was  elected  president  of  the  'Westorn 
Socioty  of  Engineers  at  the  election  held  May  4.  .Mr.  MacDoweM 
is  president  of  the  Armour  Fertilizer  Works  and  brings  to  this 
position  a  wide  experience  as  an  executive.  The  other  officers 
elected  are:  First  vice-president.  Julius  L.  Hecht.  a.«sistant  to 
vice-president.  Public  Service  Co.  of  Northern  Illinois;  second  vice- 
president.  F.  F.  Fowle.  consulting  and  mechanical  engineei ;  third 
vice-i>resident.  Benjamin  B.  Shapiro,  consulting  structural  engi- 
neer; treasurer.  Homer  E.  Niesz.  manager  of  industrial  relations. 
Commonwealth  Edison  Co.:  trustee.  Edwin  W.  Allen,  assistant 
district  managror  and  district  engineer.  (General  Electric  Co.  Mem- 
bers of  Washington  Award  Commission — John  F.  Hayford.  direc- 
tor, School  of  Engineering.  Northwestern  University;  Henry  J. 
Burt,  manager.  Holabird  &  Roche. 

Hoiner  J.  Forsythe.  manager  of  the  construction  division  of  the 
engineering  department  of  the  duPont  Company,  has  been  trans- 
ferred to  the  position  of  assistant  general  manager  of  the  Hyatt 
Roll.-r  Bearing  Co..  of  Newark.  N.  J.,  a  subsidiar>-  of  the  General 
Motors  Corporation.  Mr.  Forsythe  was  selected  for  thi*.:  import- 
ant position  because  of  his  wide  experience  in  machine  shop  work 
and  bis  ability  to  handle  difficult  problems  in  his  line.  He  had 
i)e5n  with  the  engineering  department  of  the  duPont  Co.  since 
August.  1906,  when  he  started  work  at  the  Wilmington  oflice  in 
the  capacity  of  estimator-  I^ater  he  occupied  executive  positions 
at  the  Brandywine  shops  at  Wilmington  and  became  recognized  as 
one  of  the  important  men  in  the  engineering  department.  During 
the  war  he  was  made  manager  of  the  combined  Wilmington  .shops 
which  were  one  of  the  major  divisions  of  the  duPont  Engineering 
Co.  rngaged  in  the  construction  of  material  for  the  war  olants. 
.\t  the  end  of  the  war  he  was  promoted  to  manager  of  the  con- 
struction division  of  the  engineering  department,  which  position 
he  lield  until  his  recent  transfer. 


Industrial  Notes 


The  Byers  Machine  Co.,  Ravenna,  O.,  has  opened  the  following 
direct  snles  offices  for  its  cr.anes  anti  hoi^t"^:  New  "^'ork — F.  W.  S. 
Elmos,  district  manager.  Room  704,  30  Church  St..  New  York.  N 
Y.  St.  Louis — Frank  E.  Miner,  district  manager.  Room  700.  Rialto 
nidg.,  .St.  Louis.  Mo. 

The  corporate  name  of  Rickard  &  Sloan  has  been  changed  to 
Rickard  &  Co..  Inc.  Continuing  the  iiolicy  which,  to  a  large  de- 
gree, has  been  resoonsible  for  its  uninterrupted  growth,  the  com- 
pany will  specializ"  in  industrial  and  technical  advertising.  The 
officers  are:  W.  L  Rickard.  president:  O.  S.  Tyson,  vice-president: 
Julian  Gran,  treasur^r;  L.   F.  Maher.  secretarj'. 
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Roads  and  Streets — lat  Wednesday 


(a)  Roada 

(b)  Streets 


(c)  Street    Cleaning 

(d)  Municipal   Miscellanies 


(e)   Management   and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani- 

tation 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and   Pita 

( b)  Management    and         (d)    Steam    Railways,    Con- 
Office    System  struct  ion   and   Maintenance 

(e)   Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a,)    Buildings 

(,b)    Bridges 

(c)   Harbor    Structures 


( d )  Miscellaneous    Structures 

(e)  Properties     of    Materials 

(f)  Management    and    Office 

System 
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Common  Carriers  and  the  Highways 

The  accepted  proposition  that  a  public  road  is  for  the  im- 
partial benefit  of  all  the  public  is  simple  in  words  but  com- 
plicated in  application  because  of  uncertainties  of  interpre- 
tation of  the  term  "impartial."  Mr.  Julius  Kruttschnitt, 
chairman  of  the  Board  of  the  Southern  Pacific  Railway,  com- 
plains bitterly  to  the  Senate  Committee  on  Interstate  Com- 
merce that  the  highways  are  being  used  for  common  carrier 
purposes.  Protest  on  the  same  use  is  filed  with  the  Public 
Utilities-  Commission  of  Illinois  by  the  Chicago,  Rock  Island 
&  Pacific  Ry.,  and  we  hear  other  similar  complaints.  Mr. 
Kruttschnitt  also  makes  other  expostulations,  and  his  recom- 
mendations for  measures  of  railway  relief  are  quoted  as  fol- 
lows: 

Sto.)  the  use  for  common  carrier  purposes  of  highways  built  with 
puDlic  moneys  without  adequate  tolls  and  proper  regulations. 

Make  inland  waterways  built  or  improved  at  public  expense 
carry  themselves  as  to  interest  on  cost  and  maintenance  by  regu- 
lating the  common  carrier  traffic  on  them  and  by  imposing  ade- 
quate tolls. 

Keep  the  government  out  of  the  business  of  operating  steam- 
.ships  and  stop  the  lavish  e.xpenditure  of  public  money  to  provide 
coast  to  coast  ocean  transportation  in  competition  with  transcon- 
tinental railroads. 

Tolls  for  use  of  the  Panama  canal  should  be  sufficient  to  pay 
interest  on  its  cost,  operating  expenses  and  maintenance. 

Do  not  deprive  transcontinental  carriers  of  coast  to  coast  traf- 
fic by  inflexibly  eni'orcing  a  strict  long  and  short  haul  clause. 

The  apparent  selfishness  of  Mr.  Kruttschnitt's  motives  is 
not  in  itself  an  argument  against  what  he  asks.  It  is  but  a 
conspicuous  illustration  of  the  character  of  most  business 
motives,  and  applies  about  equally  to  the  lowest  paid  laborer 
and  to  the  greatest  capitalist. 

Mr.  Kruttschnitt's  words  leave  the  impression  that  he 
thinks  that  transportation  of  freight  and  passengers  on  our 
public  highways  by  land  and  by  water  should  be  subject  to 
a  tax  which  would  afford  to  the  railways  a  measure  of  pro- 
tection from  competition.  This  suggestion  has  been  offered 
before,  and  if  Mr.  Kruttschnitt  means  otherwise,  it  is  unfor- 
tunate that  he  was  not  more  explicit  or  perhaps  that  he  was 


not  more  fully  quoted  by  the  newspapers.  Engineering  and 
Contracting  cannot  agree  that  such  protection  is  desirable. 
We  hold  that  highway  users  should  pay  as  nearly  as  possible 
the  full  cost  of  their  use  in  depreciation  and  maintenance,  and 
usually  a  portion  of  the  interest  costs  as  well;  but  a  protec- 
tive tax  or  toll  is  a  bar  to  progress,  and  a  measure  which  we 
do  not  believe  the  public  would  tolerate. 

Instead  of  restricting  the  use  of  our  highways,  that  use 
should  be  encouraged  and  facilitated.  When  the  public  finds 
in  any  given  case  that  the  highway  is  preferable  to  the  rail- 
way whether  because  of  economy,  convenience  or  pleasure,  it 
seems  to  us  very  clear  that  it  is  entitled  to  have  such  use. 
Wlien  persons  desirous  of  regulating  railway  income  to  the 
lowest  possible  point  have  contended  that  such  a  course  was 
just  because  the  government  in  effect  guaranteed  the  return 
through  its  regulation,  the  railways  promptly  denied  the  ex- 
istence of  any  guarantee  either  practical  or  implied.  In  this 
contention  Engineering  and  Contracting  always  supported  the 
roads,  and  held  that  they  should  be  granted  a  rate  of  return 
substantially  more  than  a  mere  interest  rate.  We  believe 
the  present  condition  of  the  roads  affords  evidence  of  the 
soundness  of  this  position,  and  we  shall  continue  to  advocate 
more  liberal  treatment  for  them  and  for  other  public  utilities. 

Prevention  of  competition  is  sometimes  a  desirable  thing — 
not  merely  from  the  viewpoint  of  the  parties  protected,  but 
tIso  as  a"  measure  of  public  economy.  When,  however,  pro- 
tection stops  the  use  of  improved  methods  it  becomes  an  im- 
pediment to  progress  which  is  hard  to  justify.  We  have  not 
hesitated  to  condemn  British  labor  unions  for  their  attitude 
in  restricting  the  use  of  labor-saving  machinery,  and  we  can- 
not approve  restrictions  on  the  economic  use  of  our  own  high- 
ways. 

We  have  already  stated  the  desirability  of  payment  in  ac- 
cordance with  the  use  of  highways.  The  ffifflculties  of  asses- 
sing and  collecting  such  payment  are  many,  but  do  not  ex- 
cuse failure  to  solve  the  problem  in  the  most  practical  man- 
ner possible.  In  spite  of  its  inconvenience  there  Is  still  the 
possibility  of  a  revival  of  the  toll  road.  The  question  of  reg- 
ulation is  quite  another  one.  It  seems  evident  that  a  high- 
way user  who  is  in  effect  a  common  carrier  should  be  sub- 
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ject  to  regulation  In  the  same  manner  and  by  the  same  ofBcial 
bodies  as  tlie  railways.  In  fact  there  Is  much  to  be  said  in 
^vor  of  reriulring  such  users  to  operate  under  franchises  in 
a  fashion  similar  to  the  street  railways,  but  usually  without 
the  exclusive  feature  of  railway  franchises.  The  public  has 
come  to  look  upon  all  its  utilities  as  natural  monopolies,  but 
here  is  a  field  in  which  an  udvanlaKeous  competition  seems 
possible,  and  may  well  be  tested  out. 

With  regard  to  the  adjustment  of  Panama  Canal  tolls  we 
need  only  comment  that  the  same  general  principle  applies 
as  on  the  highways:  tolls  should  be  such  as  will  afford  the 
greatest  economic  benefit  to  the  nation  as  a  whole.  Because 
the  canal  was  built  partly  as  a  military  measure,  a  failure  to 
collect  full  interest,  maintenance  and  operation  costs  would 
be  of  different  significance  than  in  the  case  of  a  public  im- 
provement of  no  military  purpose. 

The  Inland  waterways  present  still  another  problem.  Mr. 
Kruttschnitt  says:  "Make  them  carry  themselves  as  to  in- 
terest and  maintenance."  Alas  that  in  too  many  instances  this 
cannot  be  3one!  Many  a  waterway  should  never  have  been 
made,  and  being  made,  can  never  be  an  economic  investment 
t:.  the  ccmmunity.  Since  the  investment  can  not  now  be  re- 
covered, tolls  on  such  waterways  should  be  adjusted  to  bring 
a  maximum  income,  and  if  this  exceeds  the  operating  expense 
and  maintenance,  the  route  will  survive,  while  the  interest 
losses  are  pocketed  with  a  grin.  If  an  improvement  cannot 
cam  its  operation  and  maintenance,  and  is  without  prospect 
of  development  to  such  earning,  then  the  sooner  it  is  aban- 
doned the  better.  As  to  future  waterways  we  can  only  hope 
that  pork  barrel  politics  will  be  restrained  from  building  more 
that  are  primarily  sink  holes  for  public  funds. 

In  regard  to  the  highway  situation  we  wish  to  call  atten 
tion  tc  one  further  consideration — the  function  of  the  high- 
ways as  railway  feeders.  In  performing  this  service  they  de- 
velop territory,  and  both  directly  and  indirectly  bring  busi- 
ness to  the  railways.  For  long-haul  traffic  we  believe  the  rail- 
ways v/ill  always  be  preferred  to  the  highways,  and  it  is  not  to 
be  overlooked  that  railway  branch  lines  have  in  many  cases 
proved  of  value  to  the  roads  only  through  their  service  as 
main  line  feeders.  May  it  not  be  that  after  all  the  motor 
truck  will  prove  of  benefit  rather  than  harm  to  the  steam  and 
electric  roads? 


the  occasional  appearance  of  a  very  evident  propaganda  of 
optimism,  for  a  worthy  end  is  not  well  served  by  misstated 
or  misconstrued  facts  or  by  specious  argument.  Here  are 
statements  whose  sincerity  is  emphasized  by  the  fact  that 
with  each  of  them  there  were  acknowledgments  of  sobering 
and  regrettable  facts  and  conditions,  and  admonitions  to  in- 
creased efforts  and  efficiency. 


Voices  of  Optimism 

The  daily  press  of  May  11  and  12  gives  us  the  following: 
By  Herbert  Hoover.  U.  S.  Secretary  of  Commerce: 
"I  am  convinced   that   we   have   fundamentally   turned   the 
corner." 

*  *     * 

"It  would  be  foolish  not  to  acknowledge  frankly  that  we 
are  in  the  midst  of  great  economic  difficulties.  But  it  is  in- 
finitely more  foolish  for  anyone  to  think  we  will  not  grow  out 

of  them." 

*  «     * 

"With  the  intelligence,  productive  power  and  resourceful- 
ness of  the  American  people,  we  will  emerge  through  all 
this,  but  the  rapidity  with  which  we  recover  will  depend  upon 
the  promptness  with  which  we  grasp  and  well  understand  the 
nature  of  our  difficulties  and  upon  the  unity  and  energy  of 
our  action." 

By  John  L.  Lewis.  President  of  the  United  Mine  Workers  of 
America: 

"It  is  my  opinion  we  are  emerging  from  the  crisis  and  that 
the  indications  are  we  soon  will  witness  a  substantial  im- 
provement. I  am  optimistic  enough  to  believe  that  ere  long 
our  nation  will  again  become  the  active  workshop  of  the 
world.*' 

By  James  J.  Davis,  tJ.  S.  Secretary  of  Labor: 

"I  believe  the  greatest  20  years  we  are  ever  going  to  see 
in  the  United  States  are  Shead  of  us,  and  I  believe  with  all 
my  heart  that  we  are  going  to  have  20  years  of  peace  and 
prosperity." 


The  Construction  Scandal 

Engineering  and  Contracting  has  little  to  say  regarding  the 
vndespread  corruption  in  the  building  industries  of  New  York 
and  Chicago  which  is  now  unquestionably  proved.  With  what 
has  already  been  developed,  and  without  waiting  for  the  whole 
story  to  be  told,  we  are  presented  with  a  sickening  picture 
of  gi'aft.  conspiracy,  "double  cross"  and  "frame  up."  about 
which  wc  might  moralize  at  interminable  length  and  to  very 
little  practical  good. 

Loss  of  faith  in  human  nature  is  an  old  reaction  from  such 
disclosures,  bui.  it  is  not  permanent.  When  we  sober  our 
thoughts  we  know-  that  honest  men  still  live  in  the  ranks 
of  both  capital  and  labor,  and  that  even  unselfishness  is  some- 
times to  be  found. 

Among  the  wicked,  exhortations  to  virtue  avail  little.  A 
few  respond  to  the  doctrine  of  "Honesty  the  best  policy." 
The  good  have  some  power  to  remedy  the  situation — not  to 
speedily  cure  it.  If  the  good  will  preserve  the  utmost  vig- 
ilance: if  they  will  constantly  bear  in  mind  that  the  thieves 
are  as  energetic  and  as  smart  as  they,  and  having  developed 
theii  minds  in  dishonesty,  will  find  opportunities  which  the 
good  are  most  likely  to  miss:  most  of  all.  if  they  will  courage- 
ously stand  for  their  rights  and  the  right  of  their  business: 
if  they  will  make  in  some  cases  a  present  sacrifice  for  a  fu- 
ture, lasting  benefit,  and  it  they  will  skilfully  and  whole- 
heartedly co-operate,  they  will  put  themselves  beyond  the 
necessity  of  paying  a  shameful  and  expensive  tribute,  and 
w-ill  have  the  satisfaction  of  know-ing  that  they  are  making 
the  building  industry  as  clean  as  any.  Only  the  high  courage 
and  patience  which  have  gone  into  every  great  success  will 
succeed  here. 


"Nevertheless,  the  principle  of  conciliation  is  gaining.  We 
:,re  fortunate  to  have  it.  no  matter  how  it  came  to  us." 

By  Giovanni  Glolitti,  Premier  of  Italy: 

"Mustering  all  her  available  forces,  Italy  faces  the  future 
with  faith  and  certainty.  She  is  assured  of  sound  financial 
liolicy  ant'  healthy  industrial  activity,  as  well  as  increasing 
commerce" 

The  editors  of  Engineering  and  Contracting  have  deplored 


A  Great  Chief  Retires 

William.  Hood,  age  75,  railroad  engineer  .54  years,  chief 
engineer  37  years,  resigned  on  May  3  from  his  long  stand- 
ing position  with  the  Southern  Pacific  Co.  He  does  not,  how- 
ever, retire  to  ruminate  quietly  upon  the  achievements  of  his 
earlier  life.  His  employer  wished  him  to  continue  in  his  old 
capacity,  but  had  little  attractive  new  work  to  offer,  where- 
fore Mr.  Hood  leaves  them  to  enter  a  private  practice  in 
v/hich  there  are  more  of  the  problems  which  keep  life  from 
going  stale. 

Aside  from  his  engineering  talents.  Mr.  Hood's  best  known 
qualities  are  his  love  of  nature,  his  broad  mindedness.  and 
his  kindly  disposition.  It  is  said  that  while  chief  engineer 
of  the  Southern  Pacific  he  was  never  too  busy  to  reply  to 
a  letter  or  to  receive  a  caller. 

We  glance  at  some  of  Mr.  Hood's  spectacular  works  with- 
out in  any  w-ay  forgetting  that  they  were  carried  out  only 
because  they  afforded  the  most  economic  solution  of  the 
respective  problems:,  and  that  Mr.  Hood's  greatness,  like  that 
of  any  other  engineer,  is  better  measured  in  terms  of  the 
mighty  structures  whose  building  he  avoided.  In  the 
"Tehachapi  Loop"  he  circled  a  mountain  peak,  crossing  his 
line  through  a  tunnel.  The  trick  is  old  now,  but  it  took  vision 
in  the  seventies,  and  saved  the  railroad  a  huge  sum.  Vision 
and  courage  were  both  needed  to  cross  Salt  Lake  with  the 
"Lucin  Cut-off."  yet  Hood  found  the  economic  advantage  suffi- 
cient to  meet  the  engineering  obstacles,  and  he  carried  his 
point  over  the  objections  of  many  engineers.  The  intricacy 
of  the  problems  which  he  solved  in  locating  the  Southern 
Pacific  line  in  the  Sacramento  Canyon,  and  the  line  of  the 
San  Diego  and  Arizona  Railroad  through  Carriso  Gorge  must 
be  seen  and  stiuiied  to  be  appreciated. 

We  imagine  that  like  most  great  men  Hood  says  there  is 
no  "secret"  of  success.  His  tmfailing  industry  is  conspicuous: 
his  keeness  of  perception  and  his  great  memory  are  not  con- 
cealed; his  imagination  and  his  kindliness  have  been  com- 
mented upon.  Of  these  and  other  qualities  one  of  the  most 
important,  and  probably  the  least  considered  is  that  of  mem- 
ory. He  has  a  marvelous  knowledge  of  topographical  detail 
of  the   country   through   which    the   Southern   Pacific    passes 
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and  of  much  country  to  which  it  may  properly  extend.  It  is 
saia,  in  fact,  that  he  is  intimately  acquainted  with  every 
portion  of  the  11,000  miles  of  that  system,  and  one  can  not 
doubt  that  this  knowledge  has  been  of  great  value  at  all 
times.  In  the  days  of  sharp  competition  for  new  territory, 
it  was  inestimable. 

We  should  do  an  injustice  to  Mr.  Hood  were  we  to  fail  to 
acknowledge  his  service  to  his  country.  At  the  age  of  sixteen 
he  broke  off  preparation  for  college  to  enlist  in  the  46th 
Massachusetts  Volunteers,  and  with  them  he  participated  in 
some  of  the  hardest  fought  battles  of  the  Civil  War.  He 
entered  college,  but  left  without  completing  his  course  to 
.loin  the  builders  of  the  Central  Pacific  Railroad — the  first 
transcontinental  line. 

In  announcing  Mr.  Hood's  retirement.  President  Sproule 
of  the  Southern  Pacific  Co..  issued  the  following  statement: 

"Mr.  Hood  asked  us  last  year  to  allow  him  to  retire  upon 
the  completion  of  his  54th  year  in  the  service  of  this  com- 
pany. This  is  in  accordance  with  his  decision  to  become 
free  from  the  cares  and  responsibilities  of  his  official  posi- 
tion. His  repeatedly  expressed  desire  the  company  respects 
and  Mr.  Hood  v/ill  retire  on  a  well-earned  pension.  He  closes 
his  active  service  after  a  brilliant  and  valiant  career  and 
he  will  carry  into  retirement  the  respect  and  admiration  of 
his  associates  and  a  recognition  that  Mr.  Hood,  by  length 
of  service  and  by  brilliancy  of  attainments,  stands  in  the 
front  rank  of  railroad  engineers  and  the  engineering  profes- 
sion." 


Edison's  Intelligence  Tests  Are 
Incomplete 

After  having  noted  Mr.  Edison's  famous  questions  to  pros- 
pective apprentices  probably  few  of  our  readers  have  failed 
to  be  impressed  with  their  own  "amazing  ignorance."  By 
propounding  these  questions,  Edison  has  not  only  accom- 
plished the  primary  purpose  of  segregating  the  sheep  from 
the  goats  among  the  aspiring  candidates  for  admission  to  the 
outer  circles  of  his  temple,  but  he  has  performed  a  salutary 
service  in  humbling  an  overproud  human  nature.  It  is  only 
to  be  regretted  that  his  list  of  questions  was  not  longer. 

Fully  realizing  our  own  inadequacy  for  such  a  task,  but 
sincerely  desirous  of  helping  humanity  in  every  way  possi- 
ble. Engineering  and  Contracting  offers  a  supplementary  list 
of  ten  questions,  and  hopes  that  other  public-spirited  organi- 
zations and  individuals  will  proceed  along  similar  lines  until 
the  standard  of  intelligence  is  thoroughly  established. 

1.  Who  was  the  author  of  the  Book  of  Zachariah'? 

2.  What  is  the  highest  mountain  in  South  Dakota? 

3.  In  five-handed  deuces  wild,  what  is  your  chance  of 
winning  on  a  draw  to  three  queens  after  two  players 
have  passed,  one  has  stood  pat,  and  the  fourth  has 
drawn  three  cards? 

4.  What  is  the  full  name  of  the  present  Ameer  of  Afghan- 
istan? 

5.  What  smells  worse  than  a  glue  factory? 

6.  Why  do  girls  cover  their  pretty  ears  with  their  hair? 

7.  What  is  a  Chersonese? 

8.  Who  founded  Paducah.  Kentucky? 

9.  How  is  counterfeit  money  made? 

10.  What  is  the  chemical  composition  of  tabasco  sauce? 


Regulation  vs.  Competition  for  Public 
Utilities 

According  to  a  recent  telegram  from  the  Northwest,  a 
movement  has  been  started  to  invoke  the  referendum  on 
the  so-called  "Certificate  of  Necessity  and  Convenience 
Act"  passed  by  the  last  Washington  legislature.  This  act 
as  finally  adopted  in  1920,  represented  the  hard-fought  vic- 
tory of  those  who  believe  in  commission  regulation  rather 
than  competition  as  the  best  safeguard  for  public  interests 
in  securing  adequate  and  economic  service.  It  brought  to 
Washington  the  policy  which  has  long  been  established 
under  California  rulings— that  of  requiring  the  consent  of 
the  regulating  commission  before  a  public  utility  may  enter 
the  district  already  served  by  another  company.  The  idea 
back  of  it  is  that  duplication  of  equipment  and  personnel  in 
the  end  must  be  paid  for  by  the  public,  either  in  supporting 
two  successful  companies,  or  in  higher  rates  paid  to  the 
company   which   wins  out  by  purchasing  the  other. 

The  principle  of  recognizing  the  natural  monopoly  of  pub- 


lic utility  concerns  so  long  as  they  render  adequate  and 
reasonable  service  has  proved  its  worth  in  practice  and  in 
California  at  least,  after  nine  years  in  use,  may  be  regarded 
as  established.  It  is  significant  that  the  recent  investigat- 
ing committee  from  the  California  State  Legislature  who 
started  their  inquistion  of  the  Railroad  Commission  of  that 
state  with  the  avowed  disapproval  of  this  principle,  were 
completely  converted  by  their  investigations  and  express 
this  stand  in  their  final  report: 

Competition  in  public  utility  service  is  fundamentally  wasteful. 
A  teriitory  well  served  (conceding  that  regulation  regulates  artfl 
compels  good  service)  by  any  utility,  cannot  be  better  or  more 
economically  served  h.v  two  or  more  utility  concerns. 

And  in  another  place  they  state  that,  in  the  absence  of 
public  ownership,  the  committee  "is  of  the  opinion  that  .  .  . 
the  only  solution  of  the  problem  is  through  regulated  monop- 
olies." 

The  Journal  of  Electricity  and  Western  Industry  consid- 
ers this  principle  the  foundation  stone  of  successful  regula- 
tion. It  is  greatly  to  be  hoped  that  the  efforts  to  retract 
this  forward  step  in  Washington  will  not  prove  successful. 
■ — Editorial  in  Journal   of  Electricity  and   Western   Industry. 


Rail  Statistics  for  1920 

The  American  Iron  and  Steel  Institute  reports  the  produc- 
tion of  rails  in  the  United  States  in  1920  at  2,604,116  gross 
tons,  against  2,203.843  tons  in  1919,  about  1.900,000  tons  in 
1908  ana  1914  and  3,977.887  tons  in  1906.  the  record  year  for 
rail  production.  The  production  of  late  has  been  entirely 
of  steel  rails,  the  last  iron  rail  production  reported  being  234 
tons,  in  1911.  The  rails  made  in  1920  were  chiefly  priced  at 
$45  for  Bessemer  and  $47  for  open-hearth,  and  higher,  against 
prices  of  $28  for  hessemer  and  $30  for  open-hearth  tor  many 
years  prior  to  May  1,  1916. 

The  production  of  rails  is  not  an  index  of  railroad  pros- 
perity to  anything  like  the  extent  that  is  commonly  assumed. 
Of  all  classes  of  material  bought  by  railroads,  rails  are 
anions  the  least  promising  of  increased  revenue  and  the  most 
dangtrous  to  do  without  when  needed.  Ten  years  ago  a 
much  smaller  tonnage  of  the  total  output  was  used  for  re- 
placements than  at  present,  while  large  tonnages  were  used 
for  building  new  track.  Long  ago  one  function  of  branch 
lines  of  railroad  was  to  remove  the  necessity  of  driving 
wagoiis  through  mud.  The  motor  vehicle  and  highway  im- 
provement have  filled  that  bill  very  largely,  furnishing  one 
of  several  reasons  why  additional  branch  lines  are  not  built 
to  so  great  an  extent  as  formerly. 

The  decrease  in  the  consumption  of  rails  by  the  standard 
steam  roads  is  really  greater  than  appears  from  the  pro- 
duction statistics.  In  1906  total  production  was  3,977,887 
tons,  rail  exports  amounted  to  328.036  tons,  imports  being 
4,943  tons,  while  284,612  tons  of  rails  under  45  lb.  per  yard 
were  made,  an  unknown  proportion  of  these  light  rails  be- 
ing exported.  The  domestic  consumption  of  rails  45  lb.  and 
over  was  therefore  about  3.500,000  tons.  In  1920  production 
was  2.604,116  tons,  including  489.043  tons  of  rails  under  50 
!b.  per  yard,  exports  were  594.634  tons  and  imports  were 
45,684  tons,  making  the  domestic  consumption  of  rails  50 
lb.  and  over  probably  under  1,750,000  tons,  or  a  decrease  of 
50  per  cent  from  1906,  whereas  the  total  production  declined 
by  only  about  35  per  cent.  The  increase  in  the  manufacture 
of  light  rails  in  the  fourteen  years,  60  or  65  per  cent,  is  an 
interesting  point. 

The  domestic  consumption  of  standard  section  rails  last 
year  was  of  course  almost  wholly  for  replacement  purposes. 
The  building  of  new  line  dwindled  to  insignificant  propor- 
tions several  years  ago,  and  the  laying  of  additional  track 
has  been  very  small  of  late.  The  occasion  for  rail  replace- 
ment is  not  in  all  cases  simply  normal  wear.  On  account  of 
heavier  wheel  loads  the  requirements  in  a  rail  increase.  The 
old  rail  deteriorates  rapidly  and  is  replaced  by  a  rail  that 
will  bear  up  better.  The  improvement  is  partly  in  quality  and 
partly  by  increasing  the  section.  Twenty  years  ago  the  100- 
Ib.  rail  was  a  rarity,  but  in  1920  729,118  tons  of  rails  were 
rolled  in  sections  100  lb.  and  over. 

Titanium-treated  rails  came  back  a  trifle  in  1920,  the  ton- 
nage sc-  treated  being  11,652  tons,  against  6,207  tons  in  1919 
and  2.S91  tons  in  1918,  the  low  year  for  titanium.  In  1910 
256,759  tons  of  rails  were  made  with  titanium  treatment,  but 
three  years  later  less  than  one-fifth  as  many  tons. — Editorial 
in   Chemical   and   Metallurgical   Engineering. 
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Labor  Unionism  and  Prosperity 

Before  the  annual  meeting  of  the  United  States  Steel  Cor- 
I)orntlon  last  Monday  JudRC  Gary  said:  "I  firmly  believe 
complete  unionization  of  the  industry  of  this  country  would 
be  the  beginning  of  industrial  decay"  and  that  success  of  the 
labor  union  program  "would  be  the  control  of  shop,  then  the 
general  management  of  the  business,  then  of  capital  and 
finally  the  government."  What  has  occurred  in  England  in 
the  past  lew  days  gives  point  to  this  utterance.  To  what  else 
has  labor  unionism   in  Britain  been  tending? 

Judge  Oary  might  have  pointed  out  that  prior  to  1890  the 
United  Kingdom  made  more  pig  iron  than  the  United  States, 
while  at  the  present  time  wo  have  four  times  the  British 
capacity.  What  are  the  causes  of  this  change?  Engineering 
skill  Is  available  in  each  country.  Metallurgical  facts  are 
known.  Britain  must  import  some  iron  ore,  but  we  move 
iron  ore  a  greater  distance  within  our  borders.  One  great 
difference  between  the  industries  in  the  two  countries  has 
been  that  in  the  United  States  the  men  follow  the  machinery 
while  in  the  British  industry  usually  they  do  not.  Often  in 
conversations  between  American  and  British  manufacturers 
the  American  has  asked,  "Why  do  you  not  adopt  this  ma- 
chinery?" and  the  reply  has  been,  "Our  men  would  not  get 
the  results  from  it."  A  debater  who  supported  the  proposi- 
tion that  the  chief  reason  for  the  American  iron  industry's 
growth  to  four  times  the  size  of  the  British  iron  industry 
in  30  years  is  that  this  country  has  had  the  open  shop  and 
Great  Britain  the  closed  shop,  would  have  a  strong  case,  even 
though  required  to  base  it  on  this  one  argument  against  the 
whole   field  of  arguments. 

Prosperity  consists  in  advancement  of  the  people  in  ma- 
terial things.  If  in  a  year  a  household  acquires  more  new 
furniture  and  carpets  than  enough  to  balance  the  wear  of 
the  existing  equipment  it  has  prospered  in  this  respect.  If 
the  individual's  clothing  is  of  better  quality  or  in  better  con- 
dition at  the  end  of  a  year  than  at  the  beginning  he  has 
prospered  in  that  regard.  If  the  family  is  able  to  live  in  a 
better  house  it  is  prospering.  If  these  things  come  to  all 
the  people  the  country  is  prospering. 

If  all  the  tailors  unite  to  make  one-half  as  much  clothing 
as  formerly,  if  all  the  furniture  factory  workmen  arrange  to 
produce  one-halt  as  much  furniture,  if  the  artisans  in  the 
building  trades  bring  it  about  that  houses  are  erected  at  one- 
half  tiie  former  speed,  measured  in  man  days — if  such  a  thing 
Is  done  by  workers  all  along  the  line,  the  people  have  so 
much  less  prosperity  and  advancement.  It  does  not  matter 
an  iota,  considering  the  thing  collectively,  what  the  rates  of 
wages  are  or  the  prices  or  costs  of  things.  The  people  can- 
not enjoy  things  if  they  are  not  brought  into  being. 

The  practice  of  unionism  has  been  to  multiply  the  num- 
ber of  jobs  and  reduce  the  amount  of  service  performed  in 
a  day.  The  loss  must  be  borne  by  some  one.  It  cannot  be 
borne  by  the  employer's  profit.  The  workman  may  think  so 
when  excited  by  the  soap  box  orator,  but  an  analysis  of  the 
total  paid  in  wages  and  salaries,  and  of  the  total  of  actual 
profits  susceptible  of  diminution  without  throttling  industry, 
would  show  such  an  extreme  disproportion  that  the  futility  of 
the  ambition  would  be  apparent. 

When,  however,  the  proportion  of  all  industry  that  is 
dominated  by  unionism  is  small,  the  unions  have  all  the 
other  workers  as  the  field  for  their  exploitation.  At  the 
prese7it  time  the  members  of  unions  are  about  one-tenth  of 
all  the  workers.  If  the  proportion  were  reversed  the  process 
would  not  work,  and  as  Judge  Gary  said  in  his  address  there 
would  be  industrial  decay. — From  an  editorial  in  The  Iron 
Age. 


Chicago  as  a  Rail-Water  Gateway. — One  of  the  sessions  of 
the  spring  meeting  of  the  American  Society  of  Mechanical 
Engineers,  which  is  to  be  held  at  the  Congress  Hotel,  Chi- 
cago, May  2.')-26,  will  be  devoted  to  the  problems  of  Chicago 
as  a  mid-western  rail-water  gateway.  At  this  session,  which 
will  be  on  May  25,  the  fallowing  papers  will  be  presented: 
"Some  Aspects  of  the  Problem  of  Chicago  as  the  Mid-Interior 
Rail-Water  Gateway,"  J.  R.  Bibbins;  "Development  of  Air 
Rights  in  Connection  with  City  Freight  Houses,"  E.  J. 
Noonan:  "Freight  Movement  by  Motor  Trucks,  Viewpoint  of 
Carrier  and  Public."  Hugh  E.  Young;  "Freight-Tunnel  Sys- 
tem as  a  Terminal  Distribution  Agency,"  .7.  R.  Bibbins  and 
E.  J.  Noonan;  "The  Function  of  the  Terminal  Survey,"  J.  R. 
Bibbins;  "The  Relation  of  Steam  Roads  to  Rapid  Transit 
Development."  Bion  J.  Arnold. 


Hydraulic  Dredge  Output 

By  ClIAULKS  EVAN  FOWLER, 
Con.sultini,'  Kn.'jinc-er,  New  York  City. 
The  output  of  hydraulic  dredges  is  dependent  upon  so  many 
factors  that  published  data  of  one  particular  piece  of  work 
are  of  limited  value  in  determining  the  output  of  a  different 
dredge  for  other  classes  of  material.  The  earlier  dredges 
used  by  the  writer  over  20  years  ago,  were  very  deticient  in 
engine  power  and  a  20-in.  dredge  with  only  450  h.p.  gave  very 
good  results  for  mud  or  light  sand,  but  was  sadly  out  of 
place  for  pipe  lines  of  over  3,000  ft.,  or  for  pumping  gravel 
with  a  pipe  line  of  even  less  than  1.000  ft.  The  material 
handled  on  one  piece  of  work  involving  nearly  20,000,000  cu. 
yd.  was  a  moderately  fine  volcanic  sand  and  was  very  clean. 
The  average  output  per  day  for  a  3,000  ft.  pipe  line  was 
about   3,500   cu.   yd.,   for   an   average   daily   running   time    of 
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Output   of  20- In.    Dredge   for  Various   Classes  of   Material. 

19  pumping  hours.  When  the  pipe  line  was  lengthened  to 
practically  one  mile,  the  output  dropped  to  about  1,200  cu. 
yd.  per  day.  The  same  sand  was  handled  by  an  800  h.p. 
suction  dredge  with  20-in.  pipe  line,  through  a  1.000  ft.  length 
of  pipe  at  the  rate  of  over  8,000  cu.  yd.  per  day,  but  with 
an   average    running    time   of   21    hours   daily. 

The  diagram  herewith  shows  the  output  of  a  20-in.  dredge 
with  a  1,000  h.p.  triple  expansion  engine,  and  the  curve  for 
medium  Scind  would  represent  its  output  for  about  the  same 
class  of  material  as  was  described  in  the  preceding  para- 
graph, which  output  for  sand  would  be  about  the  same  as 
shown  by  the  sand  and  gravel  curve  on  the  diagram.  This 
indicates  how  very  important  it  is  to  have  real  horse  power 
to  operate  a  20  in.  pump,  and  a  1.000  h.p.  engine  or  variable 
speed  motor  Is  the  least  that  should  be  considered  for  this 
size  of  dredge,  or  enough  power  to  give  about  50  lb.  per  square 
inch  pressure  on  the  pipe  line.  The  lighter  grades  of  ma- 
terial such  as  mud  or  fine  sand  are  largely  carried  in  sus- 
pension, and  while  such  a  pressure  means  a  large  balance 
on  the  right  side  of  the  ledger,  it  becomes  a  real  necessity 
if  paying  quantities  of  heavy  sand,  sand  and  gravel,  or 
gravel  are  to  be  pumped.  These  heavier  materials  are  not 
carried  in  suspension  to  such  a  great  percentage  as  for  the 
light  materials,  and  a  large  proportion  of  them  drop  to  the 
bottom  of  the  pipe  and  must  be  actually  boosted  along. 

The  effect  of  the  percentage  of  floating  or  pontoon  line 
to  the  total  length  of  the  pipe  line  has  not  been  determined 
closely  in  the  amount  pumped,  but  it  is  certain  that  the  drop 
in  the  output  as  shown  by  the  curves  for  pipe  lines  from 
2,000  to  4,000  ft.,  is  due  to  some  extent  to  the  increased 
friction  of  the  sleeve  couplings  of  the  pontoon  line.  The 
writer  does  not  believe  in  abandoning  such  a  good  operating 
device  as  the  rubber  sleeve  connections,  but  has  always 
found  it  desirable  to  keep  the  length  down  to  a  minimum 
for  the  pontoon  line  proper,  and  has  accomplished  this  by 
making  considerable  of  the  floating  line  by  using  stove  pipe 
on  log  rafts,  or  else  shore  pipe  carried  on  pile  cribbing  where 
the  water  is  shallow. 

The  diagram  ends  at  7.000  ft.  length  of  pipe  line,  and  be- 
yond that  point  for  lighter  materials  the  curves  will  soon 
begin  to  reverse  and  reduce  to  zero  output;  so  that  when 
this  reverse  in  the  curve  becomes  marked  it  is  time  to  in- 
stall booster  plants  if  the  material  is  to  be  carried  farther. 
The  curves  for  the  output  of  heavier  material  are  carried 
out  to  zero,  but  long  before  this  is  reached  the  economical 
length  of  pipe  line  will  have  been  passed.  This  length  of 
line  may  be  taken  as  5,000  ft.  for  heavy  sand,  4,000  ft.  for 
sand  and  gravel,  and  2,000  ft.  for  gravel. 
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Scientific  and  Engineering  Work  of 

the  Government  Its  Cost 

and  Its  Value 

In  a  paper  presented  at  a  meeting  of  the  Washington  Section 
of  the  American  Society  of  Mechanical  Engineers,  Mr.  E.  B. 
Rosa,  Chief  Physicist,  U.  S.  Bureau  of  Standards,  gave  some 
results  of  a  careful  study  of  the  various  activities  of  the 
scientific  and  engineering  branches  of  the  national  govern- 
ment, and  shows  some  very  convincing  figures  relating  to 
the  economic  value  of  these  various  activities.  An  abstractor 
his  paper  follows: 

In  order  to  get  a  more  accurate  knowledge  of  Government 
expenditures,  and  to  ascertain  how  they  have  increased  in 
recent  years,  the  receipts  and  expenditures  of  all  departments 
for  the  past  10  years  were  analyzed,  using  the  official  pub- 
lished lecords  of  the  Treasury  Department  for  the  purpose, 
but  following  a  somewhat  different  and  more  detailed  classifi- 
cation.  Appropriation  bills  do  not  show  the  earnings  or 
credits  to  bureaus  and  departments  and  hence  in  many  cases 
are  misleading  as  to  the  real  cost  of  a  given  branch  of  the 
service.  In  some  cases  the  whole  cost,  and  in  other  cases  a 
large  part  of  the  cost,  is  covered  by  fees  or  earnings.  Ex- 
amples are  the  Consular  Service,  the  Patent  Office,  the  Land 
Office,  the  Reclamation  Service,  the  Bureau  of  Navigation,  the 
Forest  Sen'ice,  National  Bank  examinations,  the  Federal  Re- 
'  serve  Board  and  notably  the  Post  Office.  A  '•billion  dollar 
Congress"  was  a  familiar  phrase  in  pre-war  days,  but  this 
did  not  mean  that  the  National  Government  cost  the  taxpay- 
ers a  billion  dollars  a  year.  It  meant  merely  that  the  gross 
annual  disbursements  of  the  Government,  including  the  en- 
tire business  of  the  Post  Office  Department,  amounted  to  a 
billion  dollars  per  annum.  In  no  single  year  prior  to  our 
entry  into  the  great  war  were  the  net  expenses  of  the  Gov- 
ernment as  much  as  $700,000,000.  The  important  distinction 
between  gross  disbursements  and  net  expenses  is  too  obvious 
perhaps  to  be  emphasized,  but  it  is  often  overlooked.  This 
study  has  yielded  results  of  very  great  interest  and  value,  and 
throws  much  light  on  the  question  of  the  cost  of  government, 
and  whether  the  civil  side  of  the  Federal  Government  is  over- 
developed, and  to  what  extent  it  is  a  burden  upon  the  tax- 
payer. 

The  Classification  Adopted. — In  order  to  obtain  the  relation 
between  the  scicntihc  and  engineering  work  of  the  Govern- 
ment and  other  Government  activities,  both  as  to  distribution 
and  expenditures,  we  may  review  briefly  the  organization  of 
the  Government,  which  for  the  present  purpose  may  be  divided 
into  two  parts,  the  civil  and  the  non-civil.  The  civil  side  of 
the  Government  may  be  divided  into  three  groups  of  depart- 
ments or  activities  as  follows; 

I     Primary  Governmental  Functions 
II     Research,  Educational,  and  Developmental  Work 

III    Public  Works  (New  Construction), 

The  remaining  activities  may  be  grouped  as  follows: 
IV     Army  and  Navy 
V     Pensions  and  Care  of  Soldiers 
VI     Obligations  Arising  from  the  Recent  War 
VTI    Interest 

Vllf     Public  Debt,  Loans,  and  Trust  Funds. 

Lastly,  Group  IX  includes  all  revenues  of  the  Government 
which  are  derived  from  direct  or  indirect  taxation. 

Scientific  and  Engineering  Work  of  Government. — The 
members  of  the  engineering  profession  are  especially  in- 
terested in  the  constructive  activities,  all  included  in  Groups 
II  and  III.  Figures  2  and  3  have  accordin.gly  been  prepared 
to  show  in  detail  the  nature  of  the  work  and  wide  range 
of  scientific  and  industrial  research  and  engineering  con- 
struction Gross  disbursements,  receipts  and  net  expenses 
are  shown  on  these  charts.  While  Fig.  2  is  based  on  the 
average  for  the  fiscal  years  1910  to  1919,  Fig.  3  shows  the 
aggregate  expenditures  and  earnings  during  the  entire 
period,    together    with    the    relative    amount    for    each    year. 

The  1.5  bureaus  of  the  Agricultural  Department  consti- 
tute the  first  half  of  Group  II.  This  work  is  of  fundamental 
importance  not  only  to  farmers  and  agricultural  communi- 
ties but  to  the  entire  population,  for  an  abundant  supply 
of  food  is  essential  to  the  welfare  and  even  existence  of 
the  nation  and  as  the  urban  population  increases  more  rap- 
idly than  the  rural,  the  food  problem  becomes  more  serious. 
The  total  cost  of  these  investigations  is  not  one-tenth  of 
1    per   cent   of   the   value   of   the   agricultural   products    pro- 


duced, and  there  can  be  no  question  that  the  value  of  the 
work  done  tar  exceeds  its  cost. 

The  Geological  Survey  is  one  of  the  oldest  of  our  scientific 
bureaus  and  has  done  notable  work  of  the  greatest  scientific 
and  economic  value.  It  includes,  besides  structural  and 
economic  geology,  topographic  surveys  and  studies  of  water 
supply  and  water  power.  The  Bureau  of  Mines  is  an  out- 
growth of  the  Geological  Survey,  and  is  concerned  with 
all  the  problems  of  mining  and  quarrying  and  the 
handling  and  treatment  of  their  products,  and  also 
many  phases  of  the  petroleum  and  natural-gas  industry,  and 
the  use  of  fuels.  These  materials  are  fundamental  to  the 
industries,  and  work  which  helps  the  production  of  fuels  and 
tjuch  important  raw  materials  as  metals  and  minerals  is  of 
prime  importance. 

The  Bureau  of  Education  has  done  important  and  useful 
work,  but  has  never  been  developed  on  a  scale  commensu- 
rate with  the  importance  of  its  field.  It  is  believed  by  many 
that  the  Bureau  of  Education  should  take  a  leading  part 
in  studying  the  science  of  education,  and  co-operate  effec- 
tively with  the  educational  institutions  of  the  country  in 
setting  standards  of  education.  It  would  not  and  could  not 
dominate  or  control  education,  and  there  would  be  no  dan- 
ger of  such  a  result.  But  it  should  be  able  to  co-operate 
effectively  and  worthily,  and  to  assist  in  raising  educational 


Fig.    1 — Average    Annual    Net    Expenditure   of   Federal   Government 

During   the    Period    1910   to   1919   for   Groups   I,    II    and    III — 

Civil   Activities,  $211,337,288. 

Standards  where  they  are  too  low.  The  Federal  Govern- 
ment is  now  assisting  the  states  to  the  extent  of  $100,- 
000,000  a  year  in  the  building  of  highways.  Why  should  it 
not  assist  in  the  supremely  important  work  of  education  by 
taking  a  leading  part  in  studying  the  problems  of  educa- 
tion? 

Four  bureaus  of  the  Department  of  Commerce  are  in- 
cluded in  Group  II.  The  Coast  and  Geodetic  Survey  does 
fundamental  work  upon  which  all  other  surveys  are  based, 
and  also  does  the  valuable  work  of  charting  the  coasts  and 
locating  obstructions  to  navigation.  The  Bureau  of  Stand- 
ards maintains  the  fundamental  standards  of  physical 
measurement.  It  co-operates  with  foreign  governmental 
Institutions  in  maintaining  international  uniformity  in  such 
measurements.  It  provides  or  calibrates  copies  of  stand- 
ards for  states  and  manufacturers  so  as  to  insure  uniform- 
ity in  physical  measurements.  It  develops  instruments 
and  methods  to  secure  the  highest  possible  accuracy  in 
measurement  and  the  greatest  permanence  and  reliability  in 
standards.  It  co-operates  with  engineering  and  trade  or- 
ganizations in  standardization  work,  and  carries  out  inves- 
tigations on  the  properties  of  materials  to  secure  data  for 
such  standardization.  It  furnishes  information  to  the  va- 
rious branches  of  the  Federal  Government,  to  state  com- 
missions and  officers  of  state  and  municipal  governments, 
and  to  the  industries  of  the  country  and  the  general  public. 

Much  other  valuable  work  of  an  educational  and  develop- 
mental character  is  shown  on  the  Group  II  chart.     The  aver- 
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age  cost  of  all  this  work  lor  tlie  10-yeur  period  was  28  ct. 
jier  year  per  i-aplta  of  the  country's  population,  certainly  a  very 
small  sum  in  proportion  lo  the  importance  of  the  interests 
reprt-sentod.  and  also  in  proportion  to  the  aggregate  of  the 
Federal  taxes  collected. 

Public  Works — New  Construction.— The  Panama  Canal 
■was  opened  lo  navigation  In  lull.  Its  total  cost  for  con- 
struction and  equipment  to  date  is  $:!67,00i).000.  During  the 
past  six  years  its  revenues  have  amounted  to  about  $34,000,- 
000  and  its  expenditures  for  operation  and  maintenance  to 
$36,000,000.  a  net  delicit  of  $2.(Mi0.000  for  the  entire  period. 
Had    it    not    been    for    the    slides    in    liHC.    which    closed    the 


Fig.  2 — Average   Annual    Expenditures  and    Earnings   From    1910  to 
1919  for  Group  II — Research,   Education  and   Development. 

Total  avea  of  each  sector  roprt't;ents  ^oss  disbursement;   black 
area  represents  receipts;  white  area  represents  net  expenditure. 


canal  for  seven  months  and  greatly  reduced  the  revenue 
that  year,  there  would  have  been  a  surplus  of  $2,000,000  for 
the  entire  period  instead  of  a  deficit.  The  surplus  in  the 
fiscal  year  1920  amounted  to  more  than  $2,000,000.  and  this 
should  increase  year  by  year.  More  than  $210,000,000  out 
of  the  total  cost  of  $367,000,000  was  provided  out  of  current 
levenues  of  the  Government  from  1010  to  1915,  and  hence 
was  included  in  the  $2.1.5  per  capita  of  civil  governmental 
cost  during  these  years.  This  is  one  of  the  engineering 
triumphs  of  the  present  century,  and  is  another  illustration 
of  the  successful  handling  of  large  public  undertakings  by 
the  people  co-operatively:    that  is,  by  the  Government. 

Another  large  undertaking  of  an  engineering  character  is 
the  river  and  harbor  improvements,  carried  out  by  the  en- 
gineers of  the  army  but  charged  in  this  study  to  Public 
Works.  During  the  10  years,  1910  to  1919,  inclusive,  more 
than  $350,000,000  was  expended  in  this  very  important  work. 
From  Hell  Gate  to  the  Golden  Gate,  and  from  Duluth  to 
the  delta  of  the  Mississippi,  this  work  has  been  carried  on 
for  many  years  and  is  of  great  aggregate  importance. 

A  third  important  item  in  this  group  is  the  construction 
of  new  public  buildings,  and  during  the  10-year  period  in 
question  $135,197,494  was  expended  in  the  construction  of 
postofHces,  custom  houses,  hospitals  and  other  Government 
buildings,  about  120  new  buildings  per  year  being  erected. 
The  work  is  done  by  the  office  of  the  supervising  architect 
of  the  Treasury  Department,  which  for  many  years  has 
handled  this  work.  This  also  comes  within  the  total  of 
S2.15  per  capita  of  civil  governmental  cost,  about  79  ct.  of 
which  -was  expended  in  the  public-works  p-oup.  In  addition 
to  the  construction  of  new  buildings  the  supervising  archi- 
tect's office  has  charge  of  the  operation  and  maintenance 
of  1,300  public  buildings  in  all  parts  of  the  country. 

The  fourth  item  in  this  group  is  the  construction  of  rural 
post  roads,  by  co-operation  with  state  highway  departments. 
This  work  has  been  greatly  expanded  recently.  During  the 
10  years,  1910  to  1919,  inclusive,  $4.970.4S9  was  expended  in 
the  aggregate.  But  the  appropriation  for  1920  was  $99,000- 
000,  and  for  1921,  $104,000,000.  This  is  more  than  the  an- 
nual expenditure  previous  to   1920  for  the  entire  range  of 
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engineering  work  included  in  Group  III.  The  importance  of 
good  roads  to  the  proper  development  of  the  country  is  now 
well  understood,  and  there  can  be  no  doubt  that  the  co- 
operation of  the  Federal  Government  will  be  to  the  advan- 
tage of  the  people  as  a  whole.  The  building  of  roads  is  aji 
engineering  matter  in  which  technical  information  and  ex- 
perience are  of  very  great  importance.  The  aid  of  the  Fed- 
eral Government  not  only  stimulates  and  aids  the  states, 
which  must  pay  at  least  half  the  cost,  but  tends  to  secure 
the  best  engineering  service  and  to  standardize  road  con- 
struction. It  cannot  fail  to  have  a  great  educational  influ 
ence  upon  engineers  and  road  builders  throughout  the  coun- 
try, and  to  give  the  users  of  roads  better  roads  and  the  tax- 
payers more  for  their  money  than  if  it  is  left  to  individual 
states.  Moreover,  in  planning  and  building  national  high- 
ways it  is  very  advantageous  to  have  the  Federal  Govern- 
ment an  active  participant,  in  order  to  secure  a  better  co- 
ordination of  effort.  As  a  measure  of  military  precaution 
and  preparedness  the  realization  of  a  system  of  good  roads 
on  a  national  scale  is  of  enormous  advantage.  As  a  help 
in  getting  food  to  market  and  supplies  to  farmers,  it  is  of 
enormous  economic  value.  As  supplementing  and  in  some 
cases  supplanting  railroads,  such  a  system  of  highways  is 
OS"  great   significance. 

The  fifth  item  is  the  Alaskan  Railway,  from  Seward  to 
Fairbanks.  During  the  years  1913  to  1919,  inclusive,  $31,- 
081,628  was  expended  on  this  important  railway,  which, 
when  completed,  will  be  540  miles  long.  As  with  the  Pan- 
ama Canal,  this  is  not  an  undertaking  which  private  cap- 
ital would  care  to  undertake.  But  its  ultimate  success  and 
its  value  in  the  development  of  Alaska  can  hardly  be 
doubted. 

The  sixth  item  is  the  Reclamation  Service,  one  of  the  most 
profitable  and  most  interesting  of  the  engineering  projects 
of  the  Government.  To  reclaim  the  deserts  and  to  create 
farms  and  homes  and  villages  where  before  was  waste  and 
desolation  is  an  inspiring  undertaking;  and  to  be  able  to 
create  wealth  far  in  excess  of  the  cost  of  the  work  furnishes 
a  double  incentive.  Since  1902  the  Reclamation  Service  has 
constructed  irrigation  systems  to  supply  1,780,000  acres  of 
land  with  water,  and  storage  reservoirs  sufficient  to  supply 
an  additional  million  of  acres.  On  this  reclaimed  land  40,- 
0  )0  families  are  living,  and  the  population  of  the  towns  and 
villages^^    within    these    projects    had    increased    by    as    many 


Fig, 


3 — Agcregate    Expenditures    and    Earnings    From    1910   to    1919 
for  Group   III — Public  Worhcs. 


Total  area  of  each  sector  represents  gross  disbursement;  black 
area  represents  receipts;  w-hite  area  represents  net  expenditure. 

more.  It  is  estimated  that  the  increased  value  of  the  land 
due  to  the  work  of  the  Reclamation  Service  is  $200  per  acre, 
or  a  total  of  more  than  $350,000,000.  The  annual  value  of 
the  crops  raised  on  these  lands  is  estimated  at  $90,000,000. 
Most  of  the  money  expended  on  this  work  is  derived  from 
the  sale  of  public  lands  and  the  money  collected  from  set- 
tlers fcr  the  improvements  made  and  the  water  service  ren- 
dered 
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The  Forest  Service  is  akin  to  the  Reclamation  Service 
in  that  it  is  developing  the  public  domain.  It  has  been  in- 
cluded in  Group  II,  but  may  be  mentioned  in  this  connec- 
tion. The  national  forests  are  located  in  29  states  in  all 
parts  of  the  country,  although  the  larger  portion  is  in  the 
Fnr  West.  There  are  152  different  forest  tracts,  with  a 
total  area  of  156,000,000  acres.  The  Forest  Service  has  the 
responsibility  of  protecting  and  managing  these  vast  tracts 
of  land;  studying  how  to  develop  the  land  best  and  make  its 
resources  most  useful  to  the  public.  It  yields  a  large  rev- 
enue each  year  from  timber  cut  (last  year  800,000,000  board 
feet),  and  affords  on  its  grazing  ranges  pasturage  for  15,00(i,- 
000  head  of  sheep,  cattle,  horses,  goats,  and  swine.  Watch- 
ing the  forests  for  the  outbreak  of  fire,  and  fighting  fires 
when  they  gain  headway,  is  one  of  the  important  duties  of 
the  Forest  Service.  Another  duty  is  applying  scientific 
forestry  to  the  development  of  the  forests.  Still  another 
is  studying  the  properties  of  woods  and  methods  of  treating 
and  using  woods.  The  Forest  Products  Laboratory  of  the 
Forest  Service  has  done  a  great  deal  of  valuable  scientific 
and  engineering  work  on  a  wide  range  of  subjects.  In  plan- 
ning its  work  and  in  developing  the  forests  the  Forest  Serv- 
ice takes  a  long  look  ahead.  Obviously,  no  commercial  com- 
pany could  \indertake  such  a  work.  The  question  of  early 
dividends  is  not  paramount  with  the  Government.  We  have 
drawn  lavishly,  even  recklessly  in  some  cases,  upon  our  nat- 
ural resources,  and  it  is  well  that  we  should  be  taking  some 
thought  for  the  future,  and  should  be  able  to  hand  down  ro 
the  next  generation  our  public  forest  areas  in  better,  rather 
than  worse,  condition  than  they  are  at  present.  The  annual 
-jarnings  of  the  Forest  Service  go  a  long  way  usually  in  pay- 
ing expenses,  and  it  is  believed  that  in  a  few  years  they 
will  ray  ihe  entire  cost  of  the  work,  in  addition  to  adding 
to  their  values  year  by  year. 

The  Federal  Power  Commission  is  another  agency  doing 
engineering  work  akin  to  the  Reclamation  Service  and  For- 
est Service  in  that  it  is  developing  the  natural  resources 
of  the  counrry  and  indirectly  creating  wealth.  It  is  differ- 
ent, however,  in  this  important  respect,  that  instead  of  car- 
rying out  engineering  work  itself,  it  has  general  supervision 
of  poNver  sites  and  their  development  and  wall  grant  permits 
to  private  agencies  to  carry  out  such  work  and  fupervise 
the  carrying  out  of  the  work  so  that  it  shall  not  be  ircon- 
sistent  witli  (he  public  interest.  The  power  problem  is  a 
vcrj'  fundamental  one,  and  the  recent  unfortunate  e\T)eri- 
ence  of  the  induriiries  and  public  utilities  which  depend  upon 
coal  emphasizes  the  need  for  the  Government  to  do  what  it 
can  to  make  the  water  powers  of  the  country  available  to 
the  industries.  It  is  to  be  hoped  that  the  Federal  Power 
Gomniission  will  be  given  such  means  to  work  with  that  it 
v.ill  be  enabled  to  attack  the  problems  before  it  effectively 
and  successfully. 

All  these  important  constructive  activities  of  the  Govern- 
ment (as  shown  in  Fig.  3)  were  carried  on  for  the  10-year 
period  at  a  total  cost  of  $77,000,000  and  an  annual  cost  of 
about  I'.t  ct.  per  capita  of  the  country's  population.  That 
so  much  could  be  done  at  so  slight  a  burden  to  each  is  of 
course  because  it  is  shared  by  so  many.  And  this  is  the 
principal  argument  in  much  that  the  Federal  Government 
does,  particularly  in  research  and  development  work.  To 
do  it  once  well  and  place  the  results  at  the  disposal  of  all 
is  far  cheaper  as  well  as  better  than  for  separate  agencies 
to  do  it  many  times. 

Efficiency  in  the  Government  Service. — iHow  to  increase 
efficiency  in  the  Government  Service  is  an  important  ques- 
tion, and  nobody  is  more  interested  in  it  than  those  in  the 
service.  The  problem  is  not  merely  how  to  reduce  expenses, 
or  how  to  get  a  cheaper  government;  but  rather  how  to  get 
the  maximum  of  service  and  the  best  government  possible 
for  a  given  expenditure.  The  Government  is  a  great  co- 
operative undertaking  for  the  benefit  of  all  the  citizens  of 
the  United  States.  Obviously,  ability,  integrity,  and  experi- 
ence are  essential  in  those  who  conduct  the  various  branches 
of  the  Government.  The  personnel  must  not  change  so  fre- 
quently that  a  large  proportion  of  the  employes  are  merely 
leaineie,  but  should  be  so  stable  and  competent  that  efficient 
service  can  be  given. 

It  has  been  shown  that  the  cost  of  all  the  civil  activities 
of  the  Government  during  the  10  years  from  July  1,  1909,  to 
July  1.  1919,  averaged  ,|2.1.5  per  year  per  capita  for  the  popula- 
tion of  the  country,  and  that  during  this  period  the  cost 
increased  barely  as  rapidly  as  the  population  of  the  country 
increased.     At  the  same  time  the  cost  of  commodities  more 
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than  doubled,  the  cost  of  living  doubled,  and  the  cost  of  do- 
ing private  business  increased  in  proportion.  Put  in  other 
tt-rms,  the  per  capita  cost  of  the  civil  side  of  the  Federal 
Government  in  1920  was  only  a  little  more  than  half  of  what 
it  was  In  1910  if  measured  in  commodities  or  in  money  of 
3qual  purchasing  power. 

During  this  10-year  period  the  wealth  of  the  country  had 
greatly  expanded,  the  war  had  come  and  gone,  the  prob- 
lems of  government  had  greatly  increased,  and  yet  the 
per  capita  cost  of  these  civil  activities  measured  in  commodi- 
ties had  fallen  to  a  little  more  than  one-half.  In  the  face 
of  these  facts,  people  are  saying  that  the  Government  is 
extravagant,  ihefllcient  and  overdeveloped.  Would  it  not  be 
fairer  and  within  the  truth  to  say  that  the  civil  side  of 
the  Government  taken  as  a  whole  is  not  subject  to  such 
unqualified  statements.  To  be  sure,  there  is  inefliciency 
and  incapacity:  because  salaries  in  many  gi-ades  are  inade- 
quate, the  turnover  in  the  personnel  has  been  excessive. 
This  has  tended  to  make  the  service  in  many  cases  ineffi- 
cient and  unsatisfactory.  Too  large  a  proportion  of  the  per- 
sonnel iv  inexperienced:  too  many  are  learners,  and  too 
few  thoroughly  competent. 

In  seme  branches  salaries  are  higher  than  the  average 
and  conditions  are  more  favorable:  and  if  at  an  early  date 
the  salary  scale  can  be  standardized  and  appreciably  raised 
(especially  where  it  is  below  the  average),  there  is  good 
reason  to  believe  that  conditions  can  be  gi'eatly  improved. 
Given  favorable  conditions  as  to  salaries,  and  an  even 
chance  with  private  business  in  other  respects,  it  seems 
safe  to  expect  that  an  enormous  improvement  would  fol- 
low, and  that  the  executive  departments  of  the  Govern- 
ment would  obtain  results  both  creditable  and  gratifying. 
Under  such  conditions  plenty  of  able  men  can  be  found  to 
work  for  the  Government,  in  many  cases  at  less  salaries 
than  the  industries  pay.  And  they  would  be  productive  and 
efficient  and  their  work  useful  and  profitable  to  their  em- 
ployers, namely,  the  people  of  the  United  States.  It  would 
be  stimulating  and  inspiring  to  serve  the  Government  under 
such  conditions.  Let  us  hope  that  measures  under  consid- 
eration may  go  far  toward  realizing  these  improved  condi- 
tions, and  that  the  scientific  and  engineering  work  of  the 
Government  may  soon  be  on  a  thoroughly  stable  and  satis- 
factory basis. 

Why  the  Government  Does  Scientific  and  Enginering 
Work. — The  first  reason  for  the  Government's  doing  re- 
search work  in  science  and  engineering  is  for  the  sake  of 
science  itself  and  its  application,  to  promote  knowledge  and 
advance  our  civilization.  Research  in  pure  science  and  its 
manifold  applications  is  carried  on  by  many  agencies.  Mu- 
nicipal and  state  institutions,  industrial  or  endowed  labora- 
tories and  individuals  at  their  own  expense  are  constantly 
carrying  on  and  publishing  scientific  research.  For  a  thou- 
sand years  governments  have  taken  a  leading  part  in  the 
promotion  of  learning,  and  in  more  recent  times  in  scien- 
tific and  industrial  research.  History  shows  that  scientific 
research  justifies  itself,  and  the  United  States  of  all  coun- 
tries in  the  world  at  the  present  time  should  take  a  for- 
ward step  in  this  matter.  At  the  present  time  and  for  years 
to  come,  scientific  research,  and  the  cultivation  of  learning 
in  the  countries  of  Europe  cannot  be  what  they  were  before 
the  war.  The  enormous  national  debts  of  those  countries, 
the  depreciation  of  their  currency,  the  increased  cost  of 
jiving,  in  many  countries,  the  demoralization  of  industry 
and  in  some  countries  the  continuation  of  war,  all  tend  to 
retard  the  resumption  of  intellectual  pursuits  and  the  cul- 
tivation of  science  and  learning.  Since  the  war  the  na- 
tional budget  has  greatly  increased  and  the  need  for  scien- 
tific and  educational  work  has  also  greatly  increased.  We 
cannot  draw  upon  other  countries  in  future  to  the  extent 
we  have  in  the  past  for  the  results  of  scientific  research. 
Are  we  going  to  recognize  and  meet  the  obligation  resting 
upon  us  as  a  nation? 

The  second  reason  for  research  is  to  aid  in  making  Gov- 
ernment eflicient  and  effective  through  providing  as  com- 
plete knowledge  as  possible  concerning  the  problems  en- 
countered in  the  administration  of  the  Government,  such  as 
those  involved  in  constructing  public  buildings  and  other 
public  works,  in  making  public  contracts,  in  inspecting  and 
accepting  deliveries  on  contracts  and  in  collecting  the  reve- 
nue. In  all  phases  of  government  it  is  important  to  have 
full  and  reliable  technical  information.  In  view  of  the  large 
interests   at   stake,   and   the    supreme   importance    of   having 
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tho  Govi'inni('ii(  mainlain  a  high  standard  Of  intelligence, 
integrity  and  justice  in  its  deaiinge  with  Its  own  people  and 
others,  It  aeems  indisputable  that  generous  expenditures 
made  for  sclentillc  research  for  the  purpose  of  aiding  the 
Government  itself  would   be  Justified. 

The  third  reason  for  such  research  is  to  benefit  industry, 
to  raise  the  standards  of  business  practice,  to  increase 
efficiency,  to  reduce  waste,  and  to  create  wealth.  Hundreds 
of  corporations,  large  and  small,  maintain  research  labora- 
tories for  the  development  of  their  business,  and  there  is  no 
suggcftion  here  that  these  be  discontinued.  On  the  con- 
trary, they  will  become  more  elficient  and  more  useful  if 
the  Government  carries  on  a  large  amount  Of  fundamental 
research  work  designed  to  assist  them  and  to  make  their 
work  more  useful  and  more  reliable.  It  is  better  and 
cheaper  to  have  fundamental  work  done  once  thoroughly 
than  many  times  imperfectly.  Hence  if  the  Government  does 
a  large  amount  of  research  work  of  value  to  the  hundreds  of 
industries  that  require  such  information,  it  will  enable  them 
to  do  their  work  better  and  the  public  that  pays  all  the  costs 
to  be  better  served. 

There  are  many  subjects  of  research  in  which  the  indus- 
tries, through  engineering  societies  and  trade  organizations, 
co-operate  in  carrying  out  experimental  or  statistical  investi- 
gations. There  is  a  great  advantage  in  such  cases  in  hav- 
ing the  Federal  Government  cooperate,  to  be  one  of  the 
group  carrying  out  a  given  investigation,  and  if  possible 
one  of  the  most  active.  In  many  cases  antagonistic  inter- 
ests can  be  harmonized  and  cooperation  promoted  by  the 
presence  of  the  Government.  Unfortunately  the  Govern- 
nieni  agency  most  concerned  is  sometimes  unable  to  re- 
spond to  such  invitations  for  lack  of  money.  Such  work 
must  all  be  paid  for  in  the  end  by  the  general  public 
whether  it  is  all  done  by  the  business  corporations  or  some 
is  done  by  the  Government.  If  the  Government  participates 
(in  a  competent  manner,  of  course),  the  work  will  be  bene- 
fited, the  results  are  more  likely  to  be  available  to  all  the 
interests  concerned,  and  the  Government  is  often  able  to 
exert  a  helpful  influence  on  the  industry.  Examples  could 
be  cited  over  and  over  again  where  this  has  resulted.  Such 
work  is  constructive  and  helpful,  and  often  more  valuable 
in  iir.proving  commercial  practice  than  the  more  drastic 
methods  sometimes  employed  by  the  Government.  Such 
work  by  the  Government  if  done  adequately  would  be  of 
enormous  value  in  developing  industry  and  making  it  bet- 
ter able  to  compete  with  other  nations.  We  hear  proposals 
to  inciease  the  tariff  to  give  our  manufacturers  an  advan- 
tage in  our  own  markets.  At  the  same  time  we  are  spend- 
ing vast  sums  to  build  up  a  merchant  marine  to  carry  our 
products  to  the  markets  of  the  world.  We  should  not  there- 
fore forget  to  do  something  in  a  constructive  way  to  help 
the  industries  of  the  country,  to  increase  their  efficiency, 
to  reduce  waste  and  costs,  to  develop  new  processes  and  to 
compete  as  to  quality  and  cost  with  the  world.  Thus  will 
commerce  be  developed  and  cargoes  provided  tor  our  ship- 
ping, without  which  the  latter  is  useless. 

Tho  fourth  reason  for  such  research  is  to  furnish  reliable 
inforiiialion  on  technical,  social  and  economic  subjects  in 
order  to  aid  in  securing  an  intelligent  public  opinion.  Many 
injustices  to  society  are  prevented  or  corrected  by  the  force 
of  public  opinion  without  legislation  or  governmental  ac- 
tion. But  in  order  that  it  shall  be  an  effective  and  health- 
ful influence  it  should  be  an  enlightened  public  opinion.  It 
should  be  based  upon  reliable  information,  scientific,  engi- 
neering, social  or  economic.  For  a  government  to  mislead 
its  people  by  the  dissemination  of  false  Information  is  crim- 
inal; to  needlessly  leave  them  in  ignorance  by  failing  to 
tell  the  truth,  or  failing  to  secure  information  that  would 
be  of  great  economic  and  social  value,  is  unfortunate,  to  say 
the  least.  Education  and  an  enlightened  public  opinion 
are  essential  to  the  success  of  a  democracy,  and  much 
greater  attention  to  science  in  its  broadest  sense  and  to  the 
application  of  science  and  the  diffusion  of  knowledge  would 
be  of  vast  assistance  in  securing  such  an  enlightened  pub- 
lic opinion. 

The  fifth  reason  for  such  work  is  for  the  purpose  of  devel- 
oping the  natural  resources  of  the  country  and  the  national 
domain.  The  Reclamation  Service,  the  Forest  Service,  the 
Geological  Survey,  and  other  bureaus  (and  just  now  the 
Federal  Power  Commission)  are  doing  work  of  this  kind  of 
^-reat  economic  value.  It  Is  important  to  discover  new  sup- 
plies of  oil  or  gas  or  coal  or  other  minerals,  to  reforest  our 
exhausted  timber  lands    and  to  utilize  our  water  powers.    It 


is  of  equal  importance  to  discover  methods  of  economizing 
in  the  use  of  oil  and  gas  and  coal  and  timber,  or  of  secur- 
ing by  co-operation  and  education  the  use  of  methods  al- 
ready well  known.  The  needless  destruction  by  fire  of 
buildings,  tlie  unnecessary  consumption  of  fuel  in  engines 
and  boilers,  the  waste  of  power  and  of  materials  which 
tends  to  deplete  our  natural  resources,  should  be  studied 
thoroughly  by  the  Government.  Private  agencies  as  a  rule 
are  not  in  position  to  solve  such  problems.  The  Govern- 
ment can  afford  to  take  a  long  look  ahead.  When  100,000,000 
people  co-operate  in  a  national  problem,  the  cost  upon  each 
is  very  little  and  the  chances  of  securing  the  needed  co-op- 
eration are  vastly  increased.  Such  work  pays  abundantly 
in  the  early  future  if  not  in  the  immediate  present,  and  it 
will  pay  again  in  the  more  distant  future.  While  using  up 
or  destroying  our  inheritance  from  the  past  we  should  not 
be  unmindful  of  those  who  come  after  us. 

The  sixth  and  final  reason  for  the  Government's  doing 
scientific  and  engineering  work  on  a  generous  scale  is  to 
increase  the  efficiency  of  the  army  and  navy,  and  to  make 
more  effective  the  preparation  of  the  nation  for  military 
effort  in  the  future.  Modern  warfare  is  largely  a  matter  of 
the  application  of  science  and  engineering  to  production, 
transportation,  and  destruction,  all  on  a  gigantic  scale. 
Including  the  selection,  training,  feeding  and  care  of  men, 
the  development  of  armament,  methods  of  defensive  and 
offensive  warfare,  communication  and  signaling,  operations 
on  sea  and  land,  under  water  and  in  the  air,  there  is  pres- 
ent an  infinity  of  problems,  first,  for  keeping  up  with  the 
progress  in  all  lines  of  scientific  achievement,  and  second, 
for  making  advances  and  inventions  beyond  the  limits  of 
what  is  already  known.  When  one  considers  how  vast  is 
the  field  of  modern  military  and  naval  activity  he  can  ap- 
preciate how  useful  to  the  military  departments  is  the  scien- 
tific work  done  by  the  civil  establishments  if  done  ade- 
quately and  well.  During  the  war  almost  every  scientific 
laboratory  in  the  country  was  engaged  upon  military  prob- 
lems. Many  worked  inefliciently,  or  to  no  purpose,  but  all 
made  serious  endeavors  and  many  succeeded.  If  the  lessons 
of  the  war  are  not  to  be  lost,  we  shall  be  better  prepared 
next  time,  and  one  of  the  most  effective  means  of  insuring 
that  end  will  be  to  develop  the  scientific  resources  of  the 
Government.  If  the  development  of  scientific  methods  and 
the  applications  of  science  are  not  made  in  time  of  peace 
it  will  be  vastly  more  costly,  it  not  indeed  too  late,  to  do 
it  after  war  begins.  In  time  of  peace  such  knowledge  will 
promote  efficiency,  reduce  waste  and  useless  experiments 
and  pay  for  its  cost  many  fold.  The  military  value  of  a 
greatly  augmented  scientific  program  would  abundantly  jus- 
tify its  cost,  but  the  same  work  would  in  most  cases  be 
worth  quite  as  much  to  the  civil  interests  of  the  country. 


Welded  Poiitoons  for   Supporting  Dredge 
Discharge  Pipe  Lines 

In  reclamation  work  where  pontoons  are  used  as  supports 
for  dredge  discharge  pipe  lines  extending  over  water  surfaces, 
a  welded  steel  pontoon  has  given  good  service.  An  interest-  . 
ing  example  of  the  use  of  welded  pontoons  for  work  of  this 
kind  v,as  afforded  when  a  large  Chicago  dredge  and  dock 
company  undertook  a  reclamation  contract  in  the  Great  Lakes 
region  some  time  ago.  On  this  project,  for  which  large  "sand 
suckers"  were  used,  it  was  necessary  to  carry  a  24-in.  dis- 
charge pipe  across  water  from  the  pumps  to  the  fill,  and  ar- 
rangements were  made  with  the  Oxweld  Acetylene  Co.  to  fab- 
ricate 95  steel  shell  pontoons,  each  34  in.  in  diameter  by  45 
ft.  in  length. 

The  material  used  was  5/16-in.  soft  annealed  steel  sheets, 
cut  and  rolled  to  make  a  tube  of  the  required  diameter  and 
15  ft  in  length.  The  edges  were  carefully  matched,  clamped 
and  then  welded  together,  the  operator  starting  the  weld  at 
one  end  and  continuing  until  the  entire  15-ft.  section  had  been 
welded.  One  man  working  eight  hours  averaged  45  ft.  of 
welding. 

The  pontoons  were  assembled  by  welding  three  of  the 
15-ft.  sections  end  to  end  and  welding  in  dished  end  plates. 
In  each  15-ft.  section  a  15-in.  hole  was  cut  and  a  manhole 
fiange  welded  on.  'RTien  completed  the  pontoons  were  filled 
with  air  at  60-lb.  pressure  and  floated.  The  seams  proved 
in  all  instances  to  be  watertight,  a  property  they  retained 
throughout  their  service. 
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An  Automatic  Terminal  Railway 
for  New  York 

In  December,  1920,  the  New  York,  New  Jersey  Port  and 
Harbor  Development  Commission  presented  to  the  governors 
ol  the  two  states  its  report,  comprehensive  plan,  and  recom- 
mendations respecting  present  and  prospective  conditions  at 
ports  and  terminals  in  the  vicinity  of  New  York  City,  and 
means  for  most  effectively  providing  for  the  future. 

General  George  W.  Goethals  was  consulting  engineer  for 
the  cnmmission;  B.  F.  Cresson,  Jr.,  was  chief  engineer;  W. 
W.  Drinker,  terminal  engineer;  J.  E.  Ramsey,  chief  statis- 
tician;  and  C.  W.  Stark,  engineering  editor. 

Among  the  many  interesting  and  instructive  features  of 
the  report  one  of  the  most  novel  is  the  proposal  of  automatic 
electric  operation  of  freight  trains  in  the  terminal  system; 
and  we  herewith  present  an  abstract  treating  of  the  termi- 
nal and  track  systems  and  their  operation.  Our  abstract  is 
taken  largely  from  the  summary  which  constitutes  Part  I  of 
the  report.  In  all,  some  40  pages  are  devoted  to  the  subject 
of   the   automatic   railway. 

A  Saving  in  Terminal  Costs. — The  commission  has  evolved 
a  plan  which  will  release  the  Hudson  River  waterfront  from 
pier-station   occupancy,   will  afford   some   relief  to   the   New 


speed  not  exceeding  14  miles  per  hour,  making  it  safe  to 
move  the  trains  at  short  intervals.  At  the  stations  the  cars 
will  be  raised  to  the  surface  one  at  a  time  and  their  loads 
exchanged  for  trailers  bearing  outbound  freight,  after  which 
they  will  be  despatched  in  eight-car  trains  to  the  transfer 
station  and  unloaded  into  standard  freight  cars.  The  electric 
cars  will  move  around  the  loop  on  either  track  in  one  direc- 
tion only,  each  loop  thus  formijig  an  independent  line. 

Train  Control  by  Despatcher. — An  important  economic  fea- 
ture of  this  system  is  its  automatic  operation,  as  it  is  pro- 
posed that  the  electric  trains  shall  be  run  between  the  joint 
lailroad  yards  and  the  terminal  stations  in  Manhattan  with- 
out train  operators,  the  trains  being  electrically  controlled  by 
the  train  despatcher  and  his  assistants  on  the  line.  In  this 
way  there  is  substituted  mechanical  precision  for  the  human 
fallibility  of  manual  control.  The  system  can  be  operated 
by  either  alternating  or  direct  current,  although  alternating 
current  seems  to  be  the  more  advantageous. 

A  similar  installation  on  a  smaller  scale  is  being  made  by 
the  Post  OfBce  Department  of  the  British  Government  in 
London.  That  department  began  a  series  of  tests  ten  years 
ago  and  before  the  war  interrupted  the  work  had  completed 
()%  miles  of  deep  tunnel  of  9-ft.  diameter  between  the  out- 
lying railway  stations  and  the  General  Post  Office  in  the 
center  of  London.     The  electrical  equipment  for  this  system 
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Jersey  waterfront,  will  dispose  of  the  New  York  Central's 
surface  tracks,  will  provide  ample  capacity  for  the  future 
and  will  still  effect  a  large  saving  in  terminal  costs.  Further- 
more, the  plan  lends  itself  to  expansion  as  does  no  other  one 
suggested.  It  can  be  made  to  serve  all  Manhattan  and  con- 
nect with  the  New  York.  New  Haven  &  Hartford  and  Long 
Island  railroads  as  well  as  the  other  railroads  of  the  port. 

The  plan  is  based  on  the  general  principle  of  a  moving 
platform  or  continuous  conveyor  placed  underground  away 
from  conflict  with  either  surface  traffic  or  subsurface  transit 
lines.  The  system  will  resemble  a  railroad  in  appearance, 
tut  will  function  more  as  a  conveyor,  electric  circuits  instead 
of  visible  mechanisms  holding  the  cars  and  trains  in  virtually 
fixed  positions  with  respect  to  each  other. 

The  Essential  Elements. — A  belt-line  railroad  in  New  Jersey 
reaching  all  of  the  New  Jersey  railroads  that  give  pier-station 
service;  a  joint  yard  and  transfer  station  on  the  belt  line;  two 
parallel  but  independent  tracks  of  standard  gage,  running  in 
a  loop,  mainly  in  separate  tunnels,  from  the  yard  to  Man- 
hattan and  back  to  the  yard;  a  series  of  multiple-story  termi- 
nals over  the  loop  in  Manhattan,  with  car  elevators  from 
the  surface  to  underground  siding  tracks;  a  separate  connec- 
tion and  transfer  station  in  Manhattan  for  the  New  York 
Central  Railroad;  a  fleet  of  special  electrically  operated  cars, 
and  a  fleet  of  small  four-wheel  trailer  trucks. 

Inbound  freight  will  be  transferred  at  the  joint  transfer 
station  to  trailer  trucks,  which  will  be  borne  by  the  electri- 
callj,'  operated  cars,  mainly  in  eight-car  trains,  to  the  Man- 
hattan stations.  The  trains  will  be  despatched  as  nearly  as 
possible  at   uniform   intervals   and   run  at  uniform  rates   of 


is  now  being  purchased.  As  a  result  of  these  experiments  it  is 
planned  to  run  and  brake  this  system  entirely  automatically 
with  speeds  up  to  35  miles  per  hour.  An  automatic  interlock- 
ing block-signal  system  will  be  used  with  trailing  dead  sec- 
tions ot   track. 

The  Ideal  System. — 'The  commission's  analysis  ot  the  auto- 
matic-electric plan  it  has  developed  includes  estimates  of  con- 
struction and  operating  costs  and  of  capacity.  The  results 
are  so  favorable  that  the  commission  recommends  its  adop- 
tion, considering  it  to  be  the  ideal  system  for  general  mer- 
chandise distribution  for  Manhattan.  The  body  which  is  en- 
trusted to  finance  and  build  the  system  should,  of  course, 
go  farther  into  the  many  details  ot  its  design,  which  are  not 
here  covered,  and  make  any  necessary  practical  tests. 

Other  parts  of  the  port,  which  already  enjoy  direct  rail 
service  or  can  be  provided  with  it.  have  at  present  no  need 
tor  automatic-electric  service,  which  Manhattan  requires  to 
release  its  waterfront  in  railroad  use  and  to  reduce  the  cost 
of  handling  its  large  volume  of  general  merchandise  freight. 
The  automatic-electric  principle,  however,  is  applicable 
throughout  the  port,  wherever  the  congestion  and  volume  of 
package  freight  reaches  sufficient  proportions  to  call  for  an 
auxiliary  to  the  direct  rail  service. 

The  Proposed  Route. — In  the  initial  development  it  is  pro- 
posed to  link  up  the  New  Jersey  railroads  by  a  belt  line  along 
the  eastern  margin  of  the  Hackensack  Meadows  and  build  a 
joint  railroad  yard  in  New  Jersey  east  of  the  Croxton  yard 
of  the  Erie  Railroad.  The  automatic-electric  tracks  will  start 
from  tliis  joint  yard  in  New  Jersey,  pass  under  Bergen  Hill 
and  the  Hudson  river  to  a  point  in  Manhattan  at  about  Forty- 
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seventh  street,  thoiite  turn  southerly  and  pass  under  certain 
streets  suitable  for  the  location  of  convenient  terminals,  turn- 
inK  back  to  the  joint  yard  via  another  set  oC  tunnels  in  the 
vicinity  of  Battery  Place.  For  estimating  purposes  a  definite 
route  has  been  selected  which  would  serve  most  of  the  Man- 
hattan section  some  distxuice  back  from  the  Hudson  river 
waterfront.  The  exact  location  should  not  be  adopted  without 
further  study  by  the  authority  charged  with  the  duty  of  build- 
ing the  system. 

Extra  Deep  Subways.— The  location  of  the  system  far  below 
the  surface  In  Manhattan  will  make  it  possible  to  construct 
it  by  tunneling  methods  rather  than  by  the  expensive  cut- 
and-cover  methods  of  work  nearer  the  surface,  with  the  ne- 
cessity for  undei  pinning  abutting  buildings  and  for  maintain- 
ing existing  sewers,  water  mains  and  other  public  utilities 
and  conduits.  It  will  also  place  the  system  entirely  out  of 
the  way  of  the  future  rapid-transit  construction  Manhattan 
will  require. 

Cycles  of  Operation.  -A  consignment  of  freight  for  one  of 
the  Manhattan  terminals,  coming  in  a  train  with  freight  for 
other  parts  of  the  port  district,  will  enter  the  existing  break- 
up yard  of  the  railroad  company.  Here  the  standard  railroad 
cars  will  be  classified  as  at  present,  and  the  car  containing 
this  shipment  together  v.'ith  others  containing  other  freight  for 
Manh.'iltan  will  be  delivered  to  the  public  or  private  com- 
pany operating  the  terminal  system  at  the  intersection  of  its 
belt  line  with  the  railroad  company's  line.  The  standard 
rpilroad  oars  will  be  hauled  to  the  joint  yard  and  placed  in 
a  receiving  yard,  whence  they  will  be  switched  to  tracks 
alongside  the  inbound  ends  of  long  transfer  platforms. 

Transfer  Platforms. — Kach  of  these  platforms,  twenty-four 
in  number,  will  have  a  standardequipnient  track  on  one  side 
and  an  automatic-electric  track  on  the  other  side.  The 
freight  will  be  unloaded  from  the  standard  railroad  car  upon 
traileis  about  3  by  6  ft.,  and  the  trailers  will  then  be  hauled 
by  tractors  or  by  hand  along  the  platform  and  placed  upon 
one  of  the  automatic-electric  cars,  which  will  hold  twelve 
trailers.  The  standard  railroad  car  will  be  pushed  along 
the  platform  to  the  outbound  end  and  reloaded  with  outgoing 
freight  from  other  trucks,  whence  it  will  pass  into  an  ad- 
vance yard  and  be  despatched  to  the  railroad  from  which  it 
came,  oi  to  any  other  railroad  to  which  it  is  to  be  delivered. 

Cars  and  Their  Operation.- -The  consignment  of  freight 
will  meanwhile  have  been  loaded  upon  one  of  the  special 
electric  cars — a  car  somewhat  larger  than  the  ordinary  box 
car,  with  a  roof  to  protect  its  content,  but  roll  sides  to  per- 
mit trailer  trucks  to  be  wheeled  upon  it  at  any  point. 

This  car,  controlled  from  alongside  by  a  switch  on  the  car 
within  reach  of  an  operator  on  the  transfer  platform  or  on 
the  ground,  will  move  from  the  platform  at  a  low  rate  of 
speed  (from  2.2  to  6.6  miles  per  hour)  and  be  switched  to  a 
track  assigned  to  the  particular  terminal  to  which  the  freight 
is  destined,  freight  for  only  one  terminal  having  been  placed 
on  the  car.  When  sufficient  automatic-electric  cars  have 
been  accumulated,  eight  will  be  coupled  together  and  des- 
patched in  a  train.  This  train,  with  no  other  manual  direc- 
tion than  the  throwing  of  the  track  switch,  will  be  acceler- 
ated to  a  speed  of  1,200  ft.  per  min.  llo.2  miles  per  hour) 
and  take  its  place  at  not  less  than  an  established  distance 
behind  another  train  probably  destined  for  a  different  ter- 
minal. The  train  will  bear  a  distinctly  visible  indication  of 
its  destination,  and  when  it  reaches  the  entrance  of  its  ter- 
minal an  operator  will  throw  a  switch  and  divert  it  to  a 
siding,  where  brakes  will  automatically  be  applied  and  it  will 
come  to  a  stop. 

Terminal  Elevators. — From  this  siding  the  automatic-elec- 
tric cars  will  be  run  singly  at  slow  speed  upon  an  elevator. 
The  elevator  will  raise  the  cars  one  at  a  time  to  an  inbound 
platform  at  the  street  level  and  the  cars  will  be  run  off 
under  their  own  power.  This  platform  will  be  the  length  of 
several  cars,  and  each  car  will  remain  alongside  the  platform 
a  minimum  of  twelve  minutes,  affording  ample  time  for  the 
wheeling  off  of  the  trailer  trucks  and  the  wheeling  on  of 
empty  trucks.  The  consignment  will  be  placed  on  the  plat- 
form to  be  called  for,  as  at  the  ordinary  freight  house,  or 
removed  to  storage  it  the  consignee  fails  to  call  for  it  with- 
in the  free  time  limit. 

The  automatic-electric  cars,  having  discharged  their  loads 
and  received  empty  trailers,  will  be  advanced  one  by  one  to 
a  second  elevator,  which  will  lower  them  one  floor  to  the 
outbound  platform  at  the  basement  level.  Here  the  cars, 
after  having  again  at  least  twelve  minutes  iu  which  to  un- 


load Iheir  empty  trailers  and  receive  loaded  trailers  with 
outboi.nd  freight,  each  car  receiving  freight  for  a  single  rail- 
road, will  proceed  back  to  the  original  elevator  .shaft.  The 
cars  will  then  be  run  upon  the  first  elevator  and  be  lowered 
to  the  track  level,  this  elevator  having  meanwhile  made  sev- 
eral trips  and  brought  other  cars  to  the  inbound  level. 

Running  off  the  elevator  at  the  side-track  level,  the  auto- 
matic-electric cars  will  be  held  until  eight  have  accumulated, 
when  they  wil!  be  coupled  and  despatched  as  a  train  by 
exactly  the  same  process  as  from  the  New  Jersey  yard,  an 
interlocking  signal  system  controlling  the  time  when  the 
train  shall  enter  the  main-line  system. 

Switching  and  Safety  Devices. — Arriving  at  the  joint  yard, 
the  train  will  be  switched  to  one  of  the  tracks  of  a  receiving 
yard,  where  it  will  be  brmight  to  a  stop  automatically  as 
before.  Here  the  automatic-electric  cars  will  be  cut  off  one 
at  a  time,  and  started  by  an  operator  walking  alongside,  the 
cars  moving  at  a  speed  of  2.2  miles  per  hour.  They  will 
proceed  over  a  series  of  switches  and  crossovers,  controlled 
from  a  central  tower,  by  which  they  will  be  diverted  to  the 
proper  tracks  at  the  transfer  station. 

The  cars  will  be  stopped  at  the  outbound  ends  of  the  trans- 
fer platforms.  The  loaded  trailers  will  be  removed  and 
transferred  to  standard  freight  cars,  other  trailers  previously 
emptied  will  be  hauled  by  tractors  along  the  platform  to 
the  inbound  end  of  the  platforms,  the  empty  automatic- 
electric  cars  will  be  advanced  to  the  inbound  section  of  the 
transfer  station  to  receive  new  loads,  and  the  cycle  will  have 
been  completed. 

An  important  feature  of  the  automatic-electric  system  is 
the  contemplated  trailing  dead  section  of  track,  which  will 
make  it  impoi^sible  for  one  train  to  come  closer  than  a  cer- 
tain  sate   distance   from   the  train   preceding. 

Non-interference  with  Present  Operations. — Inasmuch  as 
the  Manhattan  terminals  and  main  line  of  the  proposed  auto- 
matic-electric system  are  to  be  located  inland  from  the  water- 
front, and  the  New  Jersey  belt  line  and  joint  yard  will  be 
on  ground  at  present  unoccupied  in  the  Hackensack  Meadows, 
the  initial  development  of  the  automatic-electric  system  as 
outlined  in  the  preceding  paragraphs  can  be  constructed, 
equipped  and  placed  in  operation  without  in  any  way  hamper- 
ing the  operation  of  present  facilities.  The  importance  of 
this  feature  will  be  realized  when  it  is  considered  that  the 
estimated  period  required  for  the  construction  of  this  sys- 
tem under  the  most  favorable  circumstances  is  three  years. 

Certain  other  projects  that  have  come  before  the  commis- 
sion would  require  tearing  up  existing  tracks  or  abandoning 
certain  piers  to  make  way  for  the  new  construction.  Such  a 
procedure  would  greatly  add  to  the  existing  congestion  and 
produce  a  well-nigh  intolerable  state  of  affairs  that  would  in- 
evitably last  for  several  years.  Any  attempt  to  construct 
a  nev.'  system  piecemeal  on  the  site  of  existing  facilities  would- 
greatly  extend  the  construction  period  as  well  as  increase 
the  cost. 

Manhattan  Terminals. — Twelve  :\Ianhattan  terminals  will 
he  required  immediately.  Five  more,  it  is  estimated,  can 
subsequently  be  added  before  the  terminal  capacity  reaches 
the  capacity  of  the  joint  yard  and  main  tracks. 

Much  depends  upon  the  design  of  the  terminals  in  Man- 
hattan. The  handling  costs  at  the  present  pier  stations  have 
been  found  to  be  the  largest  single  item  of  expense  of  rail- 
road terminal  operation,  not  to  mention  the  enormous  cost 
incident  to  truck  delays  resulting  from  congestion.  These 
high  handling  costs  are  attributable  to  several  causes,  fore- 
most of  which  are  lack  of  platform  space  and  congestion  of 
drays.  The  commission  has  sought  to.  avoid  the  same  mis- 
takes in  its  proposed  inland  terminals.  Abundant  driveway 
rnd  platform  space  have  been  provided,  inbound  and  out- 
bound freight  will  be  handled  at  different  levels,  and  the  ar- 
rangement of  driveways  is  such  that  there  will  be  no  conflict 
of  trucks  coming  to  the  terminal  for  different  purposes,  the 
traffic  on  certain  of  the  adjacent  streets  being  restricted 
to  one-way  operation. 

To  provide  ample  space  for  holding  inbound  freight  await- 
ing consignees,  and  storage  space  as  well  for  spare  trailer 
trucks,  it  is  pioposed  to  build  a  floor  above  the  inbound 
level  as  a  part  of  each  terminal.  Above  that  it  is  proposed 
to  build  two  additional  stories  for  warehouse  purposes,  and 
it  is  estimated  that  the  revenues  that  can  be  obtained  from 
these  additional  floors  will  contribute  materially  to  a  reduc- 
tion of  the  fixed  charges  against  the  system.  Besides  the 
two  warehouse   floors   incorporated   in  the  design,  estimates 
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have  been  made  of  the  extra  cost  of  and  revenues  obtainable  construction  is  assumed  at  5  per  cent.     Amortization  of  the 

from  two  additional  floors  per  terminal  for  loft,  manufactur-  entire   investment   in   fifty    years   is   provided   in   all   o£   the 

„fRoQ  T^iirnnsps  automaticelectric    estimates    that    follovv',    but    not    in    those 
ing  or  oince  purpobeb. 

It  i"   proposed  to   provide  two   main  tracks   tor   the   main  for  the  other  systems. 

=vstem  and  an  independent  elevator  and  platform  system  for  Table  111  shows  the  estimated  cost  per  ton  of  operating  each 

each  main  track  at  each  terminal.     At  each   terminal  there  plant,  and  the  costs  at  those  rates  for  moving  10,000,000  tons 

will  therefore  be  two  car  elevators  that  run  the  entire  vertical  of  freight  per  year.     The  automatic-electric  system  alone  has 

distance  between  the  deep-level  tracks  and  the  auxiliary  ter-  a  10.000,000-ton  capacity,  but  to  show  the  other  systems  as 

minal  floor  jusc  above  the  street  level,  and  two  other  shuttle  favorably  as  possible  this  fact  is  disregarded,  expanding  them 

car  elevators  that  run  between  this  floor  and  the  outbound  to  the  desired  capacity  would  require  much  new  construction, 

floor  just  below  the   street  level.  entailing  additional  fixed  charges  that  would  undoubtedly  keep 

Protection    Against    Tieups.— Assurance    against    complete  the  unit  costs   of  operation,  which  include  both  direct  costs 

suspension   of   service   through   accidents    is   important   in   a  and  fixed  charges,  at  least  up  to  the  figures  recorded, 

system  such  as  the  automatic-electric.     This   is  provided  in  Thus  the  advantage  of  the  automatic-electric  system  over 

large  measure  by  the  division  of  the  plant  into  two  separate  either    standard-equipment    system    is    overwhelming    in    ca- 

and    parallel    systems.      There    are    two    main    tracks,    each  pacity   and   cost   of  operation,   with   less   capital   investment, 

with  its  own  tunnels,   each   with  its  half-terminals   complete  and  consequently  the  standard-equipment  system  can  be   ex- 

as  to  sidings,  elevators  and   platforms.     An  accident  to  one  eluded  from  further  consideration. 

elevator  would  merely  incapacitate  one  twenty-fourth  of  the  Return  on  Investment. — The  advantage  of  the  automatic- 
terminal  facilities.  Even  a  derailment  on  the  main  line  would  electric  system  over  present  methods  is  marked  as  to  both 
leave  half  of  the  plant  in  commission.  capacity  and  cost.  The  increased  capacity  alone  would  not 
Character  of  Traffic  to  Be  Handled.-- Virtually  all  of  the  justify  the  new  system,  but  the  difference  of  43  cents  per 
traffic  now  handled  at  the  railroad  pier  stations  and  at  the  ton  in  operating  costs  means  that  the  system  will  pay  5  per 
freight  houses  of  the  float-bridge  terminals  can  be  handled  cent  on  the  investment  and  save  19  per  cent  of  the  present 
economically  on  the  recommended  system.  The  team-track  fost  of  the  terminal  operations  covered  in  the  railroad  rate, 
and  heavy  freight  of  the  float-bridge  terminals  cannot  be  This  is  not.  however,  the  only  saving  possible  through  the 
accommodated,  and  these  terminals  should  be  retained.  automatic-electric  system.  It  is  but  one  of  fourteen  items 
Much  freight  not  now  handled  at  the  pier  stations  can  be  listed  in  Table  IV,  in  every  one  of  which  the  public  is  di- 
taken   care  of  admirably   in   the  new   system.     This   applies  rectly  or  indirectly  concerned. 

particularly  to  milk,  and  to  other  perishable  food  unloaded  item  1  Is  that  indicated  in  Table  III,  amounting  to  about 
in  Xcw  Jersey  and  trucked  to  New  York.  The  suggested  43  cents  ner  ton  or  $4,318,000  on  10,000,000  tons.  It  includes 
method  of  handling  these  commodities  by  the  automatic-elec-  (a)  the  direct  advantage  of  the  automatic-electric  system 
trie  system  is  part  of  the  commission's  plan  for  improving  over  present  facilities  in  the  sum  of  direct  costs,  fixed  charges 
the  port's  system  of  food  distribution,  and  is  set  forth  more  and  credits  from  two  revenue-producing  warehouse  floors  in 
fully  elsewhere  in  the  report.  each  terminal;  (b)  the  estimated  value  of  an  average  saving 
The  system  is  also  well  adapted  to  the  handling  of  ex-  of  two  days  in  the  cycle  at  the  port  of  the  railroad  cars 
press  packages.  At  present  the  express  companies  are  poorly  handling  the  freight,  and  (c)  the  estimated  saving  through 
equipped  in  the  way  of  terminals  to  serve  the  public  in  a  material  reduction  in  the  movement  of  empty  cars.  (At  pres- 
satisl'actory  manner.  An  express  station  at  each  automatic-  gnt  approximately  25  per  cent  of  the  cars  in  Manhattan  pier- 
electric   terminal    will    make   tor   a    much    improved    express  station  service  move  empty  one  way.) 

service.  Items  2  and  3  are  direct  public  benefits  arising  from  elimi- 

It  is  not  essential  that  all  freight  carried  by  the  automatic-  mating  congestion  and  consequent  idle  time  of  trucks  at  sta- 

electric  system  be  carried   on   trailer   trucks.     These  trucks  tions,  and  from  making  every  station  a  receiving  and  delivery 

will    be    convenient    for    most    commodities    to    reduce    re-  point  foi   every  railroad  using  the  system. 

handling.     Shipments  that  will  not  go  on  the  trailers  can  be  The   sum  of  items  1.  2  and   3  represents  a  saving  to   the 

loaded   directly   upon   the   automatic-electric   cars,   or   placed  community  of  $7,120,000  per  year,  or  a  net  return  on  capital 

in  detachable  motor-truck  bodies  which  can  be  hauled  through      _ — 

on  the  automatic  electric  cars,  and  delivered  at  the  terminals  table   I— ESTIIL^TED   maxuvium   CAPACITY, 

to   motor-truck    chassis    which    will    take   them    to   the   store  Tons  of  freight 

J  per  year 

^"OV.  ■.,     ^      -L,   ■  Automatic-electric   system    14.260,000 

Standard  Cars  Can   Enter. — It  will  also  be  possible  to  Drmg       present  car  float-pier  station  svstem 8.000.000 

a  certain  number  of  standard   cars  through  the  system  and  ^^^^^  6.260,000  77. s% 

into  the  terminals.     This  practice  will  probably  not  be  much  

resorted  to,  inasmuch   as   the   bulk-breaking   facilities   at   the       standard-equipment  elevated  system..   5-IJ5'l'!lf) 

.,,    ,  ,      .    J    i  A-t,.   ♦>,„    o,.t.         Standard-eciuipment     underground     system 6.11o,000 

transfer  yards  will  be  adapted  to  every  commodity  the  sys-  '    ^                     &               . 

"                  f       J,  TAEL.E  n— ESTIMATED  COST  OP  CONSTRUCTION  AND 

tern  can  handle.  EIQUIPMENT  AT  191S  PRICES. 

Automatic    System     Is    Economic    in    Both    First    Cost    and       Automatic- electric   system    $201,190,000 

Operation.— 'With  twelve  Manhattan  terminals  the  initial  de-       Standard-equipment  elevated  system xil'i^l'SSS 

*,  .      ^  .^  i  i.       1      »    •  »  „„,„„ii,,  „,iQ,.otQrl        standard-equipment  underground  system 255.009,000 

velopment  of  the  automatic-electric  system,  normally  operated  i    f                    &             j 

,„„  r ,.  „   ,„,.  ^„^  ^„  o=ti„,ofcH  oQ,.Qnitv-  nf  in  nnn  000  tons  table  hi— estimated  cost  op  movino  10,000,000  tons  of 

ten  hours  a  day,  has  an  estimated  capacit.v  oi  iu,uuu,uuu  ions  freight  from  bre.\k-iip  yards  to  Manhattan 

yearly,  the  tonnage  expected  in  1929.     The  estimated  yearly  stations  at  1918  PRICES. 

capacity  of  the  steam  belt  line,  joint  yard  and  Hudson  river  P^^   ^"^"tji,'"""' 

tunnels    is    24,260.000    tons,    and    the    capacity    of    the    entire       Present  car  float-pier  station  system S2.25    $22,500,000 

system  can  be   brought  to  that   figure  by  building  five  addi-       Automatic-electric  system  1^2      18.200.000 

tional  terminals.      The   capacity   of   the    present    facilities    is  Saving,  automatic-electric  system  $0.43    $4,300,000 

indeterminate,    but   the    congestion    at    times    indicates    that       Standard-equipment  elevated  system. $3.47    S34.7O0.000 

it  is  not  in  excess  of  the  present  peak  loads.     Table  I  com-  Standard-e.u.pment  undergiound  ^y^''"^  ■--'/'      :i':^l'''^' 

pares    the   capacities    of    the    recommended    system    and    the  '^^^^V/sS%'9']^M^oJo-''Tj^i'All^vl^''I^^^^^                   ^'^ 

present  facilities,  the   capacity   of  the   latter   being   assumed         1.  saving  over  present  system  in  railroad  operation $4,318,000 

as   that   of   the   maximum    short-period    traffic   found    by    the         2.  Saving  in  truck  delays J'5e???2 

«i,  „!.;„„     „„„*   ■      J   «  3.  Saving  in  trucking  distances  1.154.000 

clockings  sustained  for  a  year.  "        a  =  

The    capacities   of   the   elevated    and    subway    systems    for  Total   2A;v^Wkkk *  "•^?"'??? 

standard   equipment  are  also   shown   for  comparison.     They.  ^    N^t  fenkls^ror^  ?wo'a''d"dSt\"onL'-'1orfll;r^^^                        6.4?6^00O 

moreover,   are  based  on  operation   for   24-hour  days.  Total  saving   13,838.000 

TTiiit   ir   Qhnwo  fr.1-  nnnina vjc^v,   tha   ooHmatBd   cn«t«  of   con-  P^r  Cent  above  5  per  cent  interest  on  $218.630,000 6.22% 

iable   11   snows  tor  comparison  the   estimatea  costs  on   con  i^^^ant  Items  of  Saving  Impracticable  to  Estimate  Accurately, 

struction  and   equipment,  ready  to  operate,  of  the  automatic-  g.  increased  average  loading  of  railroad   cars. 

electric     the    standard  pnuitimpnt    plpvnted    and    the    standard-  ^-  Increased    average    loading   of   trucks. 

eieciric,    ine    sidnaaru  equipment    eievaieci    anu    tue    .Mduudiu  ,.    g^^-^^jj^^  ^^  public  through  quicker  terminal   movement. 

equipment      underground     systems.        The     automatic-electric  g    Reduction  in  trucking  expense  to  tenants  of  terminal  buildings, 

figure  covers  twelve  Manhattan  terminals,  which  will  give  an  9.  Reduction  of  trucking  of  milk,  produce  and  live  poulto-  from 

estimated   capacity  of  10,000,000   tons.     All   three  figures  are  jq    inherent  possibilities  of  saving  in  s[>oiling  of  food. 

based  on  191S  prices,  which  the  commission  deems  as  nearly  ll.  Decreased  maintenance  in  city  streets. 

„ ,    .        ^,        .   ^                           ,          ,_.    .       ,       r      if           J    *!.„  12.  Freedom  from  interruption  by  fog  and  ice. 

normal  for  the  future  as  can  be   obtained.     In  this  and  the  jj   jncreased  real  estate  values. 

succeeding  tables   the  interest  rate  for  money  borrowed   for  ll.  Increased  commercial  capacity  of  all  Manhattan. 
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iiiveBlment  required  of  ?,.a\  per  cent  in  excess  of  the  interest 
and  amortization  charges.  This  saving  and  percentage  of 
return  can  nearly  bo  doubled  (item  4)  by  building  and  renting 
two  additional  loft  floors  in  each  terminal,  the  cost  of  which 
will  be  only  ?17,440.000.  This  will  increase  the  total  cal- 
culable saving  to  $13,838,000  per  year,  or  a  net  return  on  the 
capital  investment  of  6.22  per  cent  over  the  assumed  fixed 
charges. 

Unmeasured  Benefits.— Items  5  to  14  are  difficult  to  estimate 
but  none  the  less  Important.  The  average  load  per  car  in 
the  Manhattan  general-freight  service  will  undoubtedly  in- 
crease when  it  becomes  possible  to  consolidate  loads  for  or 
from  the  joint  yards.  Establishing  union  stations  in  Manhat- 
tan will  likewise  probably  make  for  consolidation  of  truck 
loads  to  and  from  the  local  merchant  and  manufacturer.  Re- 
ducing the  cycle  of  terminal  operations  will  expedite  the 
shipper's  freight  and  help  his  business.  Occupancy  of  lofts 
in  terminal  buildings  will  possibly  entirely  eliminate  the 
trucking  expenses  of  the  tenants.  Incorporation  of  the  food- 
distribution  changes  the  commission  recommends  with  the 
automatic-electric  system  will  render  it  unnecessary  to  truck 
milk,  produce  and  live  poultry  to  Manhattan  as  at  present 
from  the  waterfront  yards  in  New  Jersey,  and  will  by  lessen- 
ing the  delays  to  and  exposure  of  all  kinds  of  perishable  food- 
stuffs greatly  reduce  spoiling.  All  of  these  reductions  in 
trucking,  through  reduced  delays,  reduced  distances,  increased 
loads  and  the  substitution  to  a  large  extent  of  automatic- 
electric  delivery,  will  have  a  marked  effect  on  the  wear  and 
tear  on  cur  city  streets,  and  the  consequent  maintenance 
costs.  Freedom  from  interruption  of  railroad  service  by  fog 
and  ice  will  have  its  value.  And  finally,  the  generally  im- 
proved conditions  will  make  Manhattan  and  the  entire  port 
a  more  desirable  place  in  which  to  do  business,  will  give  it  a 
greater  capacity  for  doing  business  and  will  have  a  generally 
beneficial  effect  on  real  estate  values. 

These  specific  items  of  saving  attaching  to  the  automatic- 
electric  system  itself  merge  into  other  public  benefits  made 
possible  by  the  system,  some  of  which  perhaps  have  no  money 
value,  but  all  of  which  make  for  the  convenience  and  com- 
fort of  the  community.  In  this  category  is  the  adaptability 
of  the  system  to  voluntary  store-door  delivery  and  to  the  im- 
proved food-distribution  system  recommended  by  the  com- 
mission. In  it  also  is  the  release  of  waterfront  on  both  sides 
of  the  Hudson  river  sorely  needed  for  steamship  terminals. 
All  of  these  benefits  are  discussed  at  greater  lengths  later  on 
in  this  report.  They  add  to  the  many  reasons  why  no  one 
in  thr-  port  district  can  regard  the  commission's  proposal  as 
of  no  concern  to  him. 

Expansion  of  System.— The  initial  development  of  the  auto- 
matic-electric system  described  in  the  foregoing  paragraphs 
solves  the  West  Side  problem  south  of  Fifty-ninth  street  and 
gives  adequate  relief  where  it  is  most  necessary.  It  leaves  to 
be  provided  for  by  expansion  of  the  system  the  inclusion  of 
the  New  York,  New  Haven  &  Hartford  and  the  Long  Island 
railroads  and  the  removal  of  the  New  York  Central  tracks 
through  Riverside  Park.  The  comprehensive  plan  recom- 
mended by  the  commission  meets  both  of  these  points  by 
means  of  an  additional  loop  in  upper  Manhattan  connecting 
with  the  initial  development  and  also  with  a  second  joint  yard 
on  the  East  river  to  serve  the  three  New  York  railroads. 
While  the  commission  believes  that  Ward's  and  Rjindall's 
Islands  might  best  eventually  become  public  parks  and  that 
suitable  locations  for  such  a  yard  may  be  found  in  that  vicini- 
ty by  the  port  authority  on  the  Bronx  or  Queens  shores,  the 
commission's  map,  merely  for  purposes  of  illustration,  shows 
such  a  typical  yard  on  the  city's  property  rather  than  on 
private  property. 

Electric  Fundamentals  of  System. — The  basic  electrical 
features  of  the  system  are  the  provision  of  (IV  operation  at 
moderate  speed  of  the  trans  between  the  yards  and  the  ter- 
minals, (2)  low-speed  man-controlled  operation  in  the  yards 
r.nd  in  the  terminals,  and  (3)  means  of  effecting  the  transi- 
tion from  one  form  of  operation  to  the  other. 

The  first  requisite  involved  the  determination  of  a  speed 
sufficient  to  move  the  freight  in  a  reasonable  time  the  several 
miles  between  yards  and  terminals,  and  the  provision  of 
"trailing  dead  sections"  behind  each  train  to  eliminate  the 
possibility  of  collision.  The  speed  adopted  as  satisfactory 
from  the  viewpoint  of  despatch  in  moving  the  freight  and  also 
from  that  of  the  electric  characteristics  is  1,200  ft.  per  min. 
or  about  13.6  miles  per  hour.  This  speed  compares  favorably 
with  that  of  the  average  freight  train,  and  will  bring  a  car 


from  yard  to  terminal  in  from  15  to  ;10  minutes.  The  trailing 
dead  section  is  explained  on  page  271. 

For  the  low  speed  200  ft.  per  min.  or  about  2.27  miles  per 
hoi;r  was  adopted  as  slow  enough  to  permit  men  to  start  and 
stop  the  cars  from  the  ground  or  platform  without  mounting 
the  cars,  and  to  minimize  the  damage  from  collision  without 
choking  the  system. 

Transition  between  the  higher-speed  automatic  movement  of 
the  cars  in  trains  and  the  low-speed  manually  controlled  move- 
ment of  single  cars  will  be  accomplished  by  means  of  special 
accelerating  and  retarding  or  decelerating  sections  of  track 
about  cne  and  one-half  train  lengths  long,  such  tracks  to 
be  side  tracks  connected  with  the  main  tracks.  The  throwing 
ot  a  switch  will  start  a  train  on  an  accelerating  track  and  it 
will  automatically  speed  up  to  1,200  ft.  per  min.  before  leav- 
ing the  section  and  entering  the  main  track.  When  it  ar- 
rives at  one  of  the  yards  or  the  terminal  for  which  it  is  in- 
tended the  throwing  of  a  switch  will  turn  it  from  the  main 
track,  and  it  will  be  automatically  brought  to  a  stand-still  on 
a  decelerating  section  after  it  has  cleared  the  main  track. 
At  the  same  time  the  individual  cars  of  these  trains  can  be 
operated  at  will  under  manual  control  at  the  low  speed  any- 
where on  the  accelerating  or  decelerating  section. 

On  the  basis  of  these  three  fundamental  electrical  require- 
ments, it  was  determined  that  there  should  be  two  main 
tracks  throughout  the  system,  the  two  operating  in  the  same 
direction  and  forming  two  parallel  loops.  Each  main  track 
will  have  its  independent  connection  with  each  terminal. 
Under  peak-load  conditions  there  would  theoretically  be  a 
train  on  each  track  every  3.29  min.,  assuming  that  the  system 
would  operate  sixteen  hours  to  accommodate  such  peak  loads. 
In  actual  operation  the  minimum  spacing  will  be  less  than 
this  because  of  the  necessity  for  operating  the  New  Jersey 
trains  in  fleets  and  inserting  the  New  York  Central  trains 
between  fleets,  as  is  explained  on  pages  268-270. 

Driveviay  and  Tailboard  Capacities. — To  arrive  at  the  drive- 
way and  tailboard  capacities,  some  of  the  same  assumptions 
were  used  as  in  the  studies  for  the  elevated  and  underground 
marginal  lailroads  for  standard  equipment.  It  was  assumed, 
for  e.vample,  that  the  driveways  would  have  sawtooth  faces 
to  permit  trucks  to  back  in  readily  without  obstructing  much 
of  the  driveways,  and  that  the  driveways  alongside  the  plat- 
forms should  be  wide  enough  for  tour  lines  of  moving  trucks 
with  trucks  standing  at  the  tailboard  spaces.  It  was  estimated 
as  the  lesult  of  a  detailed  study  that  through  such  a  drive- 
way in  one  of  the  subway  terminals,  where  there  would  be  no 
conflicting  currents  of  traffic  at  the  entrances  and  exits,  120 
trucks  per  hour  could  pass,  and  the  same  figure  has  been 
used  in  this  analysis,  inasmuch  as  conflicting  currents  can 
also  be  avoided  here. 

Other  assumptions  similar  to  those  previously  used  are 
truck  loadings  of  two  tons  and  one  ton  respectively  for  in- 
bound and  outbound  freight,  and  a  rate  of  loading  or  unload- 
ing at  the  tailboards  of  12.5  min.  per  ton — these  figures  having 
been  derived  from  the  clockings  made  by  the  commission's 
field  forces. 

The  terminals  as  laid  out  naturally  vary  somewhat  to  fit 
the  street  blocks  on  which  they  are  placed,  but  the  average 
or  typical  terminal  has  forty-eight  tailboard  spaces  for  trucks 
calling  for  inboimd  freight  and  thirty-six  for  trucks  bringing 
outbound  freight.  Using  these  numbers  and  the  other  assump- 
tions previously  referred  to,  the  hourly  capacity  of  the  twelve 
terminals,  as  far  as  the  driveways  and  tailboard  spaces  are 
concerned,  is  2,764.8  tons  for  inbound  freight  and  1,440  tons 
for  outbound  freight. 

In  the  case  of  the  inbound  freight  it  is  the  tailboard  capacity 
that  governs,  the  result  being  derived  by  the  product  of  the 
numbtr  of  terminals,  number  of  tailboard  spaces  per  terminal, 
number  of  tons  per  truck  and  number  of  trucks  that  can  load 
in  one  tailboard  space  in  an  hour,  or  12  X  4S  x  2  X  60/25  = 
2.764.S.  In  the  case  of  outbound  freight  it  is  not  the  tailboard 
capacity  but  the  driveway  capacity  which  controls,  the  figure 
being  the  product  of  the  number  ot  terminals,  number  of 
tracks  per  hour  than  can  be  moved  through  the  driveways  and 
number  of  tons  per  truck,  or  12  X  120  X  1  =  1,440. 

Determination  of  the  complementary  capacity  figures — 
driveway  capacity  inbound  and  tailboard  capacity  outbound 
— ^^'ould  show  the  former  figure  to  be  2,880  tons  (double  the 
outbound  because  of  double  truck  loads)  and  the  latter  to  be 
2,073.6  tons.  The  inbound  driveway  and  tailboard  capacities 
ire  nearly  the  same,  showing  little  waste  capacity.  There  is 
reemingly  considerable  disparity  in  the  outbound  capacities, 
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but  it  is  probable  that  the  average  outbound  truck  loads  would 
te  considerably  increased  under  the  improved  conditions  of 
the  new  terminals,  in  which  case  the  disparity  would  be  great- 
ly reduced.  Such  a  change  would  increase  the  driveway  ca- 
pacity wltliout  affecting  the  tailboard  capacity,  inasmuch  as 
the  calculations  are  based  on  the  theory  that  there  would  be 
trucks  at  each  tailboard  space  at  all  times,  so  that  there  could 
be  continuous  unloading,  whether  from  one  or  more  trucks. 

Using  the  limiting  capacities  of  2,764.S  and  1,440  tons  per 
hour  inbound  and  outbound  respectively,  the  twelve  terminals, 
as  far  as  the  driveways  and  tailboard  spaces  are  concerned, 
could  handle  27,648  tons  and  14.440  tons  outbound  in  a  10- 
hour  day.  or  44, 236. S  tons  inbound  and  23.040  tons  outbound 
in  a  16-hour  day.  When  these  figures  are  compared  with  the 
expected  1929  tonnages  of  20,000,  13,333,  3.'5,000  and  23.333  re- 
spectively, the  desirability  of  increasing  the  outbound  truck 
loads  is  apparent,  and  inasmuch  as  their  average  is  so  small 
in  comparison  with  the  physical  capacity  of  the  average  truck, 
the  commission  deems  it  proper  to  take  account  of  this  in 
the  design,  and  so  avoid  excess  capacity  for  outbound  freight. 

At  peak  hours  of  peak  days,  as  determined  by  tests  at  the 
railroad  pier  stations,  the  inbound  freight  increases  about  34 
per  cent  and  the  outbound  5.5  per  cent.  Overtime  at  the 
terminals  will  care  for  this,  as  there  are  only  one  or  two 
peak  hours,  but  it  is  thought  that  there  is  sufficient  margin  of 
safety  in  the  hourly  rate  to  take  care  of  these  by  speeding 
up  the  operations. 

, Electrical  Features. — The  system  can  be  operated  by  either 
direct  or  alternating  current,  but  the  latter  seems  better 
adapted  and  has  been  assumed  in  the  estimates.  If  alter- 
Batinjj  current  is  used  it  will  probably  be  generated  and  trans- 
mitted at  13,200  volts  and  stepped  down  at  frequent  substa- 
tions to  the  voltages  ranging  from  550  down  to  135  required 
in  operation.  The  cars  will  receive  their  power  through 
pantagraphs  from  two  overhead  trolley  wires.  Each  car 
will  be  equipped  either  to  run  singly  or  to  haul  something 
more  than  its  own  weight  in  a  train,  so  that  one  or  two 
standard  railroad  cars  can  be  made  part  of  an  S-car  train. 

In  order  that  the  uniform  speed  necessary  for  the  correct 
spacing  of  the  various  kinds  of  trains  can  be  maintained,  it 
is  proposed  to  use  squirrel-cage  induction  motors  of  moder- 
ately high  torque,  two  to  each  automatic  car.  These  motors 
will  be  so  designed  as  to  give  good  operating  characteristics 
over  a  range  of  frequency  of  60  cycles  down  to  10  cycles,  the 
voltages  being  reduced  in  the  correct  proportions.  On  the 
main  tracks,  where  a  speed  of  1,200  ft.  per  min.  is  to  be  main- 
tained, the  power  will  be  supplied  at  3-phase  60  cycles,  550 
volts,  while  on  sections  where  the  desired  speed  is  200  or 
600  ft.  per  min.,  the  power  will  be  supplied  at  correspondingly 
lower  voltages  and  frequencies. 

It  v;ill  be  necessary  to  distribute  the  power  at  high  voltage 
and  step  it  down  to  track  voltage  at  short  intervals  in  order 
to  prevent  excessive  voltage  drop  in  the  trolley  wires  and 
tracks.  Each  car  will  have  a  simple  reversing  switch  for  its 
two  motors,  so  that  when  on  the  low-speed  sections  of  track 
an  operator  will  be  able  to  start,  stop  or  reverse  the  car  at 
any  time.  Each  of  the  two  motors  will  be  provided  with  a 
delayed-action  solenoid  brake,  so  that  when  the  power  is  shut 
off  the  car  will  coast  a  short  distance  before  the  brake  takes 
hold  and  brings  it  to  rest.  This  delayed  action  is  necessary 
to^  allow  the  car  to  coast  over  dead  sections  of  track  which 
will  be  necessary  at  various  points. 

Movements  of  the  cars  singly  at  the  200-ft.  speed  will  be 
accomplished  by  the  simple  process  of  having  a  man  standing 
or  walking  alongside  throw  a  switch  on  the  car.  The  car 
will  be  under  manual  control  at  all  times,  but  will  not  re- 
quire a  rider,  and  can  be  sent  considerable  distances  from 
one  operator  to  another. 

Acceleration  and  Deceleration. — Acceleration  and  decelera- 
tion of  the  main-line  eight-car  train  to  and  from  the  speed  of 
1,200  ft.  per  min.  will  be  effected  by  means  of  a  special  sec- 
tion of  track  energized  by  a  motor-generator  set  whose  motor 
is  of  the  variable-speed  direct-current  type— the  motor-gener- 
ator set  being  under  the  complete  control  of  the  chief  train 
despatcher,  but  operating  automatically  as  the  switches  are 
turned. 

_Wbon  the  cars  on  the  forwarding  tracks  are  made  up  into 
eight-car  trains,  the  current  will  be  cut  off  from  the  track 
on  which  the  train  is  standing  and  the  switches  of  all  eight 
cars  will  be  closed  in  the  forward  direction.  The  chief  des- 
pateher  by  means  of  the  motor-generator  set  will  energize  the 
track  at  10  cycles,   135  volts,  which  will  begin  accelerating 
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the  train.  The  speed  of  the  motor-generator  set  will  auto- 
matically gradually  raise  the  power  supply  to  60  cycles,  550 
volts,  which  will  bring  the  train  to  its  full  speed  of  1,200  ft. 
per  min.  AH  of  this  will  be  accomplished  at  a  rate  of  ac- 
celeration of  1  ft.  per  sec.  or  in  a  distance  of  200  ft. 

When  the  train  has  obtained  its  full  speed  it  will  run  off 
the  make-up  track  and  enter  the  main  track,  when  it  will 
continue  at  this  speed  without  further  attention  until  it  is 
switched  into  a  decelerating  section,  while  the  motor-generator 
set  will  be  released  for  use  in  accelerating  the  next  train. 

In  the  decelerating  sections  the  process  will  be  reversed,  a 
variable-speed  motor-generator  set  reducing  the  frequency  from 
CO  cycles  to  10  cycles  and  bringing  the  train  to  rest  in  200 
ft.  after  the  deceleration  is  applied. 

Where  individual  cars  must  be  accelerated  from  a  speed 
of  200  ft.  per  min.  to  one  of  600  ft.  per  min.  in  the  New 
Jersey  yard,  the  headway  is  too  short  for  a  variable-speed 
motor-generator  set;  hence  it  is  proposed  to  use  sectionalized 
tracks  with  different  frequencies  on  each  section.  For  ex- 
ample, a  yard  man  will  despatch  a  car  on  a  10-cycle  section 
by  doting  the  car  switch,  and  the  car  will  automatically  ac- 
celerate to  200  ft.  per  min.  At  the  desired  point  it  will  enter 
a  section  of  track  energized  at  30  cycles,  and  with  the  cor- 
rect operating  voltage  for  this  frequency.  This  will  accelerate 
it  to  approximately  600  ft.  per  min.  Again,  the  car  will  enter 
another  section  energized  to  10  cycles  and  135  volts,  and  its 
speed  will  be  automatically  reduced  to  200  ft.  per  min.  All 
of  this  v;ill  be  accomplished  with  no  man  control  other  than 
ihe  original  starting  of  the  car. 

Trailing  Dead  Sections. — Ordinarily  the  eight  car  trains, 
movirg  at  a  uniform  speed  varied  only  slightly  by  different 
conditions  of  load  and  grade,  will  maintain  their  proper  spac- 
ing and  be  safe  from  collision.  Provision  must  be  made, 
however,  for  the  protection  of  trains  brought  to  a  stop  thi'ough 
derailment,  burned-out  motors  or  other  causes.  This  pro- 
vision is  made  by  the  use  of  trailing  dead  sections. 

Throughout  their  length  the  main  tracks  will  be  divided  into 
insulated  sections  of  a  train  length  plus  the  distance  required 
to  bring  the  train  to  a  standstill  from  full  speed.  The  elec- 
trical circuits  will  be  so  arranged  that  the  current  will  be 
completely  cut  off  from  the  second  section  behind  each  train, 
this  dead  section  advancing  as  the  train  advances.  If  through 
any  accident  or  error  in  despatching  a  train  should  come 
within  the  established  distance  of  the  train  ahead,  it  will  run 
upon  this  dead  section  and  be  stopped  by  the  application  of 
the  biakes.  When  the  train  ahead  gets  far  enough  in  ad- 
vance, the  dead  section  of  track  will  automatically  become 
energized  and  the  train  which  has  been  stopped  will  be 
brought  to  speed  again. 

These  dead  sections,  besides  protecting  trains  stopped  on 
the  main  line  by  accident,  will  prevent  the  despatching  of  a 
train  from  a  terminal  too  close  to  the  train  ahead  of  it  or 
behind  it.,  the  system  in  effect  interlocking  the  forwarding 
tracks  with  the  main  tracks.  If  for  any  reason  all  trains  are 
stopped,  all  will  automatically  start  in  the  correct  sequence 
and  with  safe  spaces  between  them  when  the  power  is  turned 
on  again. 

Trailing  Light  System. — Supplementing  the  trailing  dead 
sections  will  be  a  trailing  light  system.  In  front  of  the  chief 
despatcher's  desk  will  be  a  large  sectional  map  showing  the 
entire  main  trackage  of  the  system.  As  each  train  is  des- 
patched from  any  point  on  the  system,  a  light  will  appear  at 
that  point  on  the  map,  and  will  follow  the  track  in  such  a 
way  as  to  show  at  all  times  the  location  of  that  train.  If  for 
any  reason  the  train  comes  to  a  stop,  the  light  will  stop  and 
will  indicate  to  the  chief  despatcher  that  there  is  trouble 
at  that  particular  point,  since  no  trains  are  supposed  to  stop 
on  the  main  track. 


Elevating  Grader  Outfit  Moves  1,350  Cu.  Yd.  of  Earth  Per 
Day. — In  building  a  race  track  last  simimer  at  the  Vicks- 
burg,  Miss.,  fair  grounds  an  average  of  1,350  cu.  yd.  of  dirt 
was  moved  per  10-hour  day  by  a  tractor  drawn  Western  ele- 
vating grader  and  14  dump  wagons.  The  high  mark,  accord- 
ing to  The  Earth  Mover,  was  1,500  cu.  yd.  The  ground  was 
a  soft,  boggy,  spongy  clay.  The  tractor  was  a  10-ton  Holt 
Caterpillar.  The  length  of  the  run  was  500  ft.;  width  of  the  . 
cut,  50  ft.;  time  to  load  was  biven  as  20  seconds;  time  to 
change  wagons,  15  seconds;  length  of  haul,  700  ft.  W.  C. 
Mullen  was  the  contractor. 
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The  Extent  of  Use  of  the  Easement 
Curve 

Tlio  following  (lucslloniuiiro  wus  recently  sent  by  the 
Railway  Age  to  tlio  Chii'f  Knglneors  of  42  railways  In  the 
United  States  and  Canada,  replies  being  received  from  oi) 
roads : 

Qt'ESTlON'NAJRE  REGARDING   TIIB  USB  OF  BASEMENT 
CURVES. 

To  what  extent  do  you  employ  casement  curves? 

What  type  of  easement  curve  do  you  employe? 

Do  you  use  casement  cui-\'es  for  all  desrees  of  curve,  or  do  you 
restrict  their  use  to  curves  of  a  certain  depree  or  sharper,  and  if 
so.   what   degree? 

Is  the  length  of  easement  curve  based  uiwn  the  train  .speed  as 
well  IS  the  degree  of  curve,  and  If  so,  how? 

Is  the  easement  curve  established  by  your  engineer  corps  or  by 
the  supervisors? 

Is  the  use  of  the  offset  method  or  the  method  by  deflections 
Kiven  preference? 

Do  you  employ  the  string  method  of  establishing  easement 
curves  in  existing  tracks? 

Are  the  limiting  points  of  the.  easement  curves  defined  on  the 
ground  by  permanent  marliers  and  do  these  carry  the  date  as  to 
full  elevation  and  r.ate  of  run-oft? 

.•Vro  casements  introduced  at  the  time  a  new  line  is  constructed 
or  subsequently? 

A  brief  summary  of  the  replies,  abstracted  from  the  above 
mentioned   journal,    follows. 

Only  one  of  the  :!!!  railroads  replying  reported  no  use 
made  of  easement  curves.  The  extent  of  the  use  of  spirals, 
as  reported  by  the  US  lines  which  use  them,  is  somewhat 
varied,  but  in  general  it  may  be  said  that  they  are  used 
on  main-line,  high-speed  tracks  in  nearly  all  cases.  The 
classification  of  these  lines  as  tabulated  is  as  follows:  On 
all  lines.  4;  on  practically  all  lines.  !•;  on  main  lines  and  im- 
portant branches,  2;  on  main  lines.  7;  on  hish  speed  tracks, 
6;    "limited   use,"   1;    replies   indefinite,  9. 

Another  field  for  variation  in  usage  relates  to  the  mini- 
mum degree  of  curvature  for  which  it  is  deemed  necessary 
to  provide  easements.  The  replies  to  this  question  are 
classilied  as  follows:  On  all  curves  of  1°  or  over,  11;  curves 
of  1"  30"  or  over,  1;  curves  of  1°  4i)"  or  over,  1;  curves  of 
2°  or  over,  11.  The  replies  from  six  roads  indicated  a  more 
elaborate  classification.  Thus,  the  Canadian  Pacific  Ry. 
spirals  all  curves  of  2°  or  over  on  main  lines,  but  only  curves 
of  4"  and  over  on  branch  lines.  On  lines  of  the  Pennsylvania 
System  west  of  Pittsburgh,  all  curves  of  2°  or  over  are 
spiraled.  but  on  lines  carrying  trains  at  speeds  in  excess  of 
40  miles  per  hour,  the  minimum  limit  of  curvature  is  re- 
duced to  0°  45".  Obviously,  the  faster  the  speed  the  greater 
the  refinement  necessary  in  easements.  However,  a  study 
of  the  table  does  not  show  that  the  roads  handling  a  larger 
proportion  of  high  speed  traffic  are  given  to  providing  spirals 
for  flatter  curves  than  roads  with  .slower  trains. 


Many  Forms  of  Spirals  in  Use.-  The  spiral  dates  back  to 
early  days  in  railway  building.  Rankine  made  references  to 
it.  Wellington  developed  some  simple  approximations.  In 
1880  the  Holbrook  spiral  was  first  made  public  and  in  1882 
Seaiies  published  the  first  edition  of  his  "Railroad  Spiral" 
— "'to  reduce  the  well  known  theory  of  the  cubic  parabola 
or  multiform  compound  curve  to  a  practical  and  convenient 
torni."  Since  then  a  multitude  of  variations  have  been  de- 
veloped and  put  to  use  on  the  different  roads. 

In  1911  the  American  Railway  Engineering  Association 
adopted  for  inclusion  in  its  manual  of  recommended  practice 
an  easement  curve  devised  by  J.  U.  Jenkins,  valuation  engi- 
neer ot  the  Baltimore  &  Ohio  R.  R.,  which  is  known  as  the 
10-chord  spiral,  but  from  the  results  of  this  investigation  it 
would  appear  that  this  effort  of  the  association  to  effect  uni- 
formity of  practice  has  not  been  as  successful  as  has  been 
the  case  with  some  of  the  other  standards  published  in  the 
manual.  Only  two  roads  report  the  use  of  this  particular 
form  of  spiral;  of  the  other  replies.  11  name  the  Talbot 
spiral:  S  favor  the  Searles  transition  curve  and  11  use  the 
rather  general  term  "cubic  parabola."  Three  replies  do  not 
iu'licate  a  preference  for  any  particular  type  of  curve  while 
the  othsrs  report  a  variety  ot  easement  so  that,  in  all,  curves 
v.ith  12  different  names  are  mentioned. 

This  variety  may  be  explained  in  part  by  the  fact  that  the 
true  cubic  parabola  is  a  matter  of  intricate  mathematics, 
approximations  of  which  are  to  be  had  in  a  variety  that  af- 
tr.rils  ;>  nintt  fertile  field  of  operation  for  the  mathematician. 


WithdUl  doubt  the  10  chord  spiral  of  the  American  Railway 
Engineering  Association  has  not  received  as  wide  a  use  as 
is  warranted  by  the  merits  of  this  particular  form  ot  trans- 
sition  curve. 

How  the  Length  of  Sp'rals  Is  Determined.  Anotiier  impor- 
tant iiialli-r  in  tlie  discussion  of  spirals  is  the  determination 
ot  the  length,  which  involves  a  number  of  considerations, 
among  wliieh  the  most  important  is  the  distance  required 
for  an  easy  run-off  ef  the  superelevation.  On  new  location 
in  easy  country,  there  is  no  limit  on  the  length  to  which 
the  easements  may  be  extended.  In  difficult  country  a  long 
spiral  introduces  complications. 

Broadly  speaking,  this  problem  involves  the  inter-relation 
of  curvature,  speed  and  superelevation  wliicli  are  not  properly 
a  part  of  this  discussion.  Consequently,  the  question  con- 
cerning this  matter  in  the  questionnaire  was  stated  simply 
as:  "Is  the  length  of  the  easement  curve  based  upon  the 
train  speed  as  well  as  the  degree  of  curve  and  if  so.  how?" 
Answers  to  this  question  showed  that  25  railroads  consider 
speed  as  well  as  degree  of  curve,  while  9  determine  the 
length  of  the  easement  from  the  curvature  alone.  Five  replies 
were  inciefinite  as  to  this  question  or  reported  varying  prac- 
tices. On  three  roads  the  length  of  the  spiral  is  determined 
directly  from  the  speed  and  curvature  through  the  formula 
L  =  K  \  E.  where  L  is  the  length  of  the  spiral  curve  in 
feet,  K  i.s  a  constant,  V  is  the  velocity  of  the  train  in  miles 
per  hour  and  E  is  the  superelevation  of  the  curve  in  inches. 
The  constant  K  was  given  in  two  cases  as  1.0  and  in  one 
case  as  1  1/.1. 

On  a  number  of  roads  the  length  of  the  spiral  is  made 
directly  proportional  to  the  elevation  of  the  circular  curve, 
the  rules  to  this  end  calling  for  10  ft.  to  66  ft.  of  transition 
curve  to  each  inch  of  superelevation.  For  convenience  these 
rules  arc  commonly  expressed  as  %  in.  or  %  in.  for  each  30 
or  .■53-fl.  rail  length. 

No  discussion  of  easement  curves  is  complete  without  some 
consideration  of  the  means  provided  for  a  permanent  record 
of  the  spiral  locations  and  of  the  information  supplied  to 
track  forces  for  maintaining  the  alinement  and  supereleva- 
tion. It  was  for  this  reason  that  the  questionnaire  included 
the  question,  "Are  the  limiting  points  of  the  easement  curve 
defined  on  the  ground  by  permanent  markers  and  do  each 
carry  the  data  as  to  the  full  elevation  and  rate  of  runoff?" 
To  this  question  12  roads  replied  that  such  permanent  mark- 
ers were  provided  with  complete  data;  11  stated  that  mark- 
ers were  provided  without  any  data;  "  reported  the  use  of 
stakes;  while  10  roads  replied  that  no  markers  were  pro- 
vided; one  road  reported  a  variable  practice  while  another 
stated  that  the  location  of  the  spirals  was  carefully  refer- 
enced  and  recorded. 


Raising  a  500-Ton  Concrete  Culvert 


A  washout  on  the  line  of  the  Rochester  &  Syracuse  Ry.  un- 
dermined the  entire  footing  of  a  reinforced  concrete  culvert. 
The  manner  in  which  this  culvert  was  successfully  raised  to 
its  original  position  is  described  in  the  Electric  Railway  .Jour- 
nal by  Mr.  D.  E.  Crouse.  Chief  Engineer. 

The  flood  undermined  the  entire  footing  of  the  culvert  and 
the  south  end  ot  the  culvert  dropped  about  4  ft.  Before  the 
high  water  subsided  timbers  were  placed  over  the  culvert 
to  carry  the  railroad  traffic,  and  as  soon  as  the  flood  abated 
the  normal  stream  was  pumped  out  dry  in  order  to  make  an 
inspection  of  the  damage  and  ascertain  how  repairs  could 
be  made  in  an  economical  and  satisfactory  manner. 

In  order  to  keep  the  stream  below  the  foundation  level,  a 
3-in.  centrifugal  pump  was  used  on  the  south  side  and  a  1-in. 
centrifugal  pump  was  placed  on  the  north  side  of  the  bridge. 
It  was  found  that  the  entire  footing  was  undermined  and  that 
the  culvert  was  practically  resting  on  the  tips  ot  the  wing 
walls.  As  there  were  no  fractures  in  the  concrete,  it  was 
determined  to  try  and  jack  the  culvert  up  to  its  original  posi- 
tion and  then  replace  the  foundation.  Earth  was  excavated 
from  the  sides  ot  the  culvert  in  order  to  free  the  batter  and 
jacks  w'ere  then  placed  under  the  entire  footing  course.  Ap- 
proximately 900  tons  capacity  in  jacks  was  used  and  the 
culvert  was  successfully  raised  to  its  original  position  with- 
out a  single  fracture  developing  in  the  concrete. 

With  the  culvert  in  place  a  new  footing  course  was  run  in 
and  the  tracks  were  removed.  The  repairs  as  outlined  cost 
S6a0,  and  a  replacement  of  the  culvert  which  otherwise  would 
have  been  necessary  would  have  cost  about  $4,000. 
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Reducing    Pavement  Maintenance 
on  Car  Tracks 

Mr  P  J-  O'Neill.  Railway  Engineer  with  the  Community 
Traction  Co.  o£  Toledo,  writing  in  Electric  Traction,  describes 
some  improvements  in  the  way  of  car  track  paving  which 
liave  had  an  appreciable  influence  in  keeping  down  the  cost 
of   maintenance.      The    following   is    abstracted   from    his    ac- 

cuimt:  •   .    ■      ,, 

Although  the  street  railway  is  supposed  to  maintain  the 
pavement  onlv  to  a  point  IS  in.  outside  the  outer  rail,  in 
practice  it  is  usually  found  impossible  to  renew  ties  or  other- 
wise (tisturb  the  company's  share  of  the  pavement  without 
disturbing  considerable  of  the  pavement  which  the  city  main- 
tains. This  means  that  the  company  must  either  replace  a 
portion  of  the  latter  or  enter  into  an  endless  wrangle  with 
the  city  authorities.  The  result  is  that  the  street  railway 
company  is  ultimately  compelled  to  maintain  considerably 
more  pa\ement  than  is  called  for  under  the  franchise. 

Header  Blocks  for  Separating  Street  Railway  Paving  from 
City  Paving.— To  eliminate  this  extra  expense,  the  use  of 
header  blocks  between  the  street  railway  portion  and  the  city 
portion  of  the  pavement  has  been  developed  (see  sketch). 
If  theft  headers  performed  no  useful  function  other  than  that 
of  providing  a  segregation  of  that  portion  of  the  paved  area 


Plan    .ind   Section    of   Kreolite    Lug    Block    and    Tongue   and    Groove 

Header   Block.    Showing    How   Street    Railway    Paving    Is 

Separated    From    Balance    of    Paving. 

maintained  by  the  street  railway  company,  the  slight  increase 
In  initial  expense  would  be  well  worth  while.  In  actual  prac- 
tice it  has  been  found  that  both  the  street  railway's  portion 
and  the  city's  portion  stand  up  much  better  when  entirely  sep- 
arated by  properly  installed  header  blocks,  due  to  the  com- 
plete separation  or  the  areas  which  are  subject  to  unequal 
impact  and  thrust. 

In  Toledo  a  creosoted  wood  header  block  has  been  used 
on  one  street  for  the  past  8  years  to  separate  the  street  rail- 
way r'ompany's  brick  paved  area  from  the  adjoining  areas 
which  are  paved  with  sheet  asphalt.  In  this  particular  in- 
stance the  street  railway  portion  has  settled  from  :!  to  5  in.. 
but  this  has  in  no  way  disturbed  the  city's  portion  of  the  pave- 
ment. At  the  present  time  the  Kreolite  wood  header  block  is 
being  used  on  practically  all  new  work.  These  blocks  are 
4-in.  by  S-in.  by  12-in.,  the  12-in.  depth  allowing  the  header 
to  penetrate  S  in.  into  the  concrete  base  when  4-in.  creosoted 
wood  blocks  are  used  as  the  paving  material;  thus  insuring 
the  stability  of  the  header  blocks.  These  blocks  are  now 
made  with  a  tongue  and  groove  as  shown  in  the  illustration, 
^vhich  insures  a  proper  alignment  and  gives  additional  sta- 
bility tc  the  pavement  structure. 

Maintaining  Paving  at  Crossings. — The  question  of  main- 
taining the  pavement  in  and  around  crossings  and  other  spe- 
cial work  has  always  been  a  very  serious  one,  particularly  in 
connection  with  the  tightening  of  bolts  and  other  routine 
maintenance  where  the  cost  of  removing  and  replacing  the 
pavinc;  materia!  frequently  equals  or  exceeds  the  cost  of  the 
balaiK-e  of  the  work.  To  overcome  this  item  of  expense,  Mr. 
P.  H.  Farrell.  roadmaster  for  the  Community  Traction  Co., 
developed  a  series  of  removable  panels  or  sections  which  can 
readily  be  reino\ed  and  replaced  whenever  it  is  found  neces- 
sary to  tighten  joints,  replace  bonds,  or  do  other  work  below 
the  surface  of  the  pavement.  This  idea  has  proven  to  be  so 
successful  in  practice  that  Mr.  Farrell  has  taken  out  patents 
on  this  type  of  pavement  and  these  sections  are  now  offered 
to  other  companies  under  the  trade  name,  "Kreolite  'Wood 
Block  Krossings."  These  sections  are  built  to  fit  the  par- 
ticular location  for  which  they  are  intended  and  may  be  built 


i?i  track  department  yards  under  royalty  agreements  or  may 
lie  ordered  direct  from  the  manufacturers. 

The  construction  consists  of  a  creosoted  tongue  and 
grooved  planked  flooring  cut  to  fit  the  opening  between  rails 
to  which  are  toe-nailed  the  creosoted  wood  blocks  which  form 
the  paving  surface.  The  entire  section  is  surrounded  by  a 
:;in.  by  '.iVz-in.  creosoted  header  which  acts  as  a  binder  for 
the  paving  material  and  serves  to  stiffen  the  entire  panel. 
The  thickness  of  the  plank  base  and  the  height  of  wood  blocks 
used  is  regulated  by  the  height  of  rail  in  the  special  work. 
For  example,  with  a  6-in.  rail  the  plank  base  is  made  from  3- 
in.  stock  with  a  3-in.  wood  block  paving  to  give  the  proper 
height  tor  use  with  the  rail  in  question.  The  entire  section 
rests  rpon  the  ties  so  that  it  moves  freely  with  any  deflection 
in  the  track  thereby  preventing  any  heaving  or  displacement. 
In  the  center  of  each  section  a  ring  is  bolted  to  the  floor  to 
lirovidfc  a  means  of  lifting  out  sections  with  a  derrick.  In  the 
absence  of  a  derrick  two  men  can  easily  pry  up  and  remove 
a  section  with  ordinary  pinch  bars. 
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Creeping  of  Railroad  Rails 

In  our  issue  ot  Nov.  17  last  we  printed  an  abstract  of  a  paper 
on  the  above  subject,  presented  by  J.  A.  L..  Waddell,  before  the 
.American  Society  of  Civil  Engineers.  Abstracts  of  the  dis- 
cussion on  this  paper  were  given  in  our  issues  ot  Jan.  19 
;>nd  March  16.  Further  discussions  on  the  paper  are  given 
in  a  reprint  issued  recently  by  the  American  Society  of 
Civil  Engineers,  which  also  includes  Dr.  'Waddell's  closure. 
In  this  Dr.  Waddell  summarizes  as  follows  the  information 
obtained   from   the   discussions: 

A. — High  rail  ends,  even  on  new  track,  cause  creeping. 

B. — It  is  the  opinion  of  a  number  of  track  experts  that 
the  siplice-bars  should  not  be  used  as  rail-anchors.  In  other 
words,  they  should  not  be  slot-spiked  to  the  ties,  but  should 
be  free  to  slide  on  their  bearings. 

C. — One  should  not  attempt  to  anchor  against  creeping  in 
both  diiections  by  means  of  the  same  tie. 

D, — More  rail-anchors  are  required  to  withstand  creeping 
than  are  generally  used,  even  on  the  best  of  tracks. 

E. — When  steel  creeps  up  grade  on  a  single-track  line, 
due  to  unbalanced  traffic,  this  tendency  is  far  greater  at  the 
lower  end  of  the  grade   than  elsewhere. 

F. — Even  joints  are  less  conducive  to  creeping  than  stag- 
gered joints. 

G. — It  is  possible  that  the  creeping  evil  can  be  cured  by 
means  of  a  rigid  attachment  gained  by  bolting  long  angle- 
bars  to  the  rail  at  the  center  of  the  panel  and  by  slot-spik- 
ing to  the  ties.  This  method  should  be  given  a  thorough 
trial. 

H. — It  is  possible  also  that  short  angle-bars  tightly  bolted 
to  the  rail  and  spiked  or  screw-bolted  to  a  number  ot  ties 
per  panel  will  check  creeping.  This  method,  too,  should  be 
given  a  fair  trial. 

I. — The  adoption  of  the  "bull-head"  or  "dump-bell"  rail 
used  in  Europe  would  aid  in  the  elimination  of  creeping;  and 
this  method   should  be  tested  and   its  economics  determined. 

.1. — It  is  not  advisable  to  attempt  to  check  creeping  by 
rolling  a  "projection,  lock,  or  anchorage"  on  tlie  bases  of 
T-rails. 

K. — There  are  only  three  successful  types  of  anti-creeper 
in  common  use,  but  this  by  no  means  indicates  that  still 
better  ones  cannot  be  devised. 

L. — Whether  it  is  practicable  to  stop  rail  creeping  en- 
tirely by  the  present  anti  creeping  devices  Is  still  a  mooted 
point. 

M. — Whether  rail  creeping  can  be  elfectively  checked 
through  the  use  of  spikes  is  also  still  a  mooted  point. 

N. — Anti-creepers  with  their  lower  ends  buried  in  the 
ballast  and  entirely  independent  ot  the  ties  have  been  pro- 
posed, and  are  worthy  of  a  thorou.gh,  practical  test. 

O. — The  merit  ot  any  raii-anchor  should  be  judged  by  its 
efficiency  in  preventing  rail  movement  and  not  by  its  price 
or  ease  of  application. 

P. — Rail-anchors  should  be  attached  to  each  rail  as  it  is 
laid  and  not  afterward  at  some  more  convenient  time. 

Q. — Angle-bars  should  not  extend  beyond  the  edge  of  the 
base  of  the  rail,  in  order  to  permit  spiking  through  the 
ordinar.v  tie-plate. 

R. — Although  the  "deadmen"  suggested  by  Dr.  Waddell 
are  disapproved  as  being  cumbrous,  troublesome,  and  ex- 
pensive,  his   pile   anchorage,   placed   in  front   of  a  group  of 
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ilosoly  Bpacpd  ties  which  arc  thorouBhly  anchored  to  the 
rails  hy  lonK  angle-bars.  It-avlng  a  proper  arrauKement  for 
I  all  exi'iunslon  directly  behind  each  anchored  panel,  with 
the  anchorages  spaced  at  such  intervals  as  are  found  to  be 
necessary  by  experience,  would  probably  prove  an  effective 
device  for  inexpensively  stopping  excessive  creeping  on 
cheap  track,  especially  when  the  motion  is  In  one  direction 
only.  Il  would  be  well  to  give  this  suggested  scheme  a  fair 
trial  before  passing  on  it  an  adverse  judgment  that  would 
rule  It  out  of  use. 

.S.— Belittling  of  the  evils  due  to  rail  creeping  is  unwar- 
ranted and  is  conducive  to  a  postponement  oC  their  correc- 
tion. 

T.— There  should  be  no  hesitation  about  spending  any 
leasouable  amount  of  money  In  the  elimination  of  rail 
creeping. 

U. — Closer  co-operation  between  the  designers  of  track 
and  the  designers  of  rolling  stock  would  be  conducive  to 
the  elimination  of  some  of  the  rail  creeping. 

v.— An  urgent  necessity  exists  for  a  further  study,  on  an 
elaborate  program,  of  the  phenomenon  of  rail  creeping,  its 
causes,  and  its  elimination;  and  no  organization  is  so  well 
fitted  to  do  this  work  as  the  American  Railway  Engineering 
Association. 


-Miami  Conservancy  District  of  IJayton.  O.  The  form  below, 
into  which  the  concrete  is  seen  falling,  was  in  this  case  too 
tar  away  from  the  derrick  to  be  reached  by  the  regular  pro- 
cedure, and  with  only  a  comparatively  few  remaining  yards 
of  concrete  to  deposit,  it  did  not  pay  to  move  the  derrick  to 
a  new  position.  Hence  the  novel  procedure  shown.  By  haul- 
ing and  slacking  alternately  on  the  boom  line,  keeping  time 
to  the  natural  pendulum  motion  of  the  bucket  suspended 
from  the  boom  end,  the  bucket  was  set  swinging  to  and  from 
the  derrick  foot.  The  load  was  dumped  just  as  it  reached 
its  extieme  outward  swing,  as  shown  in  the  picture.  It  was 
a  1  1/3  cu.  yd.  bucket— 36  cu.  ft.,  which  at  150  lb.  to  the  cubic 
foot,  gives  5.400  lb.,  or  2%  tons,  to  the  load  of  concrete.  It 
was  a  "guy  derrick."  with  IL'O  ft.  mast  and  105  ft.  boom. 
The  derrick  artist  was  Mr.  Ed.  Mines.  The  work  was  done  in 
the  spring  of  1919. 


Placing  Concrete  Beyond  Reach  of  Derrick 
Boom 

The  picture,  reproduced  from  Tlie  Miami  Conservancy 
Bulletin,  shows  what  a  skilful  derrick  artist  can  do  in  an 
emergency.     .\  concrete  b\icket  is  shown  in  midair   (the  der-J| 
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^  Prices  Still  Higher  Than  Freight  Rates 

In  si;ite  of  the  recent  sharp  drop,  average  prices,  accord- 
ing to  the  Railway  Age,  are  still  on  a  higher  basis  than 
freight  rates.  This  is  shown  in  figures  just  compiled  by  the 
Bureau  of  Railway  Elconomics.  The  following  table  is  based 
on  the  wholesale  price  index  number  of  the  Bureau  of  Labor 
Statistics,  and  gives  a  relative  freight-rate  index  number  based 
on  average  receipts  per  ton-mile. 


Year  or  month. 
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99 
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196 
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177 
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1.209 
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Up  to  the  close  of  1920  rates  lagged  far  behind  prices.  It  is 
only  since  the  drop  in  prices  began  that  the  margin  between 
increase  of  prices  and  increase  of  rates  has  narrowed.  For 
1920,  as  a  whole,  prices  exceeded  rates  by  almost  100  points, 
2nd  even  in  January  of  this  year  prices  were  11  points  higher 
than  rates. 

Traffic  in  the  last  four  months  of  1920.  with  increased  rates, 
was  heavier  in  the  United  States  than  during  the  correspond- 
ing period  of  the  three  previous  years.  The  depression  which 
set  in  was  therefore  not  an  effect  of  increased  rates;  it  came 
from  causes  which  have  produced  business  depression  all  over 
the  world. 


"Throwing   the   Bucl<et." 

rick  boom  which  supports  it  being  out  of  sight  above),  in 
the  act  of  dumping  its  load  of  nearly  3  tons  of  mass  concrete 
for  the  outlet  conduit  walls  at  the  Locklngton  dam   of  the 
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Application  of  Acetylene  Torch  to  Restor- 
ing Outworn  Machine  Parts 

An  ingenious  application  of  the  acetylene  torch  to  restor- 
ing an  outworn  steel  shaft,  has  been  lately  perfected  by  Mr. 
Wm.  Mcintosh,  Master  Mechanic  of  the  shop  of  the  Miami 
Conservancy  District  of  Dayton.  O.  According  to  the  April 
Miami  Conservancy  Bulletin,  the  method  produces  what  is 
in  effect  a  new  bronze  bushiiig  welded  to  the  shaft  and  re- 
placing the  outworn  surface.  The  old  shaft  is  first  turned 
in  the  lathe  over  the  worn  portion  to  a  smaller  diameter, 
"necking"  it  down  thus  about  's  in.  Bronze  is  then  fused 
to  the  surface  of  the  neck  by  the  acetylene  torch  until  the 
diameter  is  a  little  greater  than  it  was  originally.  The  fused 
new  bronze  surface  of  what  was  the  neck  is  now,  of  course, 
rough.  This  surface  is  now  turned  down  to  its  original  diam- 
eter, making  what  is  in  effect  a  new  shaft,  but  with  a  bronze 
bearing  surface  at  the  journal  instead  of  a  steel  one.  This 
method  has  been  successfully  applied  to  heavy  shafts  like  the 
(i-in.  swing  shafts  of  the  large  dragline  excavators  on  the 
conservancy  work;  also  to  dredge  pump  shafts,  which  in 
some  designs  are  peculiarly  liable  to  quick  wear  on  account 
of  the  sifting  of  fine  sand  into  the  bearings  from  the  ma- 
terial going  through  the  pump.  The  same  method  has  been 
successfully  applied  also  to  refacing  the  nut  which  takes  the 
end  thrust  of  the  drum  shaft  on  a  dragline  shaft,  when  the 
friction  clutch  is  thrown  in.  Many  other  applications  will 
suggest  themselves  to  those  interested.  The  method  gives  a 
very  inexpensive  replacement  of  a  worn  part,  which  in  many 
cases — as  in  the  swing  shaft  above  noted — may  have  cost  a 
good  deal  of  money  and  would  otherwise  have  to  be  thrown 
away. 
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The  Fallacy  of  Competition  in  a 
Regulated  Monopoly 

A  movement  has  been  started  in  the  state  of  Washing- 
ton to  repeal  the  "Necessity  and  Convenience  Act"  passed 
by  the  legislature  of  last  year  which  would  again  throw 
public  utilities  open  to  competition  in  any  district  which  a 
rival  company  might  care  to  enter.  The  experience  of  Cali- 
fornia and  the  judgment  of  the  California  Railroad  Com- 
mission are  expressed  in  an  article  in  the  April  15  issue  of 
the  Journal  of  Electricty  and  Western  Industry  by  K  O. 
Edgerton,  the  former  president  of  that  commission.  Mr.  Kd- 
gerton's  article  follows. 

Experience  has  shown  that  it  is  decidedly  in  the  interest 
of  the  public  that  state  utility  commission  should  have 
power  to  prevent  competition  between  public  utility  com- 
panies. 

In  practically  all  of  the  public  utility  acts  or  laws  dehn- 
ing  th€  powers  of  commissions  there  is  included  provision 
for  compelling  any  person  or  corporation  who  desires  to 
enter  the  Held  already  served  by  an  existing  public  utility 
to  first  obtain  authoriziation  so  to  do  from  the  commission. 
Acting  under  this  power,  the  California  Railroad  Commis- 
sion, together  with  practically  all  the  commissions  in  the 
United  States  which  have  such  power,  has  adopted  the  rule 
that  v.-here  a  public  utility  company  is  giving  adequate  serv- 
ice at  reasonable  rates  a  competitor  will  not  be  permitted  to 
enter  the  field. 

It  if  nov/  demonstrated  that  competition  in  public  utility 
service  and  rates  has  not  resulted  in  good  service  nor  in 
low  rates  except  for  temporary  periods,  and  always  compe- 
tition ends  with  waste  and  loss  which  is  ultimately  borne 
by  the  consumer. 

The  idea  that  competition  is  an  automatic  regulator  of 
rates  has  proven  fallacious.  If  real  competition  occurs  rates 
are  lowered  by  the  company  seeking  to  take  business  away 
from  its  rival,  not  on  a  basis  of  what  the  service  costs  but 
by  lov/ering  rates  for  the  purpose  of  annihilating  the  com- 
petitor. For  real  competition  to  continue,  each  company  in 
turn  must  reduce  its  rates  below  the  other,  because  the  mo- 
ment they  reach  the  same  level  of  rates  competition  would 
c-easp.  Therefore  tne  company  which  is  the  stronger  in- 
evitably in  the  end  destroys  its  rival  or  a  point  is  reached 
where  a  realization  comes  to  those  who  operate  the  com- 
panies of  the  folly  and  loss  of  such  competition  and  con- 
solidation is  brought  about,  usually  by  the  stronger  absorbing 
the  weaker  company,  and  if  competition  has  gone  far  enough, 
both  companies  are  crippled  and  put  in  a  position  where 
they  cannot  adequately  serve  the  public. 

Furthermore,  under  modern  conditions  it  would  be  a  prac- 
tical impossibility  to  persuade  investors  to  provide  sufficient 
money  to  parallel  a  large  existing  utility  when  the  only  hope 
would  be  that  by  constantly  lowering  the  rates  regardless  of 
the  cost  of  the  service  sufficient  business  could  be  obtained 
1o  destroy  the  rival.  In  other  words,  the  investor  would  be 
asked  to  risk  his  money  with  no  hope  of  reasonable  returns 
thereon  during  the  competitive  period  and  with  the  inevitable 
ITOspecl  staring  him  in  the  face  that  some  settlement  finally 
would  be  made  which  undoubtedly  would  result  in  a  loss  of 
a  part  of  his  investment. 

One  serious  result  of  throwing  the  field  wide  open  to 
competition  is  that  a  designing  and  unscrupulous  promoter 
ran,  by  obtaining  a  franchise  upon  the  promise  of  lower  rates 
or  better  service,  and  without  any  substantial  investment 
on  his  part,  so  shake  the  credit  of  the  existing  utility  through 
the  fear  of  investors  that  competition  may  occur,  as  to 
compel  the  existing  company  to  buy  him  off.  This  opens  a 
fruitful  field  for  the  blackmailer  with  no  resultant  good  to 
the   public. 

Also  it  should  be  seriously  considered  that  to  take  from 
a  commission  the  power  to  prevent  competition  takes  from 
state  authority  representing  the  people  the  power  to  deter- 
mine this  important  question,  and  places  it  in  the  hands 
of  the  individual  who  through  entirely  selfish  motives  may 
at  any  time  destroy  competition  which  he  himself  has  created 
by  selling  out  to  the  rival.  It  must  be  realized  that  the 
state  has  no  power  to  compel  any  individual  or  company  to 
continue  competition. 

The    people    must    ask    themselves    this    question:      Shall 


they  themselves,  through  their  representatives  the  public 
utility  commission,  determine  the  vitally  important  question 
fis  to  whether  or  not  there  shall  be  competition,  or  shall  de- 
termination of  this  question  be  placed  in  the  hands  of  in- 
riividualt.  who  oi  course  will  be  actuated  by  selfish  motives. 


Electric  Locomotive  for  Paulista  Brazil 
Railway 

The  first  Baldwin-Westinghouse  freight  locomotive  for  the 
Paulista  Railway  Co.  in  Brazil  has  been  completed  and  tested. 
The  passenger  locomotives  are  nearing  completion.  This 
marks  a  milestone  in  the  electrification  of  one  of  the  most 
iiiiportant  lines  in  all   South  America. 

These  locomotives  are  to  be  used  in  main  line  freight 
service  on  the  Paulista  Ry.  which  is  the  main  broad  gage 
trunk  line  of  the  most  prosperous  and  productive  part  of  the 
state  of  Sao  Paulo.  These  freight  locomotives  weigh  105 
metric  tons,  and  have  six  driving  axles  each  equipped   with 


Baldwin. Westingtiouse    Electric    Locomotive    Built    for   Paulista 
Railway   of   Brazil. 

one  2S0  HP.  direct-current  motor,  arranged  for  operation  with 
two  motors  in  series  on  the  :J,000-vo!t  line.  They  are  de- 
signed to  handle  trailing  loads  up  to  700  metric  tons  over  a 
line  having  a  maximum  grade  of  approximately  two  per  cent. 

The  locomotive  illustrated  is  equipped  with  M.  C.  B. 
couplers  for  testing  purposes  but  will  later  be  equipped  with 
Continental  draft  gear,  and  arranged  for  vacuum  train  brakes. 

Enormous  quantities  of  the  coffee,  beans,  rice,  cereals,  and 
cattle  are  transported  over  this  line  by  thoroughly  modern 
and  efTicient  railroading  methods. 


The  Army  Mule  In  the  World  War.— Some  interesting 
ligures  on  the  losses  by  death  among  mules  as  compared  with 
horses  during  the  World  War  are  given  in  a  recent  issue  of 
The  Military  Engineer.  From  July  1,  1917,  when  the  United 
States  Army  first  received  animals  in  France  up  to  Nov.  11, 
IPIS,  the  percentage  of  losses  among  mules  was  lO.S.S  per 
cent,  while  the  losses  among  horses  reached  25.37  per  cent. 
The  losses  from  July  1,  1917.  to  June  28,  1919,  among  mules 
were  13.12  per  cent,  while  it  ran  to  27.97  per  cent  among 
horses.  Figures  compiled  on  both  horses  and  mules  from 
July  1.  1917,  to  Aug.  31.  1919,  when  the  American  forces  in 
Germany  had  disposed  of  practically  all  of  their  surplus  ani- 
mals, show  a  loss  of  26.1  per  cent.  A  further  comparison 
.shows  that  even  though  animals  are  not  exposed  to  the  rigors 
of  campaigns  that  replacements  in  rather  large  figures  are 
essential  to  the  upkeep  of  the  army.  From  April  6,  1917,  to 
Nov.  11,  1917,  the  loss  among  horses  was  9.5  per  cent,  while 
among  mules  it  was  only  3.7  per  cent.  From  the  beginning 
of  the  war  to  June  28,  the  losses  of  mules  were  4.6  per  cent  or 
less  by  10.3  per  cent  among  mules  than  among  horses.  A  re- 
markable array  of  mules  took  part  in  the  World  War  in  the 
Iinited  States  Army.  There  were  124,137  of  them  in  the 
Unitea  States,  and  of  that  number  18.596  went  overseas  and 
actually  took  part  in  the  war.  Added  to  this  lot  were  11,036 
from  Spain,  8,992  from  France  and  6,974  from  England,  a  total 
of  45.^18.  Many  of  the  mules  purchased  from  England  and  a 
number  secured  from  the  French  had  been  bought  in  the 
United  States  by  those  countries.  But  those  secured  from 
Spain  were  the  product  of  that  country. 
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Reclamation  of  Old  Railway 
Material 

.liiilKinK  by  ii  cnmmiUiT  nporl  in  thp  Proceedings  of  the 
Tliirtlelh  Annual  Convi>ntion  <if  the  Amoiiciin  Railway  Bridge 
iind  building  Association,  the  railroads  of  this  country  have 
been  learning  much  in  the  way  of  economy  from  the  use  of 
reclaimed  and  second-hand  material,  particularly  in  the  bridge 
and  building  material.  Several  roads  have  saw  mills  where 
old  lumber  which  is  sound  or  even  partly  sound  is  worked 
over  into  smaller  sizes  and  shorter  lengths. 

The  report  states  that  the  Chicago,  Milwaukee  &  St.  Paul 
Ily.  is  utilizing  all  timber  taken  from  old  structures  to  the 
best  i,ossiblp  advantage.  Pridge  stringers  that  are  too  short 
for  use  in  standard  openings  are  resawed  to  sizes  that  will 
make  sills  tor  hand  car  houses,  coal  and  oil  houses,  and  out- 
buildings around  smaller  stations,  and  skids  in  the  lumber 
yard.  This  material  is  given  a  treatment  of  carbolineum  at 
the  time  it  is  resawed.  Bridge  ties  are  also  resawed  and 
pieces  that  are  free  from  defects  are  used  to  make  spacing 
blocks  between  ties  on  iron  bridges  while  such  as  are  defec- 
tive arc  used  in  loading  concrete  pipe  to  prevent  the  sections 
of  pipe  from  coming  in  contact  with  each  other.  Much  of  the 
above  material  is  also  used  for  car  stakes.  The  rippings  from 
the  resawing  arc  used  to  make  crates  for  material  that  can- 
not be  shipped  open.  The  usable  portions  of  brace  plank 
are  cut  to  lengths  in  multiples  of  2  ft.  and  are  used  in  high- 
way crossings  or  sent  out  to  concrete  crews  for  use  as  run- 
Avays  or  platforms  on  which  to  unload  material.  Cedar  pile 
heads  are  sent  to  the  mill  and  returned  as  shingles.  Piles 
that  have  been  pulled  because  of  line  changes  and  that  are 
in  good  condition  are  used  as  foundation  piles  under  masonry. 
At  the  company's  Milwaukee  shops  a  great  deal  of  second-hand 
bridge  material  is  worked  up  for  flat  car  doors,  and  such  as 
is  not  good  enough  for  that  is  converted  into  coal  and  grain 
door  boards.  At  the  Tomah  plant  much  economy  results 
through  the  use  of  locomotive  cranes  for  handling,  loading 
and  unloading  secondhand  bridge  stringers,  ties,  timbers  and 
piling.  Second-hand  1  in.  lumber  is  sorted  into  thre  grades: 
first  grade,  all  li'mber  that  is  considered  suitable  for  concrete 
forms  above  the  grounrl  level:  second-grade,  such  as  can  be 
used  for  concrete  forms  below  the  ground  line:  third  grade, 
all  short  i>ieces  or  such  as  are  split  or  have  defects  that  can 
be  cut  out  are  used  in  the  manufacture  of  boxes  such  as  are 
used  by  the  store  department  for  shipping  switch  bolts  and 
other  material,  and  works  off  very  rapidly.  All  3-in.  by  6-in. 
lumber  is  sorted  into  two  grades,  putting  into  the  first  grade 
such  as  can  be  used  for  concrete  forms  while  the  shorter 
lengths  are  classed  as  second  grade  and  used  as  car  stakes. 
All  of  this  material  is  .sraded  at  the  time  of  unloading  and 
each  grade  is  kept  separate  where  it  can  be  gotten  at  readily. 
The  Grand  Trunk  R.  R.  reports  that  during  the  last  few 
years  a  considerable  number  of  light  steel  bridges  have  been 
taken  cut  of  service  and  that  these  are  worked  over  and  used 
in  many  ways,  particularly  for  overhead  highway  bridges.  A 
small  shop  has  been  instituted  and  is  constantly  engaged  on 
this  kind  of  work.  Partly  worn  ties  recovered  from  bridge 
decking  are  used  again,  but  without  resawing.  Worn  out 
valves  are  repaired  and  put  back  into  service. 

Following  is  an  outline  of  the  practice  on  the  Lehigh  Valley 
Ry. :  Irumber  taken  out  of  bridges  and  trestles  is  sorted,  sep- 
arating the  partly  good  and  the  good  material  from  that  which 
is  of  no  further  use.  It  is  then  sent  to  the  division  yard  where 
the  partly  good  lumber  is  sawed  to  separate  the  good  from 
the  poor,  producing  various  sizes  of  material  for  use  at  bridges 
and  buildings,  concrete  forms,  etc.  Some  of  the  larger  sizes 
can  often  be  used  full  size  by  cutting  off  decayed  ends.  A 
sm<ill  sawmill  has  been  installed  in  the  shop  at  East  Buffalo 
for  this  purpose  and  has  proven  a  good  investment.  Material 
has  been  reclaimed  in  this  way  that  in  previous  years  was  dis- 
carded and  burned.  It  is  reported  that  in  one  case,  out  of 
21,192  ft.  B.M.  of  old  timber.  13,047  ft.  was  reclaimed  at  a  cost 
of  $100,  or  an  average  of  $7.70  per  M  ft.  This  material,  if  pur- 
chased new,  would  have  cost  from  l.'SG  to  $SS  per  M  ft.  B.M. 

On  the  Baltimore  &  Ohio  R.  R.  reclamation  of  material  has 
I'een  practiced  for  a  number  of  years.  At  Martinsburg  and 
Zancsville  large  shops  have  been  organized  for  the  reclaraa- 
llon  of  old  bridges,  frogs,  switches,  track  appliances,  water 
station  material,  turntables,  hand  cars,  baggage  trucks,  track 


scales  and  miscellanoous  maintenance  ol  way  work.  The 
shop  at  Martinsburg  has  been  in  operation  for  a  number  of 
years  and  lias  very  clearly  demonstrated  its  practical  value 
and  economy.  In  the  rebuilding  of  bridges  old  spans  an' 
strengthened  for  branch  lines  and  highway  bridges.  While  it 
it  were  not  for  this  shop,  the  road  would  be  compelled  to  sell 
such  spans  at  scrap  value,  as  work  of  this  kind  would  not  be 
undertaken  by  the  larger  bridge  companies.  The  cost  of  the 
work  has  been  running  ai)proximately  -10  per  cent  of  what  new- 
bridges  would  cost  after  allowing  scrap  value  for  the  material. 
Wherr  the  old  spans  are  not  considered  of  sufliciont  value  for 
rebuilding,  they  are  cut  up  and  the  web  plates  and  any  angles 
for  which  further  use  could  be  found  saved.  The  angles  and 
plate-,  lieing  drilled  throughout,  are  usually  of  insufficient 
value  t(  .justify  their  saving.  Short  turntables  of  CO  ft.  and 
undei.  instead  of  being  scrapped,  are  worked  over  and  girders 
inverted  and  the  necessary  floor  system  installed  for  high 
way  bridges.  Where  an  SO-ft.  or  100  ft.  turntable  is  taken  out 
on  account  of  deterioration,  a  new  or  second-hand  Uible  is  in- 
stalled and  the  old  table  sent  to  this  shop,  where  it  is  worked 
over,  the  necessary  strengthening  done  and  it  is  held  in  stock 
tor  future  use.  Second-hand  value  is  placed  upon  the  material 
and  it  is  estimated  that  the  cost  of  putting  it  back  in  first 
class  condition  is  approximately  40  per  cent  of  the  cost  of  a 
new  table,  allowing  for  its  value  as  scrap,  at  which  price  it 
would  otherwise  have  to  be  disposed  of.  It  is  found  in  the  re- 
claiming of  this  material  that  a  large  amount  of  stock  is  ob- 
tained for  use  on  coal  tipple,  chutes  and  aprons,  slide  plates 
for  track  work  and  miscellaneous  repairs  for  steel  work  on 
bridges  and  buildings,  at  a  price  very  far  below  what  it  would 
cost  if  purchased  new  and  which  would  otherwise  be  scrapped. 
On  water  station  work  it  was  found  practicable  to  rebuild  a 
great  number  of  pumps  at  a  price  far  below  what  it  would  cost 
to  purchase  new,  including  the  scrap  value  of  the  pumps. 


Sand  and  Gravel  Production  in  1920. — Though  many  pro- 
ducers reported  that  their  output  had  been  curtailed  from  10 
to  30  per  cent  on  account  of  inability  to  get  railroad  cars, 
the  total  quantity  of  sand  and  gravel  produced  in  1920,  ac- 
cording to  figures  of  the  U.  S.  Geological  Survey,  was  nearly 
78.0011.000  tons,  or  about  7,000,000  tons  more  than  in  1919. 
The  total  value  increased  from  about  $46,000,000  to  more  than 
$62,000,000.  The  production  of  building  sand  increased  nearly 
4,000,000  tons,  and  the  average  price  per  ton  the  country  over 
rose  from  .=^G  to  66  ct.  The  output  of  molding  sand  increased 
more  than  1,000,000  tons  and  the  value  more  than  $3,000,000. 
Glass  sand,  which  is  rather  high  priced,  rose  from  an  average 
of  $1.97  a  ton  in  1919  to  $2.20.  Of  the  total  production  2,144,- 
000  tons  were  glass  sand  valued  at  $4,722,000:  4.S90.000  tons 
were  molding  sand  valued  at  $7,473,000,  and  9,361,000  tons 
were  classified  as  other  sand  valued  at  $8,546,000.  The  fol- 
lowing table  showing  the  production  of  building  sand  and 
gravel  includes  preliminary  estimates  for  1920  made  by  L.  M. 
Beach.  T'nited  States  Geological  Survey,  Department  of  the 
Interior. 

. Building  sand- 
Year.                Quantity 

(short  tons).       Value. 

191S   i9.686,SSr.        $  <i.TT2..';.'JB 

19in   21.9e9,73fi  12.296,664 

1920   !'.5,943,000  17,0,52.000 


-Gravel n 

Quantity 
"•sliort  tons).       Value. 
28.704,606        $1.1..-ifi3.:!in 
34.606,671  19. .^61, 877 

,15,549,000  21.901,000 


Production  of  Explosives  in  1920. — The  total  production 
I  excluding  exports)  of  explosives  in  the  United  States  during 
the  year  1920,  according  to  reports  that  the  U.  S.  Bureau 
of  Mines  has  received  from  manufacturers,  was  .^37.9,t4,7.5u 
lb.,  an  increase  of  120.320.280  lb.,  or  29  per  cent  over  the 
total  output  in  1919.  The  production  for  1920  is  segregated 
as  follows:  Black  blasting  powder,  254.879,825  lb.:  "high" 
explosives  other  than  permissible  explosives,  229.112,084  lb.: 
and  permissible  explosives.  53,962,841  lb.  As  compared  with 
1919,  these  figures  represent  an  increase  of  41  per  cent  for 
black  powder,  15  per  cent  for  high  explosives,  and  39  per 
cent  for  permissible  explosives.  The  reports  show  that  all 
classes  of  consumers  used  larger  quantities  of  explosives  in 
1920  than  in  1919,  the  principal  increase  being  in  coal  min- 
ing. This  industry  ordinarily  consumes  over  80  per  cent  of 
the  total  production  of  black  powder  and  permissible  ex- 
plosives and  15  per  cent  of  high  explosives  or  over  half  of 
these  three  classes  combined.  The  large  increase  in  the 
quantity  of  explosives  used  at  coal  mines  was  occasioned  by 
the  greater  output  of  coal  during  the  past  year,  the  quan- 
tity being  G45  million  tons,  or  nearly  100  million  tons  in  ex- 
cess of  the  output  in  1919. 
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Methods  and  Costs  of  Steam  Shovel 

Mining  at  Properties  of  Nevada 

Consolidated  Copper  Co. 

Open  cut  mining  by  steam  shovels  has  been  under  way 
at  th-  Copper  Flat  Mines  at  Ruth.  Nev.,  of  the  Nevada  Con- 
solidated Copper  Co.,  since  August,  1907.  An  interesting 
account  of  this  work  is  given  by  Mr.  Arthur  B.  Parsons  in 
:i  recent  issue  of  Mining  and  Scientific  Press,  from  which 
the  matter  in  this  article  is  taken. 

.Sterm  shovel  mining  may  be  considered  as  consisting  of 
four  principal  operations,  namely,  breaking  the  ore  or  cap- 
ping, loading  it.  transporting  it,  and  disposing  of  the  cap- 
ping' Obviously,  the  economical  and  efficient  handling  of 
material  is  the  principal  problem.  So  far  as  the  mechanical 
operation  is  concerned,  the  stripping  is  not  essentially  differ- 
ent from  mining,  except  that  fne  valueless  capping  is  trans- 
ported by  means  of  20-cu.  yd.  side-dumping  cars  to  the 
waste-dumps,  the  ore  being  loaded  directly  into  standard 
railroad  cars  to  be  hauled  to  the  concentrator. 

Method  of  Putting  Down  Drill  Holes.— The  object  is  to 
shatter  the  rock  (both  ore  and  capping!  sufficiently  to  enable 
the  steam-shovel  to  pick  it  up  readily.  A  certain  amount  of 
-dobying"  will  be  necessary  to  break  large  rocks,  but  it  is 
desirable  to  reduce  this  to  a  minimum  and  thereby  to  avoid 
delay  in  the  operation  of  the  shovels.  The  Nevada  Consoli- 
dated rock  has  the  reputation  of  being  unusually  soft,  and 
some  of  it  is;  but  there  are  streaks  of  hard  material  mixed 
with  the  softer. 

The  blasting  is  done,  exclusively  in  (Mn.  churn-drill  holes, 
bored  from  the  bench  above.  These  holes  are  necessarily 
vertical:  usually  they  are  5.5  ft.  deep,  thus  extending  about 
.=;  ft.  below  the  grade  (assuming  a  50-ft.  bank)  to  assure  the 
breaking  at  least  to  the  level  of  the  lower  bench.  This  ob- 
viates difficulty  with  unbroken  projections  above  the  grade- 
level  that  interfere  with  the  laying  of  track  for  the  shovels 
and  trains.  The  interval  between  holes  varies  with  the  char- 
acter of  the  ground,  but  the  average  distance  from  the  edge 
of  the  bank  is  10  ft.  and  the  space  between  holes  is  usually 
35  ft. 

The  equipment  comprises  11  No.  5  Keystone  drills,  with 
coal-fired  boilers.  This  drill  is  strong,  fast,  and  reliable; 
with  a  crew  of  two  operators;  that  is.  a  runner  and  a  tool- 
dresser,  one  55-ft.  hole  per  S-hour  shift  is  not  an  unusual 
average  for  experienced  men.  In  prospect-drilling,  after  a 
depth  of  150  or  200  ft.  has  been  reached,  progress  is  slower, 
of  course:  15  ft.  per  S  hour  shift  is  a  good  record.  At  the 
collar  of  the  hole  an  S-in.  steel  casing,  6  or  S  ft.  long,  is  some- 
times inserted,  where  the  ground  has  been  shattered  for  a 
lew  feet  by  the  previous  blasting.  The  casing  also  serves  to 
guide  the  bit  until  a  good  start  has  been  made:  it  may  or 
may  not  be  removed  after  the  hole  is  complete.  The  average 
speed  of  the  churn  is  from  50  to  60  drops  per  minute.  A 
bailer  made  of  4-in.  pipe-casing  with  a  valve  on  the  lower 
end  is  used  to  remove  the  sludge  at  intervals.  Sometimes  in 
hard  ground  it  pays  to  bail  with  every  foot  of  progress,  but 
every  2  ft.  is  generally  often  enough.  In  prospect  or  devel- 
cpment  holes  the  sludge  is  saved  as  a  sample  for  assay. 

Special  Gang  for  Blasting. — All  blasting  is  done  by  a  spe- 
cial set  of  men  in  charge  of  the  blasting  foreman.  The  first 
step  is  to  "chamber"  or  "spring"  the  hole;  that  is.  to  make  a 
pocket  at  the  bottom  to  receive  the  blasting  charge.  This  is 
done  in  three  or  more  stages  by  detonating  in  succession 
increasingly  large  charges  of  low-freezing  40  per  cent  pow- 
der: first  8  or  10  sticks,  then  a  quarter  of  a  box,  three- 
quarters  of  a  box,  and.  if  necessary,  two  boxes  are  used. 
The  success  of  the  chambering  can  be  determined  by  a  sim- 
lile  contrivance  consisting  of  a  piece  of  bell-cord  60  ft.  long, 
at  the  lower  end  of  which  is  attached  a  cylindrical  piece  of 
v.ood  of  4-in.  diameter  and  3  ft.  long,  center-weighted  with 
lead.  This  is  used  to  sound  the  hole.  Water  serves  for 
tamping. 

For  the  blasting  charge  300  to  700  lb.  of  powder  is  used. 
the  quantity  depending  upon  the  nature  of  the  ground  and 
the  burden  on  the  hole.  Since  1919  two-fifths  of  the  total 
quantity  used  has  been  ammonia  or  nitro-starch  detonating 
powders,  between  which  there  is  no  particular  preference; 
and  three-fifths  has  been  ordinary  black  blasting  powder. 
Prior  to  that  time  a  much  larger  proportion  of  the  more  ex- 
pensive powder  was  used;  but  exhaustive  comparative  tests 
convinced  the  officials  that  the  net  cost  of  breaking  was  con- 
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siderably  lessened  by  the  increased  use  of  black  powder. 
Some  of  the  heavier  sulphide  ore  requires  that  the  stronger 
explosive  be  used  exclusively;  moreover,  a  small  amount  of 
detonating  powder  (approximately  2  per  cent  of  the  charge) 
is  used  in  each  hole  to  make  the  explosion  not  only  certain 
but  as  effective  as  possible. 

The   following   data   show   the   results   of  one   competitive 
test,  and  indicate  the  comparative  cost: 

°  ?  ^Z-6  '~  "^1=  =  =  ? 

Dvn.x>iiite  -il  1I7.3!I1  47.516  0.488  0.0799 

Biaok    powder 41  103,454  56,555  0.552  0.06S& 

The    following    figures    show    the    consumption    of    powder 

during  the  first  six  months  of  1920: 

Ton.s  of  ore  and  capping  broken 3.601,683 

Pounds   of  powder  used 778,853 

Pounds  powder  per  thousand  tons.. 216 

Tons  material  per  pound  of  powder 4.62 

"Cost  of  powder  per  ton  of  material 0.03114 

Total  drilling  cost  per  ton  material "■59*'*^ 

Ijatwr  cost  of  blasting  per  ton  material 0.00496 

Total  cost  ol   powder,  drilling  and  blasting,  as  above  0.04414 

'Includes   frci2;lit    from   Raechus.    I'tah;    Roberts.    Calif.,   or  Her- 
oul-s.  Calif. 

Results  from  Cordeau-Bickford  Detonating  Fuse. — Ordinary 
waterproof  fuse  with  No.  6  caps  was  employed  at  the  out- 
set, but  this  was  displaced  by  electric  firing,  using  No.  8 
exploders.  Recently,  however.  Cordeau-Bickford  detonating 
fuse  has  been  used  exclusively.  It  consists  of  a  small  lead 
tube  filled  with  trinitrotoluene  and  carefully  drawn  to  uni- 
form size.  It  cannot  be  discharged  by  friction,  fire,  or  ordi- 
nary shock;  it  is  detonated  only  by  means  of  an  ordinary 
blasting  cap.  The  average  rate  of  speed  of  the  impulse  is 
17,500  ft.  per  second,  so  that  when  Cordeau  is  used,  the  ex- 
plosion is  practically  instantaneous.  Cordeau  acts  as  a 
detonator,  as  well  as  a  fuse,  and  no  cap  is  used  with  the  pow- 
der; the  line  of  Cordeau  functions  as  the  detonator  after  it 
has  once  been  "exploded"  by  means  of  an  ordinary  cap  or 
electric  exploder,  to  which  it  is  connected  by  means  of  a 
special  brass  sleeve.  The  advantages  of  this  detonating  fuse 
are:  (1)  Any  number  of  holes  can  be  detonated  simulta- 
neously by  means  of  a  single  cap  and  an  appropriate  circuit 
of  Cordeau.  (2)  By  running  Cordeau  through  the  entire 
charge  the  speed  of  detonation  is  accelerated  and  the  shat- 
tering effect  of  a  given  quantity  of  powder  is  increased,  thus 
f  ither  permitting  lighter  charging  or  more  effectively  break- 
ing the  rock  with  the  same  charge.  (3)  Loading  of  holes  can 
be  done  more  quickly  and  with  greater  safety  than  when 
fuse  and  a  detonating  cap  in  a  primer  are  employed  in  the 
usual  way.  and.  moreover,  the  danger  from  unexploded  cap.s 
and  powder  in  missed  holes  is  entirely  avoided. 

Steam-Shovel  Loading.— (Nine  steam  shovels  are  included 
in  the  equipment;  all  are  of  Bucyrus  make.  Five  are.  95-ton 
class  C  shovels  with  3%  cu.  yd.  dippers,  25-ft.  dipper-sticks, 
and  3-1  ft.  booms.  Originally  these  were  built  with  IS-ft. 
sticks  and  28-ft.  booms,  and  carried  5-yd.  buckets.  In  order 
to  enable  the  shovel  to  take  a  wider  cut.  thereby  reducing 
the  shitting  of  track  necessary,  the  sticks  and  booms  were 
lengthened.  The  expectation  was  that  the  5-yd.  buckets  could 
be  retained,  but  it  soon  became  evident  that  this  was  imprac- 
ticable: so  the  smaller  buckets  were  substituted.  In  addi- 
tion, there  are  three  95-ton  Class  B.  and  one  70-ton  Class  B 
thcvels  all  fitted  with  SVo-cu.  yd.  buckets.  All  the  shovels 
are  operated  by  steam,  and  the  boilers  are  fired  with  coal. 
Each  is  equipped  with  a  1-kw.  Schroder  turbo-generator  to 
supply   direct   current   for   lighting   purposes. 

The  crew  actually  engaged  in  the  operation  of  the  shovel 
consists  of  eight  men,  including  one  shovel  engineer,  one 
crane  man,  one  fireman,  on  coal-passer  and  four  pitmen.  The 
specific  duty  of  the  pitmen  is  to  take  up  the  track  behind 
and  to  re-lay  it  ahead  of  the  shovel  as  progress  is  made  in 
the  removal  of  the  bank.  They  are.  however,  available  for 
any  work  in  connection  with  the  shovel  operations.  During 
the  first  half  of  1920  the  average  performance  of  all  the 
shovels  on  ore  was  306  tons  per  hour;  the  shovels  on  capping 
loaded  152.2  cu.  yd.  per  hour  during  the  same  period.  This 
includes  the  time  consumed  in  moving  the  shovel  an'd  all 
lo:=,t  time  incidental  to  delays  of  the  trains  hauling  the  rock. 

An  important  item  of  steam-shovel  equipment  is  the  dip- 
per.     The    Missabe    dipper    with    the    Vanderhoff    front    and 
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imints.  made  by  the  AniPrltan  .Mangaiii'Sf  Steel  Co..  Is  used 
at  Kiilli.  One  SH-lon  dipper  equlppod  with  the  Vanderhof 
devleoa  operated  continuously  for  720  days  and  moved  1,000,- 
OOO  cu.  yd.  of  material  before  being  discarded.  The  advan- 
tages are  sreat  strength,  economy  In  loadinR.  and  the  small 
amount  of  time  required  for  making  repairs. 

A  bench.  I'O  ft.  wide  after  the  blast,  provides  adequate  room 
for  the  loading  track  at  the  proper  distance  from  the  path 
of  the  shovel  when  enuiPI)ed  with  booms  and  dipper-sticks 
of  tho  dimensions  stated  above.  The  shovel  loads  the  ma- 
terial from  the  side  between  the  bank  and  its  own  course, 
as  well  as  immediately  ahead,  so  that  the  advantage  of  the 
long  boom  in  permitting  a  wide  cut  is  apparent.  The  height 
of  the  bank.  50  ft.,  has  several  advantages:  .^0  to  55  ft.  is  an 
economical  depth  for  churn-drilling;  it  is  not  so  high  that  the 
broken  rock  is  likely,  when  blasted,  to  bury  the  loading  track 
on  tho  shovel-bench,  nor  so  low  that  an  imreasonably  small 
quantity  of  ore  is  broken. 

Disposal  of  Waste.— More  than  .'JO.000.000  cu.  yd.  of  capping 
has  been  hauled  already  to  the  four  principal  dumps  in  the 
vicinity  of  the  pits.  A  20  cu.  yd.  all-steel  dump  car  is  used 
for  this  work. 

"RiiilroadinK"  plays  an  important  part  in  the  pit  opera- 
tions. The  mining  company  has  19.53  miles  of  standard  gage 
track  in  the  shovel-pit  area,  and  s.95  miles  additional  is  com- 
prised in  approaches  to  the  pit.  sidetracks  in  the  assembly 
yard,  and  miscellaneous  tracks  at  Ruth.  The  maximum  grade 
of  the  tracks  is  1  per  cent,  this  being  found  near  the  mouth  of 
the  pit.  where  the  tracks  from  the  different  benches  switch 
toward  the  assembly  yard.  At  least  85  per  cent  of  the  track 
is  on  ;.  grade  of  less  than  2  per  cent. 

Transportation  of  the  Ore. — The  ore  is  loaded  by  the  shov- 
els directly  intc  50-ton  gable-bottomed  steel  cars.  Tracks 
for  these  cars  and  the  20-yd.  waste  cars  are  required  on  each 
bench  in  the  pit.  These  tracks  form  individual  loops  that 
converge-  outside  the  pit.  In  addition  there  are  the  tracks 
leading  to  the  various  dumps.  The  loaded  ore  cars  are  de- 
livered to  the  assembly  yard,  where  the  trains  are  made  up 
for  transportation  to  the  concentrator.  During  1916.  1917. 
and  inis  the  efficient  dispatching  of  traffic  was  an  important 
factor  in  maintaining  production,  and  the  C(mvenience  of  the 
track  arrangement  in  the  pit  proved  decidedly  helpful. 

The  Nevada  Consoidated  Co.  operates  16  locomotives  at 
R".Uh.  All  are  of  the  "saddle  tank"  type,  without  tenders,  except 
the  last  one.  which  is  an  ordinary  switch  engine.  Coal  is  used 
exclusively  as  fuel.  Each  locomotive  has  a  turbo-generator, 
similar  to  those  on  the  shovels,  except  that  they  are  of  335- 
■watt  capacity   instead  of  one   kilowatt. 

Uses  of  Steam  Crane  and  Repair  Car. — Among  other  items 
of  heavy  equipment  are  a  steam  crane,  a  "wash  out'  or  re- 
pair car,  and  a  .Jordan  spreader.  The  crane  is  of  30-ton 
capacity  with  a  44-ft.  boom,  made  by  the  Bay  City  works.  It 
is  used  for  unloading  coal  into  stock  piles  and  for  transferring 
it,  and  for  cleaning  track  when  covered  by  heavy  blasting. 
For  this  work  a  clam-shell  bucket  of  2-yd.  capacity  is  used. 
Another  purpose  that  the  crane  serves  to  good  advantage  is 
the  loading  of  churn  drills  on  a  standard  flat  car  for  trans- 
fer from  one  bench  to  another.  A  suitable  sling  is  prepared 
and  tht  churn  drill  is  lifted  bodily  and  placed  on  the  car: 
the  same  method  is  used  in  unloading  at  the  point  where 
the  new  bole  is  to  be  drilled. 

The  crane  is  also  used  for  moving  track  in  the  pit.  After 
each  cut  the  track,  upon  which  the  trains  of  ore  cars  run, 
roust  bo  shifted  closer  to  the  new  bank.  This  is  done  by 
means  cf  the  crane  operating  from  the  bench  next  above.  A 
sling,  made  with  hooks  on  each  end  of  a  40-ft.  cable,  engages 


a  portion  of  the  track.  Fastened  to  the  loop  of  the  sling  is  a 
pulling  lint  operated  directly  from  the  drum  of  the  crane.  Suc- 
cessive lengths  of  track  are  dragged  laterally  a  few  feet  ;ii 
a  time,  the  crane  moving  under  its  own  power  to  maintain 
the  proper  direction  of  pull.  In  this  manner  the  track  is 
cradually  worked  to  its  new  position.  As  much  as  1,500  fi 
has  been  shifted  in  six  hours  with  a  force  of  four  laborer.- 
and  the  crew  operating  the  crane. 

The  "wash  out"  car  is  an  old  box  car  fitted  with  an  acety- 
lene welding  outfit,  a  power  drill  press,  a  15  HP.  steam  boiler, 
a  small  steam  pump,  a  supply  of  hose  and  pipe,  sundry  jacks 
and  chain  blocks,  and  a  large  assortment  of  hand  tools.  The 
original  purpose  of  the  car  was  to  enable  the  convenieni 
washing  of  the  boilers  of  the  shovels  as  they  stood  in  posi 
tion.  The  plan  was  elaborated,  and  now  all  sorts  of  niinoi 
repairs  to  the  shovels,  churn  drills,  and  even  cars,  are  don^' 
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expeditiously,  a  large  proportion  on  equipment  that  previously 
was  hauled  to  the  shop.  Repeated  trips  back  and  forth  arc 
thereby  avoided. 

Efficiency  of  Operations. — The  following  data  on  the  effi- 
ciency of  operations  during  the  first  half  of  1920  are  based 
on  an  average  output  of  approximately  6,000  tons  per  day. 
and  are  fairly  representative  of  what  can  be  done.  It  should 
be  noted  that  the  unit  used  with  respect  to  mining  is  the 
"ton  of  ore";   with  stripping  it  is  the  "cubic  yard  of  waste." 

MINING. 

Tons  of  ore  mined 1 .028,592.0 

Shovel   shifts    42S.6 

Tons  of  ore  per  shovel  hour 300.0 

Tons  cf  coa!  used  on  shovels S14.0 

Tons  of  shovel-coal  per  ton  of  ore O.OO0S7 

Pounds  of  powder  per  1,000  tons  of  ore 359.41 

L^ocomotive  shifts    920.7 

Tons  of  ore  per  locomotive-hour ' 139.fi 

Tons  of  coal  used  on  locomotives 3.126.12 

Tons  of  locomotive  coal  per  ton  of  ore O.O0304 

STRIPPING. 
Yards   of  waste  moved 1.191,34C.D 


Shovel  sl.ifts 

Yards  of  waste  per  shovel-hour 

Tons  of  coal  used  on  shovels 

Tons  of  shovel-coal  per  yard  of  waste... 
Pounds  of  powder  per  1,000  yd.  of  waste. 

[x)comotive  shifts    

Yards  of  waste   per   locomotive-hour    . . . 

Tons  of  coal  used  on  locomotives 

Tons  'oconiolive  co.il  per  \"ard  of  w;iste.. 


978.29 
152.2 
2,193.1 

0.00184 

428.5S 

2,174. SS 

68.47 

7.495.0« 

0.0C629 


Cost  of  Stripping  and  Removing  Overburden.- — Table  I  shows 
the  operating  cost  for  the  6-year  period  from  1913  to  1919  in 
elusive.     It  should  be  noted  that  the  cost  of  mining  does  not 


TABL,r:  I— COST  OV  STRIPPING  .\ND  REMOVING  OVERBURDEN. 


1913.  1914. 

GuMc  yards  of  material  moved .T.lOO.COl  3.044,967 

Cost  per  yard: 

DrillinK  and  blasting O.OSS.t  0  0918 

.''team-.shovel  operation    11.0633  0.0530 

I^ocomotive  tramming: , 0.1190  0  1087 

General  pit   expense 0.0072  O.OOS.i 

Miscellaneous    0.0678  0.0581 


1915. 
,758.350 

0.0738 
0.0434 
0.1070 
0.0066 
0.0577 


0.342S  0.3171  0.2885 

COST  OP  PROmXTNG  ORE. 


1913. 

Tons  of  ore  mined 2.889.389 

Cost  per  ton: 

Breaking  ore    0.0468 

.'^ttam -shovel  operation    0.0407 

Ijocomntivc  tramming  0.0374 

'  lenenil  pit  expense 

Miscellaneous                                         0.0522 

0.1771 


1914. 
2.513.241 

0.0416 
O.03O4 
O.OSOl 


1915. 

2,991,782 

0.0374 
0.0208 
0.0251 


0.0497 
0.1518 


0.0691 
0.1. -.24 


1916. 
3.974,952  ' 

O.0823 
O.042G 
0.1229 
0.0071 
0.0460 

0.3009 


1916. 
3.337,570 

0.0421 
O.0248 
0.0297 


0.2370 


1917. 
3.011.728 

0.0907 
0.0S.52 
0.1479 
0.0077 
0.0428 

0.3443 


1917. 
.T. 076. 285 

0.0485 
0.0320 
0.0458 


0.2075 
0.3338 


1918. 
2,617,771 

0.1026 
0.0647 
0.1862 
0.0095 
0.0490 

O.4120 

1918. 
2,711,743 

0.0527 
0.0395 
O.0667 


0.2580 
0.4169 


1919 

1,674,86.-: 

9.090n 
0.0517 
0.1777 
B.OlOO 
0.056.S 

0.386i 


1919. 

i.sgo.go.T 

0.0586 
0.0257 
0.0605 
0.0245 
0.1544 

0.3237 
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include  the  arbitrary  charge  added  to  cover  the  item  of  pre- 
paid stripping,  but  does  include  every  other  cost  except  de- 
preciation and  depletion.  Prior  to  July  1,  191S,  the  stripping 
suspense '  charge  was  30  ct.  per  ton,  hut  the  necessity  for 
maintaining  the  flatter  slope,  together  with  the  increased 
per  ten  cost  of  removing  the  overburden,  made  it  advisable 
to  add  10  ct.  to  this  charge.  The  remarlsable  increase  in  the 
cost  of  producing  ore  during  1916,  IfllT.  1918,  and  1919  reflects 
the  comparative  inefliciency  of  labor  during  this  period:  and 
in  a  still  greater  degree  the  increase  in  taxes.  The  item  of 
taxes  is  not  included  in  the  figures  for  1919.  During  191. ">, 
Federal,  property,  and  bullion  taxes  totaled  only  0.2  ct.  per 
pound  of  copper  or  4  ct.  per  ton  of  ore,  as  compared  with 
15.81  ct.  per  ton  in  1918. 

Annual  Meeting  of  American  Association 

of  Engineers  Endorses  Nation  Wide 

Activities  for  Engineers 

The  annual  meeting  of  The  American  Association  of  Ensi- 
neers,  in  session  at  Buffalo,  New  York,  May  9  to  11,  19i:l, 
went  on  record  as  endorsing  the  following  activities: 

Favoring  an  engineer  on  the  International  Boundary  Com- 
mission. 

Favoring  a  national  board  of  classification  for  engineering 
schools;. 

Against  laws  permitting  corporations  to  practice  as  engi- 
neers. 

Favoring  a  census  of  highway  traffic. 
Favoring  a  continuance  of  Federal  aid  to  highways. 
Favoring   Phipps   bill    increasing    Federal   aid   allotment    in 
public  land  states. 

Favoring  national  financing  of  reclamation  work. 
Favoring  sanitary  engineers  on  public  board  of  health. 
Directing  advance  copies  of  annual  convention  reports  be 
prepared. 

Favoring  a  minimum  of  two  weeks'  notice  by  both  parties 
in  case  of  separations  in  employment. 

Providing  for  committee  to  plan  employment  service  and 
payment  therefor. 

Favoring  increasing  the  membership  from  all  classes  of 
engineers. 

Providmg  a  committee  to  amplify  statement  of  the  ideals 
and  ob.itcts  of  the  association. 

Thanking  the  city  of  Buffalo  and  the  Buffalo  Chapter  for 
the  courtesies  extended  to  the  convention. 

The  officers  elected  for  the  ensuing  year  were  H.  O.  Gar- 
won,  chief  engineer  and  consulting  engineer  with  the  Indiana 
Public  Utilities  Commission,  president  of  the  association:  A. 
N.  Johnson,  dean  of  engineering  at  Maryland  State  College, 
vice-president:  A.  S.  Morris,  auditor,  capital  expenditures,  C. 
&•  N.  W.  R.  P...  second  vice-presiden.  E.  F.  Ayres.  Webster 
Ij.  Benham,  Garrison  Babcock.  Morris  Bien,  G.  M.  Butler  and 
W.  R.  McKeeii  were  elected  directors.  C.  A.  Hoglund,  C.  D. 
Hartman,  W.  R.  Smith  are  the  new  auditing  committee. 

The  convention  was  attended  by  1.50  delegates  representing 
200  chapters. 

The  program  of  the  meeting  consisted  of  hearing  reports 
of  various  national  committees,  including  those  on  various 
employment,  railroad,  industrial,  federal,  salaries  of  engi- 
neers in  public  service  and  in  teaching  service,  water  power 
and  conservation,  highways  and  the  numerous  other  activi- 
ties of  the  organization. 

The  most  important  development  of  the  convention  was 
the  outlining  of  a  program  for  the  activities  of  200  chapters 
of  til?  association  scattered  throughout  the  country,  based 
upon  the  various  activities  of  these  chapters  during  the  past 
year,  along  the  lines  of  employment,  civic  activities,  legisla- 
tion, ethics,  education  and  compensation. 

Numerous  organization  matters  were  taken  up,  including 
the  divi.oion  of  fees  between  the  chapter  and  national  head- 
quarters, on  a  basis  of  GO  per  cent  to  the  chapter  and  40  per 
cent  to  the  national  office. 

On  the  afternoon  of  the  second  day,  a  trip  was  made  to 
Niagara  Falls  by  l.jn  delegates. 

At  the  banquet  on  May  10,  addresses  were  delivered  by  I^. 
K.  Sherman,  H.  O.  Garmon  and  Frances  A.  Kellar,  who  spoke 
on  "Americanization  and  Man  Power." 

Salt  Lake  City,  Utah,  was  selected  as  the  convention  city 
for  next  year. 


Portable  Air  Compressors  in  Tun- 
nel Work 

Portable  air  compressors  are  giving  good  service  in  driv- 
ing gangways  in  rock  and  connecting  them  by  rock  holes  to 
the  coal  beds  in  the  Mammoth  and  Buck  Mountain  mines  of 
the  Lehigh  Valley  Coal  Co.  Five  compressors  are  in  use, 
the  initial  cost  complete  (air  hammers  and  hose  included)  was 
§>14,o50.  The  methods  of  using  these  outfits  and  the  advan- 
tages are  described  by  Mr.  F.  H.  Wagner,  Lost  Creek,  Pa.,  Di- 
vision Superintendent  of  the  Lehigh  Valley  Coal  Co.,  in  the 
Employes  Magazine  of  that  company. 

The  compressors  were  placed  at  convenient  locations,  either 
along  a  widened  portion  of  a  gangway  free  from  the  gangway 
track  or  at  a  gangway  and  tunnel  junction,  so  near  the  work 
that  short  lengths  of  line  could  be  used.  In  general  the  size 
of  pipe  used  is  1%  in.  on  the  lOxlO-in.  compressors  and  1-in. 
on  the  9x8-in.  machines.  Mr.  Wagner  is  of  the  opinion  that 
the  larger  of  these  machines  gives  better  results  than  the 
smaller,  as  they  furnish  enough  air  so  that  four  jackham- 
mers  can  be  used  at  one  time  with  fair  results.  When  only 
three  hammers  receive  air  from  the  line  and  the  transmission 
distance  does  not  exceed  600  ft.,  excellent  speed  in  drilling 
is  obtainable.  With  9x8-in.  compressors  only  two  hammers 
can  be  used  with  success. 

The  cost  of  the  upk£ep  on  the  five  compressors  for  one 
year  amounted  to  $480,  all  five  being  used  and  seeing  hard 
service.  The  upkeep  cost  on  a  centrally-located  plant  in  the 
same  division  amounted  to  $640.  The  average  life  of  short- 
length  pipe  lines  running  from  a  portable  compressor  is  18 
months  In  contrast  the  main  air  lines  from  a  centrally-lo- 
cated plant  in  certain  sections  must  be  practically  renewed 
three  times.  On  a  214-in.  line  the  upkeep  cost  in  18  months 
v.'as  about  $460,  against  $100  for  the  lines  on  the  portable 
compressors. 

These  machines  can  be  handled  as  easily  as  a  mine  car 
and  have  been  utilized  in  two  different  sections  of  the  mine 
in  the  same  shift,  the  compressor  being  moved  to  its  second 
location  when  the  drilling  in  the  first  was  completed.  As 
received  from  the  manufacturer  these  compressors  had  too 
short  a  wheelbase.  In  another  make  of  machine  the  com- 
pressor and  electric  driving  units  overhung  the  frame.  This 
'<.as  overcome  by  rebuilding  the  compressors  on  a  regular  car 
bottom  v.ith  the  standard  wheelbase  of  the  colliery. 

These  portable  units  need  comparatively  little  care.  The 
colliery  electrician  looks  after  the  electrical  end  of  the  ma- 
chine and  a  machinist  attends  to  the  mechanical  or  com- 
pressor end.  Constant  attendance  is  not  required,  but.  like 
all  other  machinery,  these  units  need  a  reasonable  amount 
of  supervision.  They  do  not.  however,  demand  the  undivided 
.services  of  an  attendant,  as  does  a  centrally-operated  air 
plant. 

The  use  of  portable  compressors  naturally  is  not  confined 
to  rock  gangway  and  rockholes,  as  they  are  suited  to  rock 
work  of  any  nature  as  well  as  to  the  drilling  of  particularly 
hard  scams  of  coal. 


What  a  Public  Service  Commission  Has  to 
Contend  With 

The  difficulties  that  confront  a  public  utilities  commission 
are  well  set  forth  in  the  following  extract  from  a  rate  de- 
cisis n  handed  down  recently  by  the  Maine  Public  Utilities 
Cc  a.  mission: 

Controlled  as  tins  commi.s.sion  is  hy  the  law  which  declares 
that  :ates  .shall  be  reasonable  to  the  customer,  influenced  as  we 
ought  to  be  by  a  desire  to  treat  the  company  with  fairness  and  to 
enable  it  prnpcrl.v  to  perform  its  public  duties,  this  commission, 
like  any  similar  commission,  stands  in  a  very  unenviable  and  deli- 
cate position.  Very  naturall.v  if  rates  nre  sought  to  be  increased 
each  and  every  user  of  the  service  being:  affected  resents  and  re- 
sists 'he  increase,  and  no  matter  what  may  be  the  facts  presented 
some  customers,  and  oftentimes  the  ma.iority  of  tlie  customers, 
will  not  be  convinced  of  the  necessity  or  reasonableness  of  any 
increase  whatever.  Facts  and  figures  do  not  seem  to  count  with 
some,  and  perhaps  it  is  no  more  than  to  be  expected  that  during: 
these  times  of  high  and  increasing  costs  every  .iddition  to  the 
burden  seems  not  only  unreasonable  but  unnecessarv-  Each  per- 
son 'aopes  and  has  been  hoping  that  the  burdens  will  be  lessened, 
and  any  addition  is  accepted  in  a  resentful  spirit.  We  have  been 
criticised  severely  during  the  past  thrive  or  four  years.  We  sh.ill 
no  doubt  continue  to  be  criticised,  but  we  should  be  unworthy  of 
holdin.g  the  position  we  do  if  the  members  of  this  commission  were 
in  the  least  respect  swayed  either  by  criticism  <-ir  bv  any  other  ini- 
l)roper  influence.  We  have  a  duty  to  perform  and  must  perform 
it  with  fairness  and  courage. 
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Tractor  Sled  Haulage  in  Alaska 

By  E.  M.  LAGROX. 

No  soctlon  of  the  Nortliorn  hemlsphcro  hns  (nhlcnceil  such 
inurltec;  progress  wltli  reliilion  to  the  iiitioiluction  of  modern 
niiichintry  niid  appliances  as  has  Ahisk:i.  The  many  natural 
barriers  and  obstacles  which  have  delayed  and  retarded  the 
advance  of  progress  in  this  region  havi'  now  been  greatly 
overcome  by  mechanical  means. 

Vreiphf  rates  which  have  been  absolutely  prohibitive  in 
the  interior  Alaska  points  will  soon  be  reduced  from  $:l.')0.  a 
Ion  to  approximately  $2.")  a  ton.  This  will  result  in  a  flat  sav- 
ing of  %\V1T>  over  the  present  prevailing  prices,  U  is  a  direct 
result  of  the  advance  of  the  new  government  railroad.  The 
new  rate  will  be  effective,  it  is  believed,  with  the  completion 
of  the  railroad  which  extends  from  the  tide  water  to  the  in- 
terior. Increased  activities  will  result  and  mining  machinery 
can  soon  be  shipped  to  Fairbanks.  Nonana.  Fort  Gibbon.  Ruby 
and  other  interior  points.  At  present  most  of  the  freight  to 
thes-  places  is  sent  by  dog  teams  or  '■mush"  over  trails 
from  the  sea  port  towns  of  Valdoz  and  Cordova. 

One  of  the  marked  improvements  in  transportation  in  this 
district  is  the  "caterpillar"  iraih  which  operates  on  a  60  mile 
haul.  These  tractors,  manufactured  by  The  Holt  Manufac- 
turing Co..  are  the  same  as  those  supplieil  the  allied  gov- 
trnment  dtiring  the  war.  They  haul  approximately  50  ton  of 
perishable  foodstuffs  and  sui)plies  over  the  snow  and  ice.  A 
recently  perfected  radiator  frost  pad  which  protects  the  mo- 
tor of  the  tractor  enables  them  to  operate  even  when  the 
temperature  is  -lO"  below  zero.  Another  engineering  asset 
of  this  p;irticular  machine  is  the  articulated  roller  frame  and 
the  enuali/er  bar  which  join  the  two  portions  of  the  tractor 
truck  and  f-ui)p(,rting  roller.  This  latter  factor  enables  the 
tractor  to  conform  to  the  unevenness  of  the  ground  and  to 
climb  over  obstacles  and  yet  assures  perfect  traction  without 
slipping.  It  is  one  of  the  refinements  and  modifications  made 
p(>ssible  by  war  experience. 

This  novel  means  of  transportation  represents  the  solu- 
tion of  the  problems  which  have  confronted  the  engineers 
in  this  district  for  many  years  and  by  this  means  the  rail- 
way construction  camps  ( in  some  cases  isolated  in  the  in- 
terior)   are    .-issurort    of    a    svsIcitkiI  ic    rcplciiislimpnt    of    corn- 


Tractor    Drawn    Outfit    Operating    Over    Snow    in    Alaska. 

missary  stores,  .\nother  great  factor  the  district  officials 
state  is  that  freight  can  be  handled  by  the  "caterpillar"  train 
across  the  Broad  Pass  which  is  not  feasible  for  railroads. 


Pressure   Seated  Air  Valve  for  Compressed 
Air  Installations 

The  Cleveland  Pneumatic  Tool  Co.  of  Cleveland,  O..  has  re- 
cently brought  out  an  air  valve  for  general  use  in  air  service 
which  contains  several  new  features.  The  sectional  draw- 
ing jliostrales  the  new  valve,  which  is  designed  to  eliminate 
air  losses  through  leakage  in  transmission.  It  was  deter- 
mined to  design  a  valve  in  which  the  air  could  not  come  in 
contact  with  the  seat — thus  avoiding  replacement  of  seats, 
end  also  to  utilize  the  "air  pressure"  as  a  "seating  agent"  to 


hold  the  valve  plug  on  its  seat,  thus  eliminating  packing. 
gaskets,  stems  and  springs  and  reducing  the  valve  parts  to 
three,  i.  e..  body,  plug  and  handle.  This  was  successfully 
afcnmidished  by  using  a  "hollow  taper  plug"  with  the  large 
end  ui)permosl,  the  air  entering  at  the  top.  passing  through 
ind  out  of  an  opening  in  one  side  of  the  hollow  i)lug  into 
the  supply  chamber  which  connects  directly  with  the  air 
hose  without  the  air  coming  in  contact  at  any  time  with  the 
valve  seat— ground  joint — ^which  is  the  outer  wall  of  the  plug 
as  indkaled  by  the  letter  "V"  on  the  drawing.  The  long 
"arrows"  shows  the  direction  of  the  air  in  its  travel  througli 
the  widi  unobstructed  air  passage  of  the  valve  which  is  free 
from  any  angle  turns  to  impede  its  progress.  The  short  arrow 
indicates  the  "point"  on  the  large  end  of  the  plug  where  the  aii 
pressure  is  constant,  forcing  the  taper  plug  against  the  walls 
of  the  valve  body  forming  a  perfect  seat.  The  valve  is  pro- 
vided with  a  uni(|ue  waste  arrangement  to  allow  the  accumu- 
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Cleco    Pressure    Seated    Air   Valve. 

laicd  pressure  in  the  air  hose  to  escape  to  atmosphere  when 
the  valve  is  shut  off  as  shown  by  air  ports  "A"  and  "B"  on 
the  drawing:  this  is  to  safeguard  the  operator,  who  when 
riiscc'nnectiug  the  hose  from  valve  often  receives  a  gush  of 
air  in  the  face  and  accidentally  gets  scale  or  grit  in  his 
eyes.  The  new  valve  has  been  subjected  to  very  severe  serv- 
ice tests  under  both  high  and  low  air  pressures,  the  high 
pressure  being  500  lb.,  as  well  as  submerged  water  tests  and 
is  stated  to  have  successfully  passed  the  most  exacting  tests 
that  could  be  devised  on  liquids  under  pressure  and  on  acety- 
lene gas  lines. 


Hay  Screen  for  Filtering  Boiler  Feed  Water 
of  Tug  Boats 

A  filler  for  removal  of  sediment  from  boiler  feed  water 
that  has  given  good  service  on  the  river  tug  boat  of  the 
Miami  Conservancy  District  of  Dayton,  O.,  is  described  in  a 
recent  issue  of  The  Miami  Conservancy  Bulletin.  It  was  in- 
troduced on  the  Miami  river  job  by  H.  A.  Hanson  and  V.  H. 
Tucker  of  the  scow  and  tug  boat  service,  who  had  used  it 
successfully  on  the  New  York  state  barge  canal. 

The  filter  consists  of  a  long  rectangular  wooden  tank,  di- 
vided into  compartments  by  cross  partitions,  through  which 
tiie  feed  water  is  made  to  circulate,  entering  at  one  end  and 
leaving  at  the  other,  passing  through  repeated  filters  of  hay 
:;nd  turkish  toweling  in  the  course  of  its  journey.  Five 
filters  are  show'n  in  the  illustration  but  the  number  is  not 
arbitrary.  In  some  cases  probably  fewer  would  be  sufficient. 
In  each  tlic  direction  of  How  is  upward — an  important  con- 
siderction.  The  five  compartments  are  separated  by  double 
baffle  beards,  the  two  boards  in  each  case  2  or  3  in.  apart, 
sufficient  to  leave  space  for  the  water  between  them,  the 
water  passing  in  all  cases  over  the  top  of  the  board  nearest 
ihe  inlet,  and  under  the  bottom  of  the  other,  thus  delivering 
the   water   always   at   the   bottom   of  the  next  compartment. 
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KBch  conniartment  is  simply  pacl<ed  full  of  tlie  hay,  up  to  the 
level  of  cross  cleats  near  the  top,  these  cleats  providing  sup- 
port tor  a  finer  screen  made  of  the  turkish  toweling.  This 
is  made  by  tacking  the  toweling  to  a  rectangular  frame  after 
the  nisnner  of  mosquito  netting. 

The  water  in  its  passage — always  upward,  through  the  filter 
compartments— leaves  sediment  in  the  meshes  of  the  hay  and 
upon  the  under  side  of  the  toweling  rather  than  upon  the 
upper  side.  This  may  seem  a  small  matter,  but  it  means  a 
difference  between  cleaning  the  filter  twice  a  week,  and  clean- 
ing  it   several   times   oftener;    in  other   words,   it   stops   the 
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Hay   Filter  for  Boiler   Feed   Water. 

deposition  and  packing  of  a  thick  layer  of  silt  on  the  top  of 
the  left  hand  towel  screen,  with  consequent  rapid  clogging  of 
the  flow. 

On  the  Dayton  job  the  use  of  this  device  has  meant  the 
elimination  of  a  shutdown  during  the  week  to  clean  sedi- 
ment from  the  tug  boat's  boiler:  one  boiler  cleaning,  during 
the  regular  w-eek-end  shutdown,  being  sufficient  for  this 
period. 

The  filter  was  cleaned  twice  a  week,  very  simply,  by  re- 
moving the  towel  screens  and  washing  them  off  with  a 
small  hose,  the  hay  not  being  removed,  or  indeed  treated  in 
any  way  except  to  remove  and  replace  it  at  long  intervals 
v.ith  clean  material.  It  should  be  understood  that  the  filter 
is  for  sediment  only;  lime  or  other  deleterious  chemical  in- 
gredients being  of  course  untouched. 


News  Letter 

ST.    LOUIS    ITEMS. 
By  A.   B.   Koenig. 

C  R.  Cummins  Co.  of  Cleveland  and  St.  T.,oiii.s  were  awarded  6 
miles  of  double  track  work  by  the  Big  Four  R.  R.  Co.  in  Indiana; 
approximately  :!00.000  yds.  of  material  to  be  moved  on  this  job. 
Koy  Hatfield  will  be  in  charge.  The  C.  R.  Cummins  Co.  were  also 
low  bidders  o.n  1.640.000  yd.  of  ditch  w-ork  in  Scott  County.  Mo.  AVill 
,  '4"'^  work  with  two  drag  lines,  which  will  be  looked  after  by 
A.  C.  Duesin.  Paul  Grafe,  their  St.  Loui.s  representative,  is  not 
overlooking  anything  in  the  way  of  new  work. 

Frank  Bunch.  low-a  City.  Iowa,  has  ISO, 000  vd.  of  grading  on  IS 
miles  of  State  road  work  to  sublet. 

Another  good  old  timer.  Henry  W.  Kolkmeyer.  who  was  born  in 
.Icrferson  City  almost  S3  years  ago,  and  resided  there  ever  since, 
died  April  20th.  During 'the  early  davs  of  railroad  building  he 
held  contracts  for  construction  of  the  Missouri  Pacific  and  other 
Mi.ssouri  railroads,  and  he  later  handled  railroad  construction 
contracts  in  Southern  Missouri  and  Northern  Arkansas.  He  was 
one  of  the  contractors  for  the  con.struction  of  the  Governor's  man- 
sion and  many  of  the  old  substantial  buildings  in  the  city  stand 
as  witnesses  to  his  work. 

Mulvill  Bros,  of  Alton,  III.,  has  30.000  vd.  of  drag  line  work,  ex- 
cavating a  ditch  near  Springfield,  111.,  to  let. 

Following  a  conference  between  city  and  government  officials, 
the  United  States  Government  agreed  to  construct  a  500  ft.  dock 
on  the  river  front  in  South  St.  Louis,  similar  to  the  North  Market 
street  dock,  and  costing  approximately  $400,000.  ('onstructioii  will 
begin  before  .July  1   to  make  the  appropriation  available. 

L,.  I.  Viall  has  about  finished  his  work  on  the  Frisco  R.  R.  at 
Sleeper,  Mo.  Has  two  shovels  idle  that  he  <-an  iilace  on  work 
immediately. 

L.  J.  Printy  subbedSO.OOO  yd.  of  road  work  from  Cameron,  .loyce 

-Th  '"  '^"U'hern  Illinois. 

f  J?'^^'  ^'--  I-'Ouis  Council  awarded  the  contract  for  the  repav- 
ing  of  Tenth  street,  from  State  street  to  St.  Clair  avenue,  to  the 
Concord  Construction  Co.,  the  bid  being  $46,592. 

i>irs.   L,.  s.  Cooper  &   Sons  have  moved   their  outfit   on  45.000  vd. 


of   Illinois   State   road    work    that    they   took   from   Cameron,   Joyce 
&   Co. 

RoUa  AVells,  receiver  of  the  United  Railways  Co.,  filed  a  petition 
in  the  United  States  District  Court  for  authorization  to  spend 
$l,615,Sfi9.50  for  construction  and  improvements  in  the  current 
A-ear.  This  amount  includes  $5S.^.o;Ui  for  improvements  which  were 
authorized  last  year,  but  are  not  yet  completed.  The  chief  new- 
expenditure  for  which  authorization  is  asked  is  $250,000  to  build 
a  new  car  shed  at  Broadway  and  Taylor  avenue. 

VVm.  J.  Danklif  is  building  a  reservoir  at  Edwardsville.  111.,  for 
the  Donk  Bros.  Coal  Co. 

T.  J.  Morris.  Route  No.  2,  Carbondale.  III.,  expects  to  finish  his 
road  work  at  that  point  in  two  or  three  weeks.  Is  in  the  market 
for  some  more  grading. 

r.  J.  Murphy.  Moberly,  .Mo.,  was  the  successful  bidder  on  sec- 
tion 1.  Sny  Levee  District,  at  Hannibal,  Mo. 

J.  ~\V.  McMurray  Contracting  Co.  was  awarded  contract  for 
abutments  in  Smokv  Hill  River,  also  a  number  of  culverts  f>n  the 
:\I.  K.   &  T.  R.  R.  north  of  the  Red  River. 

.Tessie  Stubbs  has  branched  out  in  the  contracting  business.  He 
secured  Moehle  &  Kelly's  teams  and  has  them  on  a  job  near  Ran- 
dolph.   Mo. 

As  a  result  of  the  activities  of  the  Federated  Roads  Council  of 
.St.  Louis  and  the  efforts  of  this  organization,  extending  over  a 
period  of  si.x  months,  the  contract  for  the  construction  of  Hi  miles 
of  the  Manchester  road,  leading  from  St.  Louis  to  a  point  beyond 
Ellisville  has  been  let  by  the  St.  Louis  Coimty  Court.  The  con- 
tract was  awarded  to  the  Rich  Construction  Co.,  of  which  Louis 
Rich  of  1530  Winstanley  Ave.,  East  St.  Loui.s,  111.,  is  president. 
The  cost  of  the  construction  of  the  Manchester  road,  under  the 
contract  will  be  $595, 944.     Rich  bid  .$30,000  below  the  estimate. 

Costello  Bros,  are  at  work  on  2S  miles  of  county  road  work  be- 
tween Irvington  and  Owensboro,    Kj-. 

Jerry  Connors  of  the  New  Kra  Construction  Co.  was  low  bidder 
on  a  nice  piece  of  Illinois  State  road  work  in  the  eastern  part  of 
the  state. 

Keating  Bros,  and  Al  Gilliand  have  shipped  their  outfits  on  to 
the  new  road  job  that  they  were  recently  awarded  at  the  Spring- 
held.   111.,   letting. 

Contractors  when  in  want  of  w'ork  or  labor  for  their  oufits  write 
Koenig  Labor  .A.gency,  612  Walnut  St.,  St.  Louis,  Mo.,  or  501  Dela- 
ware St.,  Kansas  City,  Mo. 

Higgins,  Grinnell  &  Hoffman  have  taken  155,000  yd.  of  drag 
line  work  from  Cameron.  .loyce  &  Co.  in  southern  Illinois. 

Lewis  B.  Davis,  tif  the  l>avis  Contracting  Co.,  and  Davis  Com- 
missary &•  Supply  Co.,  died  here  Wednesday  evening.  May  12th, 
from  the  effects  of  an  operation.  Mrs.  Davis  is  going  to  continue 
the  companies  under  the  supervision  of  R.  H.  Couch,  who  has 
been  their  office  man  here  for  some  time. 

Hannan  &  Sutherland.  217  Breman  Ave.,  St.  Louis,  have  three 
pile   driver  outfits   idle   that   they   can   place   on   work   immediately. 


Personals 

W.   V.  Taylor  has  been  aptioinlid   city  engineer  of  Sarnia.   Out. 

C.  O.  Thurman  has  been  appointed  city  engineer  of  Phillips- 
Inirg.   Kan 

N.  A.  Kemmish  of  York.  Neb.,  has  been  appointed  city  manager 
lit  Alliance.  Neb. 

Dslmont  J.  Schneider  has  been  appointed  city  engineer  and 
str.v  .*t    commissioner  of   Pocatello,    Idaho. 

Earl  C.  Elliott,  vice-president  of  the  Wichita  Water  Co..  has 
lieen  elected  city  nia?iager  of  Wichita,  Kan.,  to  succeed  L.  W. 
Clapp.    resigned. 

John  M.  Rice,  formerly  of  Morris  Knowles,  Inc.,  has  opened  of- 
fices at  411  Oliver  Bldg.,  Pittsburgh,  Pa.,  where  he  will  engage  in 
.in  '■n;Tineering  practice. 

Clyde  L.  Seavey,  member  of  the  California  State  Board  of  Con- 
trol, has  been  appointed  city  manager  of  Sacramento,  Calif.,  at 
a    <jalary  of  ?10.000   per  year. 

U.  Stephens,  formerly  county  engineer  at  Ballinger,  Tex.,  has 
been  appointed  highway  engineer  of  Road  Di.strict  >ro.  2  of  Hill 
County.   Texas,   with   office  at  Itasca,   Tex. 

John  A.  Kurtz  of  Kansas  City.  Mo.,  has  been  reappointed  a 
member  of  the  State  Public  Service  Commission.  His  term  is  for 
six  years  and  he  i.^  named  chairman  of  the  commission. 

Edward  R.  Knowles,  consulting  engineer  and  fuel  expert,  is 
now  associated  with  Murrie  &  Co..  Inc..  engineers,  74  Broadway, 
New  York,  in  charge  of  pulverized  coal  and  gas  fuel  engineering 
work. 

John  A.  McGrew,  formerly  superintendent  of  the  Saratoga  Di- 
vision of  the  Delaware  &  Hudson  R.  R.,  has  been  appointed  to  a 
new  position  of  superintendent  of  luaintenance  with  office  in  Al- 
i:>any,  N.   Yl 

Oavid  Rose  has  resigned  as  county  engineer  of  Koochicking 
County.  Minnesota,  to  become  district  engineer  of  the  .State  High- 
way Cnmmission  of  the  state  at  Bemidji.  A.  B.  Peterson  of  Erics- 
bur-;-  v/as  appointed   his   successor   by  the   board. 

H.  H.  Elliott,  division  engineer  of  the  Kent  division  of  the 
Krie  R.  R..  with  headquarters  at  Marion.  O..  has  resigned  and 
will  locate  'n  the  west.  He  is  succeeded  ly  I.  H.  Schram.  at  pres- 
ent te'-iuinal  ^-uiierintendent.  a  ]iosition  that  has  been  abolished. 

D.  B.  Steinman,  formerly  special  assistant  to  Gustav  Linden- 
thai,  consulting  engineer,  later  professor  in  charge  of  civil  and 
mechanical  engineering  at  the  College  of  the  City  of  New  York, 
has  opened  an  office  at  25  Church  St..  New  York,  where  he  will 
make  a   specialt>-  of  service  to  engineers  and  architects. 

G.  W.  Boschke  has  been  aonointed  chief  engineer  of  the  South- 
ei-n  Pacific  lines,  succeeding  William  Hood,  who  has  retired.  Un- 
til .a  few  months  ago  Mr.  Boschke  was  chief  engineer  for  the 
Oregon.  Washingt.m  R.  R.  gr  Navigation  Co.  He  has  been  serving 
during  the  past  three  months  as  assistant  chief  engineer  to  Mr. 
Hood. 

T.  J.  Wyche  has  resigned  .as  chief  engineer  of  the  Western 
Pacific  R.  R.  on  account  of  ill  health,  and  is  succeeded  by  G.  H. 
Ballantyne,  who  has  been  construction  en.gineer  of  the  road  for 
several  years.  Mr.  Ballantyne  was  formerly  engineer  with  the 
Tooele  Valley  R.  R.,  and  recentl.v  completer!  construction  of  the 
new  Pan  .lose  branch  of  Die  Western  P.aciflc  R.  R. 

Col.  Henry  C.  Nutt,  who  was  chief  transportation  officer  of  the 
American  Army  of  <  iccupation  in  Coblenz.  Germany,  has  been 
elected  president  .and  general  manager  of  the  Monongahela  Ry. 
and  the  Pittsburgh.  Chartiers  &  Youghio.gheny  Ry.  Col.  Nutt  ha.« 
been  a  railroad  man  for  nearly  10  years,  having  entered  railway 
service  in  1SS3  as  a  rodman  on  the  Burlington  &  Mis*;ouri  River 
R.  R..  of  which  be  w.as  assistant  superintendent  frotn  ISi'l  to  1900. 

Ralph  D.  Ballew,  manager  of  the  Westinghouse  Flectri"  ct  Man- 
ufacturing Co.'s  branch  office  at  Grand  Itapids.  Mich.,  has  been 
appointed  city  manager  of  Sturgis,  Mich.  Mr.  Ballew  was  grad- 
uated from  the  University  of  North  Carolina,  departtrent  of  elec- 
trical   engineering,    in    1914,    specializing   in    hydro-electrical    plants 
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Obituaries 

John  T.  Harrop,  of  (Jarli.l.l.  N.  .1..  pr.-Hlcli-tit  of  the  John  T. 
Il!>rrii|.  Ci..  1  ciiitiattiJis.  <I|<  il  Al:iv  li,  ii|:i"(l  fiS  years. 

Edw.ird  H.  Wlddlcombe,  iilnneer  huililer  of  SI.  Liouls,  who 
orceli-il  many  <hurilii-.s  Ihirt-  ami  HUperslsed  much  of  the  construc- 
tion work  on  thi-  I'iuls  hrlilue,  died  M.iy  8  at  his  home  In  that  city. 
Air.  WIddicombe  wa.s  horn  In  )  )ivonshlre,  Knsland,  76  years  ago 
nnd  came  to  America  wlien  ^.*i  years  old. 

William  Henry  Oavlsson,  who  lor  the  pa.st  .seven  years  has  filled 
the  i)o:;|tliin  of  .issisiant  iMMrict  cnKlneer  in  the  ofhce  of  the  Pa- 
cific J  imrkt.  lUir  all  of  Valuation,  interstate  Commerce  Com- 
mission, at  San  Kranelsro,  Calif.,  died  at  his  home  in  Oaltland, 
Calif.,  .Mav  :t.  l'.12l.  He  was  Ixim  In  Kalamazoo.  Mich.,  Dec.  11, 
1SC2.  His  cd\icaMon  was  r.'ceived  at  Griswold  College.  Davenport, 
lu.  Mr.  Davisson  entend  Uie  service  of  the  engrineerinK  depart- 
ment of  the  ChicaK".  Iloek  Island  &  racifle  Ky.  as  chainman  in 
1S84.  His  unusual  ahillty  as  an  enRlneer  was  early  demonstrated 
and  his  promotion  was  rapUl.  He  heUl  many  responsible  positions 
In  con.iectlon  with  the  construction  and  development  of  this  sys- 
tcm'3  lines  in  the  west.  l^Vom  l.S!)i;  to  1900  he  was  general  road- 
master  and  In  1.106  he  became  assistant  chief  engineer.  In  1907  he 
was  employed  by  the  ChicaKo.  Milwaukee  &  St.  Paul  Ry.  and  for 
two  year.s  had  charge  of  very  heavy  construction  work  on  the 
Pucet  Sound  extension  in  the  vicinity  of  Mis.soula.  Mont.  In  1910 
he  was  appointed  principal  assistant  engineer  of  the  North  Coast 
Ry.,  now  a  part  of  the  ITnion  Pacilic  system,  and  constructed  the 
very  dlllicult  section  between  Ayer  .lunction  and  Spokane.  Wash. 
He  iemr.ined  with  this  work  until  its  <omplelion  in  1913.  On  Jan. 
:',1.  1911.  he  was  appointed  field  engineer  t)y  the  Bureau  of  Valua- 
tion, Interftate  Commerce  Commission,  in  cliarge  of  roadway  in- 
ventories of  railroads  in  the  Pacific  district.  He  was  subsequently 
promoted  to  assistant  district  engineer,  which  position  he  held 
at  the  time  of  his  death.  Mr.  Davisson  is  survived  by  a  widow 
and  one   son. 

T.  L.  Smith. 

Thomas  L.  Smith,  founder,  director  and  chief  stockholder  of 
the  T.  L.  Smith  Co..  Milwaukee.  Wis.,  died  April  29.  at  his  home 
in  that  city,  .\lthough  Mr.  Smith  brought  out  a  number  of  suc- 
cessful Inventions  duiing  his  life,  he  is  probably  best  known  to 
the  world  as  the   Inventor  and  manufacturer  of  the  line  of  Smith 


Thomas  L.  Smith.  Founder  of  the  T.  L.  Smith  Co. 

tilting  mixers.  Because  tif  his  activities  in  designing  and  produc- 
ing n*.ixers.  pavers,  excavators,  crushers,  etc..  his  career  has  a 
most  unique  signitlcance  In  the  Held  of  construction  and  engi- 
neering. 

Born  in  England.  June  (!.  18.55.  he  came  to  this  cotmtrv  with 
his  parents  at  the  age  of  4.  He  received  his  early  s<.hooiing  at 
St.  James  Kpiscopal  Parochial  School.  Milwaukee,  and  while  still 
a  boy  moved  to  Watertown.  Wis.,  where  his  father  had  established 
a  ma<.'hlne  shop  .and  foundry.  In  his  father's  shop  he  learned  the 
machiiiist  trpdr.  In  1873  he  entered  Iowa  State  College  at  Ames, 
Iowa.  Although  he  had  no  high  school  education,  he  was  grad- 
uated in  1877  with  the  hlgln'st  marks  ever  awarded  an  Ames  stu-- 
dent  tip  to  that  time.  Including  fifteen  t>erfect  grades  for  full  terms. 
During  his  four  years  at  Ames  he  acted  as  instructor  in  the  col- 
lege ni^ihine  shop,  thus  p^-.ying  his  own  way  and  contributing  to 
the  supiKjri  of  his  parents  at  home  as  well.  After  his  graduation, 
at  the  age  of  22.  he  was  appointed  instructor  if  the  <'ollege  in 
mathematics  and  bookkeeping.  After  several  years  in  that  ca- 
paclt>-  ti«  went  to  Boston,  where  he  completed  his  engineering 
edueaikin  in  tiie  Massachusetts  Institute  of  Technology.  In  1920 
low.t  St.ite  College  conferred  upon  Mr.  Smith  the  honorary  degree 
of  Doctor  of  KngineerinK.  in  recognition  of  his  accomplishments. 

The  early  part  of  his  career,  Immediately  following  his  college 


life,  was  spent  in  drafting  and  engineering  work  with  some  fcf 
Milwaukee's  largest  manufacturers,  including  Allis-Chalmers  Co., 
Filer  <»;  Stowell  .vlfg.  Co..  Pawling  &  Harnischfeger  Co.,  C.  J.  Smith 
&  Sons  Co.  and  Kempsmlth  Mfg.  Co.  D.  J.  Murray  Mfg.  Co.. 
Waj.sui,  Wis.,  m.anufacturers  of  logging  machinery,  also  employed 
him  as  chief  engineer.  During  this  period  he  invented  the  first 
really  successful  wood-carving  machine. 

Mr.  Smith's  interest  In  concrete  mixers  developed  in  1895  and 
189;i  when  he  was  conducting  a  school  of  engineering  and  mech.-in- 
Ical  di awing  in  Milwaukee.  In  1S99  Mr.  Smith's  invention  of  the 
Smit^i  tilting  mixer  took  definite  form  and  the  first  machine  was 
inanuiactuied  in  1900.  It  was  a  complete  success  from  the  very 
beginning.  This  first  Smith  tilting  mixer  gave  ten  years'  hard 
service.  That  machim-  was  the  beginning  of  the  success  of  Mr. 
Smith  .as  a  manufacturer.  He  took  out  patents  and  built  addi- 
tional machines.  With  assets  of  only  $500  In  1900  the  business  grew 
so  rapidly  that  in  1905  Mr.  Smith  organized  a  corporation  known 
as  the  T.   Ij.  Smith  Co.,  which  today  has  as.sets  of  over  SI, 200. 000. 

The  T.  I.,.  Smith  Co.  represents  only  one  of  Mr.  Smith's  success- 
ful busints:;  ventures.  WJien  the  Sterling  Wheelbarrow  Co.,  West 
Allis.  Wis.,  was  a  small,  struggling  concern.  Mr.  Smith  purchased 
a  controlling  interest  and  within  a  few  years  developed  that  busi- 
ness to  the  point  where  it  wa-s  the  largest  and  most  successful 
of  all  his  holdings  at  the  time  of  his  death.  The  Smith  Bngi- 
neerinf  Works.  Milwaukee,  manufacturers  of  Telsmith  rock  and 
o'-e  crushers,  is  another  company  organized  and  developed  to  a  high 
degrei.  of  success  by  the  inventive  genius  and  business  ability  of 
Mr.  S.uith. 

Hi.-i  career  was  successful  not  only  from  a  busine.ss  standpoint 
hut  also  from  that  higher  standpoint  of  personal  success.  He 
never  for  one  moment  permitted  his  business  success  to  interfere 
with  his  love  and  sense  of  duty  for  home,  family  and  community. 
His  rise  in  civic.  Masonic  and  religious  affairs  kept  pace  with  his 
business  achievements.  All  worthy  charity  endeavors  found  him, 
a  cheerful  and  willing  contributor.  He  loved  music,  art  and  lit- 
erature and  these  were  always  his  chief  sources  of  pleasure  and 
recreation.     His  purest  treasure  was  his  spotless  reputation. 
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Industrial  Notes 

Norman  DeWind  has  severed  his  connection  with  the  Austin 
Mfg.  -'cj..  Chicago,  and  for  the  present  is  located  at  935  Bast  49tk 
St..   Chicago. 

Charles  R.  Pollard  has  resigned  from  the  Trade  Research  Di- 
■  vision  of  the  Goodyear  Tire  &  Rubber  Co..  Akron,  O.,  to  resume 
the  office  of  secretary  of  the  Alexander  Milburn  Co.,  of  Baltimore, 
Md.  Mr.  Pollard  was  connected  with  the  Milburn  Co.  in  various 
official  capacities  for  10  years  prior  to  joining  the  Goodyear  Co. 
in  1919,  and  will  take  charge  of  the  territorial  development  for 
the  Milburn   Co.'s  products. 

Leslie  H.  Allen,  who  has  recently  been  with  FYed  T.  Liey  &  Co., 
contractors,  of  Springflfld.  Mass.,  first  as  an  industrial  housing 
engineer  and  then  as  sales  manager  for  New  England  territory,  has 
..oined  the  staff  of  the  Portland  Cement  A,ssocia4;ion.  Ill  West 
Washington  St.,  Chicago,  as  assistant  manager  of  the  Cement 
Products  Bureau.  Prior  to  joining  the  Ley  organization  Mr.  Allen 
was  for  12  years  with  the  Aherthaw  Construction  Co.  of  Boston. 

Last  Jai:uary  the  interests,  along  with  all  patents  and  patent 
rights  of  thi-  Duntlcy  Pneumatic  Tool  Co..  were  acquired  by  the 
H.  O.  King  Co..  engineers  and  tool  makers,  at  which  time  Mr. 
Kin^.  president  of  the  H.  O.  King  Co..  organized  the  Duntley-K:ng 
Pneumatic  Tool  Co..  an  entirely  new^  organization  for  the  pro- 
duction of  pneumatic  tools  .and  accessories.  The  new  company  is 
now  in  proc^uction  on  a  fifil  line  of  pneumatic  tools  and  accessories, 
with  general  offices  and  factory  at  1143-45  Diversev  Parkway,  Chi- 
cago. 111. 

The  Post  Tractor  Co.  of  Cleveland.  O.,  and  The  Whitney  Trac- 
tor Co.  of  Upper  Sandusky,  O.,  have  con.solidated  as  The  Post- 
Whitney  Co.  of  Cleveland.  O.  The  company  is  capitalized  at  $10.- 
0011,000  and  the  personnel  of  its  officers  is  as  follows:  E.  B.  Cas- 
satt,  Cleveland.  O.,  president;  A.  B.  Whitney,  Upper  Sandusky,  O., 
vice-president;  C.  B.  Post.  New  London.  O..  vice-president:  A.  J. 
Tuscany,  Cleveland,  O.,  treasurer:  F.  R.  LePage,  Cleveland,  O.. 
secretjiry.  The  Post-Whitney  Co.  will  maintain  the  plant  at 
Cleveland.  O..  where  the  Post  tractor  will  be  manufactured,  also 
the  Wliitney  plant  at  Upi)er  Sandusky,  where  the  Whitney  tractor 
is  bemg  built.  The  company  will  soon  make  an  announcement  of 
the  Durchase  of  a  motor  plant  wherein  will  be  operated  its  motors 
and  transmissions. 

The  Engineering  Advertisers'  Association  of  Chicago  held  its 
May  meeting  on  the  10th  in  the  Fraternity  Room  of  the  Great 
Northern  Hotel,  Chicago,  An  instructive  address  on  "Sales  Analy- 
sis and  Advertising  Ratio  Costs"  was  delivered  by  Prof.  Horace 
Sechrist,  director  of  the  Bureau  of  Business  Reasearch,  North- 
western University,  and  supervising  statistician  of  the  United 
States  Riiilway  iJibor  Board.  When  his  address  was  completed 
Keith  J.  Evans,  president  of  the  Engineering  Advertisers'  Asso- 
cLation.  threw  the  meeting  open  for  general  discussion,  and  many 
interesting  questions  bearing  on  advertising  ratios  were  pro- 
l;ou.i'led  by  members  .and  satisfactorily  answered  by  Dr.  Sechrist. 
in  .addition,  the  as.'"ociation  was  favored  with  a  short  address  on 
gold  and  metal  mining  conditions  by  J.  F.  Callbreath.  executive 
officer  of  Tho  American  Mining  Congress.  Washington,  D.  C. 


Trade  Publications 


Th-5  following  trade  i>ublicatit>ns  of  interest  to  engineers  and 
ciintractors  have   been    issued  recently: 

Jacks. — Duff  Manufacturing  Co..  Pittsburgh.  Pa.  Bulletin  illus- 
trating and  describing  this  comi>any's  line  of  automatic  lifting 
jacks. 

Transits. — liufC  &  Buff  Manufacturing  Co.,  Boston.  Mass.  16- 
page  catalog  illustrating  and  describing  the  essential  parts  of  the 
Buff  t.-ansit. 

Excavator. — Keystone  Driller  Co..  Beaver  Falls.  Pa.  Bulletin 
describing  the  Keystone  light  traction  steam  shovel,  equipped  with 
thre(.^   .liffertnt    buckets,    skimmer,    ditcher  and   clamshell. 

Bottomless  Power  Scrapers. — Sauerman  Bros..  322  S.  Dearlwrn 
St..  Chicago.  111.  16-page  pamphlet  illustrating  and  describing 
the  va.-ious  classes  of  Sauerman  l->ottomless  scrapers,  their  meth- 
ods of  operation  and  their  applicatifins  in  handling  sand  and  gravel. 

Excavator.— T.  L..  Smith  Co.,  1160  32nd  St..  Milwaukee,  Wis. 
16-pa.ge  catalog  describing  and  picturing  details  of  the  Smith 
excavator  and  loader.  One-half  of  the  catE^Jog  is  devoted  to  me- 
ch;*nical  features  of  the  machine.  The  other  half  of  the  catalog 
shows  the  machine  in  action  under  a  wide  vaiiety  of  conditions — 
digging  and  loading  soil,  gravel  and  sand,  plowing  in  frozen  earth, 
excav-\ting  for  b.asements.  excavating  beneath  a  completed  build- 
ing, on  county  road  work,  etc. 
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Roads  and  Streets— 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street   Cleaning 

(d)  Municipal   Miscellanies 


(e)    Management    and    Office 
System 


Waterworks  and  Hydraulics— 2nd  Wednesday 


(a)   Waterworks 
{bj   Sewers  and  Sanl 
tatlon 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and   Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and   Pits 

(b)  Management   and         (d)   Steam   Railways,   Con- 
Office    System  struction   and  Maintenance 

(e)   Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(o)   Harbor    Structures 


(d)  Miscellaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management    and     Offlce 

System 
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Below  the  Belt 


In  the  production  ot  pure  disgust  perhaps  no  form  of  graft 
exceeds  that  of  the  standard  requirement  imposed  for  the 
purpose  of  making  a  trade  monopoly.  It  is  not  new;  it  is  not 
confined  to  the  building  trades,  in  which  our  interest  centers; 
it  is  used  in  various  forms  by  politicians,  manufacturers, 
dealers  and  labor  organizations. 

Last  week  we  referred  to  the  necessity  of  increased  vigi- 
lance, aggressiveness  and  courage  in  the  suppression  and 
prevention  of  construction  graft.  We  now  call  attention  to 
a  conspicuously  flagrant  instance  of  graft  through  the  estab- 
lishment and  enforcement  of  standard  requirements  barring 
the  use  of  anti-siphon  traps  in  plumbing  installations.  Peculiar 
interest  attaches  to  the  case  because,  according  to  testimony 
before  the  Lockwood  Committee  in  New  York,  not  even  the 
backing  of  Tammany  Hal!  was  sufficient  to  break  through  the 
defenses  of  the  master  plumbers,  the  union,  and  the  soil  pipe 
manufacturers.  One  may  be  pardoned  for  a  little  cynical 
pleasure  in  also  finding  that  a  biter  was  bitten,  for  it  appears 
from  the  testimony  that  the  very  individuals  who  were  so 
outrageously  prevented  from  introducing  a  meritorious  device 
were  themselves  bent  upon  excluding  all  other  devices  which 
might  compete  with  theirs. 

Here  in  brief  is  the  story  as  revealed  to  the  committee  and 
reported  in  a  New  York  paper.  Since  early  in  1919  the  Geco 
trap  has  been  the  only  anti-siphon  trap  permitted  by  the 
Board  of  Standards  and  Appeals  to  be  sold  in  New  York  City. 
According  to  Plumbing  Rule  99  adopted  Dec.  27,  1918,  it  does 
not  require  back  venting,  and  this  is  said  to  save  from  30  to 
60  per  cent  of  the  piping  on  drainage  jobs.  Other  anti-siphon 
traps  have  been  on  the  market  for  25  years,  and  though 
claimed  to  be  entirely  satisfactory  in  operation,  have  been 
kept  out  of  New  York  through  the  character  ot  the  test  re- 
quired by  the  board.  This  is  simply  the  testimony.  The 
editors  know  nothing  personally  of  the  merits  and  demerits 
of  the  various  devices. 

The  Cody  Brass  Works,  Inc.,  control  the  rights  in  the  Geco 
trap— the  invention  of  the  late  George  Cody.  Exactly  one-half 
the   capital   stock    ot    the   Cody    Brass   Works   is    owned   by 


John  A.  McCarthy,  former  business  partner  of  Charles  F. 
Murphy,  and  now  awaiting  sentence  after  pleading  guilty  to 
violating  the  State  Anti-Trust  law;  Philip  F.  Donohue,  treas- 
urer of  Tammany  Hall  and  protege  of  Leader  Murphy;  Frank 
J.  Farrell,  former  owner  of  the  Yankee  Baseball  Club,  and 
James  H.  Naughton,  close  friends  of  Tammany  leaders. 
The  other  half  of  the  stock  is  owned  by  the  Cody  estate. 

The  Geco  trap,  in  spite  of  its  approval  by  the  Board  of 
Standards  and  Appeals,  is  kept  out  of  New  York  City  by  the 
opposition  of  the  large  soil  pipe  manufacturers  of  the  United 
States  in  combination  with  the  master  plumbers  of  New  York 
and  Local  463,  Plumbers'  Union,  of  Robert  P.  Brindell's 
Building  Trades  Council.  The  soil  pipe  manufacturers  have 
put  up  the  bars  against  the  anti-siphon  trap  because  it  re- 
duces greatly  the  quantity  of  vent  pipes  necessary,  the  master 
plumbers  oppose  it  because  it  makes  less  work  for  them,  and 
the  journeymen  ban  it  because  it  reduces  employment. 

During  thp  examination  of  Frank  S.  Hanley.  secretary  of  four 
associations  of  dealers  in  plumbirrg  goods,  there  was  read  into  the 
record  a  bulletin  of  the  Greater  New  York  -Association  of  Jobbers 
and  Plumbing  and  Steamheating  Supplies  appealing  to  its  members 
and  members  of  their  associations  to  adopt  resolutions  of  protest 
against  the  use  of  the  anti-.siphon  trap. 

A  letter  of  the  Central  Soil  Pipe  Manufacturers  was  read  and  it 
said  that  the  association,  in  conjunction  with  the  master  plumbers, 
had  .~ptnt  from  .fS.OOO  to  Jfi.Onn  in  opposing-  the  introduction  of  the 
anti-siphon  trap  in  this  city. 

Max  P'ischer.  secretary  of  the  Longacre  Building  and  Supply 
Co.,  20  West  Forty-third  street,  told  ot  the  agreement  between 
the  master  plumbers  and  the  employers  not  to  install  anti-siphon 
traps  and  of  the  fines  imposed  on  members  for  disobeying  the 
agreement. 

No  master  plumbers  would  even  furnish  bids  for  the  installa- 
tion of  anti- siphon  traps,  he  said.  On  one  small  alteration  job, 
he  said  the  vent  pipe  system  cost  .flLOOO  and  the  anti-siphon  trap 
system  would  have  cost  $6,000.  Not  only  does  the  anti-siphon  trap 
save  money,  but  in  remodeling  buildings  it  would  avoid  the  dis- 
figurement of  structures. 

Tn  the  work  on  the  Strathmore  building.  1G72  Broadway,  nearly 
.$9,000  would  have  been  saved,  and  $1S.OOO  wa.'i  actually  spent  on 
the  back  vent  plumbing  system. 

Thomas   McKeon.    master   plumber,    of   3.i8    West    ITOth    street. 
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lold  a  simllnr  story,  wiylns  lie  wnnti'd  to  ust-  the  antl-slplion  trap, 
but  was  not  poi-iiiUted  to  do  so.  He  ia  an  i-xeculor  of  the  estate 
of  Iho  late  CItofko  Cody.  Inventor  of  the  Geco  antl-slphon  trap, 
and  it  was  during  \\\»  examination  that  Mr.  Untormycr  brought 
out  the  story  of  tlie  Ceeo  trap. 

Alexander  Macintosh,  an  architect  of  the  Hlljle  House,  said  that 
In  Mplte  of  the  fact  that  the  antl-sl|>hon  trap  had  been  approved 
by  a  conmiitteo  of  several  architerturui  societies,  striltes  were 
called  on  two  bulldinKs  where  he  specKled  Us  use.  He  said  the 
antl-slphon  trap  was  superior  to  the  old  vent-pipe  system,  and 
that  he  would  prefer  It  even  if  there  was  no  nuiterial  saving  in  cost. 
Charles  iCrlcson,  a  former  secretary  of  the  Master  Plumbers' 
Association,  was  opiKined  to  the  anti-sipiion  trai).  altliough  he  had 
not  seen  one  in  twenty  year.s.  Ur  Judged  the  trap  only  by  pictures 
he  saw  of  it.  Mlnut>'8  of  the  union  showed  that  a  committee  was 
api>olntcd  to  work  with  the  union  In  a  publicity  campaigTi  against 
the  device. 

Anli-slphon  traps  are  in  use  in  fifty-seven  other  cities  and 
have  been  installed  in  the  White  House,  the  Congressional 
buildings,  the  large  Atlantic  City  hotels  and  many  other 
places. 

Since  the  day  when  the  wolt  killed  the  Iamb  because  the 
latter  liad  eaten  his  grass,  probably  no  malefactor  has  tailed 
to  find  a  pious  reason  for  his  acts,  and  it  would  be  interest- 
ing to  listen  to  the  grounds  offered  in  connection  with  the 
Geco  trap.  It  might  be  like  the  not  uncommon  argument  of 
the  large  competitor  who,  in  stilling  his  smaller  rival  con- 
tends lirst  of  all  that  he  is  doing  the  rival  a  favor  because  the 
latter  was  foredoomed  to  failure,  and  the  sooner  he  is  re- 
lieved of  his  burden  the  better  lor  hira;  and  secondly  that 
he  is  gieatly  benelitting  the  public  because  the  competition  of 
the  smaller  concern  increases  prices. 

In  conclusion  we  note  some  of  the  cases  of  this  class  which 
have  come  under  our  own  observation.  References  to  labor 
union  restrictions  of  output  and  prohibitions  of  machines,  and 
to  cutthroat  competition  by  large  dealers  are  omitted.  The 
makers  of  a  certain  electrical  appliance  secured  the  passage 
of  a  city  ordinance  requiring  its  universal  installation  as  a 
safety  measure  although  competent  electrical  experts  in- 
."Isted  that  it  was  unnecessary.  The  holders  of  certain  draw- 
bridge patents  secured  the  adoption  of  specifications  barring 
all  designs  but  theirs.  Portable  houses  were  prohibited  be- 
cause of  the  fire  risk,  although  other  risks  as  great  were  al- 
lowed. A  large  milk  dealer  secured  the  passage  of  an  ordi- 
nance reciuiring  that  any  i)erson  selling  milk,  submit  his  prod- 
uct daily  for  inspection  at  the  city  hall  thus  barring  scores 
of  people  with  one  or  two  cows  from  selling  milk  to  their 
neighbors.  The  exclusive  dealer  in  a  certain  line  of  building 
materials  got  regulations  which  practically  barred  all  types 
of  flue  linings  but  the  one  sold  by  him. 

Such  practices  are  simply  blows  below  the  belt.  How  long 
will  business  tolerate  such  actions  as  are  despised  and  de- 
barred in  the  prize  ring? 


Resist  Grafters  in  the  Building 
Trades 

At  least  1  per  cent  of  the  estimated  cost  of  all  large  build- 
ings erected  in  Chicago  is  set  aside  for  the  payment  of  graft 
to  labor  union  leaders.  This  was  the  testimony  of  a  Chicago 
architect,  Walter  \V.  Ahlschlager,  before  an  Illinois  legislative 
committee  that  is  investigating  building  conditions  in  Chi- 
cago.    We  quote  from  the  Chicago  Tribune: 

Mr.  Ahlschlager.  who  was  architect  for  the  Sovereign,  admit- 
ted he  knew  Goldberg  had  met  the  business  agents  in  his  office, 
but  stated  he  did  not  know  whether  Krieg  was  present. 

"What  did  you  think  they  were  up  there  for?"  asked  Attorney 
Fleming. 

"Graft."  replied  the  witness.  "There  is  no  doubt  about  that. 
That's  easy.  Goldberg  had  told  me  he  had  had  trouble  with  these 
leeches  from  time  to  time." 

The  architect  declared  he  had  made  provision  for  graft  when 
ho  drew  the  specihcatlona  for  the  hotel. 

"It  was  our  custom  in  preparing  ,a  budget  tor  a  building  to  have 
a  speolHc  sum  always  set  aside  for  graft."  he  said. 

"As  a  matter  of  fact  that  is  what  every  architect  in  Chicago 
does,  doesn't  he?"  asked  Mr.  Fleming. 

"That  is  what  all  architects  do  if  they  are  careful." 

"That  is  a  general  condition  that  exists  in  Chictigo  and  has  ex- 
iste.l  for  a  long  time,  is  it  not?" 

•Yes." 

■  Have  you  or  your  organization  ever  done  anything  to  stop  It?" 

"No." 

"Instead  of  bucking  It  you  accepted  It?" 

"Tes.  it  Is  something  that  exists  just  like  the  roof  on  the  build- 


ing.   We  always  took  precaution  to  see  that  the  interest  and  over- 
head did  not  cat  up  the  principal" 

"How  much  do  you  set  aside  for  graft?"  asked  Representative 
John  P.  Devine. 

"Usually  about  1  per  cent.     For  Instance,   the   Sovereign  Hotel 
cost  about  $800,000.  and  the  graft  was  fixed  at  $8,000." 

"So  you  only  missed  it  by  $500?" 

"Yes.  we  were  ahead   $500." 
It  is  almost  incredible  that  many  of  the  architects  of  Chi 
cago   have    been    parties    in   transactions    such   as   this.     No 
wonder  Mr.  Fleming  asked,  "Have  you  or  your  organization 
ever  done  anything  to  stop  it?" 

It  is  frequently  argued  by  individuals  that  they  are  power- 
less to  wage  war  against  a  well  intrenched  organization  o£ 
grafters  and  that,  in  any  event,  it  is  cheaper  to  pay  the  ex- 
tortion than  to  hght  the  extortioners.  Even  nations  have 
been  known  to  pay  tribute  to  pirates  for  the  privilege  of 
navigating  the  seas  unmolested  by  them.  But  the  argument 
is  not  only  fallacious;  it  is  cowardly.  Any  organization  of 
profes.^ional  or  business  men  that  takes  "the  easiest  way"  in 
avoiding  a  conflict  with  grafters  is  scarcely  bettor  than  the 
gratters  themselves. 

The  rottenness  in  the  building  trades  of  Chicago  and  New 
York  is  appalling.  We  are  startled  not  so  much  by  the  gen- 
eral existence  of  graft  as  by  the  apathy  among  professional 
and  business  organizations,  an  apathy  that  has  permitted 
evils  to  grow  from  pigmy  to  gigantic  proportions  with 
scarcely  a  publicly  uttered  hint  that  this  evil  development 
was  in  progress.  It  is  true  that  occasional  statements  have 
been  made  in  private  to  the  effect  that  labor  union  leaders 
in  the  building  trades  were  blackmailing  certain  individuals 
and  firms,  but  the  natural  inference  was  that  this  graft  was 
like  any  other  class  of  criminality — an  occasional  act  of  an 
occasional  crook,  and  not  the  every  day  business  of  many 
men,  as  it   seems  now  to  have  been. 

The  structural  engineers,  and  indeed  all  professional  engi- 
neers, in  Illinois  and  New  York,  should  at  once  join  the 
architects  in  a  determined  effort  to  erase  the  evils  that  have 
brought  into  deserved  ill  repute  the  building  trades  of  the 
two  greatest  cities  in  America. 


Coordinating  Factory  and  Farm 

The  industrial  depression  bids  fair  to  simplify  this  year's 
problem  of  getting  harvest  and  other  farm  hands,  but  this 
scarcely  pleases  the  farmer,  for  the  simplification  of  depres- 
sion is  not  what  he  wants.  Furthermore,  the  depression  is 
not  going  to  be  with  us  forever,  and  when  it  is  gone  the 
same  old  problem  will  return.  It  will  return  assuredly,  but 
this  is  not  saying  that  the  evils  may  not  be  remedied  or  per- 
haps in  time  even  cured.  The  fact  that  year  after  year  the 
nation  gets  by,  managing  in  some  way  to  harvest  its  crops, 
is  pertinent,  but  is  not  an  argument  for  leaving  an  admittedly 
bad   situation  alone. 

The  conditions  of  the  problem  are  such  as  tend  to  make 
action  slow.  As  it  stands  at  present,  the  farmer  is  not  in  a 
position  to  provide  as  much  work  throughout  most  of  the 
year  as  he  has  at  seed  and  at  harvest  time.  A  majority  of 
other  seasonal  trades  require  help  at  the  same  time  as  does 
the  farmer,  and  the  manufacturer  whose  efficiency  of  pro- 
duction depends  in  part  upon  approximately  continuous  oper-. 
ation  of  his  plant  throughout  the  year  is  certainly  not  to  be 
expected  to  sacrifice  his  interests  for  the  sake  of  helping 
the  harvest.  Much  as  has  been  accomplished  and  as  may  be 
hoped  for  the  future  from  the  use  of  machinery  instead  of 
men  on  the  farm,  there  must  always  be  a  considerable  num- 
ber of  workers,  and  the  work  must  remain  largely  seasonal. 
The  more  intensive  cultivation  to  which  we  are  destined  ulti- 
mately, will  probably  tend  to  the  employment  of  more  rather 
than  fewer  men  per  unit,  thus  to  some  extent  offsetting  the 
effect  of  machinery  and  improved  methods. 

A  possible  solution  seems  to  lie  only  in  the  establishment 
of  industries  which  can  economically  be  closed  down  or  cur- 
tailed during  the  busy  farming  seasons.  Such  industries 
might  bo  found  in  new,  and  at  present  undeveloped,  fields,  or 
they  might  result  from  the  revision  or  rearrangement  of  exist- 
ing industries.  To  simply  wait  tor  them  to  develop  would  be 
like  Mr.  Micawber's  waiting  for  something  to  turn  up.  The 
field  01  new  industry  holds  a  possibility  only,  and  a  faint  one 
at  that,  for  a  general  solution.  The  adjustment  of  existing 
business  to  the  needs  of  the  case  might  be  done  through 
governmental  ownership  and  operation  or  through  complete 
governmental   control,   but   such   procedure   would   involve   a 
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degree  of  socialism  wlaicli  few  indeed  believe  would  be  bene- 
ficial or  safe  to  try.  .      ,      ,      • 

There  remains  the  possibility  of  a  private  busmess,  or- 
ganized for  the  operation  of  farms  in  conjunction  with  other 
industry  This  seems  to  hold  some  promise,  and  v/e  believe 
that  it  "is  worthv  the  careful  study  necessary  to  aetermine 
whether  it  is  worth  trying.  If  such  study  gives  an  affirma- 
tive answer  then  real  trials  should  be  conducted  on  the  most 
rromising  combinations.  Such  a  business  would  obviously 
require  large  capital,  but  we  see  no  necessity  of  its  being 
handled  exclusively  by  one  concern,  of  its  being  organized 
as  a  tiust,  or  being  experimented  with  on  a  grand   scale. 

Presumably  the  manufacturing  business  should  be  located 
near  enough  to  the  farms  to  permit  of  the  operators  having 
permanent  homes,  and  to  avoid  the  economic  loss  of  having 
home  buildings  and  equipment  idle  for  considerable  portions 
of  the  year.  The  character  of  the  business  must  depend 
obviously  on  what  raw  materials  are  economically  available, 
and  farm  products  are  naturally  the  first  materials  to  sug- 
gest themselves.  The  milling  of  grain  and  the  making  of 
other  food  products  (breakfast  foods,  beverages,  dried  and 
condensed  farm  products,  canned  goods,  etc.)  are  conceiv- 
able While  some  of  them  require  operative  forces  during 
ihe  farming  season,  others  might  be  postponed  almost  en- 
tirely if  adequate  and  efficient  storage  were  provided,  and 
nearly  all  involve  finishing  processes  which  could  wait  for 
considerable  periods.  Textile  industries  might  find  economic 
places  in  the  districts  from  which  their  raw  materials  are 
supplied.  Toy-making,  brick  and  tile  manufacture,  and  many 
others  might  be  adjusted  for  operation  when  labor  is  most 
readily  available. 

Successful  intermittent  operation  cannot  be  conducted  in 
an  industry  having  expensive  plant  installation  and  com- 
paratively little  labor  cost.  Therefore  we  must  seek  in 
general  for  those  industries  in  which  the  ratio  of  labor 
cost  to  plant  cost  is  the  highest,  and  in  which  it  is  not  nec- 
essary to  accumulate  large  stores  of  expensive  materials; 
while  at  the  same  time  we  must  not  forget  that  idle  men 
entail  as  true  a  loss  as  do  idle  machines— only  it  is  harder 
to  locate.  Some  one's  business  success  may  result  from  his 
use  of  this  hitherto  lost  man  power. 

Such  a  project  as  this  should  be  of  benefit  to  the  workers 
in  furnishing  steady  employment  and  desirable  environments, 
but  we  do  not  suggest  it  as  a  philanthropic  or  altruistic  under- 
taking. If  it  cannot  succeed  on  its  economic  merits  it  ought 
to  fail.  As  we  have  already  said,  we  believe  that  it  is  worthy 
of  investigation  by  persons  desirous  of  finding  new  ways  of 
profitably  investing  capital. 


A  candidate,  on  Aug.  1,  1921,  must  have  passed  his  22nd 
birthday,  and  must  not  have  passed  his  30th  birthday;  he 
must  have  received  a  degree  from  a  college  or  university 
of  approved  standing,  showing  that  he  has  satisfactorily 
completed  a  course  in  engineering,  and  he  must,  on  May 
1,  1921,  have  had  not  less  than  20  months'  practical  profes- 
sional experience  subsequent  to  graduation.  The  total  an- 
nual pay  is  $.3,222. 


The  "Declaratory  Judgment" 

It  is  reported  that  in  April  there  became  operative  in  Kan- 
sas a  statute  making  possible  the  "declaratory  judgment," 
that  is,  a  court  decree  stating  whether  a  given  act  is  or  is 
not  legal  in  advance  of  the  actual  performance  of  such  act. 
This  should  be  of  particular  interest  to  contractors,  as  cases 
not  infrequently  arise— particularly  in  the  handling  of  public 
work  and  the  payments  therefore — in  which  court  decisions 
are  necessary.  In  such  cases  the  "declaratory  judgment" 
promises  a  speedy,  inexpensive,  and  safe  guide  to  action  as 
against  the  slower,  costly,  and  sometimes  dangerous  method 
of  first  performing  the  questionable  act.  and  then  fighting  it 
out  In  court. 

The  Kansas  statute  is  worded  to  avoid  the  defect  of  the 
Michigan  law  which  was  recently  declared  unconstitutional 
because  it  tended  to  make  bi»eaus  of  legal  information  out  of 
judicial  tribunals.  We  hope  to  be  pardoned  for  expressing 
our  wonder  as  to  why  a  judicial  tribunal  should  not  dispense 
important  legal  information  before  the  want  of  it  gets  some- 
tody  into  trouble  as  well  as  after  the  trouble  has  happened. 
We  are  reminded  of  the  case  of  the  Western  mayor  (real 
case  and  real  mayor)  who  protested  that  the  energetic  city 
librarian  and  the  aggressive  library  board  were  "trying  to 
make  an   educational  institution  of  the  library." 


Book  Reviews 


Industrial  Housing. — By  Morris  Knowles.  Formerly  Cliief  Engineer, 
Division  of  Passenger  Transportation  and  Housing.  Emergency 
Fleet  Ccrporalion,  U.  S.  Shipping  Board.  408  pages;  54  figures. 
McGraw-Hill  Book  Co.,  New  York.    192(1.    $5.00. 

The  author  had  considerable  experience  in  industrial  hous- 
ing while  serving  in  the  Emergency  Fleet  Corporation  dur- 
ing the  war.  The  present  book  is  an  attempt  to  chronicle 
"some  of  the  conclusions  from  his  experience."  In  his  work 
the  author  was  greatly  impressed  with  the  necessity  for  co- 
operation between  the  various  professions,  such  as:  the 
architect,  the  town  planner,  the  landscape  gardener,  the  engi- 
neer, the  the  sanitarian,  the  utility  designer,  the  constructor, 
the  realtor,  the  civicist  and  the  public-spirited  business  rep- 
resentative. 

It  is  not  unusual  for  a  book  treating  as  wide  a  subject  as 
the  present  one,  while  discussing  ably  and  fully  the  technical 
side  of  the  subject,  to  omit  the  financial,  administrative  and 
business  ends  of  it.  The  author  of  the  present  book,  how- 
ever, emphasizes  these  phases  of  industrial  housing,  bringing 
out  their  importance  in  considering  any  housing  project. 

The  book  begins  with  a  small  historical  review  of  indus- 
trial housing  in  this  country  and  proceeds  to  a  consideration 
of  the  fundamental  preliminaries,  such  as:  Advantages,  cost, 
need  foi  subsidy,  organization,  finance  and  technical  pro- 
gram. The  selection  of  the  site  and  the  development  of  the 
town  plan  are  the  next  logical  steps  in  the  housing  project. 
These  include  a  study  of  the  best  length  of  blocks,  minimum 
requirements  for  housing  space,  a  rational  method  of  plan- 
ning the  street  system.  A  good  deal  of  space  is  devoted  in 
the  book  to  the  engineering  and  sanitary  problems:  Streets 
and  pavements,  water  supply,  sewerage  and  drainage,  collec- 
tion and  disposal  of  town-wastes.  Each  problem  is  stated 
fully  and  data  are  given  to  help  apply  it  to  particular  cases. 
A  chapter  is  devoted  to  the  consideration  of  gas  and  electric 
service.  Examples  are  given  from  existing  developments. 
The  layout  of  houses  for  families  and  buildings  other  than 
houses  is  taken  up  next.  These  chapters  contain  standards, 
minimum  requirements  for  houses,  building  technique,  de- 
tails of  construction,  comparative  costs  of  various  types  of 
buildings,  the  requirements  and  arrangement  of  various 
stores  and  services.  An  example  is  given  to  illustrate  the 
determination  of  the  number  and  kind  of  accommodations  for 
a  given  number  of  employes  and  distribution  of  payroll. 

In  the  next  chapter,  "The  Administration  and  Supervision 
of  Construction,"  the  author  gives  an  organization  chart;  a 
detailed  technical  program;  a  budget  layout;  forms  of  con- 
tract for  construction  and  a  discussion  of  construction  prob- 
lems. The  last  chapter  is  devoted  to  "Management  of  In- 
dustrial Towns."  The  author  states  his  "firm  conviction  that 
permanently  company-owned  and  exclusively  company-con- 
trolled towns  are  theoretically  undesirable  civic  units  in 
the  United  States."  Two  types  of  industrial  towns  are  dis- 
cussed, the  isolated  and  the  suburban.  The  principles  and 
functions  of  town  management  are  not  to  be  on  paternalistic 
lines,  but  supported  by  the  inhabitants  of  the  town. 
A  brief  bibliography  and  index  close  the  book. 


Examination  for  Appointment  to  Corps  of  Engineers,  U.  S. 
Navy, — The  Bureau  of  Yards  and  Docks.  Washington,  D.  C, 
has  postponed  the  closing  date  for  the  receipt  of  applications 
lor  the  examination  for  appointment  to  the  Corps  of  Civil 
Engineers  with  rank  of  lieutenant  (junior  gi'ade).  The  new 
date  set  for  the  receipt  of  these  papers  is  June  11,  1921.  The 
examination  is  open  only  to  male  citizens  of  the  United  States. 


Cotten's  Charts  for  the  Design  of  Beam.s  of  Reinforced  Concrete 
or  Timber  of  Both  Rectangular  and  T  Form  Based  on  a  New 
and  Original  System  of  Transforma-tion  Ratios  and  Equivalents, 
i^opvright,  1918  and  1921.  by  S.  M.  Gotten.  323  No.  20th  Ave.. 
Phoenix,  Ariz.    Suppli(Ml  in  blueprint  form  by  author  for  $3.00. 

The   set   includes   ten   "Primary  Charts"   giving  depths   of 
beams  for  n  =  15,  fc  =  650  and  fs  =  l<>flOO 

M 

R  = =  107.4 

bd= 

five  'Depth  Transformation  Charts"  giving  coefficients  to  be 
applied  to  the  "Primary  Charts"  as  corrections  to  depths  for 
cases  of  R  other  than  107,4;  several  other  charts  useful  in 
designing  T  beams.  Two  charts  are  appended  giving  mo- 
ments and  reactions  for  beams  both  simply  supported  and 
fixed  due  to  various  positions  of  a  concentrated  load  on  the 
beam. 
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Fire  Tests  on  Building  Columns 

Klie  and  flreaiHi-water  tests  on  IjuildiiiR  coliiuins  'joiiducted 
at  the  Underwriters'  Laboratories  in  Chicago  jointly  by  The 
Associated  Factory  Mutual  BMre  Insurance  Companies,  The 
National  Board  of  Fire  Underwriters  and  The  Bureau  of 
Standaids,  U.  S.  Bureau  of  ConinuMce,  during  l!tl6-1918,  are 
reported  in  a  boolc  just  issued  by  the  throe  organizations. 

The  purpose  of  these  tests  was  twofold.  First  "to  ascer- 
tain the-  ultimate  resistance  against  fire  of  protected  and 
unprotected  columns  as  used  in  the  interior  of  buildings," 
and  second  to  ascertain  "their  resistance  against  impact 
and  sudden  cooling  from  hose  streams  when  in  a  highly 
heated  condition." 

In  all,  106  tests  were  made,  of  which  SI  were  fire  tests 
and  15  fire  and-water  tests.  The  fire  tests  include:  (1)  Tests 
of  unprotected  structural  steel,  cast  iron,  concrete-filled  pipe 
and  timber  columns;  (2)  tests  of  columns  partly  protected 
l>y  filling  re-entrant  angles  and  Interior  with  concrete;  (3) 
tests  of  columns  protected  with  2  in.  or  4  in.  of  concrete, 
hollow-clay  tile,  clay  brick,  gypsum  blocks,  single  and  double 
layers  of  metal  lath  and  plaster;  (4)  tests  of  reinforced  con- 
crete columns  with  2  in.  protection. 

The  columns  were  designed  for  a  load  of  about  100,000 
lb.  The  exposure  to  fire  was  produced  by  placing  the  column 
(under  load)  in  a  furnace  with  the  temperature  regulated 
Eccording  to  schedule.  Readings  were  taken  of  the  tempera- 
ture and  of  the  deformations  of  the  columns. 

In  the  flre-and-water  tests  the  columns  after  exposure  to 
fire  were  exposed  to  the  impact  of  a  stream  of  water  of 
measured  duration  and  pressure.  The  tests  include:  (1) 
Structural  steel  columifs  protected  by  concrete,  hollow-clay 
tile,  gypsum  block  and  plaster  on  metal  lath;  (2)  reinforced 
concrete  columns  with  2  in.  protection,  and  (3)  unprotected 
cast  iron  column.s.  Columns  that  stood  this  test  were  after- 
wards loaded  to  failure. 

To  obtain  information  about  the  physical,  chemical  and 
thermal  properties  of  the  materials  used  in  the  columns 
and  coverings,  tests  of  these  materials  were  made.  Tests 
were  thus  made  of  structural,  car  and  wire  steel;  cast  iron. 
Portland  cement,  sand,  coarse  aggregate,  concrete,  lime. 
calcined  gypsum,  mortar,  plaster  and  filling,  hollow-clay  tile, 
brick,  gypsum  block  and  gypsum  wall-board.  The  results  of 
these  tests  are  tabulated  in  36  tables  placed  in  appendix  D 
of  the  book. 

The  temperature  measurements  were  made  by  the  thermo- 
electric method.  Some  of  the  results  of  the  tests  are  sum- 
marized below:  s 

AVERAGE   TIME    TO   FAILURE   IN    THE  FIRE   TESTS. 

Unprotected  structural  steel  columns 20  mln. 

Unprotected  cast  iron  columns 35  min. 

Unprotected  timber    columns    40  min. 

I'nprotecteil  pipe    columns    50  min. 

Partly  protected  structural  steel 1^  hours 

Plaster  protected  structural  steel 2     hours 

2-ln.  hollow  clay  tile  and  brick  protection 2^4  hours 

4-in.  hollow  clay  tile  and  brick  protection 3^4  hours 

2-in.  solid  gypsum  block  protection 2 V4  hours 

4-in.  solid  gypsum  block  protection .^V^  hours 

2-in.  concrete  protection 5  "  hours 

4-m.  concrete  protection 8      hours 

Reinforced   concrete  columns 8      hours 

(Note. — S  hours  was  the  duration  of  the  fire  test.) 

Vertical   Deformation    (In    12-ft.   8-in.   length  of  column). 

Before   failure Steel  column   %  in.  to    w.  in. 

Cast  iron  column H  in.  to  1      in. 

Reinforced  concrete  column 14  in    to    H  in 

At  failure From    2^.  in.  to  34'  in. 

Lateral  Deflection. 

Before   failure H  in.  to    2^4  in. 

Reinforced  concrete  column .. .    %  in.  to       V4  in 

At  failure Steel  column    1      in.  to  15%  in. 

Cast  iron  column ^      in.  to    9       in. 

Results  of  Fire  and  \Vater  Tests. 

Duration  of  fire Ste-?l  columns 45  min. 

Cast  iron  columns 22',4  m.  to  30  m. 

Concrete  columns 60  min. 

Duration  of  water  stream  and  pressure: 

Steel    columns 2f.4  min.  to  5  min..  30-50  lb.  so.  in. 

Cast  Iron  columns 1  min..  30  lb.  sq.  in. 

Concrete    columns 5  min..  50  lb.  sq.  in. 

Protection   other  than  concrete  u.sually  washed  awav;   concrete 
protection  pitted,  cracked  or  washed  away. 

The  columns  were  afterwards  loaded  to  failure: 
I/oad  at  failure: 

c.ist  iron  columns About  5H  times  tbe  allowable  working  load 

Iloc'ped      reinf.      con- 
crete  columns About  4^4  times  the  allowable  working  load 

>  irtlcally  reinf.   con- 
crete  columns Al>out  4      times  the  allowable  working  load 

Steel   columns About  4      times  the  allowable  working  load 

The  time  to  failure  due  to  fire  stated  above  is  to  be  re- 
duced by  about  1/3  to  obtain  fire  resistance  periods.     This 


deduction  is  made  to  allow  for  incidental  variations  in  ma- 
terial and  workmanship  of  columns  and  coverings,  and  dif- 
ferences in  load  and  fire  conditions  that  cause  variations 
in  results  with  nominally  comparable  columns. 

Fire  resistance  periods  for  various  materials  and  coverings 
fire  derived  in  the   book  and   placed  in  tabular  form. 

The  appendices  contain  photographs  of  columns  taken  be- 
fore and  after  tests  and  a  short  description  of  previous  in- 
vestigations of  fire  resisting  properties  of  columns. 


Experience  and  Study  Go  Hand  in  Hand 

From  one  viewpoint  engineers  can  be  grouped  into  three 
classes.  There  are  a  few  shrewd  and  competent  practical 
engineers  who  pay  little  attention  to  the  published  experi- 
ences of  others  and  seldom  consult  books  and  magazines  de- 
voted to  their  line  of  work.  Their  entire  store  of  know  ledge, 
experience  and  judgment  is  carried  in  their  heads  or  is  con- 
tained in  whatever  card  catalogs,  curve  sheets,  drawings 
and  similar  records  they  have  in  their  offices.  On  the  other 
hand,  there  are  engineers  with  the  instincts  of  compila- 
tion who  are  fond  of  collecting  and  consulting  all  kinds  of 
printed  information.  An  engineer  of  this  class  may  not  be 
able  to  decide  on  the  best  solution  in  a  given  case,  but  he 
can  readily  tell  what  various  authorities  have  advised  in 
similar  instances.  Both  these  types  are  extremes,  and 
neither  can  be  trusted  in  an  important  engineering  problem 
involving  new  features.  The  third  type  of  engineer,  seldom 
found  among  the  job  hunters,  is  the  one  who  is  active  in 
his  prolessional  society,  who  reads  at  least  one  leading 
technical  paper  regularly  and  who  co-ordinates  his  practical 
work  with  what  he  reads  in  new  books  and  periodicals.  In 
other  words,  a  progressive  engineer  accumulates  his  own 
practical  experience  and  judgment  on  a  background  of  the 
much  more  extensive  published  experience  of  the  leading 
men  engaged  in  his  line  of  work.  In  this  way  he  is  not  apt 
to  generalize  from  miscellaneous  data  or  be  misled  by  rule- 
of-thunib  methods  found  useful  in  his  own  narrow  field,  but 
is  mor?  liable  to  preserve  the  correct  perspective.  On  the 
other  hand,  when  his  data  are  confirmed  by  printed  infor- 
mation he  feels  doubly  assured  in  following  the  results  of 
his  own  experience. 

Unfortunately,  many  engineers  think  that  they  can  find 
reliable  printed  information  on  short  notice,  without  pre- 
vious training  in  library  search.  This  is  a  delusion  which 
sometimes  leads  to  serious  disappointment.  Only  he  who 
follows  the  current  engineerine;  literature  more  or  less  reg- 
ularly can  find  what  he  needs  with  ease  and  assurance,  can 
assign  the  proper  relative  weight  to  contradictory  state- 
ments and  can  be  reasonably  sure  of  not  having  omitted  any 
important  reference  or  clue.  Offhand  statements  on  engi- 
neering topics  are  sometimes  made  on  the  floor  of  a  con- 
vention or  in  private  discussions  that  are  based  on  old  in- 
formation. They  may  be  the  half-baked  conclusion  of  a 
young  enthusiast,  they  may  be  the  result  of  honest  experi- 
ence, but  experience  under  special,  narrow  conditions,  or 
they  may  be  an  insidious  attempt  at  advertising  a  piece  of 
apparatus  or  some  other  commodity.  It  takes  long  experience 
to  place  such  statements  where  they  belong,  and  the  only 
way  to  gain  this  experience  is  to  read  at  least  one  periodical 
regularly,  so  as  to  be  able  to  analyze  every  contribution 
about  as  quickly  and  as  surely  as  an  editor  of  long  experi- 
ence and  training  does.  The  same  consideration,  of  course, 
applies  to  new  books. 

The  critical  period  in  an  engineer's  career  comes  soon 
after  he  leaves  college  when  he  has  to  shift  for  iiimself  so 
far  as  his  mental  food  is  concerned.  Then  is  the  time  to 
develop  the  habit  of  reading  at  least  one  technical  maga- 
zine regularly,  of  cutting  out  and  filing  useful  articles  or 
notes,  or  following  up  references  to  other  magazines,  of  read- 
ing book  reviews  and  glancing  at  publicity  pages  and  adver- 
tisements, personnel  changes  and  so  forth.  Such  a  practice 
not  only  becomes  easy  later  on,  but  becomes  as  indispensable 
a  part  of  one's  life  as  the  reading  of  a  daily  newspaper.  And 
it  may  be  said  without  exaggeration  that  for  many  a  young 
engineer  this  choice  between  reading  and  not  reading  a  pro- 
fessional journal  means  In  the  end  the  difference  between 
settling  down  to  a  narrow  routine,  with  a  blind  alley  at  the 
end,  and  pursuing  a  steadily  broadening  path  to  varied  and 
satisfying  activities. — Editorial  in  Electrical  World. 
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New    Concrete   Bridge  at  Peters- 
boro,  Ont.,  Has  234  Ft.  Span 

A  concrete  bridge  having  a  clear  span  of  2:;4  ft.  has  been 
completed  recently  at  Petersboro,  Ont.  The  construction  fea- 
tures of  this  bridge  are  described  in  the  April  7  issue  of  the 
Canadian  Engineer,  from  which  the  matter  following  is  taken. 
The  bridge  connects  the  residential  district  east  of  the  Otona- 
bee  River  with  the  business  district  west.  It  consists  of  five 
arches  on  each  side  of  the  river  with  a  central  arch  ring  cross- 
ing the  river  and  supporting  10  spandrel  arches. 

The  width  of  the  roadway  is  33  ft.,  the  overall  width  is  47  ft. 

The  construction  throughout,  with  the  exception  of  the  cen- 
tral or  river  arch,  is  of  reinforced  concrete;  with  the  excep- 
tion of  the  joints  at  the  skewbacks  and  crown  there  is  no  steel 
m  the  river  arch.  This  arch  is  so  designed  that  no  possible 
loading  can  cause  any  part  of  the  main  ring  to  be  in  tension  at 
any  point.  The  dead  load  line  of  resultant  pressure  (or  more 
accurately  the  dead  load  plus  part  of  the  distributed  live  loadi 
was  designed  so  as  to  coincide  with  the  neutral  axis,  which 
under  these  conditions  is  a  transformed  catenary. 

The  river  arch  has  a  clear  span  of  2.54  ft.  This  is  the  long- 
est concrete  arch  in  Canada,  and  the  14th  longest  in  the  world. 

At  each  pier,  underneath  the  roadbed,  are  laid  3-in.  weeping 
tile.  These  are  drained  by  o-in.  pipes,  which  have  their  out- 
lets about  6  in.  above  ground. 

The  municipality  purchased  a  gravel  pit  on  the  east  bank  of 
the  river,  immediately  south  of  the  bridge.  A  steam  shovel 
was  installed  and  sufUcient  gravel  was  obtained  to  supply  all 
aggregate  used  on  the  job,  and  gravel  for  the  roadway. 

A  dumping  platform  was  erected  at  the  bridge  site,  and 
gravel  was  teamed  onto  it.  A  motor-driven  conveyor  belt  sup- 
plied the  gravel  to  a  motor-driven  rotary  screen.  All  stone 
over  3  in  was  rejected  and  tlie  remainder  separated  into  fine 
aggregate  (up  to  H  in.)  and  coarse  aggregate  (%  in.  to  3  in.). 
From  the  screen  the  aggregate  dropped  into  separate  bins, 
which  v.ere  provided  with  bottom  doors  for  dumping  into  the 
measuring  box  of  the  mixer.  The  mixer  was  situated  imme- 
diately beneath  the  bins,  and  was  ted  from  the  measuring  box, 
which  had  partitions  adjustable  for  any  desired  mix.  The 
operator  had  merely  to  fill  one  side  of  this  box  from  the  fine 


arches  were  checked  up  after  completion  by  means  of  a 
level,  and  in  no  case  were  the  ordinates  as  measured  by  this 
means  in  disagreement  with  the  theoretical  ordinates  by 
more  than  a  %  in. 

Mud  sills  were  used  to  support  the  centering  of  the  five 
arches  on  each  side  of  the  river.  For  the  river  arch  it  was 
necessary  to  drive  piles.  The  material  forming  the  bed  of 
the  river  is  very  hard,  but  by  the  use  of  a  3-ton  steam  ham- 
mer little  trouble  was  experienced  in  this  respect. 

Less  trouble  was  experienced  in  securing  satisfactory 
foundations  than  is  usual  in  a  bridge  of  this  size.     No  ob- 


Temporary    Pivot    Joint    at    Skew-       Temporary     Pivot    Joint     at 
backs   of   River   Arch   Bridge.  Crown   of   River  Arch    Ring. 

stacles  were  encountered  that  could  not  be  overcome  by  the 
use  of  sheet  piling  and  pumps,  and  the  foundations  secured 
are  said  to  be  satisfactory  in  every  respect.  The  structure 
rests  on  very  dense  liard-pan,  with  the  exception  of  the  foun- 
dation on  the  west  bank,  where  rock  was  encountered  at 
convenient  depth. 

Four  tons  per  square  foot  were  used  on  the  foundations. 
Concrete  was  placed  by  means  of  buggies  with  a  capacity 
of  about  3  cu.  ft.,  using  a  runway  over  the  formwork.    The 
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Ashburnhan   Bridge,   Peterboro,   Ont.,  on   March   1,   1921;   Hand   Rails   and    Ornamental    Lighting    Standards    Not   Yet    Placed. 


aggregate  bin,  the  other  side  from  the  coarse-aggregate  bin, 
add  a  bag  of  cement  and  dump  into  the  mixer. 

Pit-run  gravel  was  used  on  all  mass  work  below  ground 
level,  but  gravel  was  screened  as  outlined  above  for  all  con- 
crete work  above  ground.  The  large  stone  was  used  as  a 
base   for   the   roadbed. 

For  all  concrete  work  up  to  the  spring  line  of  the  arches, 
a  1;3:5  mix  was  used;   above  the  spring  line,  a  1:2:4  mix. 

Every  effort  was  made  to  have  the  arches  approximate 
their  theoretical  form  as  closely  as  possible.     Points  on  the 


falsework  for  the  arches  remained  in  position  at  least  30 
days.  The  wedges  were  then  knocked  out  and  no  trouble 
was  experienced  in  the  removal  of  the  centering  and  false- 
work. 

With  the  exception  of  the  river  span  the  fill  is  mostly 
ordinary  surface  loam.  In  order  to  decrease  weight  on  the 
arch  ring,  cinders  were  largely  used  for  fill  on  the  center 
circle,  a  layer  of  gravel  1  ft.  thick  being  placed  over  all. 
The  peimanent  pavement  will  be  constructed  when  sufii- 
cient  time  has  elapsed  to  permit  the  fill  to  consolidate. 
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Proposed  Investigations  in  Struc- 
tural Engineering* 

Ily   W.    M.   WILSON. 

A«8nclati  ProfcHHor  or  Stnictural  Kiik-lni'i-ring.  University  of  nilnois. 

Structural  steel  design  Is  larRRly  a  mathematical  process 
and  Is  looked  npon  by  many  slriKtiiral  engineers  as  an  exact 
science,  nevertlnless  thf  niallUMnatic  processes  are  often 
based  upon  assumptions  wliicli  liave  never  been  verified,  and 
many  of  the  mathematical  oi)erations  are  nothing  more  than 
the  solution  ot  empirical  eiiuations.  Too  often  these  equa- 
tions lack  exjitrimental  verification.  The  changes  which 
are  made  in  specifications  from  lime  to  time  indicate  that  the 
consensus  of  opinion  relative  to  the  fundamental  assump- 
tions and  relative  to  the  empirical  relationships  are  contin- 
ually changing.  Structural  engineering  is,  therefore,  not  a 
fixed  science,  but  a  science  which  is  rapidly  developing. 

A  study  of  the  discussions  which  accompany  changes  in 
specifications  indicates  that  whereas  some  revisions  are  the 
direct  and  inevitable  result  of  additional  scientifically  es- 
tablished facts,  other  revlsons  grow  out  of  a  change  in  what 
is  nothing  more  nor  less  than  the  opinon  ot  the  structural 
engineers.  Although  this  opinion  may  be  entertained  by 
the  leaders  in  the  profession,  as  long  as  scientific  confirma- 
tion is  lacking,  the  opinion  is  liable  to  further  change  with 
additional  experience.  It  is  therefore  highly  important  that 
all  basic  assumptions  and  all  empirical  relationships  be 
checked   by  scientific  experimental  work. 

It  is  believed  that  certain  problems  in  structural  engineer- 
ing should  receive  further  experimental  study.  In  present- 
ing these  problems  the  position  is  taken,  not  that  our  pres- 
ent practice  is  necessarily  wrong,  but  that  we  have  not  suffi- 
cient knowledge  to  justify  us  in  forming  a  final  and  definite 
conclufion. 

The  following  are  a  few  of  the  many  problems  which  affect 
either  the  cost  or  the  safety  of  the  structures. 

Effect  of  Reversed  Stresses  on  Riveted  Joints. — Tests  ot 
riveted  joints  show  that  the  resistance  to  slip  is  due  to  fric- 
tion between  the  plates  induced  by  the  tension  in  the  rivets. 
Moreover  this  slip,  an  inelastic  strain,  occurs  at  stresses 
considerably  below  the  stresses  for  which  connections  are 
designed.  These  statements  being  true,  if  a  stress  on  a 
connection  acts  in  one  direction  there  will  be  a  slip  in  that 
direction;  and  if  the  stress  is  reversed,  the  slip  is  in  the 
reversed  direction.  By  repeating  the  cycle,  the  repeated 
slip  will  result  in  wear  which  relieves  the  tension  on  the 
rivet  and  thus  reduces  the  resistance  to  slip.  Therefore  a 
large  riiniber  of  reversals  may  result  in  an  amount  of  wear 
which  will  permit  a  small  stress  to  produce  a  large  slip. 

That  the  action  outlined  does  take  place  is  evidenced  by 
the  fact  that  connections  of  members  subjected  to  reversed 
stresses  do  work  loose.  This  has  been  observed  in  a  num- 
ber of  structures. 

To  further  establish  the  action  outlined,  a  few  tests  were 
made  to  determine  the  effect  of  repeatedly  reversed  stresses 
(unpublished  tests  made  at  the  Kngineering  Experiment  Sta- 
tion of  the  University  of  Illinois  by  W.  M.  Wilson).  These 
tests  show  that  connections  subjected  to  reversed  stresses, 
if  designed  in  strict  accordance  with  our  present  specifica- 
tions, may  be  expected  to  develop  loose  rivets.  This  being 
true,  changes  in  the  usual  specifications  should  be  consid- 
ered. But  before  the  specifications  can  be  changed  intelli- 
gently, more  complete  knowledge  relative  to  the  behavior 
of  riveted  coniiections  subjected  to  reversed  stresses  is 
needed.  Experimental  data  are  desired  to  answer  the  follow- 
ing questions: 

1.  What  is  the  proper  unit  stress  to  be  used  in  designing 
a  rivet  subjected   to  reversed   stresses? 

2.  M'hat  is  the  relative  value,  as  judged  by  their  ability  to 
resist  reversed  stresses,  of  rivets  driven  by  different 
methods? 

.".  Is  it  possible  to  develop  a  method  of  driving  which  will 
increase  the  ability  of  rivets  to  resist  reversed  stresses? 

Because  of  the  increase  in  the  weight  of  rolling  stock, 
railroads  are  compelled  to  subject  their  bridges  to  stresses 
considerably  greater  than  the  stresses  for  which  the  bridges 
were  designed.  Following  the  recommendotions  of  the 
Arnericaji  Railway  Engineering  Association,  the  stress  in 
tension  for  rating  old  bridges  made  of  openhearth  structural 


•Paper   presented   May   9   before    the   Western   Society   of   En- 
gineers. 


Steel  is  26,000  lb.  per  square  inch,  while  the  correspondinR 
stress  in  shear  on  rivets  is  22,000  lb.  per  square  inch.  In 
both  cases  the  allowable  stresses  are  reduced  if  the  stressn- 
are  reversed;  the  reduced  stress  for  tension  on  steel  is  17. 
333  lb.  per  square  inch,  and  for  shear  on  the  rivets  is  11,oimi 
lb.  per  square  inch,  if  the  reversal  is  from  a  stress  in  on  ■ 
direction  to  an  equal  stress  in  the  opposite  direction. 

Fatigue  of  metal  tests  indicate  that  a  tensile  stress  in 
steel  considerably  greater  than  17,:;'!3  lb.  per  square  inch  can 
be  reversed  millions  of  times  without  breaking  the  metal, 
whereas  tests  indicate  that  if  a  shear  on  rivets  ot  11,000  lb. 
per  square  inch  is  reversed  only  a  few  thousand  times,  the 
rivets  are  loosened.  It  therefore  seems  probable  that  over- 
loading bridges  will  injure  the  bridge,  not  by  injuring  the 
metal,  but  by  loosening  the  rivets.  This  being  true,  an  ex- 
tended investigation  of  the  behavior  of  riveted  joints  sub- 
jected to  reversed  stresses  assumes  unusual  importance. 

A  Comparison  of  Various  Types  of  Wind  Bracing  for  Steel- 
Skeleton  Buildings. — The  usual  method  of  stiffening  the  frame 
of  a  steel-skeleton  building  so  that  it  will  resist  wind  pressure, 
is  to  make  the  joints  connecting  the  girders  and  columns 
rigid,  so  that  they  can  resist  moment.  Two  types  of  connec 
tions  are  in  general  use.  With  one  type,  in  order  to  erect 
the  girders,  it  is  necessary  to  slip  the  gusset  plate,  a  part  of 
the  column,  between  the  fiange  angles  of  the  girder.  As  this 
operation  takes  place  high  in  the  air.  the  erection  is  quite 
difficult.  With  the  other  type,  erection  is  accomplished  by 
swinging  the  girder  between  two  adjacent  columns,  and 
riveting  the  outstanding  legs  of  the  connection  angles  to  the 
outstandmg  legs  of  the  column,  a  very  simple  process.  In 
spite  ot  the  fact  that  the  first  type  is  much  harder  to  erect 
than  the  second,  the  former  is  replacing  the  latter,  as  it  is 
believed  to  be  more  rigid.  A  very  limited  number  of  tests 
(Bulletin  No.  104,  Engineering  Experiment  Station.  Universiiv 
of  Illinois,  by  Wilson  and  Moore)  show  that  there  is  but  little 
difference  between  the  rigidities  of  the  two  types  of  connec- 
tions; and  that,  if  there  is  any  difference,  the  second  is  slight- 
ly stifter  and  therefore  better  than  the  connection  ot  the  first 
type.  It  is  de.sirable  to  determine  definitely  the  relative 
merits  of  these  two,  and  also  of  other  types  of  connections. 

Distribution  of  Stresses  Among  Rivets  of  Large  Gusset 
Plates. — In  designing  a  riveted  connection  which  is  not  sub- 
jected to  moment,  it  is  assumed  that  the  total  stress  on  the 
connection  is  equally  distributed  among  the  rivets.  Gusset 
plates  are  usually  much  wider  than  the  members  from  which 
they  leceive  stress.  Under  these  circumstances,  it  seems  prob- 
able that  the  stress  in  the  rivets  in  a  line  with  the  axis  ot  the 
member  may  be  greater  than  in  the  rivets  near  the  edges  of 
the  gusset  plate. 

In  riveted  joints,  as  in  elastic  material,  the  stress  is  approxi- 
matelv  proportional  to  the  strain.  Because  of  the  difference  in 
stresses  in  theg  usset  plate  and  in  the  member,  the  slip,  the 
relative  motion  between  the  two.  may  not  be  the  same  at  all 
points.  As  the  stress  depends  upon  the  slip,  a  variation  in  the 
slip  will  cause  an  uneven  distribution  of  the  stress  among  the 
rivets. 

A  limited  number  of  tests  by  Cyril  Batho  (Journal  Franklin 
Institute.  Vol.  182.  page  .^.^:'.)  indicate  that  the  stress  on  a 
joint  is  not  evenly  distributed  among  the  rivets.  The  maxi- 
mum stress  will,  therefore,  be  greater  than  the  total  stress 
divided  by  the  total  numtier  of  rivets,  as  now  assumed.  A 
thoro.igh  investigation  of  the  distribution  of  stress  among 
rivets  is  desirable. 

Effect  of  Restraining  Action  of  End  Connections  Upon 
Stringers  of  Through  Truss  Bridges. — The  stringers  of 
through  trusses  are  connected  to  the  floor  beams  by  means 
of  connection-angles  which  run  the  full  depth  of  the  stringer- 
Tests  show  (Bulletin  No.  104,  Engineering  Experiment  Sla 
tion.  University  of  Illinois,  by  Wilson  and  Moore)  that  thesi> 
connections  are  quite  rigid.  This  being  true,  two  stringers 
meeting  end  to  end  act  as  a  continuous  girder.  WTiile  this 
action  reduces  the  moment  at  the  center  of  the  stringer,  it 
also  produces  a  large,  suddenly  applied  moment  on  the 
stringer  connection.  And  the  stringer  connection  is  not 
designed  to  take  moment.  It  is  desirable  to  determine  the 
moment  on  the  connection-angles  and.  if  it  is  found  to  be 
dangtrous.  to  devise  alternate  possibilities  of  design. 

Effect  of  Not  Fitting  Ends  of  Intermediate  Stiffness  of 
Plate  Girders  to  Outstanding  Legs  of  Flange  Angles. — Stiffen- 
ers  of  plate  girders  are  titled  carefully  to  the  flange  angles. 
This  involves  grinding  the  ends  of  the  stiffener  angles  to 
exact  length  and  shape,  and  involves  either  the  use  of  thick 
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fills  or  of  crimping  the  angles.     Taken  altogether  this  fitting 
adds  materially  to  the  cost  of  the  girder. 

The  function  of  intermediate  stiffeners  is  to  prevent  the 
web  from  buckling.  The  stiffener  does  not  in  any  sense  trans- 
fer stress  to  or  from  the  flange  angles.  It  would  therefore 
seem  that  the  requirement  that  the  ends  of  intermediate 
stiffeners  be  ground  to  fit  the  outstanding  legs  of  the  flange 
angles  is  without  a  rational  basis.  It  is  desirable  to  make 
tests  to  verify  this  statement. 

Mathematical  Study  of  Secondary  Stresses. — The  exact  theo- 
retical determination  of  secondary  stresses  is  a  very  laborious 
process.  This  is  true  to  such  an  extent  that  secondary 
stresses  are  neglected  except  for  very  important  structures. 
in  spite  of  the  fact  that  it  is  known  that,  theoretically  at 
least,  secondary  stresses  are  often  almost  as  great  as  primary 
stresses.  It  is  desirable  to  make  a  careful  study  of  secondary 
stresses  with  the  idea  in  mind  of  establishing  empirical  rules 
for  determining  secondary  stresses.  These  rules  should  be 
accurate  enough  for  purposes  of  design  and  should  also  be  so 
short  that  they  will  be  used  by  the  practicing  engineer.  Such 
rules  have  been  established  for  wind  stresses  in  steel  skeleton 
buildii.gs  (Bulletin  No.  SO.  Engineering  Experiment  Station, 
University  of  Illinois,  by  Wilson  and  Moore),  and  it  should 
be  possible  to  establish  them  tor  secondary  stresses  in  trusses. 

Experimental  Study  of  Secondary  Stresses. — To  a  large  ex- 
tent, secondary  stresses  have  been  neglected  by  practicing 
engineers.  The  engineer  has  justified  his  action  by  the  state- 
ment that  secondary  stresses  are  small,  or  that  the  determi- 
nation of  secondary  stresses  is  based  upon  false  assumptions, 
and  that  large  secondary  stresses  do  not  exist. 

Inasmuch  as  computed  secondary  stresses  are  often  very 
large,  they  should  not  be  neglected,  if  they  actually  exist: 
and  if  they  do  not  exist,  the  ghost  should  be  laid.  A  limited 
number  of  tests  show  that  secondary  stresses  do  exist,  and 
that  the  measured  and  computed  stresses  agree  quite  well. 
Tests  by  Parcel  and  Maney  (Engineering  News-Record,  Dec. 
9,  1920.  p.  1116).  show  a  secondary  stress  equal  to  So  per  cent 
of  the  primary  stress  at  a  time  when  the  primary  stress  is  a 
maximum.    Further  experimental  data  are  desirable. 

Effect  of  Elongation  and  Compression  of  Bottom  Chord 
Upon  Streses  in  Floor  System  of  a  Through  Truss  Bridge. — 
The  stress  in  the  bottom  chord  of  a  truss  is  a  maximum  at  all 
points  when  the  whole  span  is  loaded.  This  being  true  the 
entire  bottom  chord  can  be  subjected  to  a  maximum  stress  at 
the  same  time.  The  elongation  due  to  live  load  and  impact 
stresses  from  the  center  to  the  end  of  a  200-ft.  truss  is  ap- 
proximately ^/n  in.  If  therefore  the  floor  system  is  erected 
with  no  live  load  on  the  span,  the  passing  of  a  full  live  load 
over  the  bridge  will  produce  a  horizontal  deflection  in  the 
end  floor  beams  of  y^  in.,  a  strain  that  is  neglected  in  the 
design  of  the  bridge.  The  bending  of  a  floor  beam  also  pro- 
duces a  horizontal  shearing  stress  on  the  floor  beam  con- 
nection angles  which  is  not  considered  in  the  design.  Strain- 
gage  measurements  taken  on  bridges  under  actual  conditions 
of  service  disclosed  stresses  very  much  in  excess  of  the 
stresses  produces  by  the  vertical  load  on  the  floor  beams  alone. 

Wiiy  a  More  Exact  Knowledge  of  the  Behavior  of  Structures 
Is  Desirable. — Research  work  necessary  to  answer  the  ques- 
tions which  have  been  raised  is  expensive.  Moreover,  a  more 
exact  analysis  of  stresses  in  structures  would  probably  re- 
f'.uiro  better  trained  designers  and  would  probably  require 
that  more  time  be  spent  on  the  design  of  structures  than  is 
now  customary.  Both  of  these  changes  increase  the  cost  of  a 
design.  The  question  is  often  raised,  why  is  it  necessary  to 
incur  this  expense  for  research  since  our  present  designs  are 
proving  satisfactory  in  service?  To  accept  the  line  of  reason- 
ing implied  by  this  question  is  to  accept  the  design  of  the 
ancients  as  the  acme  of  structural  science  as  these  structures 
have  stood  through  the  centuries.  To  accept  the  line  of  rea- 
soning implied  by  this  question  is  also  to  eliminate  economy 
as  a  controlling  factor  in  an  engineer's  work. 

All  structures  are  designed  with  a  factor  of  safety.  That 
is,  every  member  is  made  strong  enough  to  carry  a  load 
greater  than  any  load  to  which  it  is  likely  to  be  subjected. 
The  magnitude  of  this  factor  of  safety  varies  through  a  wide 
range.  The  fact  that  a  structure  has  not  failed  in  ;jervice  is 
proof,  not  that  the  design  is  properly  balanced,  but  that  in 
trying  to  provide  a  factor  of  safety  of  from  2  to  5  the  designer 
has  succeeded  in  providing  a  factor  of  safety  oi:  at  least  one 
in  each  and  every  member. 

If  a  designer  were  to  specify  a  tension  member  having  a 
cross-sectional  area  of  20  sq.  in.  at  one  end  and  a  cross-sec- 


tional area  of  '?.0  sq.  in.  at  the  other  end  the  design  would  be 
ludicrous.  Such  an  evident  lack  of  balance  in  the  design 
would  be  ridiculous.  Yet  the  only  offense  which  the  designer 
has  committed  has  been  to  provide  a  factor  of  safety  of  three 
at  one  point  and  a  factor  of  safety  of  two  at  another  point 
in  the  same  structure. 

Tension  members  are  usually  designed  for  a  primary  unit 
stress  or'  16,000  lb.  per  square  inch.  Some  tension  members 
are  subjected  to  practically  no  secondary  stress  while  others 
have  secondary  stresses  equal  to  50  per  cent  of  the  primary 
stresses  when  the  primary  stresses  are  a  maximum.  This 
being  true,  the  member  which  is  not  subjected  to  secondary 
stresses  has  a  factor  of  safety  50  per  cent  greater  than  the 
factor  of  safety  in  the  member  subjected  to  the  secondary 
stresses.  That  is.  the  neglect  of  secondary  stresses  results 
in  structures  which  are  as  badlv  unbalanced  in  design  as  a 
tension  member  having  a  sectional  area  50  per  cent  greater 
at  one  end  than  at  the  other.  There  is.  however,  this  dif- 
ference. The  fact  that  the  design  in  unbalanced  is  self  evi- 
dent in  the  one  case,  but  is  concealed  by  a  misleading  state- 
ment of  the  stresses  in  the  other  case.  It  is  like  two  thieves 
of  whom  one  is  caught  while  the  other  escapes.  One  is 
counted  a  thief  and  the  other  is  not.  but  they  are  both 
equally  guilty. 

The  object  of  the  designer  should  be  to  produce  a  bal- 
anced design.  That  is.  all  members  of  equal  strategic  value 
should  have  equal  factors  of  safety.  If  all  but  one  of  a 
number  of  members  of  equal  importance  have  a  factor  of 
safety  of  three,  while  the  one  member  has  a  factor  of  safety 
of  two.  the  material  in  the  others  in  excess  of  that  necessary 
to  give  them  a  factor  of  safety  of  two  is  wasted.  And  this 
waste  ij^  chargeable  to  poor  design. 

I  have  heard  the  statement  made  that  so  long  as  engineers 
receive  as  a  fee  a  certain  per  cent  of  the  cost  of  the  struc- 
ture they  will  not  reduce  the  cost  at  increased  expense  to 
themselves  by  making  more  careful  designs.  This  position 
is  comparable  to  the  position  taken  by  a  physician  who  would 
advocate  halting  all  medical  research,  as  more  perfect  knowl- 
edge vv-ould  result  in  better  health  for  the  community  and 
less  tees  for  the  doctor. 

Engineers  bemoan  the  fact  that  their  profession  is  un- 
remunerative.  Yet  they  continue  to  design  with  a  handbook 
and  to  a  great  extent  refuse  to  give  special  problems  the 
study  which  they  deserve.  The  very  fact  that  they  accept 
handbook  design  makes  it  necessary  for  them  to  compete 
with  handbook  artists  who  do  not  understand  the  principles 
involvec.  in  the  formulas  which  they  use,  and  who  make  no 
pretense  at  having  a  professional  training.  Many  of  these 
handbook  designers  are  not  professional  men  in  anv  sense  of 
ihe  word.  They  should  be  classed  as  mechanics.  Yet  so  long 
as  we  are  content  with  handbook  designs  we  will  have  to 
compete   with    the   handbook    artist. 

Many  designers  do  not  realize  the  source  of  the  informa- 
tion v/hich  handbooks  contain  nor  do  they  realize  how  the 
requirements  contained  in  specifications  are  established.  The 
well  founded  equations  and  requirements  of  the  specifications 
are  based  upon  research  work  of  the  past.  Methods  of  de- 
sign which  are  still  in  a  state  of  Hux  require  research  work 
for  their  final  determination. 

I  believe  that  what  is  usually  known  as  af  actor  of  safety 
should  be  considered  as  the  product  of  two  factors,  one  a 
true  factor  of  safety,  and  the  other  a  factor  of  ignorance. 
The  work  of  our  scientists  has  made  it  possible  to  manu- 
facture steel  whose  physical  properties  will  not  vary  more 
than  5  per  cent  to  10  per  cent  from  the  standard  desired. 
This  being  true,  if  we  have  a  steel  whose  elastic  limit  is 
.".2.000  lb.  per  square  inch  and  whose  ultimate  strength  is 
64,000  lb.  per  square  inch,  it  certainly  would  be  safe  to  de- 
liberately plan  on  subjecting  this  steel  to  a  stress  of  24.000 
lb,  per  square  inch,  providing  we  were  absolutely  sure  that 
24,000  lb.  per  square  inch  is  the  maximum  stress  to  which  the 

32000 

member  will  ever  be  subjected.     The  ration  =  1.33   (or 

64000  24000 
=  2.66  if  the  factor  is  based  upon  the  ultimate  strength 
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instead  of  upon  the  elastic  limit)  is  a  true  factor  of  safety. 
But  because  we  are  not  sure  just  what  load  the  member  will 
be  required  to  carry,  we  design  for  a  stress  of  16,000  lb.  per 

24Q00 
square    inch.      The    factor    ^1..')    is    not    in    the    true 
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sense  a  factor  of  Hufety,  but  1h  In  n-allty  a  factor  of  ignorance. 
We  are  afraid  tlial  the  BtresH  which  we  lielleve  will  be  16,000 
lb.  per  square  Inch,  may  be  L'4,000  lb.  per  square  inch.  This 
factor  of  ignorance  is  a  measure  of  the  amount  by  which  the 
working  stresc  if  reiiuced  and  a  measure  rjf  the  amount  of 
material  wasted  because  of  a  lack  of  knowledge  of  the  exact 
stress  to  which  a  member  will  be  subjected. 

The  factor  of  ignorance  covers  a  lack  of  knowledge  of  the 
oxact  value  of  the  maximum  load  to  which  the  structure  is 
subjected,  and  also  covers  our  Inability  or  our  unwilling- 
ness, to  make  an  exact  analysis  of  the  stresses  due  to  a 
given  load.  Ignorance  as  to  the  maximum  value  of  the  load 
in  many  cases  cannot  be  eliminated;  but  ignorance  as  to  the 
stress  resulting  from  a  given  load  can  at  least  be  reduced 
11  not,  in  fad.  entirely  eliminated.  The  elimination  of  one 
contributing  part  of  the  fact  of  ignorance  should  justify  a 
reduction  in  the  factor  itself,  and  .should  justify  the  use  of 
higher  working  stresses  than  are  now  permitted. 

For  the  benefit  of  those  who  object  to  increasing  our 
present  working  stresses  where  more  exact  analyses  are  used, 
let  me  call  attention  to  the  fact  that  scientists  who  are  ex- 
perienced in  testing  materials  find  that  it  is  impossible  to 
Injure  structural  steel  with  a  tensile  stress  of  24.000  lb.  per 
square  inch.  In  the  few  cases  where  steel  structures  have 
failed,  the  failure  has  not  been  because  the  true  factor  of 
safety  was  too  small,  but  because  the  factor  of  ignorance 
was  too  small.  In  fact,  in  the  case  of  most  of  the  failures, 
the  ignorance  on  the  part  of  the  designer  was  so  coilossal 
that  no  factor  could  be  depended  upon  to  offset  its  effect. 
1  believe  that  more  care  in  stress  analysis  and  increased 
knowledge  of  the  behavior  of  structures  subjected  to  load 
will  promote  economy  and  safety  simultaneously. 

How  Structural  Research  Can  Be  Promoted. — There  are 
two  interested  parties  in  every  contract  for  a  steel  structure, 
the  manufacturer  who  furnishes  the  material  and  the  owner 
who  pays  the  bill.  The  manufacturer  wants  the  stru|cture 
designed  so  that  It  will  be  easy  to  manufacture  and.  if  it  is 
a  lump  sum  contract,  he  is  interested  in  light  weights.  But 
he  knows  that  if  the  structure  fails  his  reputation  will  suffer. 
The  owner  having  once  signed  the  contract  wants  the  best 
bridge  that  he  can  get.  But  he  knows  that  it  his  specifica- 
tions are  unreasonable  he  will  have  to  pay  an  exorbitant 
price.  So  that  while  the  Interests  of  the  two  parties  at 
first  glance  seem  to  conflict,  thoy  really  are  in  harmony. 
Both  want  the  lightest  possible  bridge  that  will  safely  carry 
the  load.  Both  will  be  financially  benefited  by  the  develop- 
ment of  this  ideal  structure. 

Althcugh  manufacturers  and  owners  will  both  be  benefited 
by  the  development  of  an  ideal  design  they  are  both  human, 
and  neither  is  always  willing  to  believe  that  changes  sug- 
gested by  the  other  are  for  their  mutual  benefit.  The  owner 
is  likely  to  question  innovations  in  shop  practice,  believing 
them  to  be  the  product  of  a  desire  to  cut  shop  costs  rather 
than  to  increase  strength.  Likewise  the  manufacturer  may 
consider  that  changes  suggested  by  the  owner  increase  the 
cost   more   than   they   increase   the   quality. 

It  therefore  seems  apparent  that  any  research  work  which 
might  result  in  changes  in  design  or  manufacture  should  be 
tonductetl  by  a  disinterested  party.  This  is  necessary  in 
order  that  the  results  may  be  accepted  without  prejudice  by 
both  parties.  Furthermore,  scientific  investigations  require 
Jong  continued  painstaking  efforts.  Both  of  these  require- 
ments point  to  our  scientific  organizations  such  as  the  Bureau 
of  Standards  and  the  Engineering  Experiment  Stations  as  the 
proper  agents  to  undertake  this  work. 

The  scientific  organizations  have  the  men  trained  in  scien- 
tific work  and  have  the  equipment  but  they  cannot 
undertake  any  extensive  series  of  tests  because  of  a  lack  of 
funds.  However,  inasmuch  as  both  the  manufacturer  and 
the  owner  will  be  benefited  financially  by  the  development 
of  the  design  and  manufacture  of  steel  structures,  it  is  nol 
unreasonable  to  ask  them  to  help  the  scientific  organizations 
finance  the  investigations. 

The  railroads  are  and  always  will  be  in  the  market  for 
steel  structures.  They  probably  have  a  greater  interest  in 
the  development  of  structural  enginering  than  any  other 
single  class  of  users.  Thev  are  interested  in  more  exact 
knowledge  of  stress  distribution  and  they  are  interested  in 
more  exact  knowledge  of  the  relative  merits  of  various  shop 
methods.  Moreover,  their  interest  is  not  scientific  alone, 
but  economic  as  well.  If  additional  knowledge  will  give  them 
as  good  bridges  at  less  cost,  or  better  bridges  at  the  same 


cost,    they    are    justified    in    spending    money    to    gain    this 
knowledge. 

The  knowledge  to  be  gained  by  the  suggested  tests  to 
determi'he  the  effect  of  reversed  stresses  on  rivets,  will,  I 
am  sure,  help  the  railroads  to  keep  their  old  bridges  in 
service  under  the  present  increasing  loads.  This  saving  will 
exceed  the  cost  of  the  research  program  necessary  to  obtain 
the  knowledge  required. 

The  manufacturers  will  also  be  financially  benefited  by 
the  elimination  of  unnecessary  shop  refinements  which  add 
out  little  or  nothing  to  the  quality  of  the  structure  but 
whicti  add  materially  to  the  cost  of  production. 

I  believe  that  it  is  possible  to  establish  a  scheme  of  co- 
operation whereby  the  manufacturers  and  the  users  of  struc- 
tural steel,  especially  the  railroads,  will  co-operate  with  the 
scientific  organizations  of  the  country  to  the  end  that  ex- 
tensive research  work  in  structural  engineering  can  be  un- 
(lertalien  The  part  of  the  scientific  institution  will  be  to 
furnislt  the  scientific  staff,  laboratories,  and  standard  equip- 
ment, and  to  publish  the  results.  The  part  of  the  manufac- 
turers and  users  of  the  structural  steel  will  be  to  furnish 
the  material  to  be  tested  and  to  furnish  money  to  pay  for 
special  equipment  and  technical  assistants.  The  engineering 
staffs  of  the  commercial  organizations  will  also  be  expected 
to  consult  with  the  scientific  staffs  in  planning  the  inves- 
tigations. 

I  believe  that  such  a  scheme  of  co-operation  will  be  bene- 
ficial to  all  parties  concerned. 

Precedent  for  this  co-operation  has  already  been  established 
at  the  University  of  Illinois.  The  Engineering  Experiment 
Station  of  the  University  is  or  has  been  a  partner  in  the 
following  investigations: 

Investigation  ot  Coal  Mining  in  Illinois. 

Investigation  of  the  Manufacture  of  Gas  from  Illinois  Coal. 

Investigation  of  the  Stresses  in  Railway  Track. 

Investigation  of  the  Effect  of  the  Size  of  Coal  on  Locomo- 
tive Performance. 

Invef  ttgation  of  Warm  Air  Furnaces  and  Furnace  Heating. 

Investigation  of  the  Fatigue  Phenomena  ot  Metals. 

Investigation  of  the  Viscosity  and  Electrical  Conductivity 
of  Glass. 

Investigation   of  the   Friction   Losses   and    Power   Require- 
ments in  the  Proposed  Ventilating  System  tor  the  New  York         1 
ana  New   Jersey  Vehicular  Tunnel  to  Be  Constructed  Under        ll 
the  Hudson   River. 

These  co-operative  tests  have  been  financed  from  sources 
outside  of  the  Enginering  Experiment  Station  to  the  extent 
ot  approximately  $340,000.  .\nd  in  every  case  the  parties 
contributing  the  funds  have  felt  that  the  value  received  ex- 
ceeded the  funds  expended. 

A  similar  program  of  co-operative  research  is  desirable  in 
structural  engineering. 


How  to  Prevent  Falls  of  Workmen  in  Building  Construction. 
— In  the  May  National  Safety  News,  Mr.  Leo  D.  Woedtke, 
manager  protection  and  safety  department,  FYed  T.  Ley  & 
Co.,  Inc.,  contractors,  summarizes  as  follows  the  methods  em- 
ployed by  that  company  for  preventing  accidental  falls  by 
Its  workmen:  Superintendents  are  instructed  to  see  that  all 
floor  openings  and  elevator  shafts  are  covered  with  planking 
or  barricaded  with  substantial  railings;  that  all  stagings, 
scaffolds,  platforms,  runways,  and  stairways  are  built  of 
sound  lumber  and  equipped  with  strong  railings;  that  the. 
aforemei.tioned  are  never  overloaded;  that  all  passageways 
are  clear,  that  debris  is  always  piled  in  out-of-the-way  places, 
that  ladders  are  never  painted  with  pigment  paint  or  lead, 
as  thcoe  cover  up  defects — linseed  oil  and  shellac  should  be 
used;   and  that  no  patched  or  unsafe  ladders  are  used. 


Examination  for  Junior  Civil  Engineer,  U.  S.  Bureau  of  Pub- 
lic Roads. — The  V.  S.  Civil  Service  Commission,  Wa.^hington. 
D.  C,  announces  an  open  competitive  examination  for 
junior  civil  engineer  to  fill  vacancies  in  the  Bureau  ot  Public 
Roads,  at  an  entrance  salary  ot  $1,500  a  year.  The  duties  of 
the  position  will  be  to  assist  in  the  survey  and  construction 
of  roads  of  various  types  throughout  the  United  States,  to 
assist  in  the  review  of  plans,  specifications,  and  estimates 
for  roads  and  bridges,  to  prepare  estimates  and  statistical 
tables  and  charts,  to  assist  in  testing  laboratory  on  tests  of 
materials  and  in  highway  research,  and  to  assist  in  the  field 
extension  work  of  the  Bureau  of  Public  Roads.  Applications 
must  bo  filed  before  June  14. 
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Plant  Layouts  for  Reinforced  Con- 
crete Construction 

Contractor's  Plant  was  the  subject  of  a  report  presented  to 
the  American  Concrete  Institute  Convention  by  its  Commit- 
tee on  Contractor's  Plant  in  Reinforced  Concrete  Construc- 
tion. The  report  was  printed  in  Concrete,  from  which  the 
lollowing  abstract   is   taken. 

The  study  of  the  operations  of  unloading  and  transporting 
was  omitted  from  the  report. 

The  plant  depends  on  a  number  of  conditions  peculiar  to 
each  job.  Of  the  great  variety  of  plant  arrangements  possi- 
ble, most  were  grouped  into  seven  fundamental  arrangements, 


would  be  used,  with  50-ft.  wood  tower,  8  carryalls  for  plac- 
ing and  300  ft.  of  run  panels  assumed  as  the  average  equip- 
ment. Jobs  over  3.000  yd.  would  have  a  1-yd.  plant,  wood 
tower  averaging  125  ft.,  12  carryalls  for  placing  and  400  ft. 
of  run  panels.  As  many  contractors  standardize  on  1-yd. 
chuting  equipment,  this  has  been  used  for  both  ?4-yd.  and 
1-yd.  plants,  but  with  a  100-ft.  steel  tower  for  the  %-yd.  and  a 
180-ft.  steel  tower  for  the  1-yd.  plants. 

Thes3  assumptions  are  for  an  average  of  several  conditions. 

For  V.  job  of  medium  size  the  difference  in  cost  of  plant  per 
cubic  yard  of  concrete  would  be  very  slight  as  compared  with 
the  total  cost.  But  on  a  large  job  a  difference  in  cost  per 
cubic  yard  would  warrant  an  investigation  of  each  plant  lay- 
out. 
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Six  Fundamental  Arrangements  o1  Plant  Used  for  a  Comparison  of  the  Costs  of  Placing  Concrete. 


differing  from  an  elementary  plant  by  the  addition  of  labor- 
saving  equipment. 

The  problem  of  contractor's  plant  is  to  deterrdine  a  layout 
in  which  the  cost  of  extra  equipment  will  not  overbalance 
the  money  saved  in  labor.  It  is  suggested  to  plot  the  operat- 
ing costs,  cost  of  installing  and  depreciation  or  rental  of 
plant  in  form  of  charts.  These  charts  based  upon  general 
assumption  will  make  it  possible  to  estimate  the  costs  of 
various  plants.  Any  contractor  may  plot  a  set  of  curves  based 
on  his  layouts. 

For  the  purpose  of  illustration  the  seven  fundamental  ar- 
rangements were  analyzed  in  the  report.  It  has  been  taken 
for  granted  that  on  jobs  of  less  than  3,000  yd.  a  j^-yd.  plant 


The  curves  plotted  for  the  seven  layouts  are  shown  in  the 
accompanying  diagram.  To  illustrate  the  application  of  the 
charts  the  committee  assumed  the  following  case:  A  build- 
ing containing  15,000  yd.  of  concrete,  tor  which  it  is  desirable 
to  use  two  mixing  plants.  Choice  is  between  plants  of  types 
No.  3  and  No.  4  where  the  contractor  loads  the  material  and 
a  plant  similar  to  No.  5  for  which  the  material  is  delivered 
by  a  dealer. 

It  is  assumed  that  yardages  handled  by  two  plants  are  ap- 
proximately equal  and  comparison  was  made  on  the  basis  of 
7,500  yd.  per  mixer.  On  comparing  first  plants  No.  3  and  No. 
1  it  is  found  that  the  costs  per  yard  for  plant  and  installation 
were   respectively   $0.76   and   $0.70.     The   combined   cost   for 
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plant  Inslallutlon  and  opniutlon  was  found  to  be  |2.81  and 
$2.75.  Choice  Ih  Iherefore  between  No.  4  and  No.  5,  which 
shows  a  total  of  *2.62,  or  U  ft.  per  yard  Icsm  than  No.  4. 

To  thoFe  flgiire.'i  must,  however,  be  addod  unloading  charges 
for  No.  4  and  unloading  and  trucklnR  for  No.  5.  These  figures 
will  ordinarily  run  about  20  ct.  for  Xo.  4,  and  50  ct.  for  No.  5, 
assuming  a  mile  haul  and  disregarding  dealers'  profit  on  the 
transaction.     The  revised  figures  stand  as  follows: 
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A    Seventh    Arrangement   of   Plant. 

No.  4— Plant,  Installation  and  Operation,  2.75  +  20  =:  $2.95 

No.  5— Plant,  Installation  and  Operation,  2.62  +  50  =  $3.12 

It  the  contractor  has  chuting  equipment  he  will  refer  to  a 

chart  which  is  a  comparison  between  placing  by  wheeling  and 

chuting.     It  will  be  found  that  at  7,500  yd.  while  the  chuting 

equipment  will  cost  11  ct.  more  per  yard  in  plant  charges,  it 


In  conclusion  the  committee  states: 

1.  While  no  recommendations  can  be  made  for  a  standard 
plant  layout  to  meet  all  conditions,  the  layouts  which  have 
been  found  best  adapted  to  average  concrete  building  con- 
struction can  be  classified  as  modifications  of  a  tew  funda- 
mental types. 

2.  Elaborate  plant  is  not  justified  on  the  mere  statement 
that  it  saves  labor.  Analysis  is  required  to  prove  that  the 
elaborate  plant  used  will  be  an  ultimate  saving.  Such  analy- 
sis for  the  determination  of  the  cost  of  installation  and  opera- 
tion per  cubic  yard  are  best  made  with  the  help  of  charts 
drawn  up  by  the  contractor  from  his  own  records.  Hy  means 
of  these  analyses  it  will  be  possible  to  tell  whether  a  proposed 
plant  layout  will  be  the  cheapest  when  all  items  of  cost  are 
considered. 


Accidents  to  Structural  Iron  Workers 

An  industrial  accident  report  issued  recently  by  Local 
Iinion  No.  1  (Chicago)  of  the  Bridge  and  Structural  Iron 
Workers  contains  some  interesting  information  on  the  fre- 
quency and  cause  of  accidents  in  that  trade.  According  to 
the  report  134  members  of  the  local,  or  14.62  per  cent  of 
the  total  membership,  sustained  injuries  in  1919.  The  aver- 
age duration  of  disability  was  5  weeks  and  1  day.  The 
causes  of  accident  in  1919  were  as  follows: 

Per 
No.  cent. 

Slipped  and  fell   32  23.90 

Caught  in  machiner.v  or  material    31  23.00 

Struck  by  macliinery  or  falling  objects   21  15.70 

Defective  scaffold  or  machinco'   21  15.70 

By  own  tools,  slipped  or  broken   11  .20 

Steam,  cinder,  soot,  sand  and  water 5  3.80 

Stepped  on   rusty  nail    9  6.70 

Froze  flngcr.s  1  0.75 

Palling   wall    1  0.75 

Bruised     1  0.75 

Jumped  in  self-protection   1  0.75 

Total    134  100.00 

The    nature    of    employment   when    the    accident    occurred 

was  as  follows: 

Connecting- 17 

Riveting     17 

Moving  material 13 

Moving  tools  or  machinery   11 

Rod  work  10 

T^oading  and  unloading  10 

Derrick  men   ,. H 

Chutes  and  cables  9 

Diverse  classifications   7 

Drilling  holes   6 

liaising  gang  6 

Foremen   5 

Fitting  up   4 

Wrecking    4 

Shoring   up    2 

Setting    grillage    \ 

Signal  men  ■ 1 

Total   134 

The   following   table   shows   the   days   on   which   accidents 
occurred; 


Comparison  of  Seven   Types  of  Plant   Layout. 


Will  save  40  ct.  net  on  the  combined  total  of  plant  installa- 
tion and  operation.  The  additional  plant  charge  for  chuting 
equipment  is  therefore  justified  by  the  saving  in  labor  charges. 
Any  job  can  be  analyzed  in  a  similar  manner.  Outlining 
the  arrangements  possible  under  the  conditions  met  with  on 
the  j.ib,  the  contractor  can  get  at  the  unit  cost  by  means  of 
charts. 


January-.Iune. 
Per 


July- 
December. 
Per 


No.  cent. 

Sun-Jay   1  1--10 

Monday    W  27.60 

Tuesday    11  16.00 

Wednesday    ='  '  -20 

Thursday     9  13.00 

Friday    9  "M 

Saturday     15  21-80 

Total     69  100.00 


No. 

1 
13 
13 
12 
10 
10 

6 

65 


cent. 

1.50 
20.00 
20.00 
18.40 
15.40 
15.40 

9.30 

100.00 


Total. 
2 

32 

24 
27 
19 
19 
21 

134 


Per 
cent. 
1.45 
23.80 
IS.OO 
12.80 
14.20 
14.20 
15.55 

100.00 


strength  Tests  of  Ideal  Brick  Walls.— An  investigation 
has  been  started  by  the  U.  S.  Bureau  of  Standards  to  deter- 
mine the  compressive  strength  of  ideal  brick  walls  in  co- 
operation with  the  Common  Brick  Manufacturers'  Associa- 
tion of  America.  The  ideal  walls  are  laid  with  common 
Irick,  but  in  such  a  manner  as  to  include  an  air  space  in 
the  wall  and  still  be  well  tied  together.  There  is  a  con- 
siderable saving  in  the  number  of  bricks,  the  amount  of 
mortar  and  the  time  required  to  lay  these  walls  over  the 
ordinary  solid  walls.  It  is  also  claimed  that  one  can  plaster 
directlv  on  these  walls  thus  avoiding  the  expense  of  stud- 
ding, lath.  etc.  The  present  schedule  calls  for  the  erec- 
tion of  three  Idea!  walls  and  two  solid  ones  for  comparison. 
Four  of  the  walls  have  already  been  built  and  will  be  tested 
as  soon  as  they  are  30  days'  old.  Considerable  preliminary 
work,  such  as  gage  calibration  and  the  testing  of  individual 
bricks,  has  already  been  done. 
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Building  Values,  Material  Prices 
and  Rates  of  Wages* 

By    \V.    X.    PATTEN. 

The  factor  that  determines  whether  or  not  a  building  can 
be  constructed  is.  in  most  instances,  the  rate  of  return  that 
can  be  obtained  for  the  money  invested,  and  this  holds  true 
for  a  residence  built  solely  for  the  owner's  occupancy,  as 
well  as  for  rentable  property.  In  the  one  case,  the  owner 
must  bo  able  to  build  at  such  a  cost  that  fixed  charges,  in- 
terest, taxes,  insurance,  repairs  and  upkeep  will  not  exceed 
a  reasonable  rental  charge,  and  in  the  second  case,  the 
owner  must  be  able  to  obtain  a  fair  return  on  investment. 
Buildings  constructed  at  high  cost  must  compete  with  build- 
ings built  at  lower  cost  in  preceding  years  and  also  with 
buildings  which  may,  and  probably  will,  be  built  at  lower 
cost  in  succeeding  years.  All  costs  are  relative,  in  that  a 
level  of  prices  as  established  for  the  period  prior  to  the 
war  may  not  necessarily  be  the  level  at  which  we  shall 
reach  a  period   of  stability  in  the  future. 

The  theory  that  action  is  equal  to  reaction  apparently 
does  not  hold  true  in  the  case  of  construction  costs,  as 
statistics  show  that  with  each  succeeding  wave  of  high 
costs,  the  dip  has  never  been  quite  as  low  as  the  preceding 
one.  Building  costs  were  reasonably  stationary  during  the 
two  or  three  years  preceding  the  war  and  increased  sharply 
early  in  1916  when  the  facilities  of  this  country  were  called 
into  play  to  supply  the  needs  of  the  great  armies  of  Europe 
This  called  for  great  expansion  of  industrial  concerus,  added 
capacity  of  public  utilities,  and  increase  in  community  hous- 
ing by  many  industrial  concerns  who  found  it  necessary  to 
provide    accommodations    for    their    rapidly    growinLj    forces. 
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Fig.   1 — Fluctuation    of   Values   of   Three    Types   of   Buildings    in 
Boston,   Using   1913  Value  as   100. 

The  demand  for  materials  and  the  sharp  rivalry  of  con- 
cerns operating  along  similar  lines  caused  a  decided  increase 
in  prices,  to  which  was  added  the  increase  in  labor  rates, 
due,  as  in  the  case  of  material,  to  the  sharp  demand  and 
the  bidding  for  labor  at  constantly  increasing  rates.  The 
increase  continued  after  the  entrance  of  our  own  country  into 
the  war,  and  no  doubt  would  have  risen  still  higher  but  for 
restrictions  placed  on  private  building  operations  by  the 
government.  A  temporary  halt  in  prices  occurred  after  the 
armistice  of  Nov.  11,  191.S.  to  be  followed  six  to  eight  months 
later  by  expansion  of  many  industrial  concerns  in  their 
feverish  anxiety  to  be  ready  for  the  great  wave  of  pros- 
perity which  appeared  to  be  sweeping  the  country.  Again 
the  demand  for  structural  materials  outstripped  the  supply 
and  available  stocks  were  soon  depleted.  Labor  ran  neck 
and  neck  with  the  increasing  cost  of  material  until  the  peak 
ot  rising  prices  was  reached  in  the  early  part  of  ]fi20.  The 
result  of  this  pyramiding  of  prices  was  inevitable,  as  con- 
struction costs  were  reaching  proportions  at  which  fair  re- 
turns could  not  be  obtained  and  the  exigencies  of  the  war- 
time demand  no  longer  warranted  construction  at  exorbitant 
figures. 

It  is  possible  to  indicate  by  graphical  charts  the  rale  of 
increase  in  construction  costs  as  affected  by  increases  in 
the  price  of  materials  and  labor,  but  it  is  difficult  to  ascer- 
tain the  factor  of  efficiency  which  determines  whether  or 
not  labor  gives  a  normal  output  for  its  day's  pay. 

It  will  hardly  be  questioned  that  activity  in  the  building 
trades  carried  beyond  the  point  of  labor  saturation  or  where 


there  are  more  jobs  than  there  are  men  to  fill  them  creates 
a  restlessness  on  the  part  of  labor  and  a  consequent  slow- 
ing of  production,  and  that  conversely  an  oversupply  of 
labor  tends  towards  competition  and  gives  the  workman  an 
incentive  to  keep  his  output  up  to  normal.  Opinions  differ 
as  to  the  effect  of  this  factor  on  the  cost  of  construction, 
but  fundamentally  the  fact  cannot  be  denied  that  a  man  in 
any  occupation  will  do  more  effective  work  when  two  or  three 
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Fig.  ;; — Fluctuation  of  Values  of  Combined  Weighted  Material  and 
Labor  in  Boston  Concrete  Building,  Using  1913  Value  as  100. 
Weights  Are  Based  on  Actual  Percentage  of  Cost  of  Each  Ma- 
terial to  Actual   Total   Cost  of   Building, 

men  are  ready  to  step  into  his  place  than  when  his  services 
are   in  demand  from  several  sources. 

Chart  No.  1  (Fig.  1)  indicates  the  fluctuation  in  value  of 
three  types  of  buildings  for  the  period  from  Jan.  1,  191.3.  to 
Jan.  1,  1921,  determined  by  taking  actual  cost  vecords  in 
1913  and  increasing  those  values  in  proportion  to  the  in- 
creases in  wage  rates   and  material   costs. 

Chart  No.  2  (Fig.  2)  indicates  the  increase  in  value  of 
a  concrete  building  for  the  same  period  and  shows  that 
labor  costs  increased  almost  in  the  same  proportion  as  ma- 
terial costs. 

The  factor  of  efficiency  is  not  considered  in  making  up  the 
charts,  owing  to  the  difficulty  of  definitely  determining  the 
variation  in  output  during  the  period  under  consideration, 
and  it  is  assumed  that  labor  efficiency  has  remained  the 
same.  The  peak  of  the  curve  of  Chart  No.  1  extends  two 
and  one-half  times  above  the  1913  value;  but  if  it  were  pos- 
."rible  to  measure  accurately  the  productivity  of  labor  for 
the  past  six  years,  it  would  be  found  that  the  actual  cost  of 
constructing  buildings  during  the  past  year  would  be  more 
than   three  times  the   pre-war  cost. 

Chart  No.  3  (Fig.  3)  shows  increase  in  the  average  rates 
of  wages  for  twenty-two  representative  trades  in  the  con- 
struction industry  for  the  period  between  July.  1913,  and 
Jan.  1.  1921,  tor  the  cities  of  San  Francisco,  Galveston.  New 
York.  Pittsburgh,  Boston  and  Cincinnati. 
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Fig.   3 — Average   Rates   of   Wages    in   22   Building    Trades    in    Cities 

Shown.    Compiled    From    Schedule    of    Chicago    Builders' 

Association. 

Charts  1  and  2  indicate  the  downward  trend  of  material 
prices  and  its  effect  on  the  cost  of  building  construction. 

That  we  may  expect  much  greater  reductions  in  the  prices 
ol  constiuction  materials,  without  recessions  on  the  part 
of  labor,  seems  improbable,  as  labor  constitutes  such  a  large 
percentage  of  the  cost  of  manufactured  products  and  enters 
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BO  largely  into  the  cost  of  fuel  ami  the  '""^p°'''^'*°° ,  °'  Instfuctlons  to  ForemenlforiPreven- 

constructlon  material.     The  law  of  Hiippl.v  and  tlemana  must  •          ■ 

inevltal-ly   act   to   remedy   the   present    Industrial   stagnation,  tlOIl  Of  ACCldeiltS  111  StCel 

for  labor  cannot  long  remain  idle  and  capital  must  of  neces- 

sity  be   made   productive   if   industry   is   to   survive  and   our  iLTQCtlOTi. 

great  nation  is  to  keep  up  its  march  of  progress.  -pjjg    erection    department    of    the    McClintic-Marshall    Co., 

■ Pittsburgh,  Pa.,  has  issued  recently  a  revised  copy  of  its  in- 

y       1           X.T           l_                Xtiru     I     ^^ly-v  'P«"fi^^c  ttructions  for  the  foremen  engaged  in  erection  of  structural 

Index  JN  umbers  OI  WnOleSaiernCet*  gteel.     The   suggestions   in   the   booklet  are  of  such   general 

1  Q -j  "2    |.„    Aoril    1  Q2  1  interest  that  we  are  reprinting  them  below.                                    i 

*^-*-*'    '■'-'  -iVpi**   i.^^1-  Equipment    and    Tools.— It    is   your    duty    to    see    that    the    i 

The  accompanying  tabulation  shows  the  index  numbers  of  equipment  and  tools  you  use  for  each  part  of  the  work  are 

wholesale  prices  by  groups  of  commodities,  as  computed  by  Kuflicientlv    strong   to   handle   the   work   safely,   are    in   good 

the  U.  S.  Bureau  of  Labor  Statistics.     The  group  of  miscel-    .  ^^^^^  ^^^^  ^^^  properly  used. 

laneous  commodities  includes  such  important  articles  as  cot-  Derricks:     You  should   see  that  the  derricks  you  use  ar. 

tonseed  meal  and  oil,  lubricating  oil,  jute,  rubber,  newsprint  ^mply  strong  for  the  loads  to  be  lifted.     The  goose  neck  ami 

and  wrapping  paper,  rope,  soap,  laundry  starch,  tobacco,  Ma-  pmjgf.gn  pj^  gre  the  critical  points  of  a  derrick.     If  you  have 

nilla  hemp,  sisal,  phosphate  rock  and  wood  pulp.     The  com-  ^^^   ^^^^-^^   ^-^^^^   ^^^   strength    of   the    goose    neck,   provide 

niodities,   including   the    other   groups,   are   as   indicated    by  ^^^^^y  ^^.j^e  guys  from  the  gudgeon  pin  to  the  sill  at  the  base 

the  title:  ol  the  stiff  legs.     Don't  overload  your  equipment  and   don't 

INUKX   ^■™'^'='\«^,,'?'';.^;^^;^.J,0];KSA^^^^^^^  ,.un  any  chances  where  life  is  endangered.     Don't  lift  a  10- 

Ev'gkol'PS  of  COiLMODlTIES.  '         '  ton  load  on  a  5-ton  derrick.     Be  careful  not  to  lift  any  but 

(1913—100.)                           ^                _  a  light  load  on  a  derrick  if  the  length  of  the  boom  exceeds 

73                                   ,55.0                    .10               o  ^0  time;-,  its  least  width  or  thickness;    that  is,  if  your  boom 

■o                   2           o      c^     ,0  .    S|      "■a     'rtSi      =''*    ,^       I  is  12  in.  X  14  in.,  the  least  width  is  12  in.  and  ycu  should 

«£                             ".      *c      ^^   5_      5E     ~u      g.^   •3I       I  .  not  lift  a  heavy  load  on  this  boom  if  it  is  more  than  70  ft. 

«§                 zi        o     ^5     "5%    %^Z   ^f      ®?      ff.    S.C      -"  '°   length.     Table  J   shows   the   maximum   loads   which   may 

>Z                £3       £     O'S     fc=    "-1=    i^H     6i     ==    ^-'^      <-  be  safely  lifted  with  timber  booms. 

191S   100      100      100      100       100      100      106      100      100      100  In  settine  un  vour  derricks  see  that  thev  are  nliimh    tiron- 

Jan 97        !»9      100      103      107      100      101      100      100      100  in  setiinfe  up  \oui   aerricKS  see  inai  inej   are  piumo.  prop 

April   ....    97       'n;      100       98      102      101      101      100       98       98  erly  guyed  and  bolted  with  tight-fitting  bolts.     See  that  the 

i'i't^  \l\      1»2      ICO      ^99       98     101     ^99      100      101     100  goose   necks  fit  gudgeon   pin  closely  and   that   they  are  not 

1911   .'..  103      103       98       96       S7       97      101       99       99      100  cracked   or   bent,   and   that   the   top   of  the   stiff   leg   is   tied 

i^"rU  ■•.•.■.:  J?J      'II       ?l       II       li       II     Z       9i     1?!     'II  down    from    the    goose    neck    to    the    sill    to    prevent    lifting 

July  101      104       99       95       85       97       99       99       97     100  tendency.     In  the  case  of  a  wooden  derrick,  if  the  timber  m 

Oct 103       107        97         93         83         96       105         99         96         99 

1915    105       104       100         93         97         94       114         99         99       101 

Jan 102       106         96         93         83         94       103         99       100         99  TABLE  I— SAFE  LOADS  IN  TONS  ON  YELLOW  PLXE  TIMBER 

April    ....  107       105         99         89         91         94       102         99         99       100  USED  AS  BOOM. 

July    ....   108       104         99         90       102         93       108         99         98       101  .      w,-h  17  ft    M»sf 

Oct 105       103       103         96       100        93       124        99         99       101  ^'     "'"i'""-  M-isi- 

1916    122       126       12S      119       148       101       159       115       120       124  „,       .      .      ,  >— — ^'^'"^„!,"  ^^Sj t: r; 

Jan 108       113       110       105       126        99       150       105       107       110  Size  in   inches.         10         la         20         25         30         35         40         45         iO 

April    ....  114       117       119       108       147       101       172      108       110       117  6x  6.\20                 §           °>          J           ,           , 

July    118       121       126       108       145         99       156       121       120       119  ^,^  f^li               ,X        A          ^           '^           ^ 

Oct 136       140       138       133       151      101       150       124       132       134  ,           ^x  SxM               10         10         10 

1917    1S9       176       ISl       175       208       124       198       144       155       176  ?^  ^^^?                 5          ^           ^        ^          ? 

Jan 148       150       101       176       183      106       159       132       138       151  S.x  8x40                 3           3           2           2           1 

April    ....  181       182       169       184       208       114       170      139       149       172  „.    „    „„               ,,      b.     \\  ith  30-ft    Mast. 

July     ....  199       ISl       l.«7       192       257       132       198      152       153       186  ?^  ?''?9               H         H        H         "         ^S 

Oct 208       183       193       146       182       114       252       152       163       181  ^x  8x40                 7           6           o           4           2           1 

1918   220       189       239       163       181       151       221       196       193       196  10x10x30               21         21         21         21         21 

Jan 207       1S7       211       157       174       136       232       161       178       185  10x10x40               14         14         14         13         11           9           8 

Feb 208       186       216       157       176      138       232       161       181       186  lOxlOxoO                 9           S          6           5           3           1 

March    ..  212      177      223      158      176      144      232      165      184      187  „    ,„              ,,     c.    ^\  ith_4e-ft    Mast 

April    ....  217       178       232       157       177       146       229       172       191       190  10x10x40               17         17         1.         16         14         12         10 

May     ....  214       177       227       160       178       148       223       173       194       190  10x10x50               11     .    10          S           6           4           2 

June    ....217       179       245       159       178       150       219       198       196       193  12x12x40               28         28         28         28         28         26         24           _           . 

July    ....   224       184       249       166       184       154       216       199      190       198  12xl2.x»0               20         20         20         17         15         12         10           i           J 

Aup 230       191       252       166       185       157       222       221       1:>1       202  12x12x60               14         13         10           7           5           2 

Sept 237       199       255       167       184       159       220       226       194       207  '   14x14x40               42         42         42         42         42         42         41 

Oct      224       201       257       167       187      158       218       226       196       204  14xl4xo0               31         31         .U         31         29         26         23         20         1. 

Nov 221       206       256       171       188       164       215       226       203       206  14x14x60               23         23         22         19         16         13         10           i 

Dec     222       210       250       171       184       164       195       237       204       206  Note— The    above    table    is    based    on    a    unit    stress    of    1000 

19)9    234       210       231       173       161       192       179       236       217       212  L                                .               ^       ,    ,-„„       ,^  ^    ,                ,,.      j      . 

.Jan                222       207       234       170       172       161       191      218       212       203  10  —    for    compression,    and    of    loOO  — 15  —    lor    comDined    str^ 

P>i>.     ...'.'  218       196       223       169       168       163       185       218       208       197  D                                       ,.      ^        ,           ^       ,    ^  ^    ■■     ^            ^   r 

March    ..  228      203      216      168      162      165      183      218      217      201  (compression   and   bending),   where  L=  length   in   inches  and   I* 

April    ....  235       211       217       167       152       162       178       217       216       203  width  in   inches.     Table   (a)    is  figured  on   the  use  of  a  single  li      ■ 

.Nlay           .   240      214       228       167       152       164       179       217       213       207  line,  and   (b)   and   (c>  on  a   two-part   load  line,  although   the  nun  - 

June             231       204       258       170       154       175       174       233       212       207  ber  of  parts  would  depend  on  the  load,  and  on  the  strengtli  of  t 

July     ....   246       216       282       171       15S      186       171       245       221       218  line  used.                                 ^                 .^   ^  .^       .               ■     i,              •,, 

Au'r             243      227      304      175      165      208      172      259      225      226  With  a  mast  shorter  than  specified  the  stresses  in  boom  w  ill 

Sept 226       211       306       181       160       227       173       262       217       220  increased. 

Oct 230       211       313       181       161       231       174       264       220       223  TABLE  II— SAFE  LOADS  IN  TONS  ON  YELL,OW  PINE  TIMBER 

Nov 240       219       325       179       164       236       176       299       220       230  USED  AS  GIN  POLE. 

Dec 244       234       335       181       169       253       179       303       229       238  Radius 

1920    218       236       302       238       186       308       210       366       236       243  Maximum         distance    measured    on    groi: 

Jan 246       253       3E0       184       177       268       189       324       227       248  size          Length      stress  in           between   foot  and   top  of  p. 

Feb 237       244       356       187       189       300      197       329       227       249  in  inches      in  feet.       guv  line.            5         10         15         20         25         ou 

M.irch    ..239       246       356       192       192       .324       205       329       230       253  «x  6                20              4  "tons               4           4 

April     ...   246       270       353       213       195       341       212       321      238      265  vv  8                20              8  tons            10           S 

May    244       287       347       235       193       341       215       329       246       272  30              8  tons              S           7           6 

June    ....243      279       335       246       190       337       218       362       247       269  jq-kIO                20            14  tons            16         14 

July    236       268       317       262       191       333       217       362       243       262  '                     30             12  tons            14         13         11 

Aug 222       235       290      268       193       328       216       363       240       250  40            10  tons             12         11         10           9 

Sept 210       222       273       284       192       318       222       371       239       242  i9m)                30             19  tons            23         20         18 

Oct 182       204       2.57       282       184       313       216      371       229       225  4O            16  tons            20         IS         17         15 

Nov 165       195       234       258       170       274       207       369       220       207  50             12  tons            17         16         15         14         11 

Dec 144       172       220       236       157       2G6       188       346       205       189  ]4xi4                30            27  tons            33         30         26 

1931:  '                     40             24  tons             30         28         25         23 

Jan 136       162       208       228       152       239       182       283       190       177  50            21  tons            26         25         23         21         20 

Feb 129       150       198       218       146       22i       178       277       ISO       167  50             13  tons             22         21         20         18         15 

Mar?h     ..   125      1.50       192       207       139       208       171       275       167       162  Notes-     The   above    table    is    based   on   a   unit   stress    of   1000- 

Aprll     ...   115       141       186       199       138       203       168       274       154       154  £o^es.      me   <x                                      ^ 

10 for  compression,    and    1500-15  —   for   combined   stress    (com- 

Fabricating  Shop  Contracts  in  April -The  records  of  the  D  ^^^  ^,^^^^,,  ,vhere  L  =  Ie''ngth  in  inches  and  p  =  width 
Bridge  Builders  &  Structural  Society,  from  reports  collected  jj,  inches  It  is  figured  on  the  use  of  a  single  line,  although  the 
by  its  secretary,  show  that  during  the  month  of  April.  1921,  number  of  parts  \vould  depend  on  the  load  and  on  the  strength  of 
.55.800  tons  of  fabricated  structural  steel  were  contracted  for  "'%t'?3  a^'umed  that  the  guys  are  fastened  at  a  distance  from  the 
throughout  the  United  States,  equivalent  to  31  per  cent  of  the  foot  of  the  pole  not  less  than  the  length  of  the  pole  itself.  If  this 
iiiiuu6"^'"'  v'-c  ^"  XI.  t  -J  J  i  X  ,  L  »  »!.  distaiice  is  decreased,  the  stress  in  the  pole  increases, 
entire  capacity  of  the  bridge  and  structural  shops  of  the  ^.^p  stress  in  the  guy  line  decrea-ses  in  about  the  same  proper- 
country,  tion  as  the  radius                                                                                            / 
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the  mast,  boom,  stiff  legs  or  sills  are  rotten,  knotty  or  wind 
shaken,  do  not  use  them.  See  that  your  gudgeon  pin  and 
pintle  casting  are  well  fastened  to  the  mast,  and  if  the  mast 
is  of  wood,  see  that  the  wood  is  not  rotten  or  worn  at  these 
points. 

When  you  use  a  derrick  keep  the  boom  elevated  above  a 
horizontal  line  as  far  as  possible,  as  generally  the  greatest 
stress  comes  upon  the  boom  and  mast,  as  well  as  stiff  legs 
or  guy  lines,  when  boom  is  in  a  horizontal  position.  A  max- 
imum load  tor  the  derrick  should  never  be  lifted  with  the 
boom  in  a  horizontal  position. 

In  using  a  guy  derrick  you  must  be  sure  that  the  foot 
block  of  the  derrick  is  braced  solidly  in  all  directions,  and 
that  the  tensions  on  the  cable  guys  are  so  adjusted  by  the 
turn  buckles  that  there  will  be  more  than  one  guy  to  take 
the  stress  in  any  position  of  the  boom.  Do  not  use  chains 
for  connecting  guys  to  columns,  but  use  cable  in  all  cases. 
The  lead  blocks  must  be  inspected  daily,  as  the  sheaves  are 
very  apt  to  wear.  See  that  the  floor  beams  are  bolted  up 
solid,  and  that  the  beams  directly  under  the  derrick  are 
shored  li  necessary.  Shoring  is  necessary  it  the  beams  are 
not  twice  as  strong  as  required  to  carry  the  maximum  load 
cf  the  derrick,  with  the  boom  in  the  position  which  brings 
the  greatest  load  upon  the  foot  block.  This  extra  factor 
of  safety  is  required  in  order  to  be  absolutely  certain  that 
the  derrick  is  safe  should  anything  unforeseen  happen. 

Nearly  all  the  accidents  which  occur  in  connection  with 
guy  derricks  are  due  to  either  the  foot  of  the  derrick  kick- 
ing out,  or  the  anchors  for  the  cable  guys  breaking  at  the 
point  where  they  are  attached  to  the  column,  or  pulling  out 
of  the  foundations  when  the  derrick  is  set  up  in  the  base- 
ment of  a  building. 

In  case  of  both  gin  poles  and  derricks,  it  must  be  remem- 
bered that  the  use  of  several  parts  in  the  load  line,  by  re- 
ducing the  pull  in  the  lead  line,  reduces  the  stress  in  the 
pole  or  boom  considerably;  in  other  words,  the  capacity  is 
increased  by  increasing  the  number  of  parts  of  the  load  line. 
Gin  Poles:  Do  not  use  an  iron  gin  pole  if  the  sections  are 
bent  or  dented  seriously,  nor  if  the  splices  do  not  clamp  the 
pole  tightly  and  securely.  Do  not  use  a  wooden  gin  pole 
unless  the  timber  is  in  good  condition,  well  spliced,  with 
good,  long  splices  securely  bolted.  Don't  lift  a  heavy  load 
on  a  light  pole.  Table  II  shows  the  maximum  loads  which 
may  be  safely  lifted  with  timber  gin  poles. 

When  you  use  a  gin  pole  see  that  it  is  properly  guyed 
with  the  guys  as  near  to  right  angles  to  each  other  as  possi- 
ble. Avoid  the  attachment  of  guy  lines  to  railroad  tracks,  as 
numerous  accidents  have  occurred  by  car  running  into  guys. 
Do  not  lean  the  pole  too  much  when  lifting  a  load  or  moving 
the  pole  and  see  that  the  foot  of  the  pole  can  not  move  or 
slip  except  when  you  desire  to  move  it. 

Travelers:  When  you  use  a  wooden  traveler  see  that 
the  timbers  are  all  in  good  condition,  that  it  is  carefully 
framed,  well  braced  and  erected  plumb  and  square,  with  all 
joints  properly  and  securely  bolted;  capable  of  withsttand- 
ing  the  greatest  wind,  and  shocks  from  the  heaviest  loads 
that  are  to  be  lifted.  More  accidents  occur  from  the  use 
of  wooden  derricks  and  wooden  travelers  than  from  any 
other  cause,  and  for  this  reason  extreme  care  should  be  exer- 
cised before  using  them.  When  a  steel  traveler  is  used,  see 
that  it  is  properly  erected  and  thoroughly  bolted  and  all 
sway  and  bracing  rods  tightened. 

Manila  Line  and  Cables:  Do  not  use  old  or  w-orn  line  when 
there  is  any  danger  to  men  or  material  by  so  doing.  Avoid 
the  use  of  manila  line,  and  when  you  are  obliged  to  use  it 
he  sure  that  it  is  amply  strong.  Use  steel  cable  whenever 
possible,  as  it  is  safer,  will  last  longer  and  is  cheaper  in  the 
long  run.  Be  sure  that  the  guy  cables  for  the  gin  pole,  der- 
ricks, etc.,  are  of  sufficient  size  to  withsttand  the  tension  to 
come  upon  them,  that  the  cables  are  securely  fastened  by 
means  of  a  sufficient  number  of  good,  strong  clamps  and  that 
dead  men  or  other  anchorages  are  ample;  and  watch  them, 
when  lifting  heavy  loads  to  see  that  guys  do  not  cut  dead 
men  in  two.  Keep  gin  pole  guys  as  near  at  right  angles  to 
each  other  as  possible,  when  only  four  are  used. 

All  cables  should  be  in  good  condition  and  kept  well  oiled 
or  greased  so  that  they  will  not  rust:  it  they  are  not  in  good 
condition,  do  not  use  them.  All  guy  cables  should  be  securely 
fastened  by  a  sufficient  number  of  clamps,  the  nuts  on  the 
clamps  being  placed  over  the  short  end  of  the  cable. 

Avoid  the  attachment  of  guy  line  to  railroad  tracks,  as  nu- 
merous accidents  have  occurred  by  a  car  running  into  the 
guys.    In  guying  trusses  or  other  parts  of  a  building  you  must 


use  cable  guys  with  a  short  length  of  manila  line  reeved  up 
at  the  foot,  to  enable  cable  to  be  securely  tightened.  Lines 
should  be  run  around  two  winch  heads  when  making  a  heavv 
lift. 

You  should  see  that  all  leads  are  as  straight  and  direct  as 
possible,  as  failure  to  provide  good  leads  reduces  the  effi- 
ciency of  your  power  and  equipment,  as  well  as  producing 
heavy  wear  on  the  lines,  and  is  a  frequent  cause  of  accidents. 
Particular  care  should  be  exercised  in  securing  good  leads 
for  wire  cable  on  account  of  liability  of  breaking  the  individ- 
ual wire  strands  by  sharp  bends  or  indirect  leads.  A  broken 
individual  wire  is  liable  to  lie  across  and  cut  the  other  wires 
of  the  cable. 

Blocks:  See  that  your  blocks  are  in  good  order,  that  faces 
of  blocks  are  in  good  condition  and  that  the  sheaves  are 
not  cracked  or  the  flanges  broken.  Do  not  allow  a  gate  block 
to  be  used  without  being  closed,  hooked  and  securely  fastened. 
Do  not  use  a  light  gate  block  when  lifting  a  heavy  load.  See 
that  the  beckets,  shackles  and  hooks  are  amply  strong,  and 
that  they  are  not  bent,  cracked  or  out  of  shape. 

Chains:  See  that  your  cables  and  chains,  as  well  as  the 
rings  and  hooks  in  the  same,  are  amply  strong  for  the  loads 
to  be  lifted;  that  they  are  not  worn,  cracked  or  bent  out  of 
shape  and  that  the  chains  are  annealed  at  least  once  every 
three  months  in  an  annealing  furnace,  if  you  are  near  one. 
Otherwise  anneal  them  yourself,  by  laying  them  down  in  a 
straight  line  and  building  a  good  size  wood  fire  over  them, 
heating  slowly  to  a  cherry  red,  then  covering  over  thoroughly 
with  ashes  and  heated  dry  earth,  leaving  them  to  ccol  slowly 
in  the  ashes  and  earth.  In  laying  the  chains  down,  in  a 
straight  line,  do  not  lay  one  chain  on  the  top  of  another.  Be 
particular  to  see  that  the  covering  is  ample  so  that  the  air 
or  moisture  cannot  cool  the  chains  quickly  or  partially.  This 
annealing  should  be  done  on  Saturday  and  the  chains  not 
disturbed  until  Monday.  Chains  used  frequently  every  day 
should  be  annealed  once  a  month. 

Scaffolds:  You  should  be  careful  to  see  that  the  gas  pipe 
or  wooden  scaffold  you  use  is  of  proper  size  and  strength  for 
the  span  and  loads.  See  that  gas  pipe  scaffolding  is  not 
rusted  on  the  inside  and  that  it  is  fastened  so  it  cannot  roll  or 
turn.  Do  not  splice  gas  pipe  for  scaffolding.  See  that  plank 
you  use  for  scaffolding,  etc.,  is  the  right  kind  of  wood,  prefer- 
ably white  pine  or  spruce,  free  from  knots  and  shakes,  and 
amply  strong  and  see  that  it  is  thick  enough  for  the  span  on 
which  it  is  used.  Do  not  use  any  plank  or  timber  that  is 
knotty,  rotten,  or  weather  cracked.  Do  not  allow  men  to  work 
on  scaffold  plank  laid  loose  on  the  supports;  the  plank 
should  be  fixed  so  it  will  not  slide  endwise,  by  using  drop 
bolts.  These  drop  bolts  must  have  a  nut  on  the  other  end  in 
order  that  there  may  be  no  possibility  of  the  bolts  tailing  out 
should  the  plank  be  turned  over.  If  there  is  any  question 
about  the  strength  of  scaffolding,  test  the  same  by  applying 
several  times  the  load  that  will  come  upon  it. 

In  suspending  scaffolds  by  means  of  eye-bolts,  you  must 
always  use  two  nuts  on  the  bolt,  and  drill  a  hole  through  the 
bolt  for  a  cotter  pin.  Fatal  accidents  have  occurred  as  the 
result  of  a  single  nut  on  an  eye-bolt  working  loose. 

In  certain  states  the  law  requires  a  railing  to  be  placed 
around  scaffolding.  It  is  not  always  possible  to  comply  with 
this,  but  you  must  remember  that  in  case  an  accident  occurs 
on  account  of  no  railing  having  been  used,  the  burden  of 
proof  that  it  was  impossible  to  use  one  will  be  upon  us.  You 
must,  therefore,  take  particular  care  in  the  case  of  men  work- 
ing on  scaffolds  not  protected  by  a  railing. 

Push  Cars:  A  number  of  accidents  have  occurred  through 
the  improper  loading  of  push  cars.  See  that  the  load  is 
properly  placed  so  that  it  cannot  roll  or  tumble  over,  especial- 
ly in  going  around  a  curve.  Do  not  put  heavy  loads  on  light 
push  cars.  The  frame  is  not  only  liable  to  crush  but  the 
shafts,  boxes  or  wheels  may  bend  or  break,  upsetting  the 
load  and  injuring  the  men.  Do  not  allow  men  to  push  on 
the  side  of  a  car  with  a  top  heavy  load.  They  should  push  or 
pull  from  the  ends  of  the  piece. 

Hoisting  Engines:  See  that  your  hoisting  engine  is  in  good 
order;  that  the  shafts  are  not  bent,  and  that  the  dogs,  clutches 
and  brakes,  including  the  friction,  are  in  good  condition  and 
working  order.  The  lever  controlling  winch  heads  should 
be  straight  and  when  thrown  in  should  engage  and  ratchet 
fully.  See  that  winch  head  cannot  slip  off  shaft.  See  that 
the  boiler  is  cleaned  once  a  week  if  it  is  being  used  contin- 
uously, or  if  the  quality  of  the  water  is  poor,  and  at  least 
once  every  two  weeks   under  ordinary  conditions. 
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Locomotive  CranuH  and  Derrick  Cars:  In  using  a  locomo- 
tive crane  be  sure  that  your  traclc  is  properly  ballasted  and 
level  and  the  rails  well  spiked  down.  Do  not  lift  a  load  side- 
ways when  the  locomotive  crane  Is  standing  on  a  curve,  with- 
out using  outriggers  and  rail  clamps.  If  the  load  is  heavy, 
outriggers  and  rail  clamps  must  be  used  even  when  track  is 
level  and  the  load  directly  in  front  of  crane. 

The  loads  that  a  locomotive  crane  is  capable  of  handling 
safely  for  each  radius  are  plainly  marked  on  the  crane;  don't 
attempt  to  lift  heavier  loads  with  the  crane. 

See  that  the  booms  of  locomotive  cranes,  derrick  cars  or 
derricks,  are  in  first  class  condition.  It  the  boom  (or  flanges 
of  the  boom)  has  been  injured  or  bent,  don't  use  '.l,  but  re- 
place the  broken  or  bent  part  with  new  material.  Don't  at- 
tempt to  straighten  it,  as  the  material  in  all  probability  has 
been  injured,  and  will  break  or  collapse  sooner  or  later. 

A  locomotive  crane  is  a  useful,  but  dangerous,  piece  of 
equipment;  for  this  reason  the  greatest  possible  care  should 
be  exercised  In  handling  the  same.  Don't  allow  any  man  on 
the  car  or  crane  cab,  except  the  cranemen,  and  keep  work- 
men from  under  the  boom.  Don't  attempt  to  shift  track  upon 
which  crane  is  standing,  unless  track  is  cut.  Don't  attempt 
fo  lift  a  maximum  load  with  the  boom  horizontal. 

You  must  be  especially  careful  in  swinging  boom  sideways 
or  lifting  loads  sideways  with  a  derrick  car,  as  your  car  will 
upset  unless  you  use  outriggers  or  guys.  Don't  run  chances, 
but  lift  the  load  straight  ahead  wherever  possible.  See  that 
the  boom  on  the  derrick  car  is  tightly  guyed  at  all  limes  with 
wire  rope  running  from  end  of  boom  to  sides  of  car.  Never 
use  manila  line  for  this  purpose,  as  It  will  stretch,  and  the 
boom  will  get  away,  upsetting  the  car.  Use  additional  guys 
to  end  of  boom  when  setting  heavy  loads. 

In  carrying  loads  with  a  locomotive  crane  or  derrick  car 
on  a  curve,  be  sure  that  the  track  is  level  and  the  outer  rail 
not  elevated,  as  Is  customary  with  railroad  track. 

Be  very  careful,  In  using  a  wooden  boom  extension  or  out- 
riggers, that  you  do  not  lift  too  heavy  loads.  The  increased 
length  of  the  boom,  and  the  weight  of  the  extension,  reduce 
the  lifting  capacity  considerably. 

General:  See  that  all  button  sets  are  fastened  to  the  air 
haijimers  Hook  on  to  sheets  or  bundles  of  small  material, 
so  that  they  cannot  slip  out. 

Do  not  allow   men   to  carry  glazed  window  sash   on   their 
shoulders  when  wind   is  blowing. 
See  that  men  do  not  stand  in  the  "bite"  of  a  line. 
Do  not   allow   men   to   do   work   which   may  endanger   the 
eyes,   as   chipping,   cutting,   etc.,   unless   their   eyes   are   pro- 
tected by  goggles. 

In  setting  steel,  see  that  each  piece  is  securely  bolted  be- 
fore the  line  is  thrown  off. 

When  you  lift  a  beam  or  girder  use  scissor  dogs  or  cast 
steel  girder  hooks  wherever  possible,  and  if  you  are  obliged 
to  use  either  ordinary  dogs  or  chains  see  that  wooden  blocks 
are  used  between  the'  chain  or  dog  and  the  flange  to  prevent 
the  girder  from  slipping.  Never  lift  two  or  more  beams  at 
once  without  using  a  twin  chain  or  sling. 

Avoid  the  use  of  chains  except  for  lifting  light  loads.  Where 
you  have  heavy  loads  to  lift  use  cable  slings,  being  careful  to 
avoid  sharp  bends  by  using  rounded  wooden  blocks  between 
cable  and  load. 

Remember  that  the  capacity  of  a  twin  chain  or  twin  sling 
diminishes  the  further  it  Is  spread.  If  spread  to  90°  its  ca- 
pacity is  only  70  per  cent,  and  if  to  120°,  only  50  per  cent.  It 
should  never  be  spread  more  than  90°  except  for  very  light 
loads. 

Don't  put  too  many  parts  of  lashing  into  a  hook,  as  by  doing 
so  you  are  liable  to  open  up  the  hook. 

See  that  exposed  parts  of  dangerous  machinery  are  prop- 
erly  covered. 

Be  Orderly  and  Careful:  See  that  your  work  is  carried  on 
in  an  orderly,  careful  manner. 

See  that  material  is  unloaded  and  piled  in  an  orderly,  care- 
ful way  so  that  it  cannot  fall,  turn  or  be  blown  over. 

Unless  necessary,  do  not  hoist  any  material  to  a  structure 
until  you  are  ready  to  put  it  into  position  and  properly  fasten 
it.  In  cases  where  you  do  hoist  material  to  the  structure  be- 
fore putting  it  in  its  final  position,  see  that  it  Is  piled  in  an 
orderly  way  so  that  it  can  not  turn  or  roll  over  If  a  man  steps 
on  It. 

Don't  let  tools  or  equipment  such  as  bolts,  nuts,  drift  pins, 
blocks,  dolly  bars,  etc.,  lie  around  so  that  they  can  be 
knocked  oft  the  work  or  so  that  any  one  can  fall  over  them. 


Keep  everything  orderly  and  ship-shape  and  allow  nothing 
to  lie  around. 

Be  Vigilant.— Vou  must  use  vigilance  and  be  on  the  job  prac- 
tically all  the  time  to  see  that  your  men  are  carrying  out  your 
instructions;  that  they  are  in  fit  condition  for  tlie  work  and 
that  they  are  handling  the  work  carefully  and  intelligently. 

Be  careful,  and  insist  on  the  men  under  you  beins  careful. 
and  do  not  allow  any  one  who  is  reckless  or  careless  to  work 
for  you. 

Wherever  any  question  as  to  the  safety  of  equipment  or 
tools,  or  the  work  which  you  are  erecting  is  brought  to  your  at- 
tention by  any  of  the  men  under  you  or  others,  investigatf' 
the  matter  and  satisfy  yourself  of  its  safety  before  proceeding 
further.  If  you  are  satisfied  the  work,  equipment  or  tools  are 
not  safe,  put  them  in  a  safe  condition  immediately. 

See  That  Proper  Instruction  Is  Given  Employes.— Call  at- 
tention of  men  to  any  dangerous  conditions  on  the  job  so  that 
they  can  be  on  the  lookout. 

Your  faithful  attention  to  this  matter  is  to  the  interest  of 
employe  and  employer  alike. 

Unfit  Condition. — You  must  see  that  every  employe  under 
:  ou  is  in  proper  physical  condition.  They  should  be  strong, 
temperate,  clear-headed,  with  good  eyesight,  good  hearing, 
and  not  lame  or  crippled.  Do  not  allow  any  man  to  go  to  work 
who  has  been  drinking  or  who  drinks  during  working  hours. 
or  who  is  sick  or  in  unfit  condition.  A  man's  mind  is  not 
clear  who  is  at  all  under  the  influence  of  liquor  and  thus 
endangers  his  own  and  fellow  workmen's  lives. 
Don't  employ  ignorant  persons. 

Don't  employ  any  one  under  18  years  of  age  and 
preferably  no  one  under  21.  Those  employed  between  the 
ages  of  18  and  21  should  be  strong,  sober,  healthy  boys  who 
desire  to  learn  the  business.  You  must  secure  a  written 
permit  from  the  parents  of  all  boys  under  21  years  of  age. 
authorizing  you  to  employ  them.  Forms  for  this  purpose 
will  be  sent  you. 

The  character  of  this  business  is  such  that  a  workman  must 
be  strong  and  sound  in  body,  temperate  in  habits,  and  clear 
and  alert  in  mind,  to  avoid  accidents. 

Use  Judgment.— You  must  use  judgment  in  assigning  men 
to  do  certain  work  and  see  that  they  are  capable  and  ex- 
perienced in  the  work  to  be  done. 

Signal  men  should  be  capable,  experienced  bridgemen.  and 
should  stand  in  a  position  where  they  can  be  seen  by  the 
men  at  the  hoisting  engine  and  those  handling  the  work. 
Signals  should  be  clearly  understood.  Use  none  but  good, 
careful,  experienced  locomotive  cranemen,  derrick  car  men, 
and  men  on  winch  heads. 

Don't  resort  to  expediency  by  allowing  an  inexperienced 
man  to  do  the  work  where  experience  counts.  Educate  the 
men  up  to  their  work.  Don't  throw  too  much  on  inexperi- 
enced m.en  all  at  once. 

You  should  see  that  the  pusher  and  men  use  proper  tools 
to  do  the  work  and  handle  same  properly. 

Where  there  are  heavy  pieces  to  be  lifted  see  if  the  weight 
is  marked  on  the  piece;  if  not,  get  the  weight  from  the 
invoice   and   mark   it   on.   calling  pusher's   attention   to   it. 

Do  Not  Allow  Men  to  Work  in  Perilous  Places. — You  must 
see  that  your  men  are  not  exposed  to  extremely  hazardous 
conditions  and  that  they  are  not  allowed  to  work  in  ex- 
tremely dangerous  places. 

Don't  allow  men  to  work  on  crane  runway  when  cranes  are 
in  motion. 

Don't  allow  men  to  work  on  scaffold  that  you  would  not 
work  on  yourself. 

Don't   allow    men    to    work    under    loads    and    in    places 
where  there  is  imminent  danger. 

Don't  allow  men  to  work  on  the  roofs  of  buildings  where 
there  is  frost,  ice  or  snow,  without  taking  extra  precautions. 
This  also  applies  to  other  steel  structures. 

See  That  Workmen  Obey  the  Following  Rules, — More  ac- 
cidents occur  through  recklessness  than  any  other  cause. 
Don't  walk  on  rods.  Don't  ride  a  load.  Don't  ride  on  a 
locomotive  crane. 

Don't  Be  Careless:  Look  where  you  step  and  be  sure 
that  on  what  you  step  is  safe  and  secure.  Don't  step  on 
ends  of  loose  plank.  Don't  start  to  slide  down  a  line  unless 
you  are  sure  the  ends  are  fastened. 

Be  Orderly:  Do  whatever  you  do  in  an  orderly,  careful 
manner.  Pile  material  so  that  it  cannot  roll.  fall,  tumble, 
or  be  blown  over.  Don't  let  tools  or  equipment  such  as 
bolts,    nuts,    drift   pins,   blocks,    dolly    bars,    etc.,    lie   around' 
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so  that  they  can  be  knocked  off  the  work  or  so  that  any  one' 
can  fall  over  them.    ■ 

Unfit  Condition:  Don't  go  to  work  if  you  have  been  drink- 
ing or  do  not  feel  well.  If  you  are  lame  or  have  any  defect 
in  healing  or  eyesight  you  should  not  work  at  this  business 
as  by  so  doing  you  endanger  your  own  and  fellow  work- 
men's lives.  If  you  are  inexperienced  in  or  unsuited  for  the 
work  to  be  done,  don't  undertake  it. 

Be  Vigilant:  Watch  what  you  are  doing.  Don't  stand  or 
work  under  a  load.  Don't  go  in  the  "bite"  of  a  line  nor 
stand  in  front  of  a  snatch  block.     Don't  work  on  or  about 


Rigid  Frame  Construction  for  a 
Factory 

A  rigid  frame  reinforced  concrete  construction  for  a  fac- 
tory is  described  in  the  April  21,  1921,  issue  of  the  Canadian 
Engineer.  The  factory  was  constructed  for  Machinery  and 
Foundries,  Ltd.,  of  Brockville,  Ont.,  and  consisted  of  a  1- 
story  foundry  building,  62  by  148  ft.,  connected  in  the  form 
of  an  L  with  a  1-story  machine  shop,  57x277  ft. 

An  interesting  feature  was  the  use  of  rigid  frames  as  bents 


£0-0  - 
-  6-/0- 


iiooR  uva 


<\   '  //depth  'd  /J  0^-pr  /-'<?' 
1 1      odi/  ^  '^  '^rods  eitendiy^y 
*'     from  r(jck  fo  /-^'aboye 
//oor  /eire/. 


Fig.   1 — Typical    Rigid    Frame  for   14   Ft.  21/2   In.   Foundry   Bags. 


a  crane  runway  when  the  crane  is  in  use  unless  there  is  a 
stop  between  you  and  the  crane. 

Don'r  Use  Unfit  Tools:  Be  sure  the  tools  and  equipment 
you  use  are  in  good  working  order.  If  they  are  not,  don't  use 
them. 

Don't  work  with  men  who  don't  observe  these  rules 


Engineers  to  Aid  in  Solving    National    Housing  Problem. — 

Seven  engineers  have  been  designated  by  Secretary  Hoover 
to  aid  the  Department  of  Commerce  in  solving  the  National 
Housing  problem.  The  seven  who  will  act  as  an  advisory 
committee  to  Secretary  Hoover  are:  Ira  Woolsor,  consulting 
engineer  of  the  National  Board  of  Fire  Underwriters;  Rudolph 
P.  Miller,  engineer  in  charge  of  building  ordinances  of  New 
York;  J.  A.  Newlin  of  the  University  of  Wisconsin;  J.  R.  Wor- 
cester, consulting  engineer  of  Boston;  William  K.  Hatt  of 
Purdue  University,  Ernest  J.  Russell  of  St.  Louis  and  Edwin 
H.  Brown  of  the  American  Institute  of  Architects. 


the  desirability  of  reducing  to  the  minimum  the  number  of 
members  or  parts  so  that  the  form  work  and  the  placing  of 
reinforcement  might  be  simplified  as  much  as  possible.  A 
circumstance  greatly  affecting  the  design,  not  only  of  these 
frames  but  also  of  the  bents  for  the  machine  shop,  was  the 
fact  that  the  rock  at  the  side  of  the  buildings  was  practically 
at  the  surface,  thus  obviating  the  necessity  for  footings. 
Without  footings  thoroughly  anchored  to  the  rock,  however, 
it  became  necessary  to  consider  the  bases  of  the  columns  for 
the  frames,  as  well  as  for  those  elsewhere,  as  free  to  turn. 
Under  transverse  wind  force,  therefore,  large  bending  mo- 
ments would  naturally  be  developed  at  the  under  side  of 
the  roof  girders,  and  special  provision  had  to  be  made  for 
these. 

An  interesting  incidental  problem  involved  in  the  design 
of  these  frames  was  the  determination  of  the  horizontal  com- 
ponent of  the  reaction  at  each  column  base.  As  a  first  ap- 
proximation it  was  assumed  that  the  moments  of  inertia  of 
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in  the  foundry  biiildiiiK.  The  width  of  the  foundry  was  di- 
vided Into  three  equal  bays,  the  rigid  frame  thus  consisting 
ot  tour  columns,  with  two  Inclined  side  ratters  and  a  mon- 
itor carrieri  by  the  two  interior  columns. 

The  whole  frame  was  built  up  as  a  monolithic  structure, 
and  thoroughly  reinforced  at  joints  to  take  the  bending 
Btressea  develoi)ed  by  the  various  combinations  of  loading. 
In  arriving  at  the  form  of  the  frames,  regard  was  had  to 
all  four  columns  were  cipial.  and  the  following  formula  from 
Hool  &  Johnson's  "Handbook  of  Reinforced  Concrete  Con- 
struction," page  429,  was  employed 

HA=i^Pk[^  2k'S  -f  R(l  -f  2k)  y  ^  {  S(l  -f  k') 
-f  R(l  +  k  +  k=)  1-], 
where  Hv  =  horizontal  component  of  reaction  at  base  of 
outside  column:  P  =  horizontal  load  transferred  through 
monitor  to  leeward  side  shed:  k  =  ratio  of  height  of  interior 
and  wall  columns  from  ground  to  rafter;  S=:ratio  of  mo- 
ment of  inertia  ot  rafter  and  columns,  the  columns  being 
assumed  as  having  equal  moments  ot  inertia;  and  R  =  ratio 
of  length  ot  rafter  to  height  of  wall  column. 

Aljplication  of  tills  formula  showed  that  ot  the  horizontal 
load  carried  by  half  of  the  bent,  the  short  column  takes  6.5 
per  ceni  and  the  long  column  3.5  per  cent. 

The  maximum  moment  in  the  wall  column  occurs  at  the 
hauiu-h  and  equals  horizontal  reaction  at  the  foot  of  the 
column  multiplied  by  its  arm  about  the  haunch. 

To  provide  for  this  moment,  the  columns  were  battered 
on  the  inside  above  a  point  4  ft.  6  in.  above  floor  level, 
where  they  were  12  in.  wide,  to  the  under  side  ot  the  root 
slab,  attaining  a  width  ot  20  in.  at  the  bottom  ot  the  girder 
haunch.  The  heaviest  tensile  stresses  are,  thoreforo,  on  the 
outside  of  the  leeward  column  near  the  top.  and  to  withstand 
these,  three  %-in.  diameter  rods  and  one  1-in.  diameter 
rod  were  utilized,  in  the  case  of  the  typical  column.  Fig.  1, 
from  the  beginning  of  the  batter  up  to  the  under  side  of 
the  roof  slab.  The  high  combined  bending  stresses  across 
the  root  girders  at  the  end  made  haunching  necessary.  The 
tension  at  the  top  ot  the  girder  is  taken  up  by  the  two  54-in. 
diameter  rods  bent  up  from  the  girder,  plus  two  rods  car- 
ried up  from  the  column  and  over  into  the  girder  to  about 
the  quarter  point. 

The  buildings  were  designed  tor  a  snow  load  ot  30  lb.  per 
square  foot,  and  a  wind  load  of  20  lb.  per  square  foot  ot 
vertical  surface.  The  working  stresses  on  the  concrete 
were  assumed  as  follows:  700  lb.  in  compression  due  to 
flexure,  500  lb.  in  compression  on  columns  longitudinally  re- 
inforced. 50  lb.  in  diagonal  tension.  The  working  stress  in 
the  steel  in  tension  were  IS. 000  lb.  per  square  inch. 

Concrete  was  generally  ot  1  part  Portland  cement,  4  parts 
crushed  stone  with  a  maximum  diameter  ot  %  in.,  and  suffi- 
cient sand  to  fill  the  voids  and  10  per  cent  excess.  Reinforc- 
ing steel  was  ot  a  medium  structural  grade;  plain,  round 
sections  were  used. 


Some  Steel  Price  Comparisons 

Substantially  identical  prices,  as  between  the  United 
States  Steel  Corporation  and  the  independent  steel  pro- 
ducers, have  developed  again,  and  comparison  ot  prices  at 
various  times  is  befitting.  The  course  of  steel  prices  may 
be  reviewed  briefly.  The  general  substitution  ot  mild  or 
soft  steel  tor  wrought  iron  was  completed  before  the  end 
of  the  indu.'trial  depression  ot  1893-98,  and  by  a  combination 
of  rich  Mesabi  ores,  low  wages  and  economies  generally 
very  low  prices  ruled  in  1897  and  1898.  Afterward  there 
were  various  ups  and  downs  and  at  the  end  ot  1914  the 
lowest  prices  since  1898  were  reached.  Leaner  ores  were 
then  used  than  in  189S  and  wages  were  about  50  per  cent 
higher,  but  manufacturing  processes  were  much  better. 

During  the  war  steel  prices  advanced  and  after  the  en- 
trance of  the  United  States  the  advances  were  spectacular. 
Then  came  Government  price  control.  Dec.  13,  191 S,  slight 
reductions  were  made  by  the  mills,  as  a  step  In  deflation, 
and  through  the  instrumentality  of  Secretary  Redfield's  In- 
dustrial Board  further  reductions  became  effective  March 
21,  191D.  From  then  until  last  week  the  United  States  St6el 
Corporation  adhered  to  the  Industrial  Board  prices.  The  in- 
dependents at  first  cut  those  prices,  until  some  time  in 
June,  1919,  and  late  in  the  year  they  advanced  over  those 
prices,  while  in  1920  there  was  a  wildly  advancing  market 
on  the  part  of  the  Independents,  with  coiitinued  expectation 
on  their  part  that  the  Steel  Corporation  would  advance  its 
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prices.  Such  expectations  were  disappointed,  and  by  the 
end  of  1920  the  independents  were  back  to  the  Industrial 
Board  or  Steel  Corporation  prices.  During  January  ot  this 
year  there  was  a  uniform  market,  while  in  February  the 
Independents  began  cutting.  Early  in  April  the  independent 
market  firmed  up  somewhat  and  then,  effective  April  13, 
the  Steel  Corporation  made  certain  reductions  in  its  prices, 
whereby  the  independents  and  the  Steel  Corporation  are 
again  at  the  same  level. 

Using  a  weighted  average  ot  the  important  steel  products 
according  to  their  tonnage  importance,  including  bars, 
shapes,  plates,  pipe,  wire,  sheets  and  tin  plate,  a  fairly 
complete  summary  of  steel  price  movements  can  be  made 
In  small  compass,  as  given  below: 

Ten-year  average,   1904-191:1 (  3S.00 

Five-year  average,  1909-1913  :!4.00 

Year  1913   34.50 

Dec.  31,  1914  28.50 

High.  July  1,  1917   114.00 

Government  control  76.00 

Dec.  13.   1918   72.00 

March  21,   1919    65.00 

Independent  high,  1920  93.00 

Dec.  31.  1920    65.00 

Independent  low.  March  1.  1921   57.50 

Present   general   market    60.00 

In  price  comparisons  in  general  ot  late,  various  bases  tor 
a  pre-war  level  have  been  taken,  and  in  the  foregoing  pre- 
sentation several  are  therefore  given  for  steel.  The  figures 
represent  prices  in  dollars  per  net  ton  as  a  weighted  aver- 
age of  the  finished  products  just  mentioned. 

Pre-war  averages  are  much  the  same,  whatever  period  of 
years  be  taken  as  a  basis,  but  pre-war  high  and  low  points 
are  a  different  thing.  We  are  not  looking  now  for  pre-war 
prices,  for  neither  wages  nor  freight  rates  will  get  back  to 
pre-war  levels,  but  there  is  room  tor  argument  as  to 
whether  we  should  look  tor  prices  in  relation  to  pre-war 
averages  or  prices  in  relation  to  pre-war  low  points. 

Taking  $35  as  a  mean  of  pre-war  averages,  the  present 
finished  steel  market  is  71  per  cent  above  that  basis.  On 
the  other  hand,  it  is  35  per  cent  below  the  high  prices  of 
independents  in  1920,  not  the  highest  prices  charged  on 
small  lots  for  prompt  shipment,  but  the  prices  obtained  on 
moderate  sized  lots  for  ordinary  deliveries.  It  is  21  per 
cent  below  "Government  prices"  and  47  per  cent  under  the 
very  fancy  prices  ruling  just  before  the  Government  under- 
took to  take  control  as  a  necessary  war  measure. 

Can  we  compare  the  71  per  cent  excess  in  steel  prices 
over  the  pre-war  average  with  the  relations  that  other  com- 
modities show  to  their  pre-war  averages?  Some  undertake 
to  do  so,  but  the  showing  depends  simply  upon  w-hat  com- 
modities are  taken.  Tin,  copper,  antimony,  aluminum,  lead 
and  zinc  are  all  below  their  pre-war  averages.  According 
to  a  statement  prepared  by  the  Bankers'  Economic  Service, 
rubber,  compared  with  its  average  Feb.  1  in  each  ot  the 
five  pre-war  years,  is  at  18  per  cent,  or  less  than  one-fifth 
price,  hides  are  at  62  per  cent  and  coffee  (wholesale)  is  at 
6?  per  cent.  Brick  and  lumber,  on  the  other  hand,  are  at 
more  than  double  prices,  264  per  cent  and  222  per  cent,  re- 
spectively, while  cement  is  set  at  317  per  cent. 

Steel,  apparently,  would  search  in  vain  outside  the  indus- 
try tor  a  standard.  The  industry  will  have  to  develop  its 
price  level  from  within.— Editorial  in  April  20  issue  ot  Chem- 
ical and   Metallurgical   Engineering. 

Discoloration  of  Indiana  Limestone, — In  order  to  eliminate 
the  brown  stains  which  frequently  appear  on  new  limestone 
masonry  and  which  are  thought  to  be  due  to  the  mortar,  tests 
have  been  started  by  the  U.  S.  Bureau  of  Standards  to  deter- 
mine the  effect  of  using  colorless  waterproofing  materials  on 
the  limestone  at  points  where  it  comes  in  contact  with  the 
mortar.  The  indications  are  that  if  water  can  be  prevented 
from  leeching  through  the  mortar  and  entering  the  lime- 
stone that  stains  will  not  occur.  The  tests  indicate  that  the 
greater  part  ot  the  stain  can  be  prevented  by  th>s  means. 
Another  method  of  eliminating  the  stains,  which  is  being 
tried,  consists  ot  coating  the  exposed  face  of  the  limestone 
walls  as  they  are  built  with  a  porous  coat  that  can  be  readily 
removed.  The  stains  come  through  the  coat  and  form  on 
the  outer  surface  and  by  removing  the  coat  the  stain  is  re- 
moved also.  The  insoluble  nature  of  the  material  which 
forms  the  stain  makes  it  very  difficult  to  remove  from  the 
limestone,  but  by  allowing  it  to  form  on  the  coating,  as  men- 
tioned atove,  it  can  be  readily  removed.  Since  mo-'t  ot  these 
stains  form  during  the  erection  ot  the  masonry,  the  method 
may  prove  ot  some  value. 
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Design  and  Construction  of  Founda- 
tions for  Highway  Bridges 

Speaking  generally,  a  bridge  structure  consists  of  three 
portions  or  parts,  viz.:  (1)  Tlie  superstructure  or  spanning 
portion  supporting,  in  addition  to  its  own  weight,  pedestrian, 
vehicular,  and  other  so-called  "live"  loads;  (2)  The  substruc- 
ture supporting  the  superstructure  with  its  loads;  and  (3) 
The  foundation  which  supports  the  substructure  with  its 
superimposed  loads. 

Obviously  the  stability  of  the  entire  structure  depends  pri- 
marily upon  the  efficiency  of  its  foundation.     While  science, 
I        skill,  and  experience  combined  with  the  progress  of  the  time 
have  achieved   marked   success  in   evolving  the   rationale  of 
bridge  design  and  in  producing  and  developing  new  types  of 
I        superstructures  and  substructures,  a  far  less  degree  of  atten- 
I        tion  has  been  bestowed  upon  the  development  of  fundamental 
principles  and  reliable  information  and  data  relating  to  the 
bearing  power  of  soils,   and   to  methods  and   operations  in- 
volved  in   the   design  and   construction   of   foundations.     An 
interesting    discussion    of    this    last    mentioned    feature    was 
given  by  Mr.  L.  N.  Edwards,  Senior  Bridge  Engineer,  U.  S. 
Bureat:   of   Public   Roads   in   Public   Roads,   a   publication   of 
the  Bureau,  from  which  the  matter  is  this  article  is  taken 

Conditions  Affecting  Stream  Scour. — With  an  occasional  ex- 
ception, the  construction  of  bridges  over  streams  has  the 
effect  of  obstructing  free  stream  flow  by  contracting  the 
channels  and  by  producing  eddies,  cross  currents,  whirl- 
pools, etc.,  resulting  in  accentuating  any  tendency  that  may 
exist  to  erode  or  scour  the  beds  during  periods  of  high  water. 
The  location  and  extent  of  scour  is  mainly  dependent  upon 
the  courses  of  the  streams,  the  rate  of  their  currents,  and 
the  character  of  the  soils  forming  their  beds.  The  greatest 
scour  will  generally  take  place  in  the  vicinity  of  the  portions 
of  the  structure  furnishing  greatest  resistance  to  the  free 
flow  of  the  water.  In  general,  piers  and  abutments  should 
have  their  foundations  located  well  below  the  range  of  pos- 
sible scour.  However,  to  render  them  secure  against  unfore- 
seen eventualities  they  are  often  protected  by  the  installa- 
tion of  riprap,  stone  filled  cribs,  brush  mattresses  weighted 
down  with  large  stones,  concrete  aprons,  etc. 

Importance  of  Adequate  Foundation  Surveys. — In  general, 
the  loads  considered  by  the  designer,  in  proportioning  bridge 
pier  and  abutment  footings  are:  (1)  the  total  dead  load  of 
the  superstructure  and  substructure.  (2)  the  live  load  includ- 
ing under  certain  conditions  an  allowance  for  impact,  and 
(3)  earth  pressures  in  the  case  of  abutments  acting  as  re- 
taining walls.  To  the  foregoing  may  be  added  (4)  forces 
induced  by  temperature  in  the  case  of  piers  and  abutments 
for  arch  spans,  and  (5)  wind,  ice,  or  other  external  pressures 
in  exceptional  cases.  In  the  absence  of  definite  data  as  to 
the  bearing  value  of  the  foundation  this  definement  of  load 
calculation  would  be  of  no  advantage.  It  is  therefore  of  basic 
importance  that  the  designer  be  in  possession  of  all  avail- 
able information  relating  to  foundation  conditions.  The  se- 
curing of  this  information  necessarily  involves  a  survey  of 
soil  conditions  by  making  borings,  sinking  test  pits,  driving 
test  piles,  etc.,  to  discover  sub-surface  conditions.  It  also 
involves  a  general  survey  to  obtain  data  relating  to  the  size 
of  the  drainage  area,  rate  of  stream  flow,  direction  of  stream 
currents,  high  and  low  water  elevations,  possibility  of  ac- 
cumulations of  drift,  etc.,  .likely  to  affect  stream  scour,  to- 
gether with  a  contour  survey  of  the  bridge  site. 

The  general  formation,  density,  and  thickness  of  strata  of 
soil  vary  so  much  that  the  testing  of  the  foundation  soil  and 
the  depth  of  underlying  strata  is  absolutely  necessary  for  the 
determination  of  the  allowable  pressures  that  may  be  placed 
upon  the  foundation  material.  The  course,  depth,  and  ve- 
locity of  the  stream  in  the  vicinty  of  the  bridge  site,  together 
vith  natural  conditions  influencing  the  future  development 
of  surrcunding  property,  should  receive  full  consideration 
in  their  relation  to  stream  currents  and  scour  of  the  stream 
bed. 

Too  frequently  survey  plans  provide  insufficient  informa- 
tion for  the  preparation  of  the  design  and  the  working  draw- 
ings of  bridge  structures.  The  character  of  the  foundation 
materials  is  too  often  assumed  to  be  the  same  as  that  show- 
ing upon  the  surface  at  the  bridge  sites.  Occasionally  the 
superficial  examination  of  the  soil  is  primarily  due  to  the 
fact  that  the  equipment  of  the  survey  party  does  not  even 
include  a  mud  auger  with  which  to  make  the  simplest  kind 


of  a  subsurface  examination.  However,  there  are  other  fac- 
tors which  sometimes  enter  into  the  field  survey  work.  The 
observer,  not  realizing  the  importance  of  accurntely  de- 
scribing the  character  of  the  foundation  soil,  fails  to  incor- 
porate a  proper  description  in  his  field  notes;  or,  what  is  even 
worse,  the  draftsman  preparing  the  survey  plan,  believing 
that  "brevity,  brevity  always"  is  a  mark  of  efiiciency,  will 
eliminate  all  tendencies  to  verbosity  and  will  concentrate 
paragraphs  into  single  words  such  as  "clay,"  "gravel," 
"bowlders,"  etc. 

Effect  of  Inadequate  Foundation  Survey  on  Design. — To 
emphasize  the  importance  of  the  foregoing  it  may  be  of  value 
to  cite  an  actual  case  of  construction  work.  The  bridge  re- 
ferred to  was  located  at  the  outlet  of  a  comparatively  large 
lake.  The  survey  party,  although  equipped  with  a  mud  auger 
outfit,  made  only  a  surface  examination  of  the  soil  and  the 
survey  plan  prepared  from  its  field  notes  showed  "bowlders 
with  clay"  as  foundation  material.  "Bowlders  with  clay"  con- 
stitute under  certain  conditions  excellent  foundation  material. 
However,  in  this  particular  case  the  "bowlders"  were  merely 
"one  man"  stones  which  had  been  deposited  along  the  river 
banks  by  Ice  floes.  Knowing  nothing  of  the  fleld  conditions 
ether  than  was  shown  upon  the  stirvey  plan  the  designer 
assumed  a  foundation  pressure  which  seemed  justified  by  the 
description  and  designed  the  substructure  accordingly,  plac- 
ing the  foundation  elevation  at  a  depth  below  possible  frost 
action.  When  the  foundation  pits  had  been  excavated  to  a 
depth  of  2  to  3  ft.  all  of  the  "one  man"  stones  had  been  re- 
moved and  the  underlying  blue  clay  was  soft  and  altogether 
unreliable  as  a  foundation  material.  Soundings  were  made 
with  a  steel  bar  by  one  of  the  workmen  which  indicated  the 
existence  of  firm  material  at  a  depth  of  approximately  3  ft. 
below  the  foundation  elevation  shown  on  the  substructure 
plan.  When  the  overlying  clay  had  been  removed  a  hard, 
durable  limestone  foundation  was  secured.  This  material 
was  capable  of  safely  sustaining  a  much  greater  load  per 
unit  area  than  had  been  assumed  in  the  original  design  and, 
had  conditions  permitted,  a  considerable  economy  could  doubt- 
less have  been  affected  by  redesigning  the  entire  substructure. 

Pressure  Distribution  Not  Always  Uniform. — Having  dis- 
covered the  character  of  the  foundation  material  by  a  careful 
survey,  it  is  important  to  remember  that  foundation  pressures 
are  not  always  uniform.  Other  conditions  being  equal,  a  pier 
symmetrically  loaded  and  symmetrically  shaped  will  produce 
a  uniformly  distributed  pressure  upon  its  foundation,  but 
irregularities  in  the  lengths  of  superstructure  spans,  cut 
water  construction  on  the  upstream  end,  subjection  to  heavy 
ice  floes  etc.,  tend  to  produce  variable  foundation  pressures. 
Abutments  are  commonly  so  located  as  to  perform  the  double 
function  of  supporting  the  superstructure  and  resisting  the 
pressure  of  the  earth  fills  forming  the  bridge  approaches. 
The  pressure  exerted  upon  an  abutment  foundation  is,  there- 
fore, rarely  a  uniform  one  and  in  consequence,  the  so-called 
"toe-pressure"  is  greater  per  square  foot  of  foundation  area 
than  is  the  "heel  pressure." 

The  pressure  per  square  foot  used  for  designing  purposes 
should  be  well  within  the  safe  bearing  power  of  the  soil; 
that  is,  a  pressure  which  will  not  produce  appreciable  settle- 
ment. It,  perchance,  an  undue  settlement  takes  place,  the 
abutment  will  tilt  forward  and  may  ultimately  result  in  a  total 
failure  of  the  structure. 

Structural  Weaknesses  Due  to  Substructure  and  Founda- 
tion Movements. — One  of  the  distinctive  advantages  result- 
ing from  the  common  practice  of  building  piers  with  battered 
sides  and  ends  and  abutments  with  battered  face  surfaces  on 
the  body  and  wings  is  that  a  slight  tilting  may  take  place 
without  giving  to  the  substructure  an  overhanging  and  un- 
stable appearance.  It  is  important  in  this  connection  to  call 
attention  to  certain  structural  weaknesses  resulting  from 
substructure  and  foundation  movements.  Almost  without 
exception  such  movements  subject  the  superstructure  to 
stresses  for  which  no  provision  was  made  in  its  design,  though 
the  actual  condition  existing  may  not  become  fully  apparent 
even  by  the  most  careful  and  critical  examination,  A  pin- 
connected  truss  span  gives  greater  evidence  of  the  conditions 
mentioned  than  does  a  riveted  span.  By  reason  of  a  slight 
derangement  of  the  correct  alignment  of  the  bottom  chord 
pins,  a  portion  of  the  eye  bars  become  loosened,  thereby 
rendering  them  partially  or  entirely  inactive  with  the  natural 
result  that  the  stresses  these  bars  were  designed  to  carry 
are  actually  carried  by  the  other  bars.  Structures  composed 
of  mass  and  reinforced  concrete  frequently  give  evidence  of 
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fubstrufcture  and  foundation  movenienta,  for  in  these  struc- 
tures tbt  induced  stresses  appear  to  seek  out  the  weakest 
portions  and  In  conseciuence,  the  resulting  fractures  may 
take  most  unfortunate  courses  and  by  'progressive  action 
may  result  in  the  development  of  very  dangerous  structures 
or  possibly  In  failures. 

Speaking  generally,  foundations  are  either  natural  soils, 
Including  rock  formations,  or  artillcial  foundations  consist- 
ing of  compacted  soils,  soils  reinforced  with  piles,  grillages, 
etc. 

Natural  Soil  Foundations.— Natural  soils  are  an  ever  vary- 
ing quiiHty,  heterogeneous  in  their  composition  and  stability. 
Their  bearing  power  depends  mainly  upon  the  general  for- 
mation, texture,  density,  uniformity,  and  thickness  of  the 
strata.  A  stratum  composed  of  a  soil  having,  under  ordi- 
nary conditions,  a  comparatively  low  bearing  power  may 
be  so  confined  by  a  thick,  strong  overlying  stratum  that  it 
will  sustain  with  ample  safety  a  greatly  increased  load.  A 
similarly  placed  stratum  located  with  an  outcropping  in  the 
hillsides  of  a  deep  ravine  or  river  valley  may  be  subject  to 
a  very  slow  oozing  flow  under  the  pressure  of  a  superim- 
posed abutment  or  pier,  which  will  ultimately  result  in  a 
sufficient  settlement  of  the  foundation  area  to  produce  ap- 
preciable superstructure  deformations.  Usually  under  these 
conditions  the  vertical  movement  is  combined  with  a  lesser 
movement  of  the  overlying  material,  producing  a  horizontal 
displacement  of  the  bridge  structure.  Such  movements 
may  involve  a  period  of  months  or  even  of  years  to  become 
fully  developed.  They  may  continue  at  a  practically  uniform 
rate  or  may  become  accelerated  by  reason  of  a  weakening 
of  the  overlying  strata  resulting  from  fissures,  fault  lines, 
etc.,  existing  within  them. 

Natural  soil  foundation  materials  are  divided  into  five 
general  classes,  viz:  (1)  Bedrock,  (2)  gravel.  (3)  sands,  (4) 
clays,  and   (5)   ordinary  soft  soils  and  earths. 

Bedrock  and  "Near  Rock"  Foundations. — Bedrock  is,  as  a 
general  rule,  practically  secure  against  stream  scour  and 
under  ordinary  working  pressures  is  incompressible.  How- 
ever, its  surface  may  be  irregular,  presenting  shelly  areas 
and  numerous  cracks  and  fissures,  through  which  water  fre- 
quently flows  very  freely,  rendering  the  work  of  preparing 
foundation  areas  costly  and  difficult.  On  the  contrary,  it 
may  present  a  surface  worn  smooth  by  glacial  or  water  action 
and  rounded  or  tilted  at  such  an  angle  with  the  horizontal 
that  it  becomes  necessary  to  level  it  horizontally  as  a  whole 
or  in  steps  in  order  to  render  the  substructure,  piers,  or  abut- 
ments placed  upon  it  secure  against  scour,  sliding,  etc. 

The  influence  of  the  elements  upon  bedrock  must  be  taken 
into  consideration,  especially  when  outcroppings  are  con- 
templated for  use  as  foundations,  as  certain  rock  formations 
are  sub.lect  to  disintegration  when  so  exposed. 

The  brief  discussion  of  bedrock  materials  here  given  would 
be  incomplete  without  a  reference  to  that  grade  of  soils, 
which,  for  want  of  a  bettor  nomenclature,  will  here  be  re- 
ferred to  as  "near  rock."  It  is  especially  important  to  exer- 
cise caution  whenever  these  materials  are  being  considered 
for  foundation  purposes.     The  most  common  of  these  are: 

(a)  Soft  shale,  sandstone,  limestone,  and  otlier  rock-like 
material  generally  known  as  "rotten  rock." 

(b)  Very  compact  and  shale-like  beds  of  clay  which  are 
subject  to  rapid  disintegration  when  subjected  to  scour. 

(c)  Beds  of  compact  clay,  similar  to  the  above,  which 
tend  to  slake  when  subjected  to  atmospheric  conditions. 

fd)  Beds  of  cemented  gravel  or  sand  which  disintegrate 
freely  when   subjected  to  scour. 

As  a  general  rule,  "near  rock"  soils  are  appreciably  com- 
pressible when  submitted  to  fairly  high  unit  pressures  and. 
in  addition,  many  of  them  disintegrate  freely  when  subjected 
to  the  erosive  action  of  swift  currents. 

Gravel  as  a  Foundation. — Gravel  varies  widely  In  Its  gran- 
ulometric  composition  and  in  the  original  rock  material  of 
which  It  is  composed.  Gravel  is  not  readily  defined  since  its 
many  uses  in  bridge,  road,  and  other  construction  work  have 
established  for  it  various  limitations  as  to  maximum  and 
minimum  sizes  of  particles.  However,  a  somewhat  com- 
monly accepted  definition  Is:  "Small  worn  fragments  of 
rock  material  which  will  pass  through  a  screen  having  holes 
2%  in.  (2i;^-in.  screen)  in  diameter  and  be  retained  upon 
a  sieve  having  four  meshes  per  linear  inch  (No.  4  sieve)." 
In  so  far  as  its  use  as  a  foundation  material  Is  concerned, 
the  term  "gravel"  is  very  generally  applied  to  material  hav- 
ing approximately  the  above-described  grading  intermixed 
■with  sand. 


A  gravel  having  its  particles  well  graded  from  coarse  to 
fine  and  firmly  cemented  with  a  natural  earthy  cement  con- 
taining iron,  silica,  lime,  or  other  comparatively  stable  ce- 
menting material,  if  existing  in  a  stratum  4  to  8  ft.  or  more 
in  thickness,  is  practically  incompressible  under  the  pressure 
produced  by  ordinary  bridge  structures  and  provides  an 
efficient  foundation  even  when  overlying  a  less  reliable  sub- 
stratum. Well  cemented  gravel  will  withstand  the  disinte- 
grating influence  of  a  quite  rapid  current.  Slow  disintegra- 
tion may  sometimes  result  from  dissolution  of  the  cementing 
medium.  The  cemented  gravels  here  referred  to  must  not  be 
construed  to  mean  the  hardest  grades  of  conglomerates 
which  quite  properly  may  be  considered  as  bed  rock,  but, 
instead,  the  softer  conglomerates  which  can  ordinarily  be 
broken  up  in  an  excavation  by  the  use  of  a  pickax. 

A  confined  gravel  stratum  made  up  of  loose  but  well  com- 
pacted material,  free  from  the  disintegrating  action  of  water 
flowing  through  it  is  only  slightly  compressible  under  ordi- 
nary  foundation   pressures. 

Foundations  in  Sand. — Sand,  like  gravel,  varies  widely  in 
its  granulometric  composition,  in  its  petrography,  and  in  its 
other  phyi^ical  properties  tending  to  render  it  satisfactory 
or  unsatisfactory  as  a  foundation  material.  It  may  exist  as 
a  firm,  well  cemented,  granular  material  practically  incom- 
pressible under  favorable  conditions  or,  on  the  contrary,  it 
may,  when  fine  grained  and  saturated  with  water,  exist  as 
a  soft,  yielding,  semifluid  material  quite  unreliable 
for  fouLdation  purposes.  As  in  the  case  of  cemented  gravel, 
above  described,  the  cementing  medium  is  commonly  a  nat- 
ural earthy  cement  containing  iron,  silica,  lime,  or  other 
cementitious  material.  Special  care  must  be  exercised  when- 
ever the  cementing  material  is  readily  soluble  in  water,  since 
its  subjection  to  the  action  flowing  water  would  cause  a 
disintegration  of  the  foundation. 

Compact  sand,  thoroughly  confined  against  lateral  move- 
ment by  overlying  strata  or  otherwise,  and  existing  in  beds 
6  to  10  ft.  in  thickness,  is  considered  an  excellent  founda- 
tion material,  provided  its  stability  is  not  endangered  by  a 
free  flow  of  water  through  it.  "Quicksand  when  properly 
drained  makes  a  very  stable  earth,  but  when  subjected  to 
saturating  water  it  becomes  a  hopeless  mess." 

Sand  originally  deposited  by  the  action  of  water  commonly 
exists  in  layers  or  strata  varying  widely  in  their  granu- 
lometric composition.  Quite  frequently  these  strata  have 
been  deformed  by  subsequent  movements  so  that  they  are 
tilted  at  an  angle  with  the  horizontal.  A  firm,  well  com- 
pacted stratum  so  tilted  may  be  rendered  useless  for  foun- 
dation purposes  by  an  unreliable  substratum  containing  an 
unstable  loose  sand,  clay,  or  other  unsatisfactory  material 
which  will  fault  when  subjected  to  foundation  pressures. 

Clay  an  Uncertain  Foundation  Material. — Clay  may  exist 
as  a  firm,  unyielding  material  resembling  shale  rock  and 
having  both  cohesion  and  density,  or  on  the  contrary  it  may 
exist  as  a  pasty,  semifluid  material  having  very  little  sup- 
porting power.  This  range  of  variation  in  its  physical  com- 
position renders  it  one  of  the  most  uncertain  and  inreliable 
of  foundation  materials.  Speaking  generally,  the  best  clay 
deposits  of  the  former  class  are  quite  impervious  to  water 
and  when  protected  from  the  disintegrating  action  of  flowing 
water  are  quite  reliable  as  foundation  materials;  however, 
it  may  here  be  remarked  that  some  of  the  most  dense  clays 
are  very  readily  scoured;  also  that  clays  giving  fair  evi- 
dence of  stability  will  very  frequently,  through  absorption 
of  water,  become  less  stable  and.  compact,  thus  losing  the 
important  elements  of  a  good  foundation  material.  Not  in- 
frequently clays  are  encountered  which,  when  subjected  to 
foundation  pressures,  will  squeeze  and  ooze  like  a  firm  India 
rubber. 

"Clay  even  if  found  in  hard  condition  is  subject  to  slight 
compression,  which,  while  uniform,  may  not  be  of  much  con- 
sequence." However,  mention  has  been  made  above  that 
the  foundation  pressures  produced  by  abutments  and  retain- 
ing walls  are  very  commonly  variable  from  front  to  rear  of 
wall,  thereby  tending  to  produce  an  uneven  settlement. 
Drainage  of  clay  foundation  areas  will  increase  their  sta- 
bility and  bearing  power. 

Clay  strata  which  have  been  deformed  and  are  tilted  at 
an  angle  with  the  horizontal  are  subject  to  possible  slipping 
along  natural  cleavage  planes  rendering  them  to  a  greater 
or  less  degree  unreliable  as  foundation  materials.  Their  de- 
pendability in  such  cases  is  based  mainly  upon  the  strike 
angle  of  the  formation  and  the  physical  character  of  the  clay 
strata  composing  the  general  mass.     In  this  connection,  it  is 
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important  to  call  attention  to  the  tact  that  clay  strata  tre-  metal  beams  filled  in  with  concrete  or  of  concrete  reinforced 
quently  contain  fissures  and  fault  lines  running  at  random  by  rods  or  other  metal  work  to  give  it  the  desired  strength, 
through  them.  An  eroded  hillside  may  expose  these  planes  In  order  to  secure  a  desired  foundation  pressure  the  grillage 
of  natural  weakness  in  such  a  manner  as  to  render  a  hill-  area  is  usually  much  larger  than  the  base  area  of  the  sub- 
side foundation  of  clay  material  rather  uncertain  as  to   its  structure  unit  placed  upon  it. 

effectiveness.  Piles   are   more   commonly    used   than   any   other  class   or 

Ordinary   soft  soils  and   earths,   when   considered   as  foun-  type  oi  artificial  foundation  material.     Their  use  during  cen- 

dation  materials,  vary  in  relation  to  the  proportions  of  sand,  turies    past    has    proved    their    reliability,    especially    in    soil 

clay,  or  other  firm  materials  they  contain;   however,  in  gen-  foundations  where  excavation  to  a  firm  unyielding  stratum  is 

eral  these  soils  will  support  only  very  small  foundation  pres-  unattainable  by  reason  of  excessive  cost  or  other  practical 

sures.     They  are  always  subject  to  a  considerable  amount  of  considerations.    Formerly  wooden  piles  were  used  exclusively, 

settlement   and    should,   therefore,   be    used    only    under    the  but  in  recent  years  reinforced  concrete  piles  have  been  used 

most  unimportant  structures  with  comparatively  small  pres-  to  a  considerable  extent.     The  types,  sizes,  methods  of  prep- 

sures  per  unit  of  foundation  area.     Soils  containing  materials  aration,  etc..  of  piles,  their  proper  driving,  and  considerations 

which  render  them   plastic  and  greasy  are   considered  very  entering  into  the  determination  of  their  safe  bearing  power, 

poor  foundation  material.  although  directly   related   to  our   general   subject  of  founda- 

Safe  Foundation  Pressures  for  Natural  Soils. — With  the  ex-  tions,  can  not  be  satisfactorily  treated  within  the  space  here 

ception  of  bedrock,  nearly  all  soils  are  appreciably  compres-  available.     However,  it  is  important  to  call  attention  to  some 

sible  when  subjected  to  ordinary  foundation  pressures.     The  common  misconceptions  of  the  bearing  power  of  pile's, 
amount  of  settlement  depends  upon  the  character  of  the  ma-  ^^  p^^^^  ^^   Piles.-A   pile   driven   its   entire   length 

erial  and  the  intensity  of  the  pressure  upon  it.     Usually  the  j,^^^„„^  ^^^^  ^^il  ^^  ^^^^  ^^^  j^^  ^^^^.  ^^^  j^;^. 

^tter  IS  expressed  in  tons  per  square  foot  of  foundation  area.  ^.^^  ^^.^^.       between  its  surface  and  the  soil  surrounding  it. 

Decisions   as   to   the   adaptability  of  natural   foundation   ma-  ^^^^  so-called  skin  friction  transfers  or  imparts  to  the  sur- 

terials   and   the    pressures   they   will    safely   sustain   without  ,^^^^^       g^i,  practically  the  entire  load  carried  by  the  pile; 

undue  settlement,  demand  mature  judgment  which  has  been  ^u  •  *  c  *,  -i         i       ■.         •   ,.        j  ^-J      cc   \     ^ 

,,,,         ,,,  "=="  tlje  resistance  of  the  soil  under  its  point  and  the  effect  of 

ripened  by  personal  experience  and  a  knowledge  of  the  results  ,  ,    .  ,,    .  .  -i,.   .1,.     ,     j  ^ 

Jl   .    ,    .-^  '     ,  j;  .      .       ,,,      &=  "'      ^  .       '  buoyancy  are  but  small  in  comparison  with  the  load  trans- 

obtaind    by   others.     The   amount   of   settlement   permissible  -t*  j    *      -,.   v      »i  t,  ,.       ,.  /-,  ^     »  4.,  •     *     ^ 

,  J         J      X  ,     ,    J  soiuic  nutted   to   it  by   the   substructure.     On  account  of  this  fact 

tor  anv  given  case  depends,  to  a  marked   degree    upon  the  -^  ■     ■  \.     a  ■         -i       •         «*       -i       *     ,  *         1 

,  1         .   iu      J     .  ,     «  ii.  i     •  ,  ,    .      ,,  it  IS  improper  to  drive  piles  in  soft  soils  at  close  intervals, 

character   of   the   design  and   of  the   materials   used   in   the  »      ,     ^         «  -i       j  •  -1  i.     ^       -i, 

,    .,  »       i  rr.1  •     -1,,  ^^^  i    .       „  A  cluster  of,   say,  seven   piles   driven   m   close   contact  with 

bridge    superstructure.      The    permissible    settlement    is,    for  i.     ,t  it  -j       j         j,       ■,     ■  i. 

...  .    i       .  i,  V,       T,.  ,   i,       ,,        ,  ,  each  other  can  scarcely  be  considered  as  developms  a  bear- 

ccrtam  classes  of  structures,  the  gauge  bv  which  the  allowable  ■  •  « ^.i,   ,.  j       ,       j  v     tt  ■,     " 

..  „        ,  ^.  i  ,,  J       J  ^     ,   ,     .  .  mg  power  in  excess  of  that  developed  by  three  piles  properly 

unit  foundation  pressures  must  be  measured  and  final  decision  j  ^     ^  •....,.•,     j     ^     f,  j-  •, 

rende  ed  "cv-ioiui.  spaced  to  transmit  their  loads  to  the  surrounding  s-oil. 

T,  ,      '    „  ,,   „  , „j     t     41,              -4       c Piles,  dependent  wholly  or  in  part  upon  skin  friction,  pro- 
Reference  has  been  made  to  the   paucity  of  rel  able  data  ,  ,      ^  .4..        x,„.     ,      ,'        ,,  ,.  .f 

,„,.„„  ,„  i,,„  K ; ,.,„      o  „   -1       T     *!.       ,,  ..  ,,  .  duce,   by  transmitting  their  load  to  the  surrounding  soil,  a 

relating  to  the  bearing  power  of  soils.    In  the  absence  of  this  j-  -,      ^i,  ^      ,^  c  ,,  <.,,       «         ..i,  ^  l^ 

^„,„     °   „,„„»  K„  -Ar^A     1        (-       *•     1     I,  ..  corresponding  soil  settlement.     It  follows,  therefore,  that  the 

data  we  must  be  guided  almost  entirely  by  past  exper  ence,  -1        1     1    ■       ..i,     v,  .  iu         u  *       ^  • 

cjofn  f„,.„,iot!„„ „„„,„„  <■„        *       1       -1  .         .     ™  ,  ,  soil  underlying  the  base  of  the  substructure  may,  m  assum- 

Safe  foundation  pressures  for  natural  soils  are  given  in  Tab  e  .       -t     ,      ,       ^i,         ^     „    ,  »     ^      ..,    x,,       \,  ^ 

T      T^   «>,toir,   „„„/!   ,„„„!*     *u  <.»,-*  X.,     "        , ,    ,  ing  Its  load,  settle  out  of  close  contact  with  the  substructure 

I.     Tc   obtain  good   results   the  use  of  this  table   should   be  ,  .,        i  ■       .   j  j     .     »  ,        ,   i- 

c„T.T>i„r,  ,  „t„,i  i,„ „„        „  f         o  ii,     .0        ,   i.  .     .  ,  I'ase,  thus  becoming  independent  of  any  foundation  pressure 

supplen.ented  by  an  examination  of  the  foundation  material  1  .  j.-,.  ^  ^  -i,.  j  ,.  ...^  ., 
ir.  th^  oK„tr>io„f  0^/1  „;„  .  r,f„  /-.n  -i.  i  ai-ciia.  gpart  from  that  transmitted  by  the  piles, 
in  the  abutment  and  pier  pits.  Otherwise  its  use  will  occa- 
sionally lead  to  unsatisfactory  results  since  any  table  of  The  Use  of  Cribs. — Cribs,  as  generally  constructed,  consists 
this  kind  can  not  possibly  take  full  account  of  widely  vary-  of  grillage  bottom  frames  with  box-shaped  sides  extending  up- 
ing  soil  conditions.  ward  from  them.  They  are  very  commonly  built  at  or  near 
General  Classes  of  Artificial  Foundations. — Artificial  foun-  the  bridge  site,  launched  and  towed  out  to  the  positions 
cation  materials  are  divided  into  four  general  classes,  viz:  where  they  are  to  be  sunk.  If  for  a  given  pier,  the  final 
(1)  Compacted  soils,  (2)  grillage,  (3)  piles,  and  (4)  cribs.  foundation  area  is  covered  by  a  layer  of  soft  soil,  it  may  be 
Compacted  soil  foundations  are  sometimes  used  lor  small  dredged  prior  to  placing  the  crib  in  position  or,  in  lieu  of 
drainage  structures  having  comparatively  low  foundation  this,  the  crib  may  be  sunk  upon  the  soft  soil  which  may  be  re- 
pressures  per  square  foot.  They  are  produced  by  treating  moved  by  clamshell  dredging  or  by  pumping  it  through  the 
soft  soils  and  earths  to  render  them  more  firm  and  more  openings  in  the  grillage  bottom  of  the  crib.  If  the  foundation 
capable  of  supporting  foundation  pressures.  Two  methods  ^rea,  be  composed  of  bedrock,  it  may  be  necessary  to  pro- 
of compacting  are  in  use,  viz:  (1)  A  thick,  thoroughly  com-  determine  its  contour  and  to  shape  the  bottom  of  the  crib 
pacted  bed  of  sand,  gravel,  or  broken  stone  is  deposited  upon  roughly  to  fit  it,  thus  making  possible  the  sealing  of  the  crib 
the  soft  soil  after  excavating  it  to  a  considerable  depth.  against  the  admission  of  water  preparatory  to  unwatering  it 
'2)   A  quantity  of  sand,  gravel,  broken  stone  or  concrete  is  for  tl^s  construction  of  the  pier  within  it. 

forced  into  the  soft  soil.  A  type  of  construction  sometimes  used  consists  of  a  piled 
Grillage,  as  commonly  constructed,  consists  of  two  or  more  foundation  topped  with  a  wooden  crib  within  which  the  sub- 
courses  of  wooden  timbers,  laid  transversely  to  each  other  s-tructure,  pier,  or  abutment,  as  the  case  may  be,  is  built.  The 
and  firmly  drift-bolted  together.  The  timbers  may  be  laid  piles  after  being  driven  are  cut  off  at  a  uniform  elevation 
in  close  contact  or  they  may  be  separated  and  additional  t'^^t  will  bring  the  top  of  the  crib  below  minimum  low  water 
strength  secured  by  filling  the  spaces  between  them  with  and  the  crib  is  floated  into  its  correct  position  and  sunk  upon 
sand,  gravel  or  concrete.     Grillage  may  also  be  composed  of  them.     Under  certain  conditions  this  type  of  construction  is 

■ .  both  efficient  and  economical. 

TABLE  I— SAFE  BEARING  POWER  OF  FOUNDATION  SOILS  ^^  ^  Closer  spacing  of  the  piles  under  the  toe  of  an  abut- 

FOR  ORDINARY  STRUCTURES^*  ^^^^.^^  ^  ment  than  under  the  heel  it  is  possible  to  prevent  the  tipping 

in  ton.s  per  s^°Tt*"^'  of  the  abutment  which  would  otherwise  take  place  if  settle- 

Rock    the  har^l'irkinds.  in  thick  natural  beds'' '"tr""-  ^^Ytf"'"'  ™''°*  f°f^  °°'"''-  .  ^^  "^"^'"^  !^  '^1"'°^  ^  practically  uni- 

Gr-anites,     limestones     and     sandstones      hard  form  load  per  pile  is  secured.     If  perchance,  a  future  settle- 

Gr'Jnitfs,  ■limesionis-'and-sandsioneWetc-me-     ^^  ^^  "'^^^^  °^  ^"^  abutment  should  occur,  this  arrangement  of  the 

dium  hard  grades '        "  20  30  piles  would  tend  to  make  it  uniform. 

^b"2s?'?>rrd'-bu™'ld°bAc'k  mlionrv*"-'''^^^^^^^^  15  -0  Generally  speaking,  engineers  do  not  consider  it  satisfac- 

Limestones,   sandstones,    shales    etc  "equal  "to  "  *ory  to  Count  upon  the  transverse  strength  of  a  piled  founda- 

Gr^averoTc'ia^se^andrTn  YhiVk'WdV-weirce-      '  "  ''"''  ^'  '""'''"^  *°  '■^'''*  *''^  horizontal   thrust  of  arches  or 

mented    .".' g  10  other   structures   producing  pressures   acting  transversely  to 

l=i!3'  "?6'3i"m,  in  thick  beds,  well  cemented!!!!      4  (;  the  direction  of  penetration  of  the  piles      However    it  is  oc- 

band,  clean  and  well  drained,  confined  2  4  •        n  ,    j.-^    ^   ^,  .,  ,,'        .,  „     , 

Sand,  clear  and  wet.  confined ..!!!!!!!!!!      V  •  3  casionally   argued   that  the   soil  upon   the   sides   of  the  piles 

Sand  and   clay  combined,   in   thick 'beds', "we'li  "  opposite  the  direction  of  the  pressure  can  he  relied  upon  to 

drained,   confined    5  9  ■   x  x,     ^  >-.         ,.         ,,  ,  . 

Clay,  firm,  in  thick  beds,  well  drained,  'confined      4  fi  resist  that  pressure.     Granting  that  this  contention  is  m  part 

Clay,  firm,  in  thick  beds,  wet  but  not  'saturated      2  4  true,  the  question  arises  as  to  the  extent  to  which  this  soil 

Alluvial  soi?s',"firm.!!!!'.'.'.!'.'.','.'.''.'.'.'.!!!!.'.'!!!!!!      ■'1,4  X  """"  reasonably  be  considered  as  acting.    At  best,  the  problem 

•Arches,  cantilevers,  continuous  spans,  laree  strucfures  and  hiKh  is  a  complex,  indeterminate  one.     It  involves  such  factors  as' 

fnT^i|at1on's''?,"nd^eli^'""s"C1d  h"e  maaeloi^fuchUru'cture^s'^'''^'  H)   To  what  depth  below  the  base  of  the  substructure  shall 

tAny  orriiriary  substructure  load.  the   thri^st   be   considered   as   resisted   bv   the   piles,   the   soil 
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being  compressible  and  the  piles  flexible?  12)  Assuming  the 
piles  In  adjacent  rows  to  be  staggered,  am  more  than  the 
two  rows  of  piles  on  the  side  of  thi'  foundation  area  opposite 
to  the  direction  of  the  thrust  active  in  resisting  it?  Nat- 
urally, any  pressure  home  primarily  by  the  other  rows  of 
piles  will  be  transmitted  with  little,  if  any,  lo'ss  through  the 
intervening  soil  to  the  two  rows  above  mentioned.  (3)  To 
what  extent  is  the  tendency  of  the  transverse  thrust  effec- 
tive 111  disturbing  the  uniform  distribution  of  the  skiii  friction 
element  on  all  piles  In  the  foundation?  Considering  the  in- 
determinate nature  of  these  jiroblems,  and  considering  further 
that  a  very  slight  movement  of  the  superstructure  upon  its 
foundation  will  induce  important  stresses  never  considered 
In  the  original  design,  it  seems  wise  to  forego  all  snap  judg- 
ment and  to  introduce  battered  piles  in  the  foundation,  even 
at  a  considerable  increase  in  cost  per  linear  foot  of  the  piles, 
6C  driven. 


Air  Operated  Wire  Brush  for  Cleaning  Paint 
and  Scale  from  Metal 

Wire  brush  cleaning  of  metal  surfaces  offers  an  oppor- 
tunity for  considerable  saving  of  time  and  labor  over  that 
required  by  hand  in  removing  paint,  rust,  scale  and  dirt. 
A  wire  brush  of  very  rugged  design  has  recently  been  placed 
on  the  marltet  by  the  Ingersoll-Rand  Co..  11  Broadway,  New 
York,   for  use  with   its  standard   No.   6  "Little   David"   drill. 


Little   David   Drill    Fitted    With   Special   Wire   Brush. 

It  is  a  brush  with  face  diameter  of  .">  in.  and  is  made  up  of 
wires  of  a  special  heat  treated  steel  which  has  been  found 
to  have  very  good  wearing  qualities.  It  is  sturdily  con- 
structed and  will  stand  up  under  severe  service.  It  is  man- 
ufactured particularly  as  an  attachment  for  the  No.  6  drill 
(as  illustrated),  this  type  of  machine  being  especially  suited 
for  work  of  this  nature.  The  drill  has  liberal  bearings  to 
take  up  all  the  end  thrust  when  pressing  down  on  tiie  work; 
a  high  speed  and  very  reliable  motor,  and  moreover  is  of 
light  weight  and  small  overall  dimensions.  It  can  be  used 
in  sharp  corners  and  other  cramped  spaces.  The  whole  out- 
lit  weighs  only  llVo  lb.  The  wire  brush  outfit  is  adapted  for 
removing  paint,  rust,  scale  and  dirt  from  tanks,  steel  cars, 
structural  steel  and  all  sheet  metal  surfaces.  It  is  also 
useful  for  cleaning  iron,  steel  and  aluminum  castings. 


Classification  and  Compensation  of  Engineers. — The  Board 
of  Direction  of  the  American  .Society  of  Civil  Engineers  at  a 
meeting  in  Houston,  Tex.,  on  April  2,5.  endorsed  the  classifi- 
cation for  engineers  embodied  in  the  Engineering  Councils' 
Committee  report  of  Dec.  15,  1919  (see  Jan.  4,  1920,  issue 
of  Engineering  and  Contracting),  as  being  in  its  judgment 
generally  applicable  to  all  branches  of  engineering.  The 
Board  of  Direction  also  approved  the  salary  schedule  pro- 
posed in  the  report,  "not  as  an  inflexible  standard,  but  as 
indicative  of  the  proper  salary  relation  between  the  several 
grades  of  the  classification,  as  jiroposing  minima  for  the  sev- 
eral grades  which  under  ordinary  circumstances  are  the 
least  that  can  be  considered  reasonable  and  just,  and  as  pro- 
viding sufficient  range  between  minima  and  maxima  for 
making  adjustments  to  suit  variations  in  living  conditions, 
kind  of  work  and  character  of  service,  and  for  permitting 
adequate  salary  advances  within  the  grades  themselves." 
The  Beard  of  Direction  further  recommends  "that  copy  of  its 
recommendations  together  with  the  classification  and  the 
salary  schedules  be  transmitted  to  the  membership  of  the 
society,  to  the  engineering  press  and  to  the  American  Engi- 
neering Council  with  the  recommendation  that  the  classifi- 
cation be  adopted  in  connection  with  their  several  employ- 
ment services. 


How  Personnel  Readjustments  Are 
Handled  by  Armour  &  Co. 

Mr.  W.  S.  .MacArthur,  assistant  secretary.  Armour  and 
Company.  Chicago,  tells  in  the  May  number  of  "Oiu'  Hundred 
Per  Cent"  something  of  the  company's  problems  and  methods 
of  reducing  and  readjusting  its  office  force.  The  following  is 
taken    from    Mr.    MacArthur's    article; 

The  Data. — A  close  study  of  the  graphic  charts  and  records 
shows  that  practically  the  same  number  of  orders  are  passing 
through  the  order,  shipping  and  billing  department  as  in 
1914,  and  as  a  consequence  the  personnel  of  that  department 
has  also  been  reduced  to  that  basis.  With  this  positive 
information  truly  reflecting  the  state  of  business,  it  naturally 
follows  that  the  general  force  all  along  the  line  is  top  heavy. 

Armed  with  a  statement  by  departments  or  divisions,  show- 
ing the  present  number  of  employes  as  compared  with  1914, 
the  office  manager  is  able  to  impress  upon  the  department 
heads  not  only  the  possibility  but  the  absolute  necessity  for 
a  readjustment  and  reduction,  and  this  having  been  deter- 
mined the  next  consideration  is  who  shall  be  dismissed.  This 
:s  where  the  personnel  system  or  whatever  card  record 
might  be  maintained  proves  its  value  as  it  gives  all  the 
necessi>r>'  dnia  in  regard  to  the  employe  under  consideration. 

Must  Weigh  Value  of  Non-Producing  Groups. — The  non- 
producing  departments  should  of  course  be  first  considered. 
How  r;u  activities  of  the  Boy  Scout  Troops,  orchestra,  glee 
club,  dramatic  clubs  and  other  social  and  welfare  organiza- 
tions, shall  be  continued  must  be  governed  largely  by  the 
local  conditions  affecting  the  business.  For  instance,  the 
work  of  the  Scout  Troops  has  an  unquestioned  value  and  it 
would  be  unwise  to  abolish  their  activities  completely.  On 
the  other  hand,  it  has  been  clearly  proven  that  a  curtailment 
of  expenses  to  the  greatest  possible  degree  arouses  the  boys 
tc  the  realization  that  they  must  do  their  part  as  true 
scouts,  in  aiding  the  executives  to  obtain  the  desired  results. 

By  this  means  interest  is  not  only  increased  but  the  morale 
improved  as  each  scout  understands  definitely  the  part  he 
is  playing  in  the  current  events,  and  this  is  a  feature  that 
should  not  be  overlooked  as  "the  lads  of  today  are  the  execu- 
tives of  tomorrow."  Similar  action  should  be  taken  with 
the  glee  club,  orchestra,  dramatic  club  or  whatever  the  com- 
pany organizations  might  be.  for  it  brings  the  matter  directly 
home  to  each  individual  and  accomplishes  a  double  purpose. 

When  Diplomacy  Counts. — In  considering  sales  and  ac- 
counting departments,  the  questions  of  seniority,  efficiency, 
late  and  absent  record,  dependents,  and  general  value  to  the 
organization  are  important  factors.  As  a  rule,  department 
managers  are  willing  to  co-operate  in  bringing  about  the 
proper  results,  but,  in  their  desire  to  effect  a  reduction  in 
their  particular  department,  frequently  overlook  things  which 
the  office  manager  must  constantly  keep  before  him. 

Every  organization  has  to  carry  certain  employes,  faithful, 
steady  workers,  who  have  been  with  the  company  for  many 
years  and  have  long  since  attained  their  maximum  capacity. 
Some  department  managers  would  like  to  release  them  in 
exchange  for  those  who  are  perhaps  more  capable  of  de- 
velopment but  who  have  a  shorter  term  of  service.  How- 
ever desirable  this  might  be,  long  years  of  service  cannot  be 
lightly  disregarded  If  the  morale  of  the  organization  is  to  be 
maintained. 

Frequently  personalities  enter  into  these  selections  and 
on  these  occasions  the  office  manager  has  the  opportunity  of 
demonstrating  his  skill  as  a  diplomat.  There  are  cases  how- 
ever where  employes  with  years  of  service  are  dismissed  in 
preference  to  others  of  more  recent  connection,  but  special 
considerations  govern  these  and  it  naturally  follows  that  each 
case  must  be  considered  apart  from  all  the  others. 

During  the  war  when  so  many  men  were  inducted  into 
military  service,  their  places  were  largely  filled  by  women 
who  are  still  in  industry,  and  in  this  readjustmen',  process 
men  are  given  preference,  especially  those  with  dependents. 
There  are  of  course  exceptions  and  these  too  are  given  special 
consideration. 

Reducing  and  Improving. — It  is  well  to  secure  from  the  de- 
partment manager  the  names  of  employes  whose  services  are 
not  up  to  proper  standard,  that  capable,  loyal,  conscientious 
employes,  taken  out  of  certain  positions,  may  be  used  to  re- 
place them,  thus  accomplishing  the  double  purpose  of  re- 
ducing the  force  and  at  the  same  time  improving  the  per- 
sonnel. 
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It  is  necessary  in  some  cases  to  assign  men  who  have 
been  occupying  more  or  less  responsible  positions  as  heads 
or  assistants  of  subdivisions  to  work  which  could  be  taken 
care  of  by  others  with  less  experience,  but  one  of  the  main 
things  to  keep  in  mind  in  all  this  readjustment  is  the  neces- 
sity for  retaining  as  many  as  possible  of  the  experienced 
men  who  will  serve  as  the  nucleus  of  the  larger  organization 
which  must  be  built  up  when  conditions  become  normal. 

In  making  the  selection  and  rendering  decisions  which  in- 
volve sc  vitally  the  personal  life  of  the  employe,  the  con- 
ferring with  department  managers  and  the  suggesting  of 
definite  lines  of  action,  the  office  manager  brings  into  play 
his  versatility,  and  as  the  connecting  link  between  the  execu- 
tives and  the  employes,  interprets  the  policy  of  the  organi- 
zation. 


of  aviation  this  author  must  have  had!  "Warrior  band" 
have  alarmed  "the  gaping  crowd"  and  the  time  may  be 
near  when  "fair  crews"  shall  "wave  their  fluttering  kerchiefs 
as   they   move." 


An  Engineer  Among  the  Poets 

By  R.  FLEMING, 
AmPi-ican  Bridge   Co.,   New  York  City. 

A  man  with  technical  training  may  at  times  have  an  en- 
joyment peculiarly  his  own  in  wandering  through  the  realms 
of  poetry.  A  few  such  instances  will  be  given: 

Swift  of  foot  was  Hiawatha: 

He  cculd  shcot  an  arrow  from  him. 

And  run  forward  with   such  fleetness 

Tliat   the  arrow  fell   behind   him! 

Strong  of  arm  was  Hiawatha: 

He  could  shoot  ten  arrows  upward. 

Shcot  them  with  such  strengrth  and  swiftness. 

That  the  tenth  had  left  the  bow-string 

Ere  the  first  to  earth  had  fallen! 

These  lines  from  Longfellow  are  quoted  by  Merriman  in 
his  "Elements  of  Mechanics"  followed  by  the  problem.  "Com- 
pute the  running  speed  of  Hiawatha  in  miles  per  hour,  assum- 
ing that  he  could  shoot  ninety  arrows  per  minute  and  that 
when  shooting  forward  he  aimed  at  an  angle  of  45  degrees 
with  the  horizontal."  The  answer  is  given,  "About  46  miles 
per  hour."  "Hiawatha  must  have  been  some  runner,"  re- 
marked  a  student. 

Every  moment  dies  a  man. 
Every  moment  one  is  born. 

— Tennyson,  The  Vision  of  Sin. 

It  is  said  that  Babage,  the  inventor  of  the  calculating  ma- 
chine, wrote  to  Tennyson  that  if  his  statement  were  true  the 
population  of  the  world  would  be  at  a  standstill,  that  the 
true  ratio  was  about  one  to  one  and  one-sixteenth  and  that 
he  should  change  his  lines  accordingly. 

The  stars  shall  fade  away,  the  sun  himself 
Grew  dim  with  age,  and  nature  sink  in  years. 

"Nor  is  there  known  to  science  any  natural  powers  where- 
by this  cosmic  doom  may  be  either  averted  or  repaired  by 
exterior  reversal,"  comments  one  writer.  On  the  other  hand 
another  says,  "This  is  a  kinematic,  rather  than  a  dynamic 
conclusion,  and  it  is  dynamically  controverted  by  the  fact 
that  the  velocity  of  light,  the  velocity  of  electro-dynamic 
action,  and  the  velocity  of  the  gravitating  time-integral  of 
solar  rotation,  are  each  equivalent  to  the  thermal  unit  of 
velocity  at  the  center  of  our  system  which  is  indicated  by 
Laplace's  principle  of  periodicity." 

Be  not  the  first  by  whom  the  new  are  tried. 
Nor  yet  the  last  to  lay  the  old  aside. 

— Pope,  An  Essay  on  Criticism. 

No  progress  in  engineering,  nor  in  anything  else,  would 
be  possible  if  this  advice  were  followed  by  everybody.  Some- 
body n.ust  be  the  first  to  try  the  new. 

For  I  dipt  into  the  future,  far  as  human  eye  could  see. 

Saw  the  vision  of  the  world,  and  all  the  wonder  that  would  be. 

Till   the  war-drum  throbbed  no  longer,   and   the    battle   flags  were 

fuil'd 
In  the  Parliament  of  man,  the  Federation  of  the  World. 

— Tennyson.  Locksley  Hall. 

Did  the  Poet  Laureate  anticipate  by  75  years  the  League  of 
Nations? 

Soon   shall   thy  arm  imconquered    Steam!    afar 
Drag  the  slow  barge,  or  drive  the  rapid  car; 
Or  on  wide-waving  wings  expanded  bear 
The  flying  chariot  through  the  fields  of  air. 
Fair  crews  triumphant,  leaning  froin  above, 
Shall  wave  their  fluttering  kerchiefs  as  they  move; 
Or  warrior  bands  alarm  the  gaping  crowd. 
And  armies  shrink  beneath  the  shadowy  cloud. 

— Erasmus  Darwin,  The  Botanic  Garden. 

The  foregoing  lines  by  the  grandfather  of  Charles  Darwin 
were  written  late  in  the  eighteenth  century.    What  a  vision 


Power    Benders   for   Bending  Reinforcing 

Steel 

A  new  power  driven  bender  designed  for  bending  rein- 
forcing bars,  brought  out  recently  by  the  Wallace  Supplies 
Mfg.  Co..  418  Orleans  St.,  Chicago,  is  illustrated  below.  The 
machine  has  a  capacity  up  to  two  1%  in.  square  twisted 
tars  at  one  time,  or  the  equivalent  in  smaller  sizes.  With 
the  use  of  extra  high  forming  pins  and  rollers.  S  to  10 
small  bars  can  be  formed  at  a  time.     The  bars  may  be  bent 


Wallace  Power  Bar  Bender  No.  8. 
either  to  the  right  or  left  hand  avoiding  the  necessity  of 
reversing  bars  in  order  to  make  all  bends.  This  effects 
a  considerable  saving  in  time  and  labor  in  handling  mate- 
rial. The  machine  also  is  suitable  for  the  bending  of  angles, 
channels,  flat  and  round  bars,  etc.,  such  as  are  ordinarily 
bent  on  bulldozers.  A  IVz  HP.  motor  is  required  to  operate 
the  bender,  or  it  can  be  furnished  arranged  with  friction 
clutch  pulleys  for  belt  drive.  The  bender  weighs  3,500  lb. 
and  occupies  a  floor,  space  6  by  6  ft. 

The   Wallace   Supplies    Mfg.    Co.   also   is   producing   a   ma- 
chine that  can  be  used  to  advantage  for  the  coiling  of  rein- 


Wallace   Ring  Coiling    Machine   No.  3. 

forcement  bars  into  spirals  such  as  are  used  for  column 
reinforcement.  This  machine  is  designed  for  bending  2x2x%, 
angles  cold  in  30-in.  diameter  circles.  Lighter  sections  can 
be  formed  to  smaller  circle.  It  also  is  used  for  bending 
angles,  channels,  ties,  rounds,  squares,  or  square  twisted 
deformed  flat  bars  on  edge,  pipe,  tubing  and  special  sec- 
tions. The  machine  is  operated  by  lever  engaging  friction 
clutch  pulleys  for  forward  and  reverse  drive.  Rollers  can 
be  furnished  suitable  for  any  shape  or  section  of  material. 
The  upper  roller  is  adjustable  by  means  of  a  hand  screw 
to  secure  diameter  of  coil  desired.  The  machine  weighs 
J. 200  lb.  and  occupies  a   floor  space  of  42  in.  by  54  In. 
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The  Design  of  Column  and  Wall 
Forms 

By  B.  P.  ROCKWOOD. 
Stnirturul  EnslnciT  with  Stone  &  Welwter,  Inc.,  Boston. 
The  design  of  column  sheathing  anil  the  vertical  members 
holding  horizontal  wall  sheathing  in  place  is  a  laborious  op- 
I  ration  since  the  resulting  equations  are  of  the  third  or  fourth 
degree,    even    when    the    assumption    is   made    that    between 
supports  pressure  on  the  forms  is  uniform.    This  assumption 
is  permissible  since  the  resulting  error  is  less  than  1  per  cent. 
The  matter  can,  however,  be  readily  cared  for  graphically 
and  the  labor  of  design  materially  lessened  thereby.     To  do 
ao  proceed  as  follows: 

Let  h  =  head  of  concrete  in  feet, 

P  —  pressure  n.t  depth  h,  In  pounds  per  square  foot. 
S  =  the  spacing  of  the  member  In  feet, 
b  =  tlie  breadth  of  the  member  in  Inches, 
d  =  the  depth  of  the  member  In  Inches, 

1  =  the    maximum    allow.-ible    dellection    of    the    member    in 
Inches. 


I... 


2  X  1,200,000,000  X  ^  X  6 


45  X  1,200 
=  5.77  ft. 
From  h  :=  3,  Kig.  1,  draw  a  vertical  intersecting  Curve  I  at 

L  3.08 

B.     Then    lav   off   points    A=:h =  3 =  1.46,    and 

2  2 

L  3.08 

C  =  hH =:3H =4.54  and  connect  them  with  B. 

2  2 

We  now  have  the  diagram  in  form  to  use  in  determining 
the  spacing  of  other  girts.  Assume  the  first  girt  at  the  top. 
Then  h^o.  The  location  of  the  next  girt  is  determined  as 
follows . 

1.  Draw  a  line  through  D,  (h=:o)  parallel  to  AB. 

2.  Ih-aw  EF  parallel  to  BC. 

3.  BF  =  3.85  ft.  is  the  location  of  the  second  girt;  and  since 
this  is  less  than  Le  =  5.77  ft.  the  Curve  I  is  the  proper  curve 
to  use. 

Also,  for  simple  span  members 


^Head  of  Concrete  Jn  Feet  ="/;" 
Ch.irt   for    Designing    Vertical    Members    Subject    to    Horizontal        Pressures. 


f  =  the  allowable  extreme  fibre  stress  in  pounds  per  square 

inch. 
E  =  the  modulus  of  elasticity  in  pounds  per  square  inch,  and 
L  —  the  span  in  feet. 
Then,  lor  continuous  members 
20tbd= 

Lf  =  V if  strength  governs  the  design (1) 

144SP 
2Eid 

L,  =  V is  the  limiting  value  for  L,  after  which  de- 

45f 

flections  governs  the  design (2) 

and 
Eibd' 
L.  =  «' 


L,=  V 


Lo=  V 


and 


16tbd- 

144SP 
Eid 

3  Of' 

Eibd' 


■^ 


.fl') 
,(2,) 

.(3') 


270PS 
1                  1 
Next,  with and as  ordinate  and  h  as  the-  abscissa 

vp       -yp 

in  both  cases  plot  curves,  having  first  assumed  a  relationship 

if  deflection  governs  the  design (3)      between  P  and  h.     Fig.  1  shows  curves  so  plotted,  assuming 

162SP  p  =  140  h,  since  the  pressure  of  concrete  is  assumed  to  be 


As  an  example,  let  it  be  required  to  determine  the  spacings      that  of  a  liquid  weighing  140  lb.  per  cubic  foot. 


of  the  horizontal  rangers  supporting  the  2-in.  x  6-in.  verticals. 
3-ft.  centers  which  support  the  horizontal  sheathing  of  the 
forms  of  a  retaining  wall. 

Let  is  be  assumed  that  E  =  1,200,000  lb.  per  square  inch, 
f  =  1,200  lb.  per  square  inch  and  that  i=  %  in.  or  less.  Also, 
that  the  spans  are  continuous. 

Assume  h  =  3  ft. 

20  X  1,200  X  2X6= 

Then  Lr  =:  V 


144  X  3  X  140  X  3 
=  3.08  ft. 


To  use  Fig.  1  the  members  being  assumed  as  continuous 
proceed  as  follows: 

1.  Assume  values  for  P,  b,   d.   S   and  f   and   solve  for  Lt, 
Equation  1. 

2.  Assume  the  deflection  to  be  allowed  as  a  maximum,  and 
solve  for  L«„  Equation  2. 

3.  Talte  a  point  on  Curve  I  corresponding  to  the  value  of 

L, 
h  in  question  and  connect  this  point  to  points  h and 
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I.r 


h  +  - 


on  the  base  line. 


SUMMARY. 
tr°""'J. ■ $    500.00 


4.  The  span  of  the  member  tor  any  other  depth  h,  may  now 
be  obtained  by  drawing  through  that  point  on  the  same  curve, 
lines  parallel  to  the  lines  mentioned  in  (3).  The  distance 
between  the  intersections  of  these  lines  with  the  base  line 
will  give  the  span  L,  if  this  is  less  than  Le.  If  it  is  greater 
than  L^  repeat  the  operation,  using  Li  Equation  3  and 
Curve  II. 

To  find  the  location  of  the  other  girts  draw  a  line  through 
F  parallel  to  AB  intersecting  Curve  I  at  G,  through  which 
point  draw  GH  parallel  to  BC.  Then  FH  =  6.25  —  3.85=2.40 
ft-  is  the  distance  between  the  second  and  third  girts. 

The  location  of  the  fourth  girt  is  in  a  similar  manner 
found  to  be  HL^2.05  ft.;  and  others  are  likewise  deter- 
mined. 


Comparative  Costs  of  Small  Houses 
for  1914,  1920  and  1921 

At  the  national  conference  on  the  construction  industries 
held  at  Philadelphia  Feb.  15-lS  under  the  auspices  of  the 
Industrial  Relations  Committee  of  the  Philadelphia  Cham- 
ber of  Commerce  and  the  National  Federation  of  Construc- 
tion Industries,  ,  Mr.  Daniel  Crawford,  Jr.,  an  operative 
builder  of  Philadelphia,  gave  an  interesting  analysis  of  the 
cost  of  the  general  construction  of  a  typical  dwelling.  Ac- 
cording to  his  figures  a  2-story  house  of  6  rooms  and  bath, 
built  in  Philadelphia,  cost  $2,969  in  1914,  $8,346  in  1920  and 
could  be  built  for  $6,676  in  1921.  These  figures  are  based 
on  an  operation  of  100  houses.  Mr.  Crawford's  figures 
follow: 

1314.  1920.  1921. 

Grou.id     $    500.00     $    600.00     $    600.00 

STREET  IMPROVEMENTS. 

1.  Sewer    22.50 

2.  Water  pipe    15.00 

3.  Curb    fplain)    6.00 

4.  Cartway  paving    25.00 


60.00 
30.00 
16.50 
90.57 


60.00 
30.00 
16.50 
90.57 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 


$      68.50 
GENERAL  CONDITIONS. 

1914. 

Plans     

Survey     

Building  permits  and  affidavits   

Water  permit  (brick  and  stone)   .... 

Electric    service    

Gas  service   

Fire  insurance  on  building  material 

Fire  insurance  on  buildings   

Plant  and  tools  

Sales  expense    

Advertising     

Office  expense   

Compensation  insurance   

Taxes     

Interest    

Title  company's   charges    

Deed — Acknowledging    revenue    and 

recording    

Expense — Placing   first  mortgage    . . 
Expense — Placing  second  mortgage . 

Supervision    

Supplies    


$    197.07     $    197.07 


1.00 
3.50 
5.00 
l.SO 


.10 

1.60 

5.00 

64.00 

32.00 

29.40 

il.2.5 

101.25 

69.75 

4.00 
20.00 
23.00 
18.00 

5.00 


1920. 
2.00 
5.00 
7.50 
l.SO 

4.66 

.10 

3. 87 

15.00 

176.00 

SS.OO 

78.60 

7.93 

25.00 

263.00 

150.25 

8.50 

220.00 

278.00 

36.00 

15.00 


1921. 
2.00 
5.00 
7.50 
l.SO 

4.66 

.10 

2.58 

12.0J 

144.00 

72.00 

65.50 

6.80 

77.45 

219.40 

123.75 

5.00 

108.00 

125.00 

36.00 

12.00 


$    395.65     $1,445.55     $1,036.18 


1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
IS. 
19. 
20. 
21. 
22. 
23. 
24 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 


CONSTRUCTION. 

Excavation    $  40 

Stone  masonry    145 

Brick  masonry    226. 

Roagh  carpentry    255, 

Finish  carpentrj'    266, 

Plastering    104 

Cement  work  83. 

Cut  stone  7 

Structural   steed    11 

Roofing  and  spouting    50 

Plumbing  and  gas  fitting 167 

Heating    166 


Electric  wiring 

Stairwork   

Labor — general   

Tile  work  

Iron  fence  and  clothes  poles 

Sheet  metal  work 

Cabinet  "work    

Hardware — finish    

Hardv'are — rouch     

Painting  and  glazing   

Art  glass    

Range  and  connection 

Gas  water  heater  and  connection. 

Parquetry  floor   

Flue  lining  and  crocks  

Grading — general    

Paperhanging  and  decorating   . . . 

Jyighting  fixtures    

.Sodding  and   seeding 

Numberip.g    bouses     


30 
37 
25 

5 
17 
35 
22 
11 
11 
100 

S 
21. 
12 
48 


95 
.54 
25 
42 
,00 
61 

no 

70 
80 
00 
00 
00 

on 

,50 
00 
50 

no 
no 

70 
00 
,00 

00 

75 
50 
00 
60 
10 
15 
75 
25 
43 
65 


99.45 

408.70 

703,67 

955.41 

850,00 

385,04 

258.54 

16,00 

48,47 

120.00 

545,00 

440.00 

81,25 

166,00 

50,00 

12,00 

30.00 

105.00 

56.00 

35.00 

33.00 

225.00 

15,00 

65.00 

35.00 

143,75 

8,85 

6.65 

110,00 

90,00 

4,85 

1.00 


93.00 

354,42 

659.71 

655.67 

610.00 

269.42 

198.76 

16.00 

33,63 

110.00 

442.00 

368,00 

65,00 

125.00 

50.00 

9.90 

25.00 

83.00 

40,00 

32,00 

24.00 

215,00 

15.00 

65.00 

26.00 

129.60 

8.85 

fi.30 

106,88 

85.00 

4.05 

1.00 


Street    improvements 
General    conditions 
Con.structiou    


68.50 
395,65 
2,003.15 


$    600.00 

197.07 

1.445.55 

6,103.64 


$    600,00 

197.07 

1,036.18 

4,842.79 


2,969.30     $8,346.26     $6,676.04 
3.200.00       8,800,00       7,200.00 
2,000.00       4,400,00       3,600.00 
700.00       2,500.00       2.000.00 
RATES  FOR  LABOR  USED  IN  COMPILING  ESTIMATES. 

Per  hour.  Per  hour,  Per  hour. 


Sale  price   

First    mortgage    value,  . 
Second    mortgage    value 


1914. 


Common  labor   $o  17y-' 

Carp.^nters    '.'.'.     ',iO  ' 

Carpenters'  helpers   .'     ^20 

Plasterers  50 

Pl.astcrers'  helpers   .....'     .35 

Bricklayers     .50 

Bricklayers'    helpers .3,5 

Stone  masons    45 

Painte.-s    .40 

Roofers    40 

Roofers'   helpers    25 

Cement  finishers   50 

Cement  laborers   20 

Tile   setters   65 

Tile  -setters'  helpers 40 

Plumbers     44 

Plumbers'    helpers    20 

Steamfltters .36 

Steamfitters'   helpers    24 

COST    OP   MATERIAL. 

Foundation   stone,   per  perch $  1.40 


Bricks,    per    M 7.O0 

Cement,    per  bbl 1.55 

Rough  lumber,  per  M  ft 20.00 

Flooring,  No.  1  snruco.  per  M  ft 30.00 

Lath,  4  in.,  per  M  ft 3.00 

Builders'  lime,  per  bu 25 

Calcine  plaster,   per  bbl 2.00 

Sand,  per  ton 1.30 

Fibre,   per  bu 25 

.Structural  steel,  per  cwt 1.40 

Tin.   per  box 8.2n 

Felt,  per  ton 30,00 

Pitch,  per  cwt 70 

Nails,   per  keg 3,00 

Sa.sh   cord,   per  hank 55 

Tile    floors,   per  sq.    ft 30 

SUB-CONTRACTS    SHOWN    BY    PERCENTAGE 
(ABOVE  ini4>. 

1914. 

Hardware    (finish)    Unity 

Piumbii;g     ....    ). .  .Unity 

Heating   Unity 

Painting    Unity 

Paperhanging   Unity 

Parauet  floors    ITnity 

Roofing   Unity 

Sheet  metal  work Unity 

Electric    vviring    Unity 

Millwork    Unity 

Plastering     Unity 

Gas  ranges Unity 

Excavations    Unity 

Rough  stone  foundation  walls T^nity 

F.ice    stone    work Unity 


1920. 
$0.50 
1.121/4 

.60 
1.25 
1.10 
1.30 
1.10 
1.30 
1.00 
1.10 

.70 
1.00 

.60 
1.00 

.80 
1.15 

.75 
1.10 

.75 

1920. 

$  4.00 

20.00 

5.25 

70.00 

80.00 

20.00 

.70 

6.25 

2.96 

.35 

5.75 

22.00 

110.00 

2.00 

7.50 

1.25 

1.00 


1921. 

$0.40 

1.00 

.50 
1.25 
1.10 
1.30 
1.10 
1.30 
1.00 
1.10 

.85 
1.00 

.60 
1.00 

.68^4 
1.15 

.75 
1.10 

.75 

1921. 
$  3.00 
18.00 
2.63 
46.00 
60.00 
9.50 
.64 
6.25 
2.30 
.35 
4.00 
22.50 
85.00 
2.10 
4.75 
.85 
.82% 
OF    INCREAS.E 


1920. 
218 
226 
165 
125 
157 
195 
140 
200 
170 
215 
268 
200 
143 
208' 
126 


1921. 
190 
168 
12'' 
115 
150 
167 
120 
150 

iri 
121 

158 
200 
128 
170 
90 


$2,005.15     $6,103.64     $4,842.79 


Mr.  Crawford  comments  on  the  above  costs  as  follows: 

In  1914  it  was  possible  to  buy  small  lots  for  dwelling 
house  construction  on  40-ft.  streets  for  about  $500.  The 
price  Oi  the  same  lot  today  on  a  50-ft.  street  is  a  little  bit 
more.  I  say  a  50-ft.  street  because  there  has  been  a  gen- 
eral tendency  in  this  community  to  develop  on  wider  ave- 
nues, and  the  land  has  been  laid  out  by  the  surveyors  or 
engineers  with  a  view  of  getting  not  less  than  a  50-tt. 
street,  if  possible,  so  that  it  is  difficult  today  to  find  a  piece 
of  land  that  is  divided  up  into  40-ft.  streets.  So  that  we 
have  taken  the  same  basic  value,  and  merely  added  the 
land  that  is  added,  and  made  it  $600  for  1920  and  $600  for 
1921. 

The  next  item  that  enters  into  the  cost  of  construction 
is  utilities — the  drainage,  the  water  pipe,  the  curb,  the  pav- 
ing— ^that  the  builder  must  pay  for.  In  1914  they  cost  him 
$68.50,  and  last  year  they  cost  him  $197.07.  This  year  the 
rales  are  the  same.  Some  folks  have  said  that  we  are  go- 
ing back  to  pre-war  levels.  The  first  important  item  that 
we  find  is  the  sales  expense  of  2  per  cent,  advertising  1  per 
cent,  and  office  expense  about  1  per  cent.  Generally,  that 
is  the  total  overhead  charge  of  an  operative  builder.  Four 
per  cent  represents  his  selling  expense,  his  advertising  and 
his  office  expense.  The  next  item  is  taxes  that  amounted 
in  1914  to  $11.25,  $85  last  year  and  $77.45  this  year 

The  next  item  is  interest.  You  will  notice  that  when  a 
man  starts  in  to  build  a  hundred  houses,  it  takes  a  lot  of 
money.  He  must  go  to  a  trust  company  and  negotiate  a 
loan,  ana,  of  course,  he  must  pay  interest  on  that  loan  until 
he  repays  it  to  the  trust  company.  We  have  predicated 
that  charge  on  9  months'  interest  on  three-quarters  of  the 
cost  of  the  house,  the  average  operation  taking  anywhere 
from  15  to  18  months  from  the  time  it  is  started  to  the 
time   it   is    disposed    of.      The   title   company   charges    cover 
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title  Intiurance  and  KuaritnteelnK  aKainst  ninchanics'  liens, 
and  oeaiches,  recording,  and  all  that  sort  of  thing,  which, 
ot  course,  are  perfectly  lonitlniatc  charges.  The-  next  large 
item  is  the  expense  of  placing  first  morlKages.  Jn  1H14  we 
hart  no  dlfllculty  whatever  in  placing  a  mortgage  of  $2,000 
on  a  $;!,200  house  at  an  expense  of  1  per  cent.  People  were 
glad  to  take  those  mortgages  because  they  were  a  very  good 
investment.  In  1920  the  conditions  had  reversed  themselves 
very  much.  It  was  nece.ssary  to  pay  5  per  cent  in  most 
cases  ti>  place  that  mortgage,  so  that  the  cost  of  that  item 
jumped  from  $20  to  $220.  That  condition  has  been  changed 
this  year,  and  we  can  place  mortgages  now  at  3  per  cent, 
so  that  there  is  run  into  the  expense  of  building  that  house 
a  charge  of  $108.  The  next  item  is  the  expense  for  placing 
second  mortgages.  In  1914  most  of  the  building  and  loan 
associations  which  took  the  mortgages  were  in  funds,  and 
there  was  no  difficulty  in  placing  that  second  mortgage  by 
paying  the  charges  of  the  attorney  who  represented  that 
association,  their  solicitor,  for  drawing  the  papers,  and  look- 
ing after  the  settlement,  a  charge  that  generally  amounted 
to  $2:!.  But  the  conditions  of  1920  changed  materially.  It 
was  necessary  to  pay  10  per  cent  in  1920  for  placing  second 
mortgage  loans,  and  that  amounted  to  $278.  That  has 
changed,  and  we  can  place  them  today  at  .'i  per  cent,  so  it  is 
$128.  Supervision  and  so  on.  is  estimated  at  $18,  $36  and 
$:;6.  The  general  conditions  in  the  construction  of  the  aver- 
age small  dwelling  house  rose  from  $395  to  $1,445,  and  now 
stands  at  $1,036. 


Changes  in  Retail  Food  Prices  in  the  United  States. — 
The  retail  food  index  issued  May  17  by  the  United  States 
Department  of  I>abor  through  the  Bureau  of  Labor  Statistics 
shows  that  there  was  a  decline  of  2.7  per  cent  in  the  retail 
cost  of  food  to  the  average  family  in  April  as  compared 
with  March.  Prices  of  43  food  articles  are  reported  to  the 
Bureau  of  Labor  Statistics  each  month  by  retail  dealers 
in  51  important  cities.  From  these  prices  average  prices 
are  made  for  each  article.  These  average  prices  are  then 
"weighted"  according  to  the  quantity  of  each  article  con- 
sumed in  the  average  workingman's  family.  From  January, 
1913,  to  December.  1920,  22  articles  of  food  were  used  in 
this  index,  but  from  January,  1921,  43  articles  are  included 
in  the  index  number.  During  the  month  from  March  15, 
1921,  to  April  15.  1921,  31  of  the  43  articles  on  which  monthly 
prices  are  secured,  decreased  in  price  as  follows:  Eggs, 
18  per  cent;  flour  and  potatoes,  8  per  cent:  prunes,  7  per 
cent:  nut  margarine,  lard,  crisco,  and  rice,  6  per  cent;  but- 
ter, 5  per  cent ;  cheese,  cornmeal.  and  navy  beans,  4  per 
cent;  cornflakes  and  canned  tomatoes,  3  per  cent;  plate 
beef,  fresh  milk,  bread,  rolled  oats,  canned  corn,  and  ba- 
nanas, 2  per  cent;  canned  salmon,  oleomargarine,  baked 
beans,  canned  peas,  tea,  coffee  and  raisins,  1  per  cent.  The 
price  of  chuck  roast,  hens,  cream  of  wheat,  and 
macaroni  decreased  less  than  five-tenths  of  1  per  cent.  Ten 
articles  increased  in  price  during  the  month  from  March 
15  to  April  15,  as  follows:  Cabbage,  21  per  cent;  bacon, 
f  per  cent:  pork  chops,  h  per  cent;  onions,  3  per  cent;  sir- 
loin steak,  round  steak,  and  oranges,  2  per  cent;  rib  roast, 
ham,  and  lamb.  1  per  cent.  Prices  remained  unchanged 
for  evaporated  milk  and  sugar.  For  the  year  period,  April 
15,  1920,  to  April  15,  1921,  the  percentage  decrease  in  all 
articles  of  food   combined   was  28  per  cent. 


ments  will  be  given  all  students  completing  the  architectural 
courses.  The  courses  are  also  open  to  all  qualified  students 
without  examination. 


Summer  Course  in  Model  Making  at  Columbia  School  of 
Architecture. — The  experiment  in  training  students  of  archi- 
tecture with  three  dimensional  models  has  proved  so  suc- 
cessful in  the  regular  work  of  the  Columbia  University 
School  of  Architecture  that  courses  in  technique  of  model 
making  will  be  given  under  the  summer  session,  which  be- 
gins on  July  5  and  continues  for  six  weeks.  The  classes  in 
the  technique  of  model  making  will  be  given  in  the  evenings 
so  that  students  who  are  occupied  in  work  during  the  day 
will  be  able  to  attend.  Harold  V.  Walsh,  instructor  in  archi- 
tecture at  Columbia,  will  give  the  course,  which  is  one  of  a 
large  number  of  summer  courses  in  architecture.  Courses  In 
shades  and  shadows,  perspective,  pencil  drawing,  advanced 
design,  water  color  drawing,  charcoal  drawing,  elementary 
design,  elements  of  design  including  the  application  of  orders, 
domestic  architecture,  antique  and  life  drawing  and  a  course 
in  the  fundamental  technique  of  architectural  drafting  as 
practiced  in  the  average  office  are  among  those  offered  for 
the  sumrrier  semester.  Credit  toward  the  degrees  in  archi- 
tecture for  students  who  have  satisfied  the  fjntrance  require- 


Personals 


ulurnjd   city   manager  of  Belleville, 


W.    M.    Slopansl<y   h;i.s    In 
Kan. 

F.  W.  .Sefton,  assistant  city  manager  of  Wichita,  Kan.,  has 
been  rppointed  city  n);mager  of  .Salina,  Kan. 

J.  E.  Caton,  public!  accountant,  Kansas  City.  Kan.,  has  been 
ehosea  city  manager  of  lOldorado,  Kan.,  to  succeed  Bert  C.  Wells, 
who  lecently  resigned  to  assume  similar  iX)sition  at  Atchison. 

R.  J.  Rich  has  resigned  as  county  surveyor  of  St.  I./ouis  County, 
Minnesota,  to  become  district  engineer,  succeeding  George 
Hughes.  lesigned.  H.  T.  Hare  has  been  appointed  county  surveyor 
to  succeed  Mr.  Uich. 

Allan  B.  Mills,  assistant  construction  manager  for  the  George 
A.  Fuller  Co.,  contractors.  New  Yorlc  City,  has  been  appointed 
director  of  Ihe  IJivision  of  Architecture  on  the  New  Jersey  .State 
Comiiiission  of  In.stitutions  and  Agencies. 

A.  F.  Wickes,  architect;  A.  P.  Melton,  former  city  enrjineer.  J. 
J.  Kelley,  real  estate  dealer;  W.  A.  Wirt,  superintendent  of  schools; 
H.  H.  Snyder,  editor  Gary  P'ost;  K.  li.  Rowley,  president  of  the  city 
council,  and  engineer;  P.  H.  Stevens,  president  of  board  of  works, 
and  W.  .1^.  Cottingham,  city  engineer,  have  been  appointed  mem- 
bers of  the  city  plan  commission  of  Gary,  Ind. 

J.  M.  BIythe,  heretofore  assistant  sewer  engineer  of  Hamilton, 
Ont.,  has  been  appointed  land  surveyor  for  the  city  engineer's  de- 
imrtnient.  A.  H.  Hannaford,  resident  engineer  of  the  Hamilton- 
Niagara  division  of  the  G.  T.  R.,  has  been  appointed  to  be  otBce 
and  designing  engineer,  and  S.  R.  Ross,  at  present  with  the  Frid 
Construction  Co.,  assistant  sewer  engineer. 

Dr.  J.  A.  L.  Waddell,  of  New  York  and  Kansas  City,  has  been 
appointed  head  of  the  International  Commission  of  Engineers  for 
the  great  Yellow  River  Bridge,  the  most  important  in  the  Chinese 
Empire.  He  also  will  advise  the  Chinese  Government  on  other 
important  engineering  subjects.  The  Yellow  River  Bridge  will  be 
a  very  long,  important  and  costly  structure,  Ijuilt  at  a  remote 
place,  with  imiKirtant  materials,  under  difficult  conditions  and  with 
very  treacherous  foundations  that  demand  the  highest  degree  of 
skill  and  experience  to  direct  the  work  and  choose  from,  modify 
or  combine  the  plans  that  will  be  submitted  by  bridge  builders 
from  all  over  the  world. 


Obituaries 

Edgar  M.  Graham,  a  consulting  engineer,  of  Muskogee,  Okla., 
was  killed  Aiay  14  in  un  automobile  accident. 

Andrew  F.  Ross,  an  irrigation  engineer,  died  May  10  at  a 
hospital  at  Frovo,  Utah,  of  pneumonia  He  was  bom  in  IX'dham. 
Mass..  in  ISGo,  and  came  west  20  years  ago  to  superintend  the  work 
at  the  Gunnison  Tunnel  of  the  U.   S.  Reclamation  Service. 

Edmund  T.  Perkins,  president  of  the  Edmund  T.  Perkins  En- 
gineering Co.,  First  National  Bank  Bldg.,  Chicago,  111.,  died  sud- 
denly May  21  of  heart  disease.  Mr,  Perkins  was  born  at  Scotts- 
ville,  Va.,  in  1804.  He  was  engineer  of  the  United  States  iiecla- 
mation  Service  from  1902  to  19111.  and  at  the  close  of  his  govern- 
ment service  he  foniied  the  engineering  company  of  which  he  was 
the   head. 

John  A.  Fairchild,  a  pioneer  contractor  of  Southern  California, 
died  May  11  at  his  home,  641  South  Serrano  St.,  Los  Angeles.  He 
was  born  in  the  State  of  New  York  in  1848  and  crossed  the  plains 
and  mountains  to  California  when  he  was  18  years  of  age,  first 
locating  in  Nev.ada  City.  Later  he  moved  to  San  Jose,  then  to 
San  Diego,  and  finally  established  his  residence  in  Los  Angeles  in 
1883,  when  he  organized  the  Fairchild  &  Gilmore  Co.,  afterwards 
known  as  the  Fairchild.  Gilmore  &  Wilton  Co..  paving  contractors. 


Trade  Publications 

The  fo'lowing  trade  publications  of  interest  to  engineers  and 
contractors  have  been  issued  recently: 

Zinc  Leaders,  Gutters,  Etc. — New  Jersey  Zinc  Co..  160  FVont 
St..   New  York  City.     Booklet  on  use  of  zinc  for  leaders,  gutters. 

Tiles. — The  Associated  Tile  Manufacturers,  Beaver  Falls,  Pa. 
24  pa,?e  bulletin  devoted  to  the  characteristics  of  building  tiles  and 
methods  of  production.  Contains  basic  information  on  ingredients 
and  processes,  gradings.  sizes,  shapes,  colors,  finishes  and 
nomenclature. 

Forms  for  Concrete  Construction. — Blaw-Knox  Co..  603  Farmers 
Bank  Bldg.,  Pittsburgh,  Pa.  60  page  catalog  describing  various 
classifications  of  Blaw-Kno.\  steel  forms  and  their  uses.  The  text 
is  illustrated  by  numerous  photo  engravings  of  interesting  con- 
struction operations  on  which  the  forms  are  being  used. 

Waterproofing  of  Concrete.. — Truscon  l^aboratorieis,  Detroit, 
Mich.  2S  page  technical  pamphlet  containing  a  discussion  of  why 
concrete  requires  waterproofing  and  the  properties  an  integral 
watsrr  roofing  must  possess  to  operate  effectively  with  the  natural 
properties  of  concrete;  specifications  for  waterproofing  mass  con- 
crete by  integi-al  method;  specifications  for  waterproofing  concrete 
and  general  masoniT  structures  by  means  of  waterproofing  plaster 
coat:  proportions  and  quantities  of  waterproofing  required. 

Alloy   Steel Joseph    T.    Ryerson    &   Son.    Chicago,    111.      96   page 

book  bv  G.  Van  Dyke,  manager  Special  Steel  Department  of  Joseph 
T.  Kyerson  iSc  Son.  on  the  heat  treatment  of  alloy  steels.  The  chap- 
ter headings  are  as  follows:  I,  Quality  (analysis  not  the  only 
factor):  II,  Method  of  Manufacture;  III.  Elements  and  the  Part 
They  Play;  IV.  How  to  Buy  and  Select  Alloy  Steels:  V,  Shop 
Equipment:  VI,  Furnpces;  VII,  Quenching  Equipment:  ^^II,  Heat 
Measurement:  IX.  Heating:  X,  Cooling  and  Quenching:  XI.  Draw- 
ing- XII.  Annealing;  XUI.  Testing  Heat  Treated  Steel;  XH',  Case 
Hardening  or  Carbonizing;  XV,  General  Remarks. 

Steel  Sheet  Piling. — I>ackawanna  Steel  Co..  Buffalo.  N.  Y.  1.6 
page  bulletin  containing  useful  information  for  engineers  and  con- 
tractors. Among  the  subjects  covered  are  the  uses  of  Lackawanna 
steel  sheet  piling;  characteristics  of  the  Liackawanna  section: 
strength  of  the  Lackawanna  interlock:  types,  sections,  dimensions 
and  weights;  plate  sheet  piling:  driving  and  pulling  steel  sheet 
pilinir;  assembling  and  splicing;  construction  of  bridge  pier  cofEer- 
dams,  protection  and  retaining  walLs.  bulkheads,  cellular  pocket 
type  cofferdams,  gravity  type  cofferdams,  foundations,  etc.;  sub- 
way and  sewer  construction:  cutting  steel  sheet  piling:  protected 
steel  sheet  piling:  and  scores  of  other  important  topics.  The  337 
illustrations  contained  in  the  new  Ixiok  incluoe  views  of  seventy- 
projects,  some  of  them  the  largest  ever  undertal^en.  in  which 
Lackawanna  steel  sheet  piling  played  an  important  part.  -Alany 
recent  undertakings  are  illustrated  and  described  in  detail. 
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Roads  and  Streets — Ist  Wednesday 


(a)    Roads 
(b>   Streets 


(c)  Street   Cleaning 

(d)  Municipal    Miscellaniea 


(e)   Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


( a)  Waterworks 

(b)  Sewers  and  Sani- 

tation 

(e)   Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)    Quarries    and    Pits 

(b)  Management    and         (d)   Steam    Railways,   Con- 
Office    System  structlon   and  Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  ( d)    Miscellaneous    Structurea 

(b)  Bridges  (e)    Properties    of    Materials 

(c)  Harbor    Structures      {fj   Management    and     Office 

System 
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Qfir^iiM     PiiKlir-    RrknH     Teciif^C    Ra  TJa-  modity  price  movements,  we  may  look  for  still  higher  bond 

OIIUUIU     l^UUllC    DUllU     issues    ue  LJC  interest   yields   than   now   exist.     Indeed   it   is   probable   that 

laved   Till  Interest   RsteS   Fall?  three  or  tour  years  will  pass  before  bond  interest  yields  will 

^                                                                                    '  begin  to  decline.     Bond  salesmen  will  not  concede  the  truth 

Higliway   work   in   some  states  and   counties   is  being   held  of  this  inference,  for  they  wish  to  encourage  the  purchase  of 

up  because  low  interest  rate  bonds  can  not   be  sold  at   par.  bonds.    Bankers  frequently  have  a  similar  desire,  so  that  their 

We  wonder  whether  any  society  of  engineers  has  investigated  judgment  is  also  apt  to  be  so  warped  that  they   will  argue 

the   soiuKlness  of  the  reasons  that   are  causing  such  delays  against  the  evidence  of  economic  history, 

in   road   construction.     As   yet   most   engineers   do   not   take  j^  j^  significant,  however,  that  the  most  astute  managers  of 

themselves  seriously  as  practical  exponents  of  political  econo-  j^^^^  corporations  are  issuing  long  time  notes  and  short  term 

my.     Questions  of  finance  they  usually  leave  to  others  to  an-  ^^^^^^  ^j^^^  ^.^^^  .  ^^  ^  p^,.  ^^^^   ^^  ^^^^  investor.     The  most 

swer.  in  spite  of  the   fact   that  the  others  may   be   not   only  p„,^,„^,.  p,  ^^^.^  ^g^^g  ^f  securing  money  has   been  the   10- 

biased  but  less  well  intormed  on  the  subject.  y^^,.  ^^^^^^^  ^^^j^^  bearing  8  per  cent  interest,  and  redeema- 

Intercst  rates  are  not  less  a  matter  for  engineers  to  study  ^^^  ^^   ^^^   ^^   ^^^  ^.^^^^   ^^..^^  ^^   jj^   n^aturity.     Such   a   note 

than   are    unit    prices,   and   many    engineers    have   taken    the  ^^j^,   ^^   ^^^.  ^.^^^^  ^j^^   investor  S   per  cent,   but  it  costs  the 

pains  not  only  to  study  the  fluctuations  of  interest  )ates  but  ^^^^^^^^^^.  g^out  8.8  per  cent,  for  the  company  usually  has  to 

to  analyze  the  causes  of  the  changes.  g^„  -^  ^,^  ^^^^^^  gg  ^^  j,^^  brokers  who  market  it. 

Interest  is  a  rental  for  the  use  of  capital,  and.  like  rental  „             ,                                     ,       .                                ... 

on  land    it  varies  with  economic  conditions.     In  general,  the  ^hen   the   best   informed   business   men   are    issuing   such 

interest    -yield"    on    bonds    or    other    mortgages    follows    the  notes  m  huge  sums,  when  many  foreign  nations  are  selling  in 

curve  of  commodity  prices,   usuallv   lagging  a   few  years   be-  America   bonds   that  yield   s   to   S.5   per  cent,   there   is   scant 

hind  the  price  level  in  its  movement.  ''"P*^  '"«'  f"  ^''^  °' j"'"'  ''°"''  '"T^        ^    '^            TTr  ''^""' 

The  following  shows   the   general   average   of   the  interest  ^"^  ^s^^^'^    y^.^'^-     Yet  many  public  offlcials  are  holding  uij 

yield  on  20  gilt-edged  railwav  bonds:  P"^!"-'  «°'-'^«  '"  }^^  '^°P^  ^^t\'  T   'i'  ^tf  '""  "^"'^  I 

Yi(,\(i  scon  be  marketable  at  par.    That  there  has  been  some  market 

Year.                                                               Percent.  for  such  low  rate  bonds  has  been  mainly  due  to  their  exemp- 

jgpg"; '■ 5'7  tion   from   income   taxation;    but.   now    that   there  is   a   good 

if-K.'. ..'.'.'.'..' [[[^['...['['.[^[[[[[[^[[[[[[[[[ll   6.5  prospect  of  a  change  in  the  income  tax  law,  the  demand  for 

51^3 •■• Ij-i  tax  exempt   bonds   is -decreasing.     Moreover   it   is   becoming 

1875... ....'...'.'.'.'.'.  .■..■.■.■.■.■.■.■.'.'.'.'.'.'.'.'■.'.'.'.'.'.'.'.'.'.'  6.9  apparent  that  the  nations  of  Europe  and  South  America  will 

Jlgg I'l  be   coming   to   this   country   for   huge   loans   during   the   next 

1M()'.1.^^''''^'''''I'''''''I''I''''''''''''''   x'.S  decade.     Why,  then,  should  an  investor  buy  the  .514   per  cent 

j-JJI ^1      '  bonds  of  a  state,  when  the  8  per  cent  bonds  of  a  great  nation 

liiL'i)^'.'.'. ...... .....  ....'.'..'.'.'■■.'.'..'.'..  .^  ^' .. .'    fi'.i  are  to   be   had?     Nothing  but   tax   exemption   offers   any   in- 

It  will   he   noted   that  for  eight   years   after  the   civil   war  ducement  to  choose  a  low  yield  state  bond,  and  that  induce- 

ended,    bond    interest    yields    inqreased    although    commodity  ment   vanishes   so  far  as  the   man  of  small  or  moderate   in- 

prices  had  been  falling  during  that  period.     Commodity  prices  come  is  concerned.     Men  of  large  incomes  are  already  heavily 

reached  their  low  mark  in  1S9G,  but  not  till  four  years  later  loaded  with  tax  exempt  bonds,  hence  the  slackening  demand 

did  bond  interest  yields  reach  their  lowest  point.  tor  that  type   of  security. 

Based  upon  this  tendency  of  bond  yields  to  lag  behind  com-  In  c(<nimon  with  other  construction,  public  works  construe- 
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tlon  has  been  Bubnormal  for  Hve  years.  Now  that  wages  and 
prices  have  almost  reached  the  new  prico  plateau,  we  may 
look  tor  increasing  Issues  of  bonds  for  public  works.  But  an 
jr.creasing  siipiMy  of  such  low  yield  securities  will  occur  at  a 
time  will  11  Ihu  demand  lor  them  will  be  either  decreasing  or, 
at  besl,  station.iry.  The  effect  will  be  lo  cause  the  prices 
of  such  bonds  to  fall,  and  this  in  turn  will  lead  to  further 
hesitancy  about  Issuing  them.  Thus,  at  the  very  threshold 
of  reviving  construction,  we  are  lilieiy  to  wilness  a  setback 
to  the  revival,  unless  engineers  and  other  men  of  vision  and 
knowledge  do  all  in  their  power  to  correct  the  prevalent  opin- 
ion that  a  little  waiting  will  result  in  pre-war  interest  rates. 


Can  Counties  Do  State  Road  Work 
More  Cheaply  Than  Contractors? 

Ill  UliiKiis  counties  are  permittt-ti  to  bid  againist  private 
contractors  for  state  road  work.  There  may  be  merit  in  this 
plan,  provided  the  taxpayers  of  the  counties  are  told  exactly 
what  profit  or  loss  ensues  from  work  thus  done  by  the  coun- 
ties. The  probability  is  that  county  taxpayers  will  never  know 
the  true  economic  results,  unless  some  organization  of  engi- 
neers or  contractors  undertakes  to  secure  and  make  public 
the  full  cost  of  road  work  done  by  the  counties. 

When  a  city,  county  or  state  does  work  by  day  labor  instead 
of  by  contract,  it  rarely  happens  that  the  public  ever  learns 
the  actual  cost  of  the  work.  Even  where  adequate  cost  keep- 
ing methods  are  at  first  used,  the  tendency  is  to  abandon 
them,  the  excuse  for  such  abandonment  being  that  it  costs 
too  much  to  maintain  the  cost  keeping  system.  The  real 
reason  for  the  abandonment  is  usually  to  be  found  in  the 
fact  that  the  cost  of  doing  the  work  is  so  excessive  as  not 
to  be  c('mplimentary  to  the  public  officials  in  charge  of  it. 

It  would  be  well  were  engineering  societies  to  advocate 
laws  and  ordinances  that  would  insure  proper  unit  cost 
keeping  on  all  public  work  done  by  public  forces.  No  "lack 
ot  funds"  excuse  should  ever  be  permitted  to  hide  from  the 
public  the  truth  as  to  the  unit  cost  of  public  work,  for  with- 
out such  data  the  public  will  never  be  able  to  judge  whether 
it  is  economic  to  dispense  with  the  services  of  contractors. 

The  editors  of  Engineering  and  Contracting  have  found 
that  nearly  every  attempt  to  "save  the  contractor's  profit" 
has  ended  in  failure,  and  that  the  day  labor  method  of  per- 
forming public  works  is  rarely  as  economic  as  the  contract 
method.  Some  engineers  are  always  to  be  found  who  doubt 
the  truth  of  the  generalization  that  greatest  economy  results 
when  men  are  paid  in  proportion  to  their  efficiency;  or,  if 
they  do  not  doubt  this  law  ot  management,  they  fail  to  see 
that  it  applies  as  well  to  the  manager  of  work  as  to  his  sub- 
ordinates. Such  engineers  frequently  advocate  day  labor 
work  under  managers  whose  income  is  entirely  independent 
of  the  cost  of  doing  the  work.  They  assert  that  contractors 
are  useless  middlemen,  whose  profits  are  so  much  loss  to  the 
public.  They  have  plausible  verbal  arguments  in  favor  of 
tills  view,  but  rarely  do  they  offer  the  only  argument  that  is 
conclusive,  namely,  the  argument  of  comparative  unit  costs. 
We  urge  upon  such  engineers,  and  indeed  upon  all  engineers, 
the  desirability  of  requiring  the  gathering  and  publishing  of 
unit  costs  on  every  job  done  by  the  day  labor  method.  It  is 
a  duty  that  engineers  owe  the  public  to  teach  the  public  how- 
to  judge  the  relative  economy  of  different  methods  of  doing 
public  work. 

This  can  best  be  done  by  insisting  upon  systematic  gath- 
ering of  unit  cost  data  and  the  publication  of  comparative 
costs  in  such  a  clear  way  that  no  doubt  may  remain,  even 
to  a  layman,  as  to  the  relative  economy  of  different  systems 
of  doing  public  work. 


Price  Levels  in  Other  Countries 

Accoiding    to    the    Federal    Reserve    Board    the    wholesale 
price  indexes  in  April  were  as  follows: 

United  States   154 

Canada    " '    jgy 

Australia  ','.\\    igi 

{nf"'?-   ■ ; '.'.    183 

Gngrland : 1S3 

Japan    ;'    190 

Sweden   229 

France    .' ."    344 

Germany    \  1409 

These  Indexes  are  based  on  an  average  index  of  100  for  the 
yerirs  1913  and  1914. 

The    figures    for    Germany    are    those    of   the    Frankfurter 


Zeltung  for  May  7,  the  index  being  based  on  the  prices  of 
seventy-seven  commodites,  unweighted.  As  compared  with 
100  in  the  middle  of  1914,  the  food  price  index  stands  at  1,178; 
textiles  and  leather  at  2,153;  minerals  at  1,56G,  and  sundries 
at  1,633. 

The  figures  for  France  are  those  of  the  general  statistical 
.'jureau  at  Paris,  based  upon  forty-five  price  quotations,  un- 
weighted. 


The  Declining  Cost  of  Living 

Exactly  a  year  ago  wholesale  prices  reached  their  peak 
and  began  to  decline.  Retail  prices  began,  soon  thereafter,  to 
show  the  same  trend.  According  to  the  National  Industries 
Conference  Board,  the  cost  of  living  for  the  average  wage 
earner  in  .luly,  1920,  was  105  per  cent  above  the  level  of  1914; 
whereas  in  May,  1921,  it  was  66  per  cent  above  the  1914  level. 
This  drop  from  an  index  of  205  last  July  to  166  in  May,  is  al- 
most exactly  20  per  cent. 

According  to  the  Board,  the  average  wage  earner's  dollar 
is  spent  as  follows: 

Food  4.'j.i 

Rent  177 

.     Clothinsr    13'2 

Fuel  and  light 5.6 

Sundries    20.4 

Total   100.0 


Wyoming  Builds  Roads  Which  Are  Free  from  Drifts. — 
Wyoming  is  attempting  to  construct  Federal-aid  roads  which 
may  be  used  as  highways  throughout  the  entire  year.  This 
is  being  accomplished  in  some  parts  of  the  state  by  main- 
taining the  grade  line  at  an  elevation  which  will  insure  the 
roadbed  being  swept  clean  of  snow.  During  6  or  7  months 
of  the  12  in  Wyoming  there  is  likely  to  be  snow,  which  is 
generally  accompanied  by  wind.  Any  portion  of  the  high- 
way v.hich  is  below  the  surface  of  the  surrounding  ground 
will  drift  full  of  snow  to  a  depth  equal  to  the  height  of  any 
nearby  object  above  the  grade,  say  specialists  of  the  United 
States  Department  of  Agriculture.  By  building  the  grade  at 
an  elevation  slightly  above  the  surrounding  ground  and  the 
brush  or  weeds  which  border  the  road,  it  is  possible  to  have 
a  road  which  will  be  free  from  snow  and  prevent  a  soft, 
muddy  roadbed  when  the  snow  melts.  This  can  not  be  ac- 
complished in  every  case,  but  on  flat  or  generally  rolling 
country  il  has  been  found  that  snow  can  be  practically  elimi- 
nated from  the  roadbed  by  carefully  studying  the  conditions 
and  placing  the  grades  sufficiently  high.  In  many  instances 
the  excavation  quantities  may  appear  to  be  excessive,  as 
where  the  grade  is  kept  high  when  approaching  a  knoll  in 
order  to  keep  the  per  cent  of  grade  low  and  at  the  same 
time  to  raise  the  roadbed  sufficiently  high  over  the  knoll 
to  prevent  drifting  of  the  snow,  but  slightly  greater  expen- 
diture in  this  way  at  the  time  the  road  is  built  will  save 
large  expenditures  later  to  clear  away  the  snow. 


Protecting  Green  Concrete  With  Canvas  Screens. — Light 
canvas-covered  wooden  frames  5  ft.  wide  by  11%  ft.  long 
proved  very  convenient  for  protecting  the  green  concrete 
on  a  section  of  the  Boston  Port  Road  between  Norwalk  and 
Darien,  Conn.,  until  the  earth  covering  could  be  placed. 
The  frame  was  made  of  %in.  strips  2  in.  high,  and  pieces  ot 
lath  nailed  to  the  strips  over  the  canvas  kept  the  latter  in 
place.  One  man  handled  these  sections  very  readily.  The 
concrete  slab  was  22  ft.  wide  but  was  placed  in  two  11  ft. 
strips  so  that  traffic  could  be  maintained  during  construction. 


Pennsylvania  Changes  Color  of  Its  Road  Signs. — Direction 
signs  of  the  State  Highway  Department  of  Pennsylvania, 
which  heretofore  were  black  and  white  in  color,  will  here- 
after be  yellow  and  black,  the  base  of  the  sign  being  yellow 
and  the  lettering  black.  The  maintenance  forces  throughout 
the  state  are  now  at  work  on  this  change.  There  is  also 
being  painted  on  each  of  these  signs  the  mileage  to  the 
towns  pnd  cities  named  thereon.  This  has  never  been  done 
before  in  Pennsylvania. 


Detroit  May  Have  Municipal  Cement  Plant. — The  citizens  of 
Detroit,  Mich.,  have  approved  a  charter  amendment  providing 
for  the  acquisition  of  a  municipal  cement  plant  and  gravel 
pits.  The  Commissioner  of  Public  Works  may,  with  the  ap- 
proval of  the  Common  Council,  establish  plants  for  the  manu- 
facture of  bricks  and  creosote  block. 
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T'U^  n^ool^^  ^t  <-Uq  Qiicinaco  ^at>rai-  Whatever  happens  he  gets  his  reward.     And  he  has  learned 

The  Passing  ot  the  Business  becret  ^^^^,  ^^  ^^^^^^  ^^^  ^^^  services.   The  chemist  has  not. 

The   tendency   of   the   present   era   is   toward   co-operation,  Of  ct.urse  there  are  a  great  many  poor  chemists;   men  ot 

primarily    for    the    reason      that      co-operation    pays.      Inci-  whom   negative   results   may    be   predicted   almost   with   cer- 

dentally,   of   course,    it   has    brought   a   new    ethical    element  tainty.     But  there  are  also  a  great  many  poor  lawyers.     As 

into    business — the    logical    connection    between      the      two  such   they   are   trouble-makers,  and   the   wise   man   does   not 

phases  being  left  as  a  matter  for  religious  discussion.     One  retain   them.     He   knows   lawyers.     But   he   does   not   know 

form  of  CO  operation  is  the  sharing  of  ideas  and  of  so-called  chemists  save  once  in  a  thousand  times;  and  he  is  not  wholly 

"business  secrets"  in   efficient   methods   and   successful   poll-  to  blame  for  it  either.     He  doesn't  know  how  to  go  about  it 

cies.     The  old   formula  of   business   was,   "Tell   nothing  and  to  find  out  the  best  men  available. 

learn  all  you  can";  the  new  one  seems  to  be  that  if  you  What  chemists  need  is  Sunday  clothes  for  their  ideas; 
have  a  good  idea,  it  is  worth  while  to  pass  it  on  to  your  silks  and  satins  and  scarlet  and  velvet  for  the  public  to  ad- 
competitor  and  thus  help  to  raise  the  level  of  the  whole  mire  and  desire.  Now  the  art  of  presenting  ideas  so  that 
group.  This  new  vision  is  by  no  means  universal,  but  so  they  arc  desired  and  regarded  as  valuable  is  called  business, 
thoroughly  has  it  been  accepted  by  some  of  the  more  pro-  whether  it  has  to  do  with  selling  goods  or  negotiating 
gressivfc  companies  in  electrical  and  industrial  fields  that  loans  or  securing  subscriptions  to  an  underwriting.  Chemists 
it  seems  almost  as  though  they  kept  no  secrets  of  process  need  more  business  in  chemistry  to  make  it  pay  and  to  give 
or  policy,  but  welcomed  inspection  of  every  detail.  And  the  profession  its  proper  standing  among  men. — Editorial  in 
again  without  arguing  the  logical  connection,  it  is  an  easily  Chemical  &  Metallurgical  Engineering. 

established   fact  that   it   seems   always  to   be   the   most   sue-  

cessful  concerns  which  hold  this  policy.  c^     •    •        r 

One    large    copper   company   of    the    West   is    an    example  The  TtUe  Spirit  of  Engineering 

of  this  type  of  co-operation.     It  pays,  according  to  the  offi-  a   section   meeting   of   one   of   the   national   societies   was 

cials    of    this    concern,    who    state    that    they    have    already  devoted  recently  to  a  discussion  of  certain  local  production 

gained    more    from    suggestions    gleaned    from    others    than  processes.     The  formal  addresses  were  followed  by  an  open 

anyone   could   possibly  obtain   from   them.     A   similar   spirit  discussion  in  which   practical  experiences  of  members  were 

is   to  be   observed   in  certain   notable   electrical  manufactur-  freely   presented.     Keen  interest  was  shown  in  the   subject, 

ers,   wholesalers,   dealers   and   power   companies   in   this   dis-  and  toward  the  end  of  the  discussion  a  guest  requested  per- 

trict— and  wherever  the  full  light  of  publicity  is  welcomed.  mission   to   ask   a  question   which   probably  related   more  to 

you  will  find  as  a  rule  that  that  company  is  more  progres-  psychology  than  to  engineering.     He  stated  that  in  work  for 

sive  and   more   successful   than  its   follows— better   liked   by  the   Government   he   was   frequently   required    to   investigate 

competitors  and  customers  as  well.  tl^g   processes  of  some  of  the  food-producing  industries.     At 

If  you  are  ashamed  of  your  methods,  by  all  means  con-  each  plant  visited  he  was  told  that  this  particular  process 
ceal  them — but  in  that  case  only  until  you  can  make  them  was  strictly  a  trade  secret  of  their  own  and  could  be  re- 
better.  If  you  have  something  worth  being  proud  of,  ex-  vealed  only  in  the  strictest  confidence.  At  the  next  plant 
perience  has  shown  that  it  will  be  no  loss  to  yourself  to  of  a  similai  character  the  management  would  insist  that 
share  it  with  your  neighbors. — Editorial  in  Journal  of  Elec  their  process  was  also  strictly  their  own  production  and. 
trlcity  and  Western  Industry.  was  therefore   a  trade   secret.     It   often   developed   that   the 

processes  in  the  two  plants  were  identical,  yet  each  thought 

jj!t         •«*■              •!        1            Tj<»  th&t  he   had   a   great   secret  all   worked   out  by  himself.    In 

The    Reward    of    the    Man  with    the    "Idea  some  other  cases  it  was  found  that  a  new  process  had  been 

The  following  is  a  true  story  of  the  proceeds   to  various  "crked    out   at   great   expense   which,   to   the   speaker's    per- 

parties  engaged  in  the  development  of  a  chemical  enterprise:  ^^on^I    knowledge,   had    been    in   use    for   years    in    plants    m 

_     ^,       ,       .  ,  .      ..      ,.,,      „  .      .,          .,,                      ,  other    parts    of    the    countrv.     These    manufacturers    try    to 

To   the  chemist  for  tne      Idea,      together  with   process  and  ,  .  j       x,     .                              ,                              ^-^               ^               .    ^   ,,. 

plans  $    5,000  hide   their   processes   from   one   another,   yet  any   intelligent 

To  the  lawyer  for  legal  services  in  organization  ^oiooo  workman  could  learn  their  methods  in  a  few  weeks. 

To  tha  broker  for  services  in  floating  the  new  company. . . .   100,000 

To  the  owner,  net  returns  in  three  years 300,000  Electrical    and   mechanical    engineers    seem   to    take   much 

The   chemist,   the   lawyer   and   the   broker,   all   three,   con-  pride    in    relating    their   achievements    to    one    another,    and 

tributed   information.     It   probably   took   the   chemir.t   longer  they   freely  discuss  their  experiences,   as   was   evidenced   by 

to  see  the  process  through  than  it  did  the  lawyer  to  draw  the  preceding  discussion.     The  guest  wanted  to  know  what 

up  the  papers,  or  the  broker  to  get  the  subscriptions.     But  there    was    in    the   nature    of   the    different   professions    and 

time  spent  is  no  gage  ot  the  value  of  professional  services,  businesses    that    makes    some    of    them    so    secretive    even 

The    question    is   one   of   intrinsic    value.     Relatively    speak-  when   tbeir  best  interests  would   be  served  by  greater   pub- 

ing,    the    chemist    was    the    parent    of    the    establishment,  licity. 

and  the,  lawyer  was  its  nurse;   and  outside  a  divorce  court  A   prnminnt   and   successful   manufacturer  replied   that   he 

we  seldom  hear  of  a  nurse  who  gets  all  but  one  and  two-thirds  found    that   publicity   paid.     Fellow   engineers   were   glad   to 

per  cent  of  a  parent's  possessions.    There  is  something  wrong  know    of    his    improvements    and    often    materially    assisted 

in  the  apportionment  ot  that  $55,000.     Either  the  lawyer  got  him  in  further  developments   by  friendly  criticism  and  sug- 

too    much    or     the     chemist    did     not     get    enough.       Both  gestions.      Although     other     manufacturers     had     frequently 

contributed    professional    services.     We    shall    not    attempt  copied  his  methods,  he  had  found  that  he  always  had  later 

to    bring     into     consideration    at    this     time     of    the     brok-  developments    ready    before    his    competitors    had    perfected 

er's  wage.     His  work  is  social  rather  than  professional.     He  their  copies. 

knows  men,  knows  how  to  get  their  confidence  and  to  induce  This  remark  led  another  member  to   quote  from   Kipling: 

them  to  give  up  their  savings.    If  the  owner  knew  men  better  They  copied  all  they  could  follow, 

he  would  not  need  the  broker  and  it  the  chemist  knew  men  But  they  couldn't  copy  my  mind, 

and  their  ways  better  he  would  get  a  better  fee  for  his  own  And  I  left  them  sweating  and  stealing, 

work.  A  year  and  a  half  behind. 

We  need  more  business  in  chemistry.  If  a  chemist  enters  A  third  member  stated  that  the  difference  was  probably 
the  empl'oyment  of  another  man  or  of  a  corporation,  then  due  to  the  ethical  principles  of  different  professions  and 
whatever  he  discovers  in  connection  with  his  employment  businesses.  The  early  leaders  in  mechanical  and  electrical 
belongs  to  his  employer.  We  maintain  this,  no  matter  how  engineering  were  men  of  broad  vision  who  had  founded  the 
differently  some  others  may  feel.  But  when  he  becomes  con-  national  societies  for  the  purpose  of  mutual  co-operation  to 
sultant  the  traditions  are  against  him.  He  is  supposed  to  advance  their  respective  arts  and  sciences.  It  had  become 
work  by  the  hour,  like  a  hodcarrier,  at  cost  plus  a  bare  a  tradition  in  these  societies  to  share  their  professional  ex- 
living.  Chemistry  has  the  tradition  of  being  cheap  and  easy  periences  and  to  tell  others  of  their  achievements.  Ad- 
to  hire.  vances  in   the  art  are  much  more  rapid   when  each  worker 

There  is  a  strategic  reason  for  this.     The  chemist  comes  knows    what    others     have    done.      Hence,     every     engineer 

along  first.     He  is  the  man  with  the  idea.     One  can  take  it  should  give  his  earnest  support  to  his  professional  organiza- 

or  leave  it,  and  it  is  very  easy  to  pass  it  by.    So  few  persons  tion  and  should  take  an  active  part  in  its  meetings  and  its 

want  the   idea   that   he   soon  bids   against  himself  to   get   it  activities    even    at   some    sacrifice    to   his    personal    conveni- 

taken  up.     The  lawyer  comes  in  when  the  money  has  been  ence. 

spent  and   trouble   looms   in   the   offing.     He   doesn't   worry.  Such  discussion  as  this  suggests  thoughtful  consideration 
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ot  whiu  Bhould  be  the  true  spirit  of  the  engineering  profes- 
sion. It  should  be  the  Idea  embodied  in  the  word  •Service' 
—service  to  clients  or  employers,  service  to  the  public  by 
the  exercise  of  special  professional  skill,  and  service  to 
fellow  engineers  by  freely  sharing  professional  experiences 
:ind  by  rendering  help  and  advice  whenever  possible.— Edi- 
torial in   Power. 


Promoting  the  County  Road  Bond 
Issue 

How  a  county  luKliwiiy  .ngineer  made  effective  use  of 
publicity  in  convincing  the  taxpayers  of  the  necessity  of  a 
11,50.000  bond  issue  for  road  improvement  Is  told  by  Mr.  R. 
C.  Yeoman  In  a  recent  Issue  of  the  Professional  Engineer, 
from  which  we  quote  as  follows: 

W.  S.  Canning,  formerly  county  road  engineer  in  Hender- 
son county,  Kentucky,  has  made  use  of  publicity  in  bringing 
about  the  adoption  of  a  bond  issue  for  road-building  pur- 
poses iu  a  very  effective  and  successful  manner. 

After  taking  office  as  county  engineer  he  began  a  study 
of  a  road  system  for  the  county.  He  began  his  study  with 
a  swing  about  the  county  seeking  information  by  direct  ob- 
servation and  consultation  with  the  most  Interested  tax- 
payers. His  sincerity  and  thoroughness  soon  won  for  him 
the  confidence  and  esteem  of  all  of  those  with  whom  he  came 
in  contact,  particularly  the  staff  of  the  local  newspaper.  He 
.  soon  learned  the  prevailing  sentiment  and  made  liis  plans 
to  meet  conditions  as  he  found  them. 

The  i)rimary  purpose  of  his  survey  and  investigation  was 
to  enable  him  to  design  a  system  of  road  construction  and 
repair  that  not  only  would  carry  tralfic  but  In  addition  would 
give  as  much  comfort  and  convenience  as  the  community 
could  al^'ord.  He  made  a  complete  study  of  the  sources  of 
material,  the  geographical  location  of  the  roads,  the  align- 
ment and  drainage,  the  traffic  needs  and  the  economic  and 
financial  relation  of  the  community  to  these  roads. 

He  concluded  that  by  publicity  he  would  be  able  to  accom- 
plish his  job  of  convincing  the  public  of  the  necessity  ot 
adopting  a  sound  program.  Mr.  Canning  resolved  to  lay 
his  cards  on  the  table  and  then  sell  his  proposition  on  its 
merits.  While  he  was  perlecting  his  plans  he  wrote  items 
on  such  economic  subjects  as  the  decrease  In  the  value  of 
the  dollar,  particularly  with  regard  to  construction,  which 
were  published  In  the  local  paper  to  prepare  the  public  mind 
for  future  judgment. 

After  he  had  made  a  thorough  engineering  and  economic 
study  of  the  proposition,  he  prepared  a  recommended  solu- 
tion to  give  to  the  public.  No  Inkling  of  his  plans  was 
given  out  until  he  had  complete  information  on  every  detail. 
Then,  in  a  full  page  newspaper  report  he  presented  a  com- 
plete map  and  a  discussion  of  his  proposal  which  included 
not  only  statistics  of  existing  conditions  and  an  outline  of 
needed  improvements,  but  accurate  estimates  of  the  cost  ot 
his  plai!  for  remedying  the  road  conditions.  At  this  point 
he  enlii-ted  the  further  help  of  the  county  judge  and  the  editor 
ot  the  local  newspaper,  who  both  gave  him  their  ablest  sup- 
port. He  followed  up  his  announcement  with  further  news- 
paper publicity  and  poster  advertising  until  his  plan  was 
so  thoroughly  "sold"  that  the  whole  was  accepted  at  the 
polls  without  the  change  of  a  word  or  a  figure.  The  plan 
covered  a  5  year  program  of  new  road  construction  and  main- 
tenance, embodying  a  total  expenditure  of  over  $1.50.000. 

The  care  with  which  his  campaign  was  planned  is  Indi- 
cated by  the  change  of  nomenclature  from  a  road  tax  to  a 
road  levy  to  gain  the  psychological  advantage  of  eliminating 
■tax." 

Another  feature  worthy  of  mention  was  "one  minute  inter- 
views" from  interested  taxpayers.  Hundreds  wore  asked, 
"What  do  you  think  of  the  road  levy?"  The  newspaper  was 
glad  to  have  such  comment  because  of  Its  human  Interest 
element  and  the  answers  were  published,  to  the  further 
benefit  of  the  campaign. 

This  performance  may  seem  small  or  large,  depending  upon 
the  experience  and  location  of  the  reader.  Its  execution, 
however,  is  by  no  means  unimportant.  After  the  general  pro- 
posal was  published,  certain  questions  came  up  which  were 
answered  In  a  very  complete  and  decisive  manner.  Here 
is  a  sample  of  the  handbills  and  posters  which  were  used, 
"Squire  Utley  of  Smith  Mills  asks;  'If  we  are  using  all 
the  present  levy  in   taking  care  of  our  present  roads,  how 


can  we  take  care  of  the  new  ones  that  we  build  at  the  end 
of  the  five  years?' 

"  'A  stitch  in  time  saves  nine.'  For  the  past  eight  or  ten 
years,  In  fact  practically  ever  since  our  present  rock  roads 
have  been  built,  no  systematic  effort  has  been  made  to  main- 
tain them.  No  ditching  has  been  done,  no  bridges  or  cul- 
verts repaired,  and  the  roads  have  at  no  time  been  resurfaced. 
The  same  thing  holds  good  In  regard  to  the  dirt  roads. 
Wooden  bridges  have  been  built  and  rotted  down  m  two 
or  three  years,  washouts  have  been  permitted  to  grow  larger 
from  year  to  year,  and  mud  holes  have  existed  from  one 
season's  end  to  the  other.  Had  some  ot  the  money  which 
remained  in  the  county  treasury  at  the  beginning  of  the 
term  of  the  present  administration  been  expended  upon  re- 
surfacing and  ditching  the  rock  roads,  building  permanent 
bridges  and  culverts,  and  in  proper  maintenance  methods, 
the  present  large  expenditure  of  the  people's  funds  in  resurfac- 
ing roads  and  rebuilding  bridges  would  not  now  be  necessary. 
Money  saved  by  penny-wise  and  pound-foolish  policies  in  the 
past  Is  now  costing  the  people  of  Hender.son  county  the  same 
sums  twice  over  In  repair  and  reconstruction  work  that  would 
have  been  unnecessary  If  spent  in  time.  The  present  policy  is 
to  resurface  the  present  rock  roads  entirely  within  a  period 
ot  three  years,  the  building  anew  in  a  permanent  manner 
the  bridges  and  culverts  throughout  the  county.  If  this 
policy  Is  adhered  to.  within  three  years  the  cost  of  main- 
talning  the  present  rock  roads  and  the  dirt  roads  throughout 
the  county  will  be  materially  decreased,  and  ample  funds 
will  be  available  to  keep  all  of  our  roads  in  a  decent  con- 
dition. For  example,  the  Corydon  Road  is  estimated  to  cost 
$62.5  a  mile  per  annum  for  the  next  three  years  to  put  it  in 
a  satisfactory  condition — after  that  time  the  cost  of  main- 
taining this  road  will  be  less  than  one-halt  of  this  sum. 
There  is  where  the  money  will  come  from  to  maintain  our 
new  roads." 

The  Issue  was  put  up  squarely  to  the  voters  that  it  was 
their  adoption  of  the  road  levy  that  would  raise  the  funds 
to  provide  a  system  of  adequate  highways  in  the  county  with 
their  attendant  advantages.  The  plain  facts  and  all  the 
facts  were  put  before  them  and  like  any  American  community, 
properly  lead  by  honest,  capable  officials,  the  people  of  Hen- 
derson county  voted  "yes"  in  great  majorities,  reversing  their 
vote  of  two  years  previous. 


National  Good  Roads  Essay  Contest.— The  Highway  and 
Highway  Transport  Education  Committee  has  announced  an- 
other national  essay  contest,  open  to  all  pupils  of  hish  school 
grade.  The  essay  is  to  be  on  the  subject  of  good  roads  and 
highway  transport,  and  the  prize  is  a  4-year  scholarship  in 
any  college  or  university.  The  scholarship,  which  is  donated 
by  Mr.  H.  S.  Firestone,  of  Akron.  O..  Is  valued  at  about  $5,000. 
This  is  a  repetition  ot  Mr.  Firestone's  offer  last  year,  which 
resulted  in  the  awarding  of  a  scholarship  to  Miss  Katharine 
P.  Butterfield,  of  Weiser,  Idaho.  United  States  Commis- 
sioner o;  Education  Dr.  P.  P.  Claxton  has  requested  '.he  super- 
intendents of  education  of  the  various  states  to  mme  state 
committees  to  pass  upon  the  essays  that  are  written  in  each 
of  the  states,  and  the  best  essay  from  each  state  will  be 
sent  to  Washington,  where  the  national  prize  winner  will 
be  decided  by  a  committee  to  be  appointed  by  the  commis- 
sioner of  education.  The  essays  must  not  exceed  500  words 
in  length  and  must  be  In  the  hands  of  the  local  committees 
not  later  than  June  15,  or  the  date  of  the  closing  of  school 
in   each   locality. 


Pennsylvania  Making  Progress  With  Its  1921  Road  Work. 
—Up  to  May  12.  the  State  Hi^liway  Department  of  Pennsyl- 
vania had  completed  39.44  miles  of  durable  construction  in 
various  parts  of  the  commonwealth.  This  figure  is  more 
than  double  the  total  construction  for  the  same  period  in 
1920.  ITp  to  the  second  week  of  June,  1919,  the  construc- 
tion totaled  15  miles.  Up  to  May  12  the  niaintenince  divi- 
sion of  the  highway  department  had  resurfaced  lus  miles  of 
macadam  roadway.  That  figure  w^as  reached  in  1920  on 
July  17,  while  in  1919  It  was  reached  on  June  2S.  The  main- 
tenance division  of  the  department  on  May  12  had  com- 
pleted the  surface  treatment  of  9  miles  of  roadway.  The  year 
1919  was  the  banner  year  for  the  department  in  oiling  oper- 
ation. 9  miles  being  reached  on  May  24.  In  1920  the  9-mile 
figure  was  not  reached  until  June  5.  The  maintenance  di- 
vision is  making  an  effort  to  complete  the  oiling  ot  every 
mile  of  main  traveled  highway  in  Pennsylvania  prior  to 
July  4. 
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Construction    Equipment    on    21- 
Mile  Joliet-Morris  Concrete  Road 

Cential  mixing  and  central  prupurtioning  i)lants  are  being 
used  by  tlie  Powers  Thompson  Construction  Co.,  Joliet.  111., 
on  its  contract  for  21  miles  of  concrete  highway  between 
Joliet  and  Morris,  111.,  a  part  of  the  Federal  Aid  Highway 
between   Chicago  and  St.  Louis. 

All  grading  and  bridge  work  was  practically  completed 
during  the  1920  season,  but  owing  to  inability  to  secure 
cement   and   concrete   aggregates   in    sufflcient   quanlities,   no 


Dumping  Truck  Load  of  Mixed  Concrete  from   Central   Mixing   Plant. 

paving  was  done  until  the  middle  of  September.  By  using 
two  outfits,  however,  the  contractor  was  able  to  complete 
approximately  eight  miles  of  pavement  before  unfavorable 
iveather  caused  them  to  close  the  season's  work.  Work  was 
resumed  about  April  20  and  the  daily  records  of  boih  outfits 
have  been  very  consistent  since  then,  the  total  output  being 
at  the  rate  of  1   mile  of  completed  pavement  each   week. 

Entiiely  different  methods  of  handling  materials  are  being 
used  by  the  two  outfits.  On  the  Joliet  end  of  the  contract, 
a  centra!  mixing  plant  was  installed,  its  location  being  close 
to  the  plant  of  the  Chicago  Gravel  Co..  from  which  sand  and 
gravel  are  obtained.  At  this  plant  the  aggregates  are  ted 
directly  into  stationary  mixers  by  means  of  chutes  from  over- 
head bins.  The  mixed  concrete  is  elevated  into  a  hopper 
and  dumped  into  large  Packard  trucks  which  haul  it  to  the 
place  or.  the  road  where  pavement  is  being  laid.  Each  truck 
carries  four  3-bag  batches.  The  original  highway  was  built 
of  coarse,  clean  gravel,  and  the  sub-grade,  over  which  the 
hauling  is  done,  is  ideal  for  heavy  truck  hauling. 

At  the  other  plant  located  on  the  E.  J.  &  E.  Ry  towards 
the  west  end  of  the  contract,  materials  are  unloaded  from 
cars  by  a  locomotive  crane  into  large   bins,   and   from   these 


Charging    Mixer   From    Batch    Box. 

bins,  proper  amounts  of  sand  and  gravel  are  proportioned 
into  Western  bottom  dump,  wood  batch  boxes.  The  proper 
number  of  bags  of  cement  are  then  added,  and  the  boxes 
are  transported  to  the  mixer  on  the  road  by  means  of  a 
narrow  gage  railway.  Each  batch  box  contains  52  cu.  ft. 
of  loose  material,  this  being  the  proper  amount  for  an  S- 
bag  batch  of  1:2:3%  proportions.  Two  boxes  are  hauled  on 
each  car,  the  cars  being  the  under-frames  of  o-yd.  W'estern 
side  dump  cars,  which  the  contractor  already  owned.  For 
motive  power,  12-ton  Vulcan  steam  locomotives  are  used. 
The  n-.ixer  is  a  Koehring  28-E  paver  equipped  with  a  boom 

(1 


and  bucket,  but  without  a  loading  skip  or  traction.  For 
charging  and  pulling  the  mixer,  a  Bucyrus  14-B  crane  with 
full  caterpillar  tread  is  used.  The  crane  lifts  a  full  batch 
box  from  the  car  and  holds  it  over  the  mixer  hopper,  and 
upon  a  signal  from  the  mixer  operator,  given  as  soon  as  a 
batch  has  been  discharged,  the  crane  operator  releases  the 
content;;  of  the  box,  allowing  it  to  dump  into  the  mixer.  The 
gang  at  the  mixer  consists  of  seven  men,  in  addition  to  the 
foreman,  as  follows:  One  mixer  operator,  one  finishing  ma- 
chine operator,  and  one  helper;  two  concrete  spreaders 
and  puddlers,  one  crane  operator  and  one  man  to  assist  the 
train-n.'an  in  handling  the  batch  boxes.  In  addition  to  these 
men  there  are,  of  course,  the  regular  gangs  for  setting  forms, 
preparing  sub-grade  and  covering  and  sprinkling  pavement. 
The  maximum  day's  run  with  this  outfit  to  date  is  ,S47  lin. 


ft.  or   1,694   sq. 
ness. 


yd.   of  pavement  averaging   "V2   in.   in   thick- 


Actual  Cost  of  U-Ton  Truck 
Operation 

iMr.  Ccnrad  Bielecky,  of  Bielecky  Brothers,  furniture  manu- 
facturers of  New  York  City,  furnishes  an  interesting  state- 
ment of  truck  operating  costs  with  suflScient  description  to 
permit  of  their  intelligent  use  in  "One  Hundred  Per  Cent" 
for  May.     An  abstract  of  Mr.  Bielecky's  article  follows: 

We  have  three  IVi-ton  trucks  that  are  kept  busy  hauling 
raw  niaterial  into  the  factory,  and  delivering  the  finished 
product  to  our  customers,  which  are  city  department  stores 
and  outside  retail  stores  that  handle  willow  ware.  The 
trucks  go  to  the  railroad  freight  yards  and  steamboat  piers 
for  willow,  rockers,  dowel  pins  and  other  materials  that  go 
into  our  products. 

The  willow  comes  in  bundles — that  from  Japan  weighs  110 
lb.  to  the  bundle:  French  willow  weighs  only  20  lb.  to  the 
bundle.  This  stuff  is  pretty  bulky  and  we  usually  carry  only 
about  a  capacity  load. 

Wholesale  delivery  to  customers  takes  up  the  remaining 
time  of  the  trucks.  With  freight  conditions  as  they  are 
today,  shipping  by  freight  is  practically  out  of  the  question, 
because  of  the  delays  and  uncertainties  in  delivery.  With 
our  trucks  we  can  deliver  anywhere  within  100  miles  in  a 
day's  time. 

Most  of  the  articles  we  manufacture  are  bulky  rather  than 
heavy.  A  load  of  rocking  chairs,  for  example,  will  contain 
100  to  105  chairs.  As  these  chairs  weigh  approximately  18 
lb.  apiece,  the  whole  load  will  weigh  1,800  lb.,  only  a  little 
over  half  the  capacity  of  the  truck.  But  on  account  of  the 
way  our  goods  bulk,  it  would  be  poor  economy  to  use  smaller 
trucks. 

GENERAI>   DATA. 

Cost  of  truck,   exclusive  of  tires .?2.714.20 

Ag-e  of  truck  at  start  of  period 6  mo. 

Cost  of  operation  for  year  ending  Aug.  1,  1920  (depreciation 

and  driver  included) J4, 637.28 

Days  operated 292 

Cost   per  day    .1;15.8S 

Total  miles   traveled    1  S.229 

Miles  per  day 52.15 

Cost  per  mile $0.3045 

Mil'=:3  per  gallon  gasoline 8.1 

Miles  per  gallon  oil 1S2 

DKTAIL,  OK   CO.STS   PEi;    MILR  OF   TRfCK    NO.    1   FOR 

YEAR  ENDING   AUG.   1.    1920. 

Miles   run,    1."..229. 

Per  mile. 

Depreciation*    $0.0352 

Maintenance  and  repaiisf 0164 

Tire  ccst  (actual) • 0446 

Fuel  cost 0371 

Cylinder  oil   0033 

Total  variable  expense $0.1366 

Interest  0077 

License    0010 

Garage  costs   0236 

Insurance    0161 

Total  fixed  cost $0.04S4 

Driver's  wages,  J6.23  per  day 1195 

Total  cost  JO.sniS 

•F.stimated  for  total  life  of  77,000  miles.  fThis  was  estimated 
maintenance  and  repairs.  Actual  matntemnce  and  repair  was 
$11.01156. 

Highway  Work  Getting  Under  Way.— Reports  to  The  As- 
phalt Association,  Xew  York,  show  that  during  the  week  end- 
ing April  2:1,  1921,  a  total  of  187  contracts  for  new  roads  and 
streets  were  awarded,  involving  an  expenditure  of  $17,857,304, 
During  the  week  ending  April  16,  a  total  of  i:',2  contracts 
were  let,  amounting  to  .$14,512,728. 

33) 


536 


Engineering   and   Contracting   for  June   1,   1921. 


Capillary  Moisture  and  Its  Effect 
on  Highway  Subgrades 

One  of  the  baste  necessities  In  a  pavement  is  a  dry,  well 
drained  foundation  or  subgrade.  The  prevailing  practice  is 
to  provide  drainage  by  means  of  open  ditches,  covered  drains, 
or  both,  for  the  removal  of  free  surface  or  free  ground  water. 
Even  where  this  precaution  has  been  taken,  many  highway 
pavements  have  failed  because  of  wet  bases.  In  other  in- 
stances, in  the  arid  sections  of  the  country,  pavements  have 
at  leas'  partially  failed  where  drainage  was  not  thought  to 
be  necessary,  and  these  partial  failures  have  resulted,  as 
far  as  could  be  determined,  because  of  moisture  distribution 
In  the  subgrades.  Why  do  these  highways  fail?  Why  do 
the  foundations  become  wet  and  unstable  in  the  face  of  ac- 
•copted  drainage  methods?  These  are  live  questions  bother- 
ing many  highway  engineers  and  now  causing  much  concern 
in  connection  witli  highway  pavement  construction.  That 
capillary  moisture  may  be  the  cause  of  some  highway  troubles 
and  even  failures  has  but  recently  been  suspected.  Some  in- 
teresting data  that  may  bear  on  this  subject  are  given  by 
Mr.  W  W.  McLaughlin,  Senior  Irrigation  Engineer,  tJ.  S. 
Bureau  of  Publfc  Roads,  in  the  current  issue  of  Public  Roads, 
the  ofTicial  publlfation  of  the  Bureau,  from  which  the  matter 
in  this  article  i.-i  taken. 

Effect  of  Capillarity  and  Gravity  on  Soil  Moisture. — The 
force  of  capillarity  acts  equally  in  all  directions,  while  the 
force  of  gravity  acts  only  in  a  direction  vertically  downward. 
These  two  forces  are  at  work  all  the  time  upon  any  moisture 
which  may  be  within  the  soil.  Capillarity  is  augmented  by 
gravity  when  working  in  a  direction  downward  from  the  hori- 
zontal and  is  reduced  by  that  amount  when  working  in  a  di- 
rection upward  from  the  horizontal. 

Table  I  indicates  the  relative  effects  of  these  two  forces: 

Table  I  shows  clearly  the  effect  of  gravity  on  the  capillary 
movement  of  soil  moisture,  both  as  to  the  distance  the  latter 
will  reach  in  a  given  time  and  the  total  quantity  of  water 
moved.  Expressed  in  round  numbers  and  based  'ipon  the 
figures  for  the  vertical  column  the  moisture  had  moved  down- 
ward at  the  end  of  30  days  2%  times  as  far  in  the  soil  col- 
umn ir.dined  downward  at  an  angle  of  15°  and  2)4  times  as 
far  in  th€  soil  column  inclined  downward  at  an  angle  of  30°. 
as  it  had  moved  upward  in  the  vertical  column.  At  the  end  of 
30  days,  3%  times  as  much  water  had  moved  down  the  15° 
Incline  and  3.9  times  as  much  water  had  moved  down  the  30° 
Incline  as  had  climbed  upward  in  the  vertical  column. 

The  table  also  shows  that  the  quantity  of  water  per  unit 
over  the  entire  wetted  length  is  greater  for  the  columns  in- 
•cUned  downward  than  for  the  horizontal  or  vertical  columns. 

TARLE  I— CAPII  I,.AnY  MOVrCMt-^XT  i  iF  SOU,  MOI.STT'RE  FROM 

A   FREE    \V.\TER    srRF.\CK    tXTO    A    I.AVA    ASH    SOIL 

COT.FMN   FOT{   V.VRllirs   I'RRIOnS  OF  TIMT]    AN"D 

THE  TOTAL  QFANTITY  OF  WATER  MOVED. 

/ Direction  moisture  moved ^ 

Down-       Oown- 
Tlme      Verti-  ward  ward 

in  cally  Hori-      15°  from  30°  from 

days.        up-         -.lontal.        hori-  hori- 

ward.  zontal.       ^lontal. 


Distance  moved. 


Inches.      Inches.      Inches.      Inches. 

1  l*i.25  22.9  24.80  26  20 

2  2S.5fl  30. S5  34.05  3S.05 

3  27.67  37.55  41.70  42.35 
7           37.42           57.40           63.40  66.25 

15  46.92  81.45  95.25  99  70 

30  54.50         109.90         137.10  tSO.lO 

Water   moved    in    acre- 
Inches,  per  acre 1  0.403  0.605  0.655  O.605 

2  .554  .306  .907  .857 

3  .706  l.OOS  1.109  1.058 
7              .907           1.562           1.764  1.764 

15  1.169  2.369  2.722  3  O'l 

30  1.320  3.5S  4.334  5.141 

TABLE  II— DT'STRIP.FTTOX  OF  MOISTURE  IN  SOIL  COLT'MN.S 
5Y  2-INCH  SECTIONS  FROM  THE  WATER  SURFACE. 
fToIo  gravel-clay  loam.) 

Percentage  of  moisture 
in  the  soil. 

Column 
Distance  from  water  surface.  V»rtlcal  inclined 

column.  down- 

.  ward  30°. 

Per  cent.        Pe»-  cent. 

2  in 37.48  36.03 

4    in ?6.72  35.92 

6    in • 37.31  35.00 

8  in 37  fiS  S4.39 

l"    In 3-,.S5  34.74 

12   in 3235  34.28 

14   in ?0.6fl  33  61 

16    In "S '^O  32..30 

'"<   In ;         ?6.n5  31.00 

"'>  in :'3.25  29  94 

23    In 20.18  28.70 


That  some  idea  may  be  obtained  of  the  unit  distribution  of 
moisture  in  a  vertical  soil  column  and  in  a  column  inclined 
downward  at  an  angle  of  30°,  Table  II  is  given: 

In  Table  II  the  average  percentage  of  moisture  per  inch  in 
the  inclined  column  is  greater  by  41/2  per  cent  than  that  in 
the  vertical  column.  The  per  cent  of  moisture  in  the  end  of 
the  column  away  from  the  body  of  free  water  is  42  per  cent 
greater  in  the  inclined  column  than  in  the  vertical  column. 
This  circumstance  is  of  the  greatest  importance,  because  the 
supporting  strength  of  the  subgrade  depends  upon  the  ; 
percentage  of  water  in  the  soil.  1 

The  percentage  of  moisture  found  in  a  vertical  soil  column       I 
is  not  related  directly  to  the  height  above  the  ground  water       ] 
except  at  the  upper  end,  and  then  in  only  a  very  general  way. 
The  ma.ximum  percentage  of  moisture  may  be  found  and,  in 
the  clays  and   loams,  usually  is  found  several  inches  above 
the  water  surface.     This  point  is  illustrated  by  Fig.  1. 

From  the  figure  it  is  seen  that  in  the  Riverside  soil  the 
greatest  per  cent  of  moisture  is  found  about  1.5  in.  above  the 
water  surface.  In  the  Idaho  lava  ash  about  one-half  of  the 
soil  column  is  up  to  capillary  saturation.  In  other  words, 
there  would  be  little  difference  from  the  standpoint  of  moist- 
ure content  whether  the  pavement  was  6  in.  or  24  in.  above 
the  water  surface. 

Distribution  of  Moisture  in  Stratified  Soils. — Stratified  soils 
of  different  types  are  usually  found  in  the  alluvial  areas  and 
the  relative  percentage  of  moisture  in  the  several  strata  is  of 
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Fig.   1 — Relation   of   Moisture  in   Soil   Columnto   Water  Surface. 

interest.  Several  soil  columns  were  made  up  of  sand,  loam, 
and  clay  in  alternate  layers,  differently  arranged.  These  col- 
umns after  having  stood  for  several  days  were  analyzed  for 
moisture.  It  was  found  that,  at  the  same  height,  the  several 
strata  contained  approximately  the  same  percentage  of  moist-  r 
ure  as  a  column  of  one  type  representing  the  various  soils  1 
mingled.  Table  III  gives  the  results  of  a  tvpical  instance. 
The  made-up  soil  column  has  6  in.  of  clay  on  the  bottom,  then 

4  in.  of  river  sand,  and  then  a  layer  of  clay,  6  in.  thick,  of 
the  same  type  as  the  bottom  layer.  The  second  column  of 
the  table  gives  the  percentage  of  moisture  at  various  heights 
in  a  soil  column  made  up  as  described  above,  and  column  3 
gives  the  percentage  of  moisture  found  at  the  corresponding 
heights  in  a  uniform  soil  column  of  the  type  found  in  the 
made-up  column  at  the  respective  heights. 

In  a  soil  column  made  up  of  16  in.  of  clay  on  the  bottom 
and  sand  on  top,  the  moisture  had  not  moved  up  into  the 
sand  more  than  3  in.  after  standing  20  days.     There  was  only 

5  per  cent  of  moisture  in  the  sand,  although  there  was  30 
per  cent  in  the  top  of  the  clay.  Other  similar  tests  indicated 
the  advantage  of  a  top  layer  of  sand  or  gravel  in  keeping  the 
moisture  percentage  low  near  the  upper  end  of  the  soil  col- 
umn. The  top  layer  of  sand  also  seems  to  permit  only  slow- 
movement  of  the  moisture  from  the  clay  upward  into  the 
sand.  Generally  speaking,  if  the  sand  or  gravel  is  placed  at 
the  bottom  and  a  topping  of  clay  or  loam  provided,  the  sand 
or  gravel  must  be  thick  enough  to  prevent  the  rise  of  moist- 
ure to  its  upper  edge  to  be  effective.  While  the  sand  layer 
may  transmit  the  moisture  slowly,  the  clay  or  loam  will  read- 
ily take  it  up.  Retardation  of  the  movement  within  the  limits 
of  a  few  weeks  is  not  of  material  importance  or  advantage 
in  pavement  work. 

Extent  and  Rate  of  Capillary  Movement. — Questions  often 
arise  a?  to  how  far  moisture  will  be  brought  up  in  different 

TARLE   III— DISTRIBl'TION    OF  MOISTURE  IX    SOIL  COLUJIN 

OF  UNIFORM  TYPE   AND   IN   A    STRATIFIED   COLUMN 

OF  DIFFERENT  SOIL  TYPES. 

Percentagre  of  moisture. 
Made-up  Uniform 

Distance    above    the    water.  ''olumn.  column. 

Averaee  from  Per  cent.         Per  cent. 

0  to     6  in 44.39  47.95 

6   to  10  in 13.46  16.10 

10  to  12  in 43.52  40.78 

12  to  14  in 14.89  14.21 

IS    in 13.72  12.19 
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soils  by  capillarity  from  a  body  of  free  water,  and  at  what  P|.pr,j,rind     PlflHS    and      MflkincS      PrP- 

rate  the  water  will  reach  points  at  various  heights  above  the  J^repdnilg     ridllJ)    dllU     iViaKlHg     rrC" 

water  surface.    Table  IV  gives  some  indication  of  the  answers.  liminary  InSpeCtlOnS  fOF  RoaO- 

The  table  but  emphasizes  the  fact  that  the  finer  the   soil  WaV   TmnrOVf»mpnt<i* 

texture  the  greater  its  capillary  power,  and  it  also  shows  the  ""'  "^J    xu-i^^iv^  y  ^lu^^ixicj 

fallacy  of  attempting  to  keep   the  subgrade  dry   by  shallow  By   EDWARD  B.   REED, 

drainage  or  the  building  of  low  fills  over  soil  saturated  with  Assistant  State  Highway  Engineer  of  New  Jersey, 

water  oi  where  the  underground  water  table  is  nearer  than  5  The  title  of  this  paper  excludes  from  discussion  the  prepara- 

or  6  ft,  to  the  surface,  unless  the  soil  be  sandy.     The  table  tion  of  plans  and  specifications  for  extraordinary  repairs  or 

shows  that  in  lava  ash  soil  of  the  type  used  in  the  experiment  reconstruction    of    old    worn-out    macadam    roads,    since    the 

there  will  be  brought  to  the  surface  through  5  ft.  of  soil  1.8  word  "improvement"  usually  is  applied  to  new  construction 

acre-inches  of  water  in  a  year,  and  through  4  ft.  of  this  soil  only.     This  interpretation  naturally  makes  the  recommenda- 

there  would  be  brought  to  the  surface  in  the  same  time  3.3  tions  given  below  apply  chiefly  to  those  localities  which  do 

acre-inches.     Five  and  one-half  inches   of  water     would     be  not  have  a  system  of  highways  already  constructed  such  as 

brought  up  through  1  ft.  of  sand,  but  through  2  ft.  of  sand  is  found  in  some  of  the  eastern  states.     Had  more  attention 

only  %  acre-inch  of  water  would  be  brought  up  in  a  year.  been  given  to  -the  selection  of  a  proper  right-of-way,  a  well 

It  is  difficult  to  estimate  the  amount  of  the  evaporation  of  drained  sub-grade,  the  elimination  of  steep  grades  and  bad 
moisture  from  below  the  midpoint  of  a  paved  highway.  Near  curves,  when  these  highways  were  constructed,  the  errors 
the  outer  edge  of  the  pavement  the  rate  of  evaporation  may  in  construction  designated  could  have  been  corrected  at  that 
be  very  rapid,  but  in  the  center  the  moisture  would  first  have  time  for  a  fractional  part  of  the  cost  it  now  requires, 
to  move  horizontally  to  a  crack  or  through  S  or  10  ft.  of  soil  Conditions  Under  Which  Old  Macadam  Roads  Were  Laid 
to  the  outer  edge  of  the  pavement.  On  the  deserts  of  the  Out. — Ai  the  time  when  many  of  these  old  macadam  roads 
West  the  rate  of  evaporation  from  a  wet  soil  may  be  %  in.  were  laid  out  and  constructed,  the  automobile  had  not  ap- 
per  day,  and  under  some  conditions  even  more.  The  rapid  peared  or  was  used  only  to  a  very  limited  extent.  The  land 
evaporation  of  the  moisture  near  the  outer  edge  of  the  pave-  adjacent  to  these  highways  was  very  thinly  populated  and 
ment  might,  and  sometimes  does,  result  in  a  dry  subgrade  at  the  value  per  acre  was  very  small  compared  to  what  it  is 
and  near  the  outer  edge  of  the  pavement  and  a  wet  subgrade  today.  Under  such  circumstances,  as  a  general  rule,  there 
in  the  center.  In  the  heavier  soils  this  would  result  in  a  sub-  were  no  serious  obstacles  in  the  way  to  prevent  the  engineer 
grade  of  unequal  supporting  power  and,  through  contraction  from  locating  the  road  about  where  he  desired, 
and  expansion  resulting  from  unequal  moisture  content,  leave  Compare  the  conditions  then  with  those  of  today.  The 
an  unsupported  outer  edge  of  the  pavement  or  a  mushy  yield-  present  cost  of  moving  a  barn  or  a  chickencoop  and  securing 
ing  subgrade  center.  According  to  Prof.  William  H.  Burr,  the  the  land  occupied  thereby  is  often  more  than  what  would 
safe-bearing  power  of  a  dry  clay  is  4  to  6  tons  per  square  have  bought  an  entire  farm  when  the  original  surveys  were 
foot;  that  of  moderately  dry  clay  2  to  4  tons;  and  that  of  soft,  made.  A  great  many  of  our  old  improved  roads  were  con- 
moist  clay  1  to  2  tons.  Hool  and  Johnson  .give  as  the  safe-  structeu  on  the  old  original  dirt  roads  of  the  country  and 
bearing  power  of  quicksand  '/»  to  1  ton  per  square  foot,  gravel  little  effort  was  made  to  eliminate  bad  grades  or  curves, 
and  coarse  sand  well  cemented  S  to  10  tons,  and  clean  dry  These  old  roads  were  generally  so  located  that  few  bridges^ 
sand  2  to  4  tons.  These  figures  indicate  the  effect  of  moisture  fills  or  cuts  would  be  required.  To  resurface  or  reconstruct 
in  the  subgrade  in  its  relation  to  load-bearing  strength.  an  old  macadam  road  built  on  such  a  right-of-way.  iiaturally 

Capillary    Syphon    May    Cause    Water-Logging.— Where    a  '"''    require    considerable    realignment,    the    construction    of 

highwav    is    built    through    a   country    having   a    transverse  ■"^'^'  bridges,  cuts  and  fills.     The  engineers  might  have  been 

slope  of  15°   or  more  the  movement   of  moisture  down  this  -lustified    then,   on   account   of   the   traffic    conditions,    in   im- 

slope   by   capillarity   is   relatively  verv   rapid   and   extensive.  Proving  these  old  roads  without  the  elimination  of  many  of 

If  a  sand  or  gravel  stratum  is  present  (especially  if  it  be  on  ^he  grades  and  curves  which  had  to  be  subsequently  elimi- 

top  of  a  clay  or  other  impervious  or  semi-impervious  layer)  "^f^*^-   '^"'   ^"^h   a   policy,   if   followed   today,   certainly   does 

then    the    capillary    movement    of    moisture    is    much    more  °o'  produce  a  very  satisfactory  roadway. 

rapid   and   will   extend   for   great   distances.     Such   soil   con-  Lessons   to    Be    Learned   from   the   Old    Road    Layouts.— Id 

ditions  are  not  at  all  uncommon  in  an  alluvial  country  and  'ofa'ities  where  the  number  of  improved  roads  is  only  a  frac- 

afford  ideal  conditions  for  the  capillary  syphoning  of  water.  ''°°  °^  ">°^*^   ^°   ^^  improved,   the   mistakes  made   by   those 

The    capillary    movement    of    soil    moisture    from    a    free  ^'^'^^  *'^^t  ^^^^  °"t  '*°'^   ''"''^  their  main  lines  of  highways 

water  surface   is  very  rapid   for  the   first  48   hours,  and  for  ''«'f°'"®  ^^^  aavent  of  the  automobile  can  easily  be  avoided, 

that    reason,    shallow    side    drain    ditches    are    not    effective  '^'^°^'^  responsible  for  the  location  and  construction  of  new 

in  preventing  the  capillary  movement  of  moisture  into  sub-  '■°"''s  '"  ^^^^  localities,  should  make  a  careful  study  of  what 

grades,  especiallv  if  these  ditches  are  at  all  near  the  pave-  ^°™^  ^'^^^^  ^''^  ^°'^'  compelled  to  do  to  correct  the  errors  in 

ment.     Deep  drains  are  not  effective  against  capillary  moist-  construction  made  before  the  advent  of  the  automobile.    The 

ure  unless  placed  below  the  limit  of  capillary  rise  of  moist-  ''^ma^^   f^one   to   some   of  the   so-called   permanent   types   of 

ure  in   the  soil  under  consideration  pavements  by  not  correcting  these  original  errors  in  construc- 

T,,,„, .„„             •  .        \,                  ,                      i       ,,       J  tion,  is  recognized  much  quicker  and   remembered  longer  if 

That  capillary  moisture  has  caused  soggy,  wet  subgrades  .,„t„oii,-  ...,„„     „i             -      i      r„u           ^     .-        i  ■                         i 

i„  -^^^..^j  „;.            ,        ,           tc     .■                   .■  actually  seen  and  examined.     The  cost  ot  making  a  personal 

IS  Deyond  question  and  unless  effective  preventive  measures      ,„■„,»■ e  ,%.      ^  ^i.  ,        ,  .i.  .    j 

__„  ,„,,„     r^      .„         i-          ,                 I,,   u          .       u,          T     .^  examination  of  (he  damage  thus  caused  and  the  methods  now 

are  taken  it  will  continue  to  cause  highwav  troubles.     Just  u^,„„„,„,,  u,.               ,  .i           .          *  .      .                   *,            -,, 

whai  ti,^o„  „     f     f                           u     u  u          1            ■        •»!,■  being  used  by  some  of  the  eastern  states  to  correct  them  wiU 

what  these  protective  measures  should  be  and  remain  within  ,■„  „,„„„  „.,„„„  k„        i          ,       j-        ,         *     ,  .u            ■              j 

rA!io^r,oKia  „„^*  1-™-*     rr          t       t  I,                   *   ■      i  '°  many  cases  be  only  a  fractional  part  of  the  saving  made 

reasonable  cost  limits  Ifas  not  yet  been  ascertained  ,„  „i:,v,;.,„f.,„  »■,„                   .     .  »                 .       .■ 

■'  by  eliminating  these  errors  in  future  construction. 

Ihe  data  outlined  above  were  obtained  from  experiments  The  damage  that  is  done  to  the  modern  pavement  bv  sub- 
conducted  on  the  capillary  movement  of  soil  moisture  where  base  waters  is  seldom  recognized,  yet  in  most  cases  this  water 
the  source  of  the  moisture  was  tree  water.  The  capillary  does  more  damage  than  traffic.  This  statement  may  seem 
movement  of  soil  moisture  from  a  wet  soil  to  a  soil  contain-  radical  to  those  not  familiar  with  this  subject,  but.  when  we 
ing  a  smaller  percentage  of  water  differs  from  what  has  been  analyze  the  causes  that  produce  the  failures  in  bituminous 
shown  only  in  quantity.  However,  the  rate  and  extent  of  pavements  we  find  that  they  seldom  wear  out.  On  the  con- 
movement  of  the  moisture  under  the  last  named  condition  is  trary,  the  bitumen  is  decomposed  by  sub-base  waters  after 
relatively  so  little  as  to  be  almost  negligible  in  highway  which  the  pavements  soon  ravel  and  go  to  pieces.  The  truth 
pavements.  ^j  (j^jg  statement  then  becomes   very  apparent  and   the   inipor- 

tanee  ot  locating  highways  where  a  suitable  sub-base  can  be 

TABUS  ly— RISE  OP  CAPILLARY  MOISTURE  IN  soiUS  FOR  secured  is  recognized  as  a  very  vital  factor  in  proper  road 

DIF-FERENT   PERIODS   OP  TIME    AND   RATE   OP  nnn«tri.f  tinn 

MOVEMENT    OF    THE    MOISTURE.  consiruciion. 

Distance     Lisht  c'ay  loam.     ^Lava  ash  soil-s     ^Sandy    loam^  Traffic   Conditions   Should    Be   Studied. — ^It   is  assumed   that 

above         Time        Acre-        Time        Acre-        Time  '      Acre-  before  any  preliminary  surveys  are  made  or  plans  drawn  that 

surface.        days,      p'er'^day.      days,      per'^day.      days,      per'^day.  ^^^  engineer  has  carefully  studied   present  traffic  conditions 

24  m'          ^6V         "oof^          i'^          '^■'■'^          it'*'*          "nnm  and  roughly  estimated  what  traffic  conditions  may  be  expected 

36  in'.          55  "           OMS          6>^             OM                         None  i°  the  future,  and  in  order  to  provide  for  these  conditions  the 

JSin-  219  0001  \1  .000  '...'.  

?J* .'" None           50                  .005            'Paper    presented    Feb.    11    at    the    Highway    Engineering    Con- 

'^  ">•            360                 .0001          ....            fert-nce  at  the  University  of  Pennsylvania. 
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terminal  points  of  the  highway  will  be  ho  located  that  there 
will  be  good,  adequate  connections  at  these  terminals  for 
through  trafflc,  in  addition  to  making  satisfactory  outlets  for 
the  inhabitants  adjacent  to  these  terminals.  A  terminal 
should  not  be  disregarded  or  not  given  the  proper  considera- 
tion if  its  natural  location  is  such  as  to  make  it  a  favorable 
outlet  and  entering  point  yet  does  not  now  have  properly 
constructed  highways  leading  to  and  from  it.  Such  a  ter- 
minal will  in  time  acquire  properly  constructed  highways 
even,  if  for  personal  or  local  reasons,  they  have  not  been 
constructed   to  date. 

Again,  it  must  be  remembered  that  the  proportion  of  local 
travel  to  through  travel  is  generally  very  small  unless  the 
highway  is  situated  a  considerable  distance  from  any  large 
cities  or  is  not  on  some  well  defined  route.  This  through 
travel  should  be  given  due  consideration  in  selecting  the 
route  for,  it  the  mileage  of  the  route  is  considirably  in- 
creased to  accommodate  local  travel,  it  naturally  increases 
the  cost  to  the  through  trafflc  or,  in  other  words,  the  minor- 
ity is  favored  at  the  expense  of  the  majority  which  is  not 
with  accord  to  the  theory  of  our  Government. 

In  making  the  preliminary  surveys  for  a  proposed  high- 
way, naturally  the  shortest  line  between  points  to  be  con- 
nected, other  conditions  being  the  same,  will  be  the  cheap- 
est route  to  select.  However,  such  a  selection  may  often 
require  extensive  cuts  and  frills,  the  construction  of  extra 
bridges  or  the  installation  of  a  costly  drainage  system. 
These  other  factors  naturally  will  change  the  location  of 
the  higliway  more  or  less  for  it  is  certainly  not  economical 
or  good  engineering  to  locate  a  road  where  the  drainage 
conditions  are  so  adverse  that  the  life  of  the  pavement  is 
jeopardized  thereby  regardless  of  the  efforts  made  to  im- 
prove the  drainage. 

Route  Having  Best  Sub-Base  and  Drainage  Preferred. — 
A  careful  study  slimild  be  made  of  the  underlying  rock  for- 
mation and  its  dip  and  strike  determined.  If  the  rock  is 
well  satisfied  and  has  a  decided  dip,  it  may  introduce  a 
very  serious  drainage  problem.  In  such  cases,  the  installa- 
tion of  a  stone  or  tile  drain  on  the  up-hill  side  does  not  al- 
ways cut  the  strata  that  outcrops  under  the  roadbed;  con- 
sequently, it  is  not  uncommon  to  find  bad  local  dr.iinage  in 
a  sub-grade  within  a  few  feet  of  a  well  constructed  stone 
drain.  In  making  preliminary  surveys  in  such  localites, 
an  effort  should  be  made  to  locate  the  road  in  the  localities 
where  the  outcropping  rock  strata  is  capped  by  a  thick 
overburden  so  that  water  escaping  from  the  strata  will  be 
absorbed  by  this  overburden  and  not  collect  under  the  road 
bed.  The  valleys  usually  are  the  localities  where  the  over- 
burden is  the  thickest  and  the  most  porous. 

The  life  of  a  pavement  laid  upon  such  a  sub-base  is  nat- 
urally much  longer  than  that  of  a  similar  pavement  laid 
on  an  improperly  drained  sub-base,  also  the  cost  of  the  in- 
stallation of  a  proper  drainage  system  is  thus  rediiced  very 
much;  consequently,  it  is  not  always  advisable,  neither  is  it 
econom>.  to  lower  the  initial  cost  of  construction  by  reduc- 
ing the  length  of  the  roadway  to  the  minimum  if  an  unsat 
Isfactory  or  improperly  drained  sub-base  has  to  be  included 
in  such  a  route.  As  a  genera!  rule,  the  route  that  possesses 
the  best  sub-base  and  drainage  should  be  selected  unless 
the   cost  of  construction   is   increased  very   much  thereby. 

Effect  of  Grades  and  Curves. — Again,  even  if  the  initial  cost 
of  construction  is  somewhat  reduced  by  selecting  a  route 
that  will  htive  steep  grades  and  bad  curves,  it  is  seldom 
economical  to  do  so,  for  highways  are  not  constructed  for 
the  convenience  of  pleasure  vehicles  but  are  rapidly  coming 
into  competition  with  the  railroads  in  transporting  mate- 
rials. It  has  been  definitely  established  that  the  cost  of 
transporting  materials  increases  very  rapidly  with  increase 
in  grades;  consequently,  there  is  a  constant  tax  upon  the 
materials  transported  over  such  roads  by  these  grades 
■which  will  soon,  in  the  aggregate,  equal  and  exceed  the  dif- 
ference in  the  cost  between  the  two  different  routes. 

Most  engineers  are  familiar  with  the  tremendous  sums 
that  have  recently  been  expended  by  the  railroads  to  reduce 
grades  and  eliminate  bad  curves,  for  there  is  no  doubt  in 
the  minds  of  engineers  controlling  these  improvements  that 
the  money  expended  in  reducing  the  grades  and  eliminating 
the  curves,  will  be  returned  in  the  near  future  by  reduced 
operating  expenses.  The  same  is  also  true  in  highway  con- 
structicn,  but  perhaps  not  to  such  a  marked  extent. 

The  elimination  of  bad  grades  and  curves  is  also  very  de- 
sirable from  the  safety  standpoint  for  accidents  are  prone  to 
occur  at  bad  curves  or  on  steep  grades.     The  elimination 


of  these  danger  factors  becomes  of  more  vital  necessity  as 
the  width  of  the  pavement  increases  and  smoother  and  more 
substantial  types  of  pavements  are  constructed  for  both  of 
these  factors  have  a  tendency  to  increase  the  average  speed 
at  which  aiitoniobiles  travel.  While  the  governing  body 
seldom  is  compelled  to  pay  directly  for  the  damage  caused 
by  .such  automobile  accidents,  yet  it  should  be  held  respon- 
sible for  accidents  that  would  have  been  prevented  had 
these   dangerous   curves   been    eliminated. 

Both  from  the  viewpoint  of  cost  of  transportation  and 
pleasure  steej)  grades  and  sharp  curves  are  certainly  very 
objectionable  and  distasteful.  In  some  localities,  it  may  be 
that  some  curves  and  grades  cannot  be  economically  elimi- 
nated, but  a  ride  from  New  York  to  Albany,  over  the  Al- 
bany Post  Road,  certainly  will  convince  almost  anyone  that 
such  curves  and  grades  should  be  eliminated  in  laying  ou' 
the  preliminary  surveys  for  future  roads,  especially  so  in 
localities  where  the  expense  for  securing  the  right-of-way 
is  nominal  compared  to  the  cost  of  the  construction  of 
the   pavement. 

There  appears  to  be  certain  prejudice  in  some  localities 
against  disturbing  the  surface  formations  and  underlying 
strata,  for  it  is  believed  that  in  doing  so  the  natural  drain- 
age of  the  surface  is  disturbed,  consequently  we  often  'find 
roads  following  the  contour  of  the  surface  with  very  little 
effort  made  to  reduce  the  grades  by  cutting  off  the  tops  of 
the  knolls  and  filling  in  the  valleys.  Such  an  assumption. 
in  the  opinion  of  the  writer,  is  not  based  upon  proven  data. 

Width  of  Right  of  Way. — In  many  localities  it  may  appear 
like  a  useless  expenditure  of  energy  and  money  to  insist 
upon  securing  a  broad  right  of  way.  The  need  of  such  a 
right  of  way  is  seldom  recognized  in  localities  where  the 
country  is  thinly  populated  and  the  towns  are  small,  few 
and  far  between.  In  such  localities,  the  automobile  travel 
is  usually  very  light,  but,  on  the  other  hand,  the  cost  to 
secure  such  a  right  of  way  in  these  localities  is  also  cor- 
respondingly low.  As  the  country  becomes  more  thickly 
populated  towns  will  appear  adjacent  to  the  roadway,  the 
auto  travel  will  increase  greatly  and.  in  certain  localities,  it 
will  be  even  found  desirable  to  widen  the  pavement  to  24 
ft.  or  30  ft.  If  additional  land  has  to  be  then  secured,  file 
cost  thereof  will  be  many  times  the  original  cost.  Where 
towns  or  cities  have  developed  each  side  of  the  highway,  the 
right  ot  way  will  naturally  define  the  width  of  one  of  the 
principal  streets.  If  this  street  is  narrow,  it  will  be  a  great 
handicap  to  the  city  and  cost  a  large  sum  to  widen.  Re- 
gardless of  from  what  angle  this  subject  is  viewed,  there 
is  little  to  be  said  in  favor  of  a  narrow  right  of  way  ex- 
cept its  cost  while,  on  the  other  hand,  the  extra  cost  to 
secure  and  maintain  a  wide  right  of  way  is  generally  very 
nominal,  considering  the  benefits  that  may  be  derived  from 
such  a  right  of  way  in  years  to  come. 

IMost  Important  Factors  to  Be  Considered. — In  conclusion, 
the  writer  will  briefly  state  the  most  important  factors  to 
be  considered  in  preparing  plans  and  nialiing  preliminary 
inspections   for   road    improvements   as   they   appear   to   him. 

1.  So  select  the  route  that  it  will  be  of  the  most  benefit 
to  those  who  will  use  it;  that  is,  it  should  in  addition  to 
accommodating  the  local  iniiabitants.  make  direct  connec- 
tions with  other  through  routes. 

2.  Select  the  route  that  will  have  the  best  drained  and 
most  stable  sub  base. 

:'.  The  route  in  which  it  is  possible  to  eliminate  the  ob- 
jectionable grades  and  curves,  at  a  reasonable  cost. 

-1.  Where  a  right  of  way  can  be  secured  that  is  of  a  greater 
width  than  is  thought  will  ever  be  needed. 

5.  Don't  select  a  route  to  reduce  the  initial  construction 
cost  if  by  doing  so  the  drainage  has  to  be  sacrificed,  grades 
increased  curves,  or  a  narrow  right  of  way  retained. 


PennEyivania  Has  Work  Under  Way  on  619  Miles  of  High- 
way.— At  the  close  of  the  1t)20  construction  season  the  State 
Highway  Department  of  Pennsylvania  had  under  way  con- 
struction on  IGT  miles  of  thoroughfare  on  which  it  was  not 
possible  to  finish  the  work  before  cold  weather.  Since  that 
time  and  up  to  May  17.  contracts  for  an  additional  152  miles 
of  durable  thoroughfare  have  been  let  by  the  department. 
In  other  words,  there  are  now  in  course  of  completion  G19 
miles  of  durable  roadway.  During  the  1919  and  1920  con- 
struction seasons  the  Pennsylvania  Department  completed 
G6G  miles  of  durable  road.  This  consisted  of  either  one- 
course  concrete,  concrete  with  a  bituminous  wearing  surface 
or  brick  on  concrete  base. 
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Use  of  Explosives  in  Clearing  and 

Preparing  Right  of  Way  for 

a   Highway 

Road  building,  as  a  rule,  involves  a  large  number  and 
variety  of  operations,  all  of  which  must  be  properly  syn- 
chronized in  order  to  secure  the  most  economic  rate  of  prog- 
ress. Furthermore,  in  road  work,  the  problem  of  how  to 
reduce  the  amount  of  manual  labor  never  ceases  to  make 
itself  felt.  Here  the  road  builder  will  find  many  uses  for 
explosnes.  For  example,  the  output  of  a  steam  shovel  can 
frequently  be  greatly  increased  by  a  judicious  use  of  ex- 
plosives  to   loosen   the   ground.     A   few   stumps   or  boulders 


Properly    Placed    Charge   for    Blasting    Stumps    Having    Tap    Roots. 

which  would  require  hours  of  arduous  manual  labor  to  re- 
move with  the  attendant  delay  or  inconvenience  to  other 
parts  of  the  organization,  can  be  blown  up  in  a  few  minutes, 
or  the  excavation  of  a  wet  ditch,  a  job  which  labor  justly 
despises,  can  often  be  accomplished  by  means  of  explosives 
with  satisfaction  and  profit  to  all  concerned.  In  the  clearing 
and  preparation  of  the  right-of-way.  the  contractor  will  fre- 
quently find  occasion  for  the  use  of  explosives.  Some  useful 
suggestions  on  this  last  mentioned  phase  of  road  building  are 
given  by  Mr.  Andrew  P.  Anderson,  highway  engineer,  U.  S. 
Bureau  of  Public  Roads,  in  a  book,  ■Modern  Road  Building 
and  Maintenance,"  published  recently  by  the  Hercules  Pow- 
der Co..  Wilmington,  Del.  The  notes  following  are  abstracted 
from  the  book: 

Blasting  Stumps  and  Trees. — Many  thorough  tests  covering 
a  long  period  of  time  have  proven  that  the  cheapest,  quick- 
est, and  most  satisfactory  means  of  removing  stumps  and 
large  trees  from  the  right  of-way  is  by  the  use  of  dynamite, 
alone  or  in  conjunction  with  a  stump  puller.  When  the 
stumps  are  small  and  the  ground  loose  they  can  often  be 
removed  by  the  aid  of  a  team  of  horses,  a  tractor,  truck,  or 
road  roller.  In  swamps  and  wet  ground  where  stump  removal 
by  other  methods  is  almost  impossible,  satisfactory  results 
are  easily  obtained  by  the  use  of  dynamite. 

The  most  economical  method  of  removing  stumps  with 
lateral  roots  is  to  combine  the  use  of  dynamite  with  a  stump 
puller.  The  large  stumps  are  blown  loose  and  split  by 
means  of  charges  of  explosives  properly  placed,  and  then  the 
roots  and  pieces  that  remain  are  removed  by  the  stump  puller, 
a  team  with  block  and  tackle,  or  a- tractor. 

A  large  job  that  contains  all  sizes,  types,  and  ages  of 
stumps  can  usually  be  handled  most  economically  by  mak- 
ins  two  trips  over  the  ground.  A  few  stumps  that  appear 
easy  enough  for  the  puller  will  always  fail  to  move  and  will 
require  blasting,  while  the  blown  stumps  will  occasionally 
leave  a  root  too  tough  for  the  team.  Therefore,  a  second 
shooting  of  left-overs  and  a  cleaning  up  of  loose  pieces  and 
roots  is  occasionally  advisable.  The  work  should  be  handled 
in  such  manner  that  the  blaster  and  teams  do  not  interfere 
with  each  other.  This  can  be  done  by  having  them  working 
on  different  ends  of  the  job. 

Different  Types  of  Stumps. — Stumps  are  divided  into  two 
general  classes:  Those  having  a  heavy,  long  tap  root,  with 
a  fringe  of  lateral  or  brace  roots  near  the  top,  like  the  pine 
and  white  oak.  and  those  having  large  spreading,  lateral  roots, 
like  the  black  oak,  chestnut,  and  redwood.  To  remove  these 
different  types  properly  by  dynamite  requires  slightly  dif- 
ferent methods.    Furthermore,  the  older  a  stump  is,  the  more 


easily  it  can  be  blasted,  as  its  resistance  to  removal  decreases 
with  the  extent  of  decay.  Green  stumps  are  the  m.ost  diffi- 
cult to  take  out  and  require  from  half  again  to  twice  the 
quantity  of  explosives. 

Stumps  with  Heavy  Tap  Roots, — There  are  two  methods 
of  placing  the  charge  in  blasting  tap-rooted  stumps. 

When  the  brace  roots  are  small,  and  it  is  desired  to  use 
a  minimum  of  powder  at  the  expense  of  a  little  more  labor, 
the  best  way  is  to  expose  the  tap  root  to  a  depth  of  IS  in. 
or  2  ft.,  or  make  a  hole  with  a  soil  auger,  or  punch  bar  that 
will  strike  the  root  about  2  ft.  below  the  surface.  A  hole  is 
then  bored  with  a  wood  auger  somewhat  more  than  half 
through  the  root.  In  loading,  the  cartridges  should  be  split, 
and  all  of  the  charge  packed  into  the  hole  in  the  wood  if 
possible  and  the  remainder  of  the  hole  then  filled  to  the  sur- 
face with  moist  clay  or  other  available  stemming  material 
and  well  tamped.  Where  much  work  is  involved,  a  boring  ma- 
chine with  a  power-driven  auger  can  be  used  advantageously. 

Where  the  boring  of  the  root  or  the  stump  involves  too 
much  time  or  expense  the  stump  may  be  removed  by  simply 
placing  at  least  2  ft.  below  the  surface  of  the  ground,  but 
snug  up  against  and  symmetrically  around  the  tap  root,  two 
or  more  charges  of  dynamite  which  are  then  exploded  by  a 
blasting  machine.  Sometimes  a  single  large  charge  is  placed 
in  this  manner.  This  method  requires  more  powder,  but 
less  labor,  than  that  described  in  the  preceding  paragraph. 

If  it  ic  desired  to  place  a  heavy  charge  in  a  hole  or  to  con- 
centrate the  load  in  the  bottom  of  a  hole,  an  enlargement 
of  the  bottom  for  this  purpose  may  be  effected  by  "springing." 
To  spring  a  hole  a  light  charge  of  one-quarter  or  one-half  a 
cartridge  is  exploded  in  the  bottom. 

When  shooting  a  single  hole,  fuse  and  blasting  cap  are  en- 
tirely satisfactory,  but  when  there  are  more  than  one,  a 
blasting  machine  should  be  used,  so  that  all  the  holes  will 
explode  simultaneously,  each,  in  this  way,  assisting  the  other. 

The  depth  at  which  to  place  charges  depends  upon  the 
size  of  the  tree  or  stump  and  the  tap  root,  the  method  used 
for  blasting,  and  also  upon  the  depth  of  the  excavation  to 
the  road  grade  at  that  point. 

The  amount  of  charge  to  use  will  vary  considerably,  due 
to  difference  in  toughness  of  roots,  the  character  of  soil,  wet 
or  dry  ground,  and  other  conditions.  For  this  reason  no 
fixed  rule  can  be  given  for  the  quantities  of  explosives  to  use 
for  various  sized  stumps.  The  proper  loading  will  best  be 
determined  by  practical  tests  on  the  ground.  The  blasting  of 
halt  a  dozen  stumps  will  give  a  very  good  line  on  the  most 
economical  amounts  to  use  under  the  existing  conditions. 

Blasting  Stumps  Having  Large  Lateral  Roots, — When  blast- 
ing stumps  having  heavy  spreading  lateral  roots,  a  charge 
placed  under  the  center  of  the  stump  alone  might  result  in 
merely  splittfng  the  stump,  the  large  roots  remaining  and 
holding  the  split  pieces.  This  method  is  successful  with 
small,  lateral-rooted  stumps,  but  in  the  case  of  large  stumps 
charges  must  be  placed  also  under  each  of  the  heavier  roots, 
the  amounts  depending  upon  the  size  of  the  roots,  which  can 
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be  determined  with  a  %-in.  pointed  steel  rod  or  searcher. 
A  blasting  machine  should  be  used  for  simultaneous  firing. 

When  using  a  single  charge  under  a  small  stump  of  this 
kind  or  under  an  old  stump  with  decayed  center,  the  load 
should  be  placed  a  considerable  depth  below  the  butt,  so  that 
a  substantial  cushion  of  earth  will  distribute  the  force  of  the 
explosive  and  prevent  mere  splitting  of  the  stump. 

While  a  stump  removed  with  a  puller  often  has  several 
times  itc  own  weight  of  earth  clinging  to  it,  a  blasted  stump 
is  free  of  such  encumbrance  and  is  often  broken  into  several 
pieces.  This  greatly  facilitates  subsequent  handling  and 
burning. 

Removing  Stumps  of  Very  Large  Size. — In  the  Pacific  coast 
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Btatea.  redwood,  flr,  pine,  and  cedar  trees  grow  to  mormons 
size.  Their  roots  usually  stay  near  the  surface,  due,  in  a 
large  measure,  to  the  wet  climate,  These  stumps  can  be  re- 
moved In  the  same  manner  as  the  smaller  stumps  of  similar 
type. 

As  ai:  indication  of  the  amount  of  explosives  required  to 
remove  these  enormous  stumps,  square  the  largest  diameter 
in  feet.  The  result  will  give  the  approximate  number  of 
l'.:ix8-ir..  sticks  necessary.  This  is  no  fixed  rule,  but  merely 
indicated  a  point  from  which  to  start.  The  varying  char- 
acter and  condition  of  stump.s  and  soils,  here  as  elsewhere, 
cause  very  different  requirements,  and  only  experience  can 
establish  the  most  efflcient  practice. 

Removing  Trees  with  Dynamite.— Clearing  the  right-of-way 
for  road  work  frequently  necessitates  the  removal  of  many 
trees.  The  quickest  method  of  accomplishing  this  is  by  blast- 
ing. In  felling  trees  with  dynamite,  the  placement  of  holes 
is  the  same  as  for  stumping.  Larger  quantities  of  explosives 
are  necessary,  however,  because  of  the  greater  weight  to  be 
lifted.  By  judgment  in  the  placing  of  charges  the  direction 
of  fall  can  be  controlled.  An  observance  of  the  wind  may 
be  made  to  render  material  assistance  in  both  felling  and 
direction  of  fall.  Trees  having  value  for  saw  stock  should 
not  be  blasted,  as  the  trunk  may  be  ruined  for  the  saw  mill 
by  a  split  resulting  from  the  explosion. 

Selecting  the  Type  of  Dynamite  for  Stumping. — It  is  fre- 
quently the  case  that  in  blasting  stumps,  the  road  builder 
uses  almost  any  kind  of  powder  that  happens  to  be  on  hand. 
While  this  may  do  the  work,  it  is  generally  not  economical, 
and  the  dynamite  best  adapted  for  stump  removal  should 
be  selected. 

In  dense,  heavy  soils,  such  as  those  containing  mack,  clay, 
or  silt,  a  low  strength  explosive  is  the  more  satisfactory. .  A 
heaving  and  lifting  effect  is  desired,  and  the  confinement 
of  the  charge  in  such  comi)act  soils  is  so  good  that  the  lower 
strength  powders  accomplish  the  work  before  the  escape  of 
the  gases.  Twenty  to  ?,0  per  cent  strength  are  best  tor 
this  work. 

In  coarse,  light,  dry  soils,  such  as  sand,  an  explosive  is 
necessary  that  exerts  its  force  before  the  gases  can  get  out 
through  the  quickly  displaced  material.  For  this  reason, 
higher  strength  powders,  50  to  60  per  cent,  are  required  for 
good  results. 


Cost  of  Street  Cleaning  at  Cincinnati,  O. 

The  accompanying  tabulation  reprinted  from  the  recently 
issued  1920  report  of  Pred  Maag.  superintendent  of  the  Street, 
Sewer  and  Catch  Basin  Cleaning  Department  of  Cincinnati, 
O,,  shows  the  cost  of  street  cleaning  operations  for  the  last 
four  years:  The  costs  for  1920  are  the  highest  recorded  in 
the  history  of  the  street  cleaning  department.  These  in- 
creased costs  are  accounted  for  by  the  tact  that  1920  was 
the  peak  of  rising  prices  in  both  material  and  labor.  In  the 
month  of  April,  1920,  2-horse  drivers  were  raised  from  $.3,50 
per  day  to  $4.00  per  day,  an  increase  of  14  2/7  per  cent;  the 
1-horse  drivers  were  raised  from  $.3,25  to  $3.75  per  day,  an 
increase  of  15  5/13  per  cent,  while  the  laborers,  helpers, 
scrapers,  white  wings  and  broom  gang  men  were  lifted  from 
$3.00  to  $3.60  per  day,  being  a  level  increase  of  20  per  cent. 
The  2-horse  drivers  have  had  total  wage  increases  in 
the  last  four  years,  approximating  77  7/9  per  cent,  while  the 
l-horse  drivers  and  department  laborers  have  secured  in- 
creases totaling  SO  per  cent  in  the  same  period.  The  costs 
were  as  follows: 


i:nit 
cost. 

Flushing,    squares 121 

Street  swotpings.  cu,  yd 2Sli 

Ash  co'ltction.  cu.  yd 299 

Wlliti-  wings.  10(10  sc|.  yd .Wl 

Brfiom   gang,   squares 23S 

Gutters,    squares 144 

Gutters  after  Hushing,  squares.     .140 

Unit 
cost. 

Flu»hins,  squares 131 

Street  sweepings,  cu.  yd 36.t 

Ash  collection,  cu,  vd 375 

White  wings.  1.000  sq.  yd 32S 

Broom  gar.g?;.    squares 241 

Gutters,   squares    178 

Gutters  after  flushing,   squares.     .1G9 


-1917 

Unit  cost 
with 
overhead. 
.268 
.526 
,515 
.247 
.2S2 
.162 
.157 


Unit 
cost. 
.120 
.332 
.344 
.313 
.264 
.138 
.167 


-ISlg- 

Unit  cost 

w^ith 
overhead. 
.274 
.633 
.613 
.360 
.305 
.155 
.187 


-1919 , 

Unit  cost 
with 
overhead. 
,284 
.674 
.638 
.3S0 
.283 
.199 
.189 


-1920- 


Unit 
cost. 
.151 
.463 
.461 
.410 
.320 
.268 
.194 


Unit  cost 
with 

overhead. 
.325 
.853 
.793 
.470 
.368 
.288 
.216 


Widths  of  Road  ways  and  Sidewalks 
in  Municipalities 

Ihe  securing  of  adequate  roadway  and  sidewalk  widths  is 
one  of  the  most  important  problems  in  the  modern  city,  i 
suggestive  report  on  this  problem  was  presented  April  29  at 
the  convention  of  the  National  Highway  Traffic  Association 
by  Mr.  H.  J.  Fixmer,  paving  engineer.  Board  of  Local  Im- 
provements, Chicago,  The  report  practically  in  full  fellows; 
It  is  quite  obvious  that  the  width  of  the  street  is  to  be 
determined  by  the  use  to  be  made  of  it.  The  proper  width  of 
street  is  a  summation  of  the  width  of  roadway,  width  of  side- 
walks and  extra  or  reserve  width.  The  extra  or  reserve 
width  is  set  apart  for  parkways,  to  add  beauty  and  comfort, 
and  to  provide  for  future  expansion  of  roadway  and  sidewalk 
width.  In  the  typical  city  where  the  width  of  street  is  fixed' 
and  delincd  by  buildings,  the  width  of  roadway  and  sioewalk 
must  be  carefully  proportioned.  Where  these  widths  prove 
inadequate  to  accommodate  the  traffic  the  street  must  be 
widened  by  condemnation.  Where  this  cannot  be  done,  bf- 
cause  of  physical,  legal  or  economic  conditions,  the  traffic 
must  be  restricted  and  regulated  by  police  power. 

Width  of  Roadway. — The  width  of  pavement  of  roadway  it 
determined  by  traffic  needs,  by  tradition,  by  esthetic  require- 
ments or  by  limitations  of  site  or  cost.  In  the  city  the  value 
of  the  pavement  to  the  users  is  of  paramount  importance. 
The  pavement  must  prove  safe  and  comfortable  to  lise.  must 
be  truly  economic,  must  present  an  agreeable  appearance,  and 
must  accommodate  the  abutting  property  and  the  character 
and  amount  of  traffic  using  it. 

The  realization  of  the  above  qualities  is  intimately  affected' 
by  the  factor  of  width  of  roadway.  Owing  to  the  great  in- 
crease and  diversified  use  of  motor  vehicles,  the  fundamental' 
basis  of  pavement  design  today  is  to  fulfill  the  needs  of  the- 
traffic;  to  serve  the  users  of  the  street  in  an  efficient  manner. 
The  following  quotation  is  from  a  jiaper  presented  before  tht 
1920  annual  meeting  of  the  American  Society  of  Municip.ii 
improvements  by  Mr,  Robt,  Hoffman,  chief  engineer.  Depart 
ment  of  Public  Service,  Cleveland,  O.: 

The  determination  of  roadway  widths  may  be  considered  fr^n-, 
two  different  points  of  view.  One  is  from  the  view  point  of  ap- 
pearance, governed  bv  rules  of  proportion,  or  by  making  provision 
for  predetermined  widths  of  sidewalk  strips  or  for  lawn  and  park- 
inj?  spaces.  The  other  view  point  is  that  of  traffic  accommodation. 
The  first  view  point  applies  principally  to  parkways,  boule- 
vards and  certain  classes  of  residence  streets  where  beauty  and 
proportion  largely  control  the  design  rather  than  economy  and 
utility.  Making  the  roadway  from  50  to  60  per  cent  of  the  street 
width  between  property  lines  will,  in  many  cases,  sati-factorily 
suit  conditions.  The  design  of  the  planting  strips  and  lawns  will, 
however,  nearly  always  control  the  width  and  arrangement  of  the 
pav-Jd  roadways.  Even  here  the  expected  traffic  should  receive 
consideration,  but  its  subordin.ttion  to  other  conditions  may  be 
perfectly  logical  and  free  from  criticism. 

Consideration  of  roadway  widths  from  the  second  view  point, 
that  of  trafflc  accommodation,  obviously  applies  to  the  greater- 
number  of  cases,  and  should  be  the  prevailing  point  of  view  when 
considering  any  basis  of  design  or  the  standardization  of  widths. 

Kinds  of  Traffic. — There  are  five  general  classes  of  traffic 
using  the  city  street.  These  are:  pedestrian,  horse  drawn^ 
motor  driven,  street  railway  and  stationary  traffic.  Sta- 
tionary traffic  consists  of  vehicle  loading  or  unloading  mer- 
chandise, and  vehicles,  mostly  motor  driven,  appropriating 
the  pubiic  space  for  parking.  Since  all  classes  of  traffic  have 
the  common  right  to  use  the  street,  the  street  should  be  de- 
signed to  afford  each  class  Ihe  maximum  of  comfort  and  safety 
without  abridging  or  destroying  the  rights  of  the  other  classes. 
Effective  Width. — The  effective  width  of  roadway  is  that 
part  available  to  moving  traffic.  The  effective  width  of  road- 
way is  affected  by  the  presence  of  street  railway  tracks,  by 
the  provision  for  parking  vehicles,  by  the  custom  or  necessity 
of  backing  vehicles  against  the  curb  to  load  and  unload  ma- 
terial, by  slippery  surface,  by  excessive  crown  of  surface,  by 
accumulation  of  snow  and  refuse  and  by  uneven  or  worn  out 
pavement   surface. 

Requirements  of  Traffic— The  width  of  roadway  required 
for  traffic  is  a  function  of  the  necessary  clearance  of  the 
width  and  permissible  speed  of  the  vehicles  and  the  volume 
or  amount  of  traffic.  The  relation  between  roadway  width 
and  width  of  vehicle,  for  each  line  of  traffic,  (standing  or 
moving)  is  given  by  the  following  formula: 
S 

W  =  B  +  C  -I-  —  (1> 

10 
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S  being  the  permissible    max.  speed   (in  miles  per  hour) 

of  the  vehicle  traffic. 
W  =;  required   width   of   roadway   for   one   line   of   traffic 

parallel  to  the  street  axis  (in  feet). 
B=^  width  of  vehicle  (overall)  in  feet. 
C  =  lateral  clearance  factor,  varying  from  V^  to  1. 
Thus  in  order  to  fix  the  width  of  roadway  to  accommodate 
the  character  of  traffic  the  widths,  particularly  the  allowable 
maximum,  of  all  vehicles,  together  with  the  permissible  speed 
must  be  known.     Where  vehicles  stop  or  park  parallel  with 
the  street  axis  the  required  width  from  the  formula  is  overall 
•width  plus  one  half  foot.     Where  vehicles  are   permitted   to 
park  at  an  angle  or  back  against  the  curb  to  handle  goods, 
the  width   must  be  increased   from   six  to  twelve  feet,   over 
the  width  needed  when  standing  parallel  with  the  curb.     The 
space  to  be  provided  for  parking  or  so  called  stationary  traffic 
must  be  definitely  settled. 

To  determine  the  effective  width  or  width  to  be  kept  open 
for  moving  traffic,  we  must  know  the  number  of  moving 
lines  of  traffic  to  provide  for. 

The    distance    required    to    stop    a    motor    driven    vehicle 
equipped    with    proper   brakes,    road    in    good    condition   and 
driver  alert,  is  determined  by  the  following  formula: 
S' 

D  =  —    (2) 

10 
D^  distance  in  feet  to  stop  vehicle. 
S  =  speed  in  miles  per  hour  (maximum  permitted). 
The  headway  required  for  fast  moving  vehicles  varies  with 
the  maxmium  speed,  the  factor  of  safety  assumed   (to  allow 
tor  poor  brakes,  possible  slipperiness,  time  for  driver  to  act), 
and  the  length  of  the  vehicle. 

H  =  DF+  V (3) 

H=:  Headway  in  feet. 

F  =  Factor  of  safety   (ordinarily  equal  to  2). 
V  =  Length   of  vehicle   in   feet.     V  is   important   only  at 
low  speeds,  and  varies  from  10  to  30  ft.  depending  on 
the  kind  of  vehicle. 
*The  maximum   number   of  vehicles   per  hour   per   line  of 
moving  traffic  is  given  in  the  following  formula: 
5280  M 

N  = (4) 

H 
N  =  Max.  number  of  vehicles  pei'  hour  per  line  of  moving 

traffic. 
M  =  Assumed  average  speed  in  miles  per  hr. 
The  number  of  lines  of  traffic  to  be  provided  for  should  be 
■based  on  the  future  use  of  the  street.     A  traffic  census  is  of 
little  value  unless  carefully  interpreted,  and  then  only  is  im- 
portant as  an  aid  to  judgment. 

The  total  width  of  roadway  to  accommodate  the  ch.-^racter 
of  traffic  using  a  given  street  is  the  summation  of  the  num- 
ber of  naffic  lines  required  for  moving  and  stationary  traffic. 
A  given  width  reaches  its  greatest  capacity  when  speed  is 
uniform  nr  average  speed  approaches  the  maximum  speed. 
This  ideal  condition  is  never  reached  and  closely  approached 
only  on  long  stretches  of  open  country  road  or  certain  boule- 
vards. 

On  the  city  street  the  speed  is  restricted  to  a  low  average, 
due  to  frequent  cross  traffic,  presence  of  car  tracks,  and  mixed 
character  of  traffic.  To  accommodate  an  increase  of  traffic 
the  maximum  speed  and  even  the  average  speed  must  be  re- 
duced. A  double  track  street  railway  requires  a  width  of  20 
ft.  for  safe  and  rapid  operation.  On  streets  other  than  those 
•carrying  car  tracks  the  requirements  of  rapid  vehicle  traffic 
indicate  a  minimum  width  of  20  ft.  for  the  rapid  moving 
middle  traffic. 

Regulation  of  Width  and  Speed  of  Velnicie.— The  necessary 
width  01  roadway  for  vehicle  traffic  is  a  function  of  clearance, 
-width  and  permissible  speed  of  vehicle  as  shown  in  Formula 
I.     The  following  table  shows  necessary  width  for  each  line 

S 

■of  traffic.     (W  =  B-fy2H ). 

10 

Apart  from  consideration  of  pavement  damage  due  to  im- 
-pact,  tire  equipment,  etc.,  the  speed  must  be  regulated  from 
the  standpoint  of  public  use,  safety  and  economy.  It  appears 
that  10  ft.  should  be  the  proper  width  for  each  line  of  rapid 
traffic,  and  8  to  9  ft.  for  side  or  slower  moving  traffic.  Thus 
a  truck  measuring  8%  ft.  overall  would  be  limited  to  a  maxi- 

Ar,!!^?^,?','".?'^'''   *'5'   H.    J.    Fixmer   in   Engineering  and   Contracting 
-Apr.  I,  1919,  page  328. 


TABLE  I— RELATION  OF  ROADWAY  WIDTH  TO  WIDTH  AND 
SPEED  OF  VEHICLE. 

Overall  Width  of  Vehicle  (in  feet) 
Permissable  speed  of  vehicles  in 

miles  per  hour  (min.) 6  6yo       7  7^4       8  8y2 

Width    of    Roadway    per    Line    of 
TrafBc. 
Parked    or    standing    \  parallel    to 

curb)    (stationary)    6',<;       7  7%       8  8^4       9 

5  (miles  per  hr.) 7  71/2       8  8V4       9  9'Vi 

10  (miles  per  hr.) 7>^       8  8^4       9  9V4     10 

15  (miles  per  hr.) S  8^i       9  9'/,     10 

20  (miles  per  hr.) S'>4       9       .    9?^     10 

25  (miles  per  hr.) 9  91,4     10 

:i(\  (miles  per  hr.) 9V-!     10 

40  (miles  per  hr.) 10 

mum  speed  of  10  miles  per  hour,  and  should  not  travel  along 
the  middle  strip  reserved  tor  rapid  traffic. 

It  seems  the  general  consensus  of  opinion  that,  imtil  demon- 
strated uneconomic,  the  width,  length  and  height  of  vehicles 
should  be  limited  to  8  ft..  24  ft.  and  12  ft.,  respectively 

Economic  Value  of  Width. — City  pavemenss  are  expensive, 
and  it  is  wise  to  carefully  determine  adequate  width.  Pave- 
ment cost  varieb  from  50  ct.  to  $1  per  foot  in  width  per  lineal 
foot,  or  $3,500  to  $5,000  per  mile  per  foot  in  width.  It  is  for 
this  reason  that  the  maximum  width  should  be  a  minimum  to 
accommodate  the  needs  of  the  traffic  and  abutting  property. 
Streets  should  not  be  paved  too  wide  where  use  does  not  de- 
mand it.  Arbitrary  standardization  is  wasteful.  The  regula- 
tion of  width  of  vehicle  is  certainly  Justified  in  view  of  the 
added  cost  to  accommodate  a  small  percentage  of  extra  wide 
trucks.  The  loss  occasioned  by  congestion,  detours,  restricted 
business  and  so  forth,  due  to  an  inadequate  roadway  should 
be  determined.  This  loss,  when  capitalized,  indicates  the  sum 
that  can  be  wisely  spent  to  increase  the  roadway  width  or 
construct  new  trafficways  adjoining,  above  or  below  the  pres- 
ent street  surface. 

Sidewalks. — The  main  purpose  of  the  sidewalk  is  to  ac- 
commodate the  toot  or  pedestrian  traffic.  Other  uses  aie  inci- 
dental r.nd  can  be  ignored  in  determining  the  proper  widths. 
The  width  of  the  sidewalk  is  often  reduced  by  the  presence 
of  poles,  hydrants,  receptacles  and  building  encroachments, 
usually  stair  entrances.  The  arbitrary,  or  "practical"  rule  for 
sidewalk  widths  on  each  side  of  the  street,  is  given  by  the 
formula:  Sw:=:Lx2.  Five  S.w.  =  sidewalk  width  in  feet 
on  each  side  of  street.  L=;  number  of  lines  of  traffic  provided 
by  the  roadway.  The  traditional  method  of  determining  side- 
walk width  is  to  make  Sw  from  S  to  2(i  per  cent  of  the  total 
street  width.  A  line  of  pedestrian  traffic  is  universally  taken 
as  2  ft.  in  width.  It  is  obvious,  therefore,  that  the  effective 
sidewalk  width  should  be  a  multiple  of  two.f 

tSee  article  by  H.  J.  Fixmer  in  Engineering  and  Contracting. 
Nov.  22.  1911.  page  562. 

In  large  cities  the  matter  of  adequate  sidewalk  width  is 
vitally  important.  A  formula  can  be  developed  for  sidewalk 
width  similar  to  the  one  used  for  roadway  width.  The  width 
for  one  line  of 'moving  pedestrian  traffic  is  taken  as  2  ft.  This 
mcludes  allowance  for  clearance  at  the  average  speed  of  % 
to  3  miles  per  hour.  The  distance  apart  (headway)  ii  deter- 
mined by  speed,  or  rather  degree  of  congestion,  and  comfort. 
The  following  formula  shows  capacity  of  walk  per  2  ft.  of 
width  at  various  rates  of  travel  for  various  distances  apart: 
52S0  M' 

N  = (6) 

H' 
In  which  N'  =Max.  number  of  pedestrians  per  hour  per  line 
or  traffic   (2'  width). 
M'  ^=-  Average  speed  in  miles  per  hour. 
H'  =  Headway,  or  distance  between  bodies  (2  feet) 

lor  body. 
Sw=:  Width  of  sidewalk  in  feet. 

T     ^  Total  number  of  pedestrians  passing  per  hour. 
2T 

Sw= (7) 

N' 
In  a  congested  street,  due  to  frequent  interruption  by  cross 
traffic,  etc..   with   an  average  speed  of  1    mile  per  hour  and 

5280  X  1 

distance  between  pedestrian  of  tj  ft.,  we  find  N'=r — ■ = 

(6-+  2) 
660  persons  per  hour  per  2  ft.  of  width,  or  330  per  hour  per 
foot   ol   width.     This   is   approximately    the   maximum,    since 
the  clearance    (for  comfort)    varies   nearly   directly   with   the 
speed. 

City  Planning. — The  importance  of  street  and  roadway 
widths  is  new  quite  well  understood  by  students  of  city  plan- 
ning.    The   proper  development   of  property   as   well   as  tho 
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TAB1.E  II— ROADWAY,    SIDEW^AUC  AND   STREET  WIDTHS 


Class  of  street. 

Resiclenco  street    

Resldenre  street   

Boulevnrd   

BUKlnesH  street   

Through  route  bus.  st.  (car  line- 
Retiill  Ixislness  street  (car  line). 

Industrliil  street   

OutlyliiK  drive  or  road   


Max.  No. 

Sidewalk 

Min.  tutal 

No 

I'robablo 

Probable 

Maximum  Probable 

vehicles 

width 

I'kwy.  or 

stri-et 

lentcth  of 

max 

width 

speed 

averaue 

(per  hour) 

Roadway 

(each 

reserve 

width  (bet 

lines. 

vehicles. 

vehicles. 

allowed. 

speed. 

(no  parking) 

"  width. 

side). 

(each  side). 

buildinKs) 

•1 

16 

7 

20 

15 

IGOO 

24 

6 

9-12 

t50-60t 

3 

16 

7 

20 

15 

2400 

.■iO 

6 

12 

66t 

g 

14 

7 

30 

20 

3270 

56 

10 

22 

120 

\ 

16 

8 

20 

10 

2200 

40-48 

12 

28  to  24»' 

120« 

20 

8Vi 

20 

10 

3180 

60 

16 

0  to  14* 

92  to  120 

s* 

16 

8 

15 

5 

S.-jOO 

SO 

20 

0 

120 

I'l 

iVs 

10 

3 

1410-2100 

44  to  68 

10 

0 

64  to  88 

14 

7 

30 

20 

1200 

20 

4 

16 

60t 

•Allow   for  future  tralllc   Increase.  .         . .,   j      .-..^  ■  »   v.i,  ,.■        on  ,.     ...     •. , 

tWhere  zoning  laws  are  in  effect  and  character  of  street  is  settled.     Otherwise  reciuire  recerve  space  by  establishmg  .'>0  ft.   'build- 
ing lines."  ,  ,  .  ,,        j^ 

tSido  frontage  street  for  local  traffic  only  (no  parkmg  allowed)  ,  „  .     ^ 

"Where  parking  Is  permitted  reduce  capacity  to  correspond  with  number  of  lines  of  moving  trafnc. 


enjoyment  of  community  life,  is  dependent  on  the  street 
layout.  Let  us  trace  the  history  of  street  widths  in  the  aver- 
age American  city.  The  universal  street  and  road  width  east 
of  Ohio  is  66  ft.,  an  arbitrary  unit  based  on  the  'surveyor's 
chain,"  this  unit  being  adopted  to  facilitate  computation  of 
areas  in  terms  of  acres,  rather  than  from  any  consideration 
of  traffic  needs.  This  traditional  or  "standardized"  width  is 
inadequate  in  many  places  and  wasteful  in  others.  Many 
streets  are  laid  out  with  the  widtli  based  on  wilful  expediency 
or  vagi:e  imagination,  no  thought  apparently  being  given  to 
the  needs  of  traffic,  accessibility,  need  of  parkways,  or  future 
use  of  the   street. 

The  general  rule  for  adequate  street  width  is  given  by  the 
simple   formula  W  =  WR  +  Ws  +  Wp  -f  Wg,   in   which 
\V    =:  total  width  between  buildings. 
WU  :=  necessary  width  of  roadway. 
Ws  =  necessary  width  of  sidewalk. 
Wp  =  width  of  parkways. 

Wg  =  reserve  width  or  width  necessary  to  widen  road- 
way  and    sidewalk    when   character   of   street    and 
property  changes.     Very  often  Wg  is  taken  equal 
to  Wp,  the  parkways  being  absorbed  later  on  in 
the  roadway  and   sidewalk  space,     hi  some  cases 
Wg  is  laid  out  between  the  sidewalk  and  so  called 
building  line.     This   is  good  practice  where  legal, 
and  later  on.  enforceable.     (See  Table  II.) 
The  following  table  is  submitted  to  show  approximate  road- 
way, sidewalk  and  street   widths  required  for  modern  traffic 
for  usual  types  of  streets,  in  the  average  municipality.    This 
table   loes  not  represent  an  attempt  at  standardization.     It 
appears  here  to  indicate  the   proper  method  of  determining 
total  street  width,  which  should,  if  possible,  be  secured  when 
the  street  is  originally  platted: 

It  is  still  the  general  custom  to  determine  roadway  width 
on  the  basis  of  limitations  of  site  aud  cost.  While  this  method 
may  be  warranted  in  a  few  cases,  it  should  be  generally  dis- 
couraged. Some  cities  have  attempted  a  general  standard- 
ization by  assigning  ratios  to  the  roadway  or  sidewalk  width. 
Usually  the  roadway  width  is  established  at  40,  50,  60  or 
even  70  per  cent  of  the  total  street  width.  There  should  be 
no  general  standardization  of  roadway  or  sidewalk  widths. 
As  stated  before,  the  width  should  be  an  expression  of  the 
use  of  the  street  or  the  needs  of  the  traffic  and  abutting 
property.  Each  street  should  be  studied  not  only  alone  but 
in  connection  with  the  general  street  plan,  and  widths  adopted 
to  fit  its  use.  City  planning,  with  its  provision  for  zoning, 
will  greatly  assist  in  defining  the  character  of  the  street  and 
thus  enable  us  to  design  street,  sidewalk  and  roadway  widths 
more  efficiently  in  the  future. 


Pennsylvania  Road  Contractors  Urged  to  Employ  Local 
Labor.— The  State  Highway  Department  of  Pennsylvania  has 
urged  contractors  engaged  on  road  construction  projects 
to  employ  local  labor  rather  than  import  the  labor  needed. 
State  Highway  Commissioner,  Lewis  S.  Sadler,  issued  the 
following  statement: 

"A  survey  of  the  state  discloses  the  fact  that  in  almost 
every  community  there  are  large  numbers  of  unemployed 
men  and  that  this  number  is  increasing  weekly.  The  high- 
way department  is  anxious  to  relieve  this  situation  insofar 
as  the  contracts  under  its  direction  will  afford  employment. 
In  view  of  the  fact  that  practically  all  communities  are  af- 
fected alike  and  that  there  is  available  a  local  supply  of 
labor  for  all  our  existing  contracts,  our  contractors  are  being 
urged  to  seek  the  services  of  men  living  in  the  community 
In  which  they  are  operating  rather  than  to  import  labor 
from  a  distance;  and  especially  are  they  being  urged  not  to 
interfere  with  such  labor  as  is.  or  will  be,  employed  on  the 
farms  of  the  commonwealth." 


Method  of  Constructing  Concrete 

Paving  for  Street  Railway  at 

Birmingham,  Ala. 

During  the  past  10  years  the  Birmingham  Railway.  Light. 
&  Power  Co.  has  laid  approximately  20  miles  of  single  track 
equivalent  of  concrete  pavement.  The  design  adopted  for 
this  work  is  shown  in  the  city,  reproduced  from  the  Con- 
crete Highway  Magazine,  from  which  the  matter  in  this  arti- 
cle also  is  taken.  The  section  shows  the  construction  on 
Tuscaloosa  Ave.,  where  two  miles  have  just  been  completed. 
A  feature  of  this  track  construction  was  the  "twin"  steel 
ties  spaced  6  ft.  on  centers.  These  consist  of  two  "-in.  stef^l 
channels  riveted   to  two  plates  13  by  36  in.  by  516  in    clamped 
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Cress-Section  of  Concrete  Street  Railway  Pavement  on   Tuscaloosa 
Avenue,   Birmingham,  Ala. 

to  the  base  of  the  rails.  Seven-inch  15o-lb.  grooved  rails 
were  used.  On  other  work  creosoted  wood  ties  spaced  3  ft. 
on   centers  are  sometimes  used. 

On  the  Tuscaloosa  Ave.  job,  while  concrete  was  being 
placed  the  track  was  supported  by  means  of  wedge  shaped 
wood  blocks.  Final  adjustment  of  track  to  line  and  grade 
was  made  just  previous  to  placing  concrete  and  wa?  checked 
up  behind  the  mixer  to  make  sure  no  settlement  took  place 
when   the   mixer   passed   over  it. 

Two-ccurse  construction  was  adopted,  the  total  thickness 
of  the  concrete  being  17  in.  The  base  course  Is  13  in.  and 
of  a  1:3:6  mix:  the  top  course  is  4  in.  and  of  a  1:2:4  mix. 
Basic  slag,  abundant  in  this  district,  was  used  as  coarse 
aggregate  for  the  base.  A  good  grade  of  limestone  was  used 
for  the  top  course.  Clean,  coarse  sand  was  obtained  from 
pits  near  Montgomery,  Ala.  The  concrete  was  well  tamped 
under  the  plates,  rails  and  ties  to  avoid  air  pockets  which 
might  cause  slight  settlement.  Hand  floating  was  used  to 
finish  the  pavement.  With  the  grooved  rails  used  on  Tusca- 
loosa Ave.  an  unusually  smooth  riding  track  is  obtained. 
Xo  transverse  joints  were  placed  in  the  concrete  except 
when  concreting  was  stopped  for  some  time. 

In  1917  several  blocks  of  concrete  pavement  were  laid 
without  joints.  This  is  now  214  years  old  and  is  giving 
such  excellent  service  under  heavy  traffic  that  it  has  been 
decided  to  eliminate  joints  on  all  future  work.  Some  few 
trans veise  cracks  have  developed,  but  these  are  so  fine  as 
not   to   require   filling   with  tar. 

Where  double  track  is  being  paved,  as  on  Tuscaloosa  .Ave., 
one  track  is  paved  at  a  time  with  crossovers  provided  to  di- 
vert the  cars  to  the  other  track,  so  as  not  to  delay  traffic. 
On  the  first  track  paved,  the  concrete  for  the  base  course  is 
placed  to  a  distance  of  IS  in.  outside  the  rails  in  order  to 
give  the  track  a  firm  support  during  the  period  of  its  use 
before  the  other  track  has  been  paved.  The  top  course  is 
laid  only  between  the  rails.  In  this  way  the  rails  serve  as 
forms  and  no  longitudinal  joints  appear  on  the  surface.  The 
other  track  and  the  space  between  the  tracks  are  then  paved 
in  one  operation.  The  municipal  pavement  between  track 
and  curb  is  then  laid  by  the  contractors  for  the  city.  The 
cost  of  this  work  for  a  distance  of  IS  in.  outside  the  outer 
rail  is  borne  by  the  railway  company. 
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Recent  Practice  in  Construction  of 

Crushed  Stone  and  Gravel  Roads 

in  Pacific  Northwest 

Developments  in  the  surfacing  of  highways  with  crushed 
stone  or  gravel  as  practiced  in  the  Pacific  Northwest  are 
reviewed  in  the  current  issue  of  Public  Roads  by  C.  L.  Mc- 
Kesson. Senior  Highway  Engineer  and  A.  F.  Morris,  Highway 
Engineer  V.  S.  Bureau  of  Public  Roads.  The  notes  follow- 
ing are  taken  from  their  article; 

Many  miles  of  crushed  stone  or  gravel  surfacing  are  now 
under  construction.  Due  to  a  lack  of  water  in  most  localities 
where  this  type  is  being  built,  water  has  been  used  on  only 
a  few  projects  and  rolling  is  seldom  resorted  to.  The  gen- 
eral practice  now  in  this  section  is  to  use  much  finer  ma- 
terial than  heretofore,  both  in  bottom  and  top  courses.  The 
maximum  size  of  material  used  is  2  in.,  and  on  many  of  the 
most  satisfactory  pieces  of  construction  1%  in.  war:  fixed  as 
the  maximum.  The  ease  with  which  such  a  surfacing  may  be 
maintained  and  the  smooth,  uniform  roadway  resulting  seem 
to  justify  the  small  additional  cost  involved  in  producing 
the  finer  material. 

Sizes  of  Crushed  Stone  or  Gravel— The  more  recent  speci- 
fications for  crushed  stone  or  crushed  gravel  surfacing  usually 
require  the  material  to  be  screened  into  two  bins,  one  receiv- 
ing the  material  from  2  in.  or  1%  in.,  the  maximum  size. 
down  to  1  in.  or  %  in.,  and  the  other  containing  the  finer 
material.  The  material  is  spread  in  2  courses,  each  approxi- 
mately one-half  of  the  total  thickness,  but  the  exact  thick- 
ness is  regulated  in  such  a  way  as  to  use  all  of  the  material 
between  1%  in.  and  1  in.  (or  %  in.)  for  the  bottom  course 
and  the  finer  material  for  the  top  course.  The  base  course  is 
usually  spread  about  500  ft.  in  advance  of  the  top  course,  but 
this  is  varied  in  order  to  prevent  the  overflow  of  either  of 
the  binf. 

The  results  obtained  under  these  specifications  have  been 
.satisfactory,  but  it  has  been  noted  that  the  stone  from  some 
quarries  has  set  up  into  a  smooth,  hard  roadway  much  more 
quickly  than  that  from  others.  In  some  cases  stone  which 
screening  and  abrasive  tests  indicated  as  being  of  superior 
quality  did  not  form  as  satisfactory  road  material  as  a  softer 
stone  on  which  a  rather  adverse  report  had  been  made  by 
the  testing  engineer.  It  has  been  demonstrated 'that  a  small 
amount  of  soft  stone  in  a  quarry  provides  a  binder  which  is 
far  more  desirable  than  earth  or  clay,  which  it  is  sometimes 
necessary  to  add  to  the  base  where  the  material  is  a  par- 
ticularly hard  clean  basalt. 

On  one  project  in  Central  Oregon  the  specifications  call 
for  crusher-run  material  of  a  maximum  size  of  li,4  in.  laid  in 
one  course  of  5-in.  thickness  and  leveled  up  with  a  top  course 
of  approximately  1-in.  thickness.  The  results  are  not  as  sat- 
isfactory as  on  other  projects  wher^  the  material  is  separated 
into  two  grades  and  laid  in  two  courses.  When  laid  in  deep 
courses,  the  material  does  not  compact  as  well  as  when  laid 
in  lighter  courses  and  the  operation  of  spreading  and  drag- 
ging the  stone  tends  to  sift  the  screenings  to  the  bottom  and 
leave  the  larger  fragments  on  top — eactly  the  reverse  of  the 
ideal  condition. 

In  some  specifications  an  attempt  is  made  to  specify  per- 
centages of  material  passing  a  series  of  screens  between  the 
maximum  and  minimum  sizes.  There  appears  to  be  little  or 
no  justification  in  practice  for  this  attempted  refinement.  A 
gravel  or  broken-stone  type  of  surfacing  is  at  best  only  a  light 
traflic  surfacing  and  every  effort  should  be  made  to  use  suit- 
able niateria:ls  locally  available.  In  many  case.=  splendid 
pieces  of  work  have  been  constructed  with  material  which 
would  not  comply  with  a  specification  requiring  an  idea! 
grading  with  a  minimum  percentage  of  voids.  The  uaximuni 
size  should  be  specified  at  11,4  or  2  in.  The  maximum 
and  minimum  percentages  of  sand  should  be  specified  between 
liberal  limits.  The  proportions  passing  and  retained  on  a 
%-in,  or  1-in.  screen  should  also  be  specified.  These  propor 
tions  can  easily  be  checked  on  a  large  scale  during  the  prog- 
ress of  the  work  by  noting  the  relative  output  from  each  of 
the  bins.  The  various  pits  should  be  carefully  examined 
and  average  grading  of  the  material,  apparent  cementing  qua! 
ities.  percentage  of  oversize  particles  and  availability  of 
materia!  should  all  be  considered  in,  the  selection  of  pits.  The 
best  material  that  can  be  obtained  within  reasonable  costs 
should  always  be  selected.  In  some  cases  it  will  be  found 
necessary  to  use  gravel  little  of  which  is  coarser  than  %  in. 


or  1  in.,  and  some  very  satisfactory  results  have  been  ob- 
tained with  such  gravel,  which  of  course  requires  no  separa- 
tion of  sizes. 

Crushed  Gravel  Most  Satisfactory  for  Dry-Built  Roads. — 
Where  surfacing  is  laid  without  water  and  without  rolling, 
crushed  gravel  has  generally  been  found  to  be  the  most  satis- 
factory material.  The  selection  of  gravel  pits  requires  care 
and  experience  on  the  part  of  the  engineer.  As  a  rule  any 
gravel  which  is  found  cemented  together  in  the  pit  will  form 
an  excellent  road  metal  when  crushed  and  properly  laid,  while 
gravel  which  lies  loose  in  its  natural  state,  as  in  beds  of 
streams  or  which  carries  a  large  amount  of  sand,  can  not  be 
expected  to  set  up  rapidly  when  deposited  on  a  road,  though 
there  have  been  some  exceptions  to  thia  rule.  The  gravel, 
though  lying  loose  and  free  in  the  bank,  may  carry  enough 
soft  granite  or  other  soft  stone  to  form  a  natural  binder  when 
crushed,  but  as  a  general  rule,  unless  the  Material  is  found 
well  cemented  in  the  pit,  it  will  not  prove  satisfactory  as  a 
surfacing  material  where  the  oversize  gravel  and  excess  sand 
is  'screened  out  and  no  crusher  used.  Such  material  will  not 
compact  into  a  good  wearing  surface  in  dry  weather  without 
the  addition  of  clay  or  earth  binder.  Where  such  binder  is 
used  the  results  usually  appear  to  be  satisfactory  in  the  sum- 
mer, but.  when  the  clay  which  acted  as  a  binder  in  August  be- 
comes a  lubricant  in  January,  the  results  are  apt  to  be  far 
from  satisfactory.  It  is  very  desirable  to  crush  oversize  ma- 
terial rather  than  to  screen  and  waste  it.  Any  gravel  which 
contains  15  to  20  per  cent  of  oversize  material  will  justify  the 
use  of  a  crusher. 

A  number  of  projects  have  been  constructed  with  gravel 
spread  in  two  layers  each  of  approximately  one-half  the  total 
thickness,  the  material  in  both  the  top  and  bottom  courses 
being  required  to  pass  a  1%-in.  screen.  In  Washington  it  has 
been  the  general  rule  to  specify  "one-course''  gravel  of  a  max- 
imum size  of  1%  in.  While  the  specifications  permit  laying 
the  total  thickness  (which  varies  from  6  to  8  in.)  in  one 
course,  it  has  been  the  general  practice  to  spread  a  base 
course  of  approximately  one-half  the  total  thickness  and 
follow  with  a  second  layer  of  the  same  size  material,  as  it 
has  been  found  easier  to  operate  trucks  in  this  way  than  to 
plow  through   (i  or  8  in.  of  loose  gravel. 

Two-Course  Construction  Gives  Most  Satisfactory  Surface. 
— After  observing  the  methods  employed  in  the  construc- 
tion of  the  various  types  of  crushed  rock  and  gravel  surfac- 
ing on  many  Federal-aid  jobs  in  District  1  and  the  results 
obtained,  Messrs.  McKesson  and  Morris  are  convinced  that 
the  most  satisfactory  road  surface  has  been  secured  where 
the  crushed  gravel  was  placed  in  two  courses;  the  bottom 
course  consisting  of  material  passing  a  screen  with  circular 
openings  of  not  more  than  2  in.,  preferably  1%  in.,  and  re- 
tained on  a  screen  having  openings  of  1  in.  or  %-in.  diameter 
and  the  top  course  consisting  of  all  material  passing  the 
smaller  screen. 

There  is  some  difference  of  opinion  as  to  the  merits  of 
this  method  of  screening  into  two  sizes  before  laying.  Some 
engineers  argue  that  it  is  better  to  use  crusher  run  material 
in  both  courses  on  the  theory  that  in  this  way  the  voids  in 
the  base  are  filled  better  than  if  the  fines  are  screened  out. 
It  it  were  possible  to  obtain  a  uniform  mixture  and  to  main- 
tain this  uniformity  through  the  various  stages  of  crushing, 
screening,  hauling,  and  spreading  the  rock,  there  would  be 
no  douhl  that  the  crusher-run  method  would  be  more  desir- 
able, but  it  is  not  possible  to  secure  the  desired  uniformity 
when  all  output  of  the  plant  falls  into  one  bin. 

When  the  material  falls  from  the  screen,  the  fines  cling 
together  in  a  pyramid,  while  the  larger  pebbles  and  frag- 
ments roll  down  and  outward  to  the  sides  of  the  bin.  The 
result  ir.  that  some  loads  hauled  to  the  road  contain  prac- 
tically all  fines,  while  others  consist  almost  entirely  of  the 
larger  size  stone:  so  that  the  theoretically  uniform  mixture 
actually  consists  of  a  patch  of  coarse  and  a  patch  of  fine, 
w'ith  the  fines  on  the  bottom  and  the  coarse  material  on  top 
quite  as;  frequently  as  otherwise,  which  is  exactly  the  re- 
verse of  what  it  should  be. 

Even  if  every  load  were  uniformly  graded  and  mixed 
when  deposited  on  the  road,  which  they  never  are,  the  proc- 
ess of  spreading  and  dragging  necessary  to  secure  a  true 
and  uniform  surface  would  tend  to  work  the  fine  material 
to  the  bottom,  leaving  the  coarser  particles  on  top,  thus 
again  producing  a  condition  exactly  opposed  to  the  ideal, 
which  is  more  nearly  obtained  by  first  laying  the  heavy 
rock  on  the  bottom  and  spreading  a  top  course  of  fine  ma- 
terial. 
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Importance  of  Dragging  During  Construction. — The  great 
imiiortaiice  of  constantly  dragging  and  maintaining  the  sur- 
face of  the  roadway  during  construction  is  frequently  over- 
looked. Surfacing  is  usually  begun  at  the  source  of  supply, 
BO  that  hraillng  and  trucking  of  material  will  be  carried  on 
over  tho  newly  placed  stone  until  the  job  is  completed.  With 
proper  dragging  a  smooth,  uniform  surface  can  be  obtained 
l)y  the  time  the  project  is  comiileted,  but  without  dragging 
the  road  becomes  badly  rutted  and  a  rough,  unsatisfactory 
job  results.  In  dragging  It  has  been  found  advisable  to  use 
a  light  drag  in  the  early  stages,  gradually  filling  the  ruts 
as  they  are  formed.  If  a  heavy  drag  is  used  which  entirely 
fills  the  ruts,  the  trucks  are  obliged  to  plow  new  ruts,  and 
a  constant  repetition  of  this  operation  results  principally 
In  an  excessive  cost  for  hauling  and  leaves  a  poorly  com- 
pacted surface.  With  light  drags  gradually  filling  the  ruts. 
the  ruts  are  built  up  and  soon  traffic  can  be  distributed  over 
the   surface 

On  one  Oregon  project  it  was  necessary  to  truck  material 
over  the  new  surfacing  up  to  a  distance  of  11  miles  from  the 
pit.  Without  proper  dragging  or  water  this  job  made  a  very 
poor  showing  for  several  months.  Two  water  tanks  were 
then  provided,  the  gravel  was  kept  damp  and  dragged  with 
light  drags,  and  the  job  carried  to  a  most  satisfactory  com- 
pletion. The  cost  for  watering  in  this  case  was  about  $250 
per  mile,  but  upon  completion  a  smooth  and  well  compacted 
surface  was  turned  over  to  the  public  in  spite  of  the  heavy 
trucking  during  construction.  A  blade  or  road  planer  is 
necessary  to  finish  such  a  surface  after  it  has  begun  to  com- 
pact under  the  light  drags. 

On  one  project  heavy  wagon  tires  dragged  over  the  rats 
behind  the  trucks  assisted  in  filling  and  compacting  the 
material  and  in  eliminating  the  ruts. 

The  advisability  of  continuing  the  practice  oi"  laying 
screened  or  pit-run  gravel  surfacing  without  sprinkling  and 
continuous  dragging  is  seriously  questioned,  except  in  the 
rare  instances  wliere  water  can  not  be  obtained.  It  is  true 
that  in  nearly  every  case  a  fairly  good  road  surface  has 
been  secured  after  properly  mainlaing  it  through  a  winter, 
with  tho  usual  amount  of  moisture  from  rain  and  melting 
snow;  but  it  is  very  seldom  that  such  a  surface  becomes 
really  satisfactory  until  it  has  been  thoroughly  wet  down, 
either  by  natural  means  or  by  the  use  of  sprinklers  in  the 
course  of  construction. 

Where  water  is  available  the  cost  per  mile  for  sprinkling 
and  dragging  is  usually  very  small  as  compared  with  the 
satisfaction  of  having  a  firm,  smooth  surface  as  soon  as  the 
road  is  completed.  The  inconvenience  of  a  loose,  rutty  sur- 
face for  the  first  season,  as  is  so  often  the  case  where  water 
and  drag  are  not  used,  may  thus  be  avoided.  The  reduced 
cost  of  maintenance  for  the  first  year  where  a  road  is  prop- 
erly compacted  during  construction  will  probably  offset  the 
cost   of  water  used. 


Highways  in  China. — In  ancient  China  well-constructed 
courier  roads  used  to  radiate  from  the  metropolis  to  the  pro- 
vincial capitals  and  from  these  to  other  cities  of  the  country. 
There  were  more  fhan  60.000  miles  of  such  roads,  but  now- 
adays few  of  them  are  good  for  traveling.  This,  according  to 
the  Chinese  Government  Bureau  of  Economic  Information,  is 
partly  the  result  of  age-long  neglect  of  repairing  and  partly 
the  result  of  late  disuse,  since  the  modern  postal  and  telegraph 
services  no  longer  employ  the  old  courier  roads.  A  few  new- 
roads  have  indeed  been  constructed  by  the  municipalities  of 
Peking,  Tientsin,  Shanghai,  Hankow,  and  other  cities,  but  the 
government  at  large  has  not  had  the  time  nor  money  to  build 
a  respectable  system  of  highways  for  the  whole  country. 
Some  time  ago  the  Ministry  of  Interior  promulgated  a  set  of 
regulations  for  the  construction  of  highways,  w^hich  fixed  the 
breadth  of  those  to  be  built  by  the  central  government  at  50 
ft.,  those  by  the  provincial  authorities  30  ft.,  and  those  by  the 
district  authorities  24  ft.  As  regards  the  width  of  those  built 
by  the  village  authorities,  the  standard  was  to  be  adopted  ac- 
cording to  the  needs  of  the  local  community.  The  program 
suggested  hy  the  ministry  is  an  ambitious  one.  Although  it 
is  not  easy  to  carry  it  out  completely,  a  good  beginning,  for 
example,  will  have  been  made  if  the  old  courier  roads  are 
reconstructed  so  that  there  will  be  10.000  miles  of  modern 
roads  radiating  from  the  National  Capital  and  another  50.000 
miles  radiating  from  the  provincial  capitals.  The  old  courier 
roads  make  good  foundations,  and  the  expense  of  repairing 
them  will  certainly  not  be  so  great  as  that  of  constructing 
highways  on  entirely  new  roadbeds. 


Keeping  Records  of  Motor  Truck 
Tires 

How  the  Crane  Co.  has  reduced  the  tire  expense  for  itc 
motor  trucks  is  told  by  W.  P.  Snidtker,  garage  superin- 
tendent  of  the  company,  in  100%  Magazine.  We  quote  from 
his  article  as  follows; 

In  1 913  we  began  to  give  this  problem  systematic  attention 
and  study.  Today  we  can  give  the  exact  history  of  every 
tire  we  have  bought  in  the  last  seven  years.  This  record  has 
taught  us  a  lot  about  tires  that  can't  be  found  in  books  and 
advertisements.  Our  basic  data  are  obtained  from  nothing 
more  complicated  than  a  card  which  shows  the  speedometer 
reading  when  a  tire  is  put  on  and  the  reading  when  the  tire 
is  removed — a  tire  mileage  record. 

Our  garage  serves  62  machines  approximately  half  of  which 
are  motor  trucks.  We  have  used  almost  every  make  and  size 
of   tire   known.     We   have   learned   that  every   make   of  tire 
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Card   for   Tire    Record. 

varies  in  quality  almost  from  year  to  year.  A  tire  that  gives 
us  excellent  life  this  year  may  prove  a  disappointment  next 
year.  But  our  records  provide  us  with  information  which 
forms  a  pretty  reliable  basis  for  purchasing.  It  enables  us. 
to   buy  on   demonstrated  rather  than  promised  performance. 

Another  thing  we  have  found.  Accurate  tire  records  make 
tire  guarantees  mean  something.  Tire  dealers  know  that 
we  keep  the  history  of  each  tire  and  that  our  figures  can 
be  relied  upon.  When  wt?  go  to  them  for  an  adjustment  and 
show  them  a  black  and  white  record  of  our  complaint,  they 
invariably  do  the  right  thing.  In  the  matter  of  furnishing 
trustworthy  evidence  in  cases  of  adjustment  alone,  the  tire 
records  have  saved  us  thousands  of  dollars.  It  makes  all  the- 
difference  in  the  world  whether  a  man  thinks  his  tire  went 
only  a  thousand  miles  when  it  had  to  be  junked,  or  whether 
he  knows  that  to  be  a  fact  and  has  evidence  to  prove  it. 

By  recording  the  final  disposition  that  is  made  of  each  tire, 
we  have  saved  in  a  third  way.  The  "lost,  strayed  or  stolen'" 
expense  which  formerly  we  had  to  bear  is  now  practically 
wiped  out.  Tires  don't  just  roll  away,  any  longer.  They 
serve  their  time  and  then  are  given  a  decent  burial  in  a  well- 
known  junk  pile,  and  their  obituary  notice  stands  in  its  proper 
place  on  the  report  card. 

Tires  are  one  of  the  greatest  problems,  if  not  one  of  the 
greatest  weaknesses  of  the  motor  vehicle  at  its  present  stage- 
of  development.  The  perfect  tire  has  yet  to  be  made.  Even 
the  tire  manufacturers  will  admit  that.  But  experieni- 
proves  that  there  are  certain  tires  and  certain  coinbination^ 
of  tires  that  will  give  better  results  than  others.  And  who 
can  tell  what  these  combinations  are?  Surely  the  manufac- 
turer cannot.  Every  operator  must  discover  them  for  him- 
self, and  he  can  do  so  only  if  he  takes  the  pains  and  the  in- 
terest tf.  record  as  faithfully  as  possible  the  performance  of 
every  tire  he  buys.  It  requires  work.  It  requires  the  co-op- 
eration of  the  drivers,  but  it  requires  nothing  that  is  impossi- 
ble or  impracticable. 

Know  what  your  tires  are  doing  and  you  will  be  richer  in- 
money  and  satisfaction. 


(142) 


Engineering   and   Contracting   for  June   1,   1!)21. 


545 


Removing  Pavement  by  Com- 
pressed Air  Operated 
Machines 

The  use  of  compressed  air  operated  machines  for  making 
pavement  cuts  is  a  comparatively  recent  development.  This 
method  is,  however,  now  being  used  to  a  considerable  extent 
t)y  electric  railways,  gas  and  electric  companies  and  contrac- 
tors in  connection  with  track  work,  laying  electric  cables  and 
service  lines,  gas  mains,  street  repairing,  etc.  A  new  machine, 
specially  designed  for  work  of  this  kind,  has  just  been  placed 


"'Paving    Breakers"   Have   Cut   Through    Asphalt    Surface   and    Con- 
crete  Base  and   Loosened   the   Subsoil. 

•on  the  market  by  the  Ingersoll-Rand  Co.,  New  York.  In  this 
machine  the  "paving  breakers"  are  very  similar  in  construc- 
tion to  the  most  modern  non-rotating  type  of  hand  hammer 
rock  drill.  They  are  extremely  simple  and  rugged,  and  are 
all-steel  machines,  principally  dropped  forgings,  so  that  they 
will  stand  the  most  severe  usage  encountered  in  their  work. 
They  are  "one-man"  machines. 

Two  "paving  breakers"  are  operated  by  compressed  air  fur- 
nished from  one  small  portable  gasoline  or  electric  driven 
■compressor.  The  portable  outfit  consists  not  only  of  the  com- 
pressor   liut  also  of  the  prime  mover,  which  is  either  a  gaso- 


ness  and  the  concrete  about  fi  in.  That  means  10  ft.  per  man 
per  day,  or  50  ct.  per  linear  foot  at  a  $5.00  wage.  Three  men 
with  a  compressor  and  two  "paving  breakers"  cut  an  average 
of  300  lin.  ft.  per  day.  This  costs  about  16  ct.  per  linear  foot 
when  v,ages,  operating  cost,  interest,  depreciation,  etc.,  are 
all  taken  into  consideration.  That  means  a  saving  of  two- 
thirds  ill  cost — and  the  work  is  done  in  about  one-quarter  of 
the  time.  The  above  figures  were  furnished  by  a  large  East- 
ern public  service  company  which  uses  four  of  the  above 
mentioned  outfits. 

One  of  the  uses  the  Los  Angeles  Railway  Corporation  has 
for  the  "paving  breakers"  is  the  cutting  of  openings  on  either 
side  of  the  rail  through  6  in.  of  concrete,  having  a  coverihg 


Breaking    Concrete    tor    Enlarging    IVlanhole. 

line  oi'  an  electric  motor.  A  cooling  system  consisting  of 
radiator,  fan,  and  circulating  water  pump,  and  receiver  tank, 
all  of  which  are  mounted  on  substantial  steel  frame,  which  in 
turn  is  mounted  on  broad-tread  s^eel  wheels,  so  that  the  entire 
outfit  may  be  quickly  and  easily  transported  from  place  to 
place. 

PoUoving  is  a  comparison  of  the  machine  method  versus 
the  hand  method  for  the  tearing  up  of  an  asphalt  pavement 
and  the  concrete  base  for  the  laying  of  electric  cable  duct; 

A  very  good  crew  of  eight  men  using  hand  methods  will  cut 
about  SO  lin.  ft.  of  18  in.  to  24  in.  width  asphalt  and  concrete 
In  an  8hour  day.     The  asphalt  averages  3  in.  to  6  in.  in  thick- 


Application   of  "Paving   Breakers"   in  Street   Railway   Work. 

of  2  in.  of  asphalt.  These  openings  are  about  23  in  long  antl 
extend  17  in.  on  each  side  of  the  rail.  Under  the  old  hand 
method  four  men  with  a  gad  and  hammers  would  not  be  able 
to  do  more  than  three  of  these  openings  a  day.  Two  men 
with  one  "paving  breaker"  cut  22  of  these  openings  in  nine 
hours;  that  means  that  one  man  using  mechanical  methods 
replaces  15  men  using  hand  methods,  and  these  men  are  paid 
$4.35  each.  This  work  is  being  done  on  a  track,  which  is 
being  discontinued.  The  openings  are  made  in  order  to  give 
gripping  place  under  the  rail  tor  hydraulic  jacks  by  means  of 
which  the  rail  is  pulled  out. 

As  ar  example  of  how  the  work  is  done,  let  us  take  the 
eastern  public  service  company's  job  mentioned  above.     The 


Cutting  Trench  for   Laying   Pipes  and   Electric  Cable   Ducts. 

other  types  of  work  are  so  similar  that  this  will  suffice  to 
cover  all. 

This  company  has  four  6  in.  by  6  in.  Ingersoll-Rand  Type  14 
portable  gasoline-driven  compressor  outfits.  Each  com- 
pressor operates  two  "paving  breakers"  working  continuously. 
The  crew  consists  of  three  men  (compressor  man  and  two 
drill  runners).  The  compressor  man  is  in  charge  of  the  crew 
and  relieves  the  drill  man  from  time  to  time.  These  outfits 
are  used  for  tearing  up  the  asphalt  pavement  and  the  con- 
crete base  for  the  purpose  of  laying  cable  ducts.  They  are 
also  used  for  breaking  out  masonry  for  the  enlarging  of 
manholes. 

In  laying  cable  and  service  line  duets,  stretches  of  pavement 
18  in.  to  24  in.  wide  and  varying  from  25  ft.  to  300  ft.  long 
(and  in  rarer  cases  even  longer)  must  be  removed.     The  duct 
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\s  laid  about  3  ft.  below  the  street  surface.  This  means  the 
removal  of  a  3  in.  to  6  in.  thickness  of  asphalt  (the  asphalt  is 
exceptionally  thick),  a  6  in.  to  S  in.  thickness  of  very  dense 
concrete,  and,  Anally,  about  2  ft.  of  dirt. 

A  chisel  bit  is  driven  through  the  entire  thickness  of  the 
asphalt  at  intervals  of  about  If  in.  to  4  in.  along  two  lines  18  in. 
to  21  in.  apart.  This  is  termed  "marking"  the  asphalt.  This 
"m;irkine"  has  really  the  same  effect  as  two  parallel  grooves. 
The  ends  also  are  "marked."  Then  the  chisel  is  driven  nearly 
vertically  through  the  full  thickness  of  the  asphalt  about  12  in. 
from  one  end  of  the  job.  This  breaks  a  piece  about  12  in.  by 
IS  in.  o!'  the  asphalt  oft  from  the  main  body.  Sometimes  one 
cut  is  necessary  to  remove  a  piece  this  size — sometimes  as 
many  as  four  cuts.  It  takes  only  a  few  seconds  to  make  these 
cuts.  An  the  asphalt  is  broken,  it  is  removed  by  hand  by  the 
relief  machine  operator. 

For  the  concrete  base,  which  averages  about  6  in.  in  thick- 
ness, a  moil  point  steel  is  substituted  for  the  chisel  edge  steel 
in  the  "paving  breaker."  The  moil  point  steel  is  driven 
through  the  base.  First  it  is  driven  in  about  the  middle  of 
the  trench — that  is,  9  in.  from  either  side.  This  spalls  off  an 
irregular  "V"  shape  piece;  then  two  more  cuts  are  made,  one 
3  in.  from  each  side,  which  removes  the  remainder  of  the  con- 
crete along  that  line.  The  average  is  about  3  in.  long  for 
three  cuts. 

After  the  concrete  has  been  removed,  the  dirt  beneath  it  is 
loosenec,  up  by  driving  the  moil  point  steel  into  it  for  its  entire 
length.  The  dirt  is  then  shoveled  out  by  hand  until  the  trench 
is  about  3  ft.  deep.  Then  fiber  cable  ducts  are  laid  end  to  end 
and  are  completely  bedded  in  concrete.  Finally  the  trench  is 
coverei  and  repaved.  Manholes  of  various  sizes  and  shapes 
are  made  at  different  points  and  the  cable  is  run  through  the 
ducts  from  one  manhole  to  the  other. 


Special  Tank  on  Pipe  Line  Gives  Uniform  Water  Pressure 
at  Concrete  Mixer. — An  interesting  feature  of  the  construc- 
tion last  year  of  a  concrete  pavement  between  Norwalk  and 
Darien,  Conn.,  on  the  Boston  Post  Road,  was  the  means  used 
for  securing  a  uniform  water  pressure  at  the  mixer  Water, 
taken  from  a  brook  fed  by  springs,  was  pumped  to  the  job 
through  a  2-in.  pipe  line.  The  pump  was  a  double-acting 
two-cylinder  steam  rig.  with  an  8-in.  steam  cylinder,  a  3%- 
in.  water  cylinder  and  a  10-in.  stroke.  Steam  was  supplied  by 
a  20  HP.  portable  boiler.  From  the  pump,  water  was  forced 
Into  a  steel  tank  set  3  ft.  above  the  ground.  This  tank 
served  as  a  large  air  chamber,  absorbing  fluctuations  in 
pressure.  It  was  made  specially  for  this  purpose, 
and  was  2%  ft.  in  diameter  by  8  ft.  long.  Water 
was  admitted  on  the  lower  side  of  the  tank,  and  also  was 
drawn  off  from  below.  A  relief  valve  in  the  discharge  line 
was  set  to  open  at  any  desired  pressure  between  70  and  100 
lb.,  depending  upon  the  distance  pumped.  Usually  when  the 
pipe  line  was  not  more  than  a  mile  in  length  the  valve  was 
set  at  95  lb.  and  the  working  pressure  was  maintained  as 
nearly  as  possible  at  TO  lb.,  which  meant  that  the  tank  was 
about  five-sixths  full  of  water  and  one-sixth  full  of  air.  This 
equipment  furnished  sufficient  water  for  a  3-sack  mixer. 


Annual  Conference  on  Street  Cleaning. — The  International 
Association  of  Street  Cleaning  Officials  will  hold  its  annual 
conferejice  on  Aug.  10,  11  and  12  at  Chicago.  Headquarters 
■will  be  at  the  Hotel  La  Salle.  This  association  was  organ- 
ized last  October  at  a  conference  called  by  W.  J.  Galligan. 
Assistant  Superintendent  of  Streets  of  Chicago,  and  attended 
by  44  street  cleaning  officials  from  28  cities  of  the  United 
States  and  Canada.  Active  membership  in  this  association 
is  limited  to  superintendents  of  street  cleaning  departments 
in  municipalities  and  towns  of  the  United  States  and  Can- 
ada, and  "other  persons  having  charge  of  or  connected  with 
municipal  street  cleaning  departments."  Membership  of 
active  members  is  continuous,  when  once  elected,  whether 
they  continue  in  employ  of  their  various  municipalities  or 
not.  Associate  members  are  "manufacturers  of  and  dealers 
in  appliances  relating  to  the  interests  kindred  to  the  asso- 
ciation "  The  officials  of  the  association  are:  President. 
W.  J.  Galligan,  Bureau  of  Streets,  Chicago,  111.;  Vice  Presi- 
dent, Tbeo.  Eichhorn,  Supt.  Dept.  of  Streets  and  Public  Im- 
provements, Erie,  Pa.;  Treasurer,  Robt.  W.  Waddell,  City 
Engineer,  Kansas  City,  Mo.:  Secretary.  A.  M.  .\nderson, 
1340,  37  W.  Van  Buren  St.,  Chicago,  III. 


Importance  of   Drainage    in   Road 
Construction* 

By   F.   H.    ENO, 
Professor  of  Enelneering.  Ohio  State  University.  ' 

The  usual  formula  adopted  in  a  road  drainage  discussion  i 
is  that  road  drainage  like  "all  Gual  is  divided  into  three 
parts"  or  divisions— cross  surface,  longitudinal  or  side  sur- 
face, and  subdrainage.  Under  normal  topographical  and  soil 
conditions  such  provisions  would  undoubtedly  secure  the 
desired  results.  Unhappily  for  the  road  engineer,  nature  is 
never  normal  as  he  encounters  her,  but  she  is  invariably 
presenting   to   him  a   new  variety   of  conditions. 

Under  present  day  road  construction  practice  there  is 
seldom  a  paved  road  that  does  not  provide  perfect  cross 
drainage,  at  least  from  the  center  of  the  road  to  the  edge 
of  the  paved  way.  Beyond  that  point  perfection  in  drain- 
age is  difficult  of  attainment. 

Unprotected  Earth  Shoulders  and  Cross  Drainage.— I'"ol- 
lowing  the  usual  specifications,  the  road  builder  finishes  his 
road,  smoothly  grades  the  shoulders  and  berms,  cleans  and 
shapes  the  ditches,  and  leaves  his  completed  roadway  in 
good  order.  While  in  this  e<«idition  water  will  run  over  tli. 
surface  to  the  ditch  and  down  the  ditches  to  the  outlets 
with  the  least  possible  resistance.  Occasionally  the  plans 
call  for  rolled  stone  or  gravel  shoulders  2  or  3  ft.  wide  on 
either  side  of  the  pavement,  to  permit  passing  vehicles  to 
leave  the  pavement  and  gain  it  again  after  passing.  Prob- 
ably 7.^;  per  cent  of  the  mileage  of  paved  roads  does  not 
have  this  provision.  From  the  road  to  the  ditch  nothing 
but  the  original  soil  intervenes  between  the  unwilling  tres- 
passer and  the  unknown  depths. 

Two  loads  of  hay  cannot  easily  pass  on  a  16-ft.  pavement. 
The  speeding  automobile  when  meeting  a  heavy  truck  must 
invariably  leave  the  pavement  on  a  14-ft.  roadwa;-.  usually 
upon  a  16-f't.  pavement  and  many  times  even  when  passing 
on  an  IS-ft.  paved  way.  Truck  drivers,  knowing  that  the 
weight  of  their  truck  commands  respect,  are  not  very 
respectful  themselves  of  the  rights  of  others  when  it  comes 
to  pern;itting  them  to  pass. 

Picture  the  aforesaid  newly  finished  road,  spick  and  span, 
a  delight  to  the  eye  of  the  engineer.  Two  weeks  have 
passed.  The  road  has  been  inspected  by  the  division  engi- 
neer and  approved,  with  high  praise  for  its  excellent  ap- 
pearance. A  three  or  four  days'  rain  has  wept  itself  out 
on  the  shoulders  of  the  road.  Two  heavy  trucks,  or  two 
great  loads  of  hay  meet  on  the  road,  turn  out  to  pass  and 
each  runs  a  wheel  out  onto  the  rain  soaked  shoulders.  Two 
ruts  are  formed  and  transverse  drainage  is  ruined.  Water 
stands  in  these  ruts  for  days,  penetrating  deeper  and  wider, 
until  the  subgrade  is  thoroughly  softened  and  almost  use- 
less as  a  support  for  the  road  and  its  traffic. 

Ordinary  maintenance  will  not  save  this  trouble.  The 
ruts  are  filled,  and  a  halt  hour  later  the  same  thing  hap- 
pens again.  With  daily  maintenance — an  unheard  of  thing 
in  America — it  is  probable  that  the  rut  will  be  there  23  out 
of  24  hours  in  the  day.  Which  is  the  most  economical,  there 
fore,  filling  the  ruts  each  day.  repairing  or  rebuilding  the 
road  frequently,  or  building  extension  shoulders  upon  the' 
road  at  the  beginning? 

Necessity  of  Proper  Maintenance  of  Shoulder  and  Ditch. 
— Another  interference  with  perfect  citiss  drainage  is  the 
gradual  elevation  of  the  outer  shoulder,  due  to  the  grass 
and  weeds  growing  up  and  tieing  filled  with  dust  and  debris 
thrown  and  blown  from  the  traveled  way.  Frequent  scrap- 
ing with  the  road  grader  and  the  complete  removal  of  the 
vegetatle  matter  and  accumulated  dust  is  the  remedy.  But 
how  often  is  this  done?  Not  until  after  the  retained  water 
has  penetrated  the  shoulder  and  the  damage  has  been  done. 
Possibly  a  thorough  treatment  of  the  entire  shoulder  and 
ditch  with  oil  might  serve  two  purposes,  waterproof  the  sur- 
faces and  prevent  the  growth  of  vegetation.  It  is  true  that 
in  mani  places  the  unsightliness  of  this  method  would  be 
seriously  objectionable.  • 

The  appearance  of  a  smoothly  kept  oil  shoulder  in\i\  ditch 
would  be  far  more  pleasing  than  the  unkept  tangle  of  weeds 
usually  found  in  ttie  roadside  ditch.  More  important  than 
appearance  is  the  life  and  value  of  the  road. 

The    lack    of    proper    maintenance    practically    annuls    the 


•Paoer  Pro*«ented  at  tlie  isth  nnmial  conventfon  of  the  American 
Road  t5iiilder.«*  AssooiPtion. 
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usefulntss  of  the  ditch.  In  the  long  run  it  would  be  much 
more  economical  to  construct  ample  subdrainage,  provide 
frequent  inlets,  and  grade  the  roadside  ditch  into  a  smooth 
depression  over  which  a  mowing  machine  could  be   run. 

In  Ohio  the  greater  portion  of  the  money  expended  upon 
mamtenance  has  been  upon  the  shoulders  and  ditches  of  the 
highways,  rather  than  upon  the  pavement.  With  the  usual 
form  of  ditch  the  grass  and  weed  cutting  along  the  road 
must  be  largely  or  entirely  hand  work.  Undoubtedly  there 
are  places  along  many  roads  where  a  deep  ditch  is  neces- 
sary, but  wherever  light  soils  are  encountered,  or  the  top- 
ography will  permit,  the  ditch  should  become  a  slight  de- 
pression gathering  the  water  to  inlets  into  the  drainage 
system  below. 

The  Requirements  of  the  Subgrade. — In  order  to  fully  ap- 
preciate the  importance  of  drainage  in  road  construction,  it 
may  be  well  to  briefly  state  the  requirements  of  the  sub- 
grade.  The  subgrade  must  be  dry  and  stable.  It  must  sup- 
port the  road  and  its  trafflc  load  without  yielding.  If  yield- 
ing takes  place  with  any  monolithic  type  of  road,  flexure 
occurs  and  in  a  very  short  time  definite  breaks  result.  In 
the  case  of  bituminous  and  other  flexible  forms,  the  contin- 
uous pounding  of  the  subgrade  in  the  presence  of  water 
soon  churns  the  soil  and  water  into  a  mush  which  has  no 
supporting  power  and  the  road  is  quickly  cut  to  pieces. 

How  much  deflection  of  the  road,  or  deformation  of  the 
subgrade,  can  take  place  without  damaging  the  road  sur- 
face? Practically  none  with  the  monolithic  type  of  road 
and  bul  the  most  infinitesimal  fraction  of  an  inch  with  mac- 
adam and  bituminous  bound  roads.  A  perfectly  stable  and 
dry,  well  compacted  soil  is  necessary,  therefore,  to  support 
roads  subjected  to  heavy  traflic.  Once  having  yielded  to  the 
load,  even  1/lG  in.,  each  impact  thereafter  increases  the 
deformation  going  on.  If  water  is  present  the  deformation 
is  multiplied  rapidly. 

Many  roadbeds  are  cut  into  impervious  clay  soils;  for  this 
reason  the  subgrade  should  be  given  a  slight  crown  to  carry 
any  seeping  water  toward  the  outside  drainage.  Provisions 
should  be  made  so  that  this  water  can  readily  reach  the 
subdrains.  The  fact  that  the  subgrade  is  usually  trench 
construction    emphasizes   the   need   of   the    above    provisions. 

Rolling    of    Clay    Subgrades    and     Increased    Capillarity, — 

Engineers  reco.sinize  the  necessity  of  securing  a  well  com- 
pacted subgrade.  They  do  not  always  agree  as  to  the  best 
method  of  securing  it.  The  question  of  treating  all  soils 
alike  needs  careful  consideration.  Undoubtedly,  porous,  well 
drained  soils  can  be  thoroughly  rolled  to  advantage.  Where 
rolling  may  be  questioned  is  upon  dense  clay  subgi-ades.  It 
has  been  the  custom  in  the  past  to  write  but  one  specifica- 
tion for  rolling  the  subgrade,  no  matter  what  character  of 
soil  might  be  encountered.  There  are  a  great  many  varie- 
ties of  soil  in  the  country.  Many  times  several  of  these  will 
be  grouped  in  a  very  limited  area.  This  is  especially  true  in 
hilly  and  rolling  sections.  In  Ohio  it  -is  not  unusual  to  find 
three  or  four  kinds  of  soil  exposed  in  1,000  ft.  of  subgrade. 
The  road  builder  should  give  careful  consideration  to  this 
condition  if  he  is  to  economically  accomplish  the  result  he, 
plans  to  secure. 

The  farmer  has  known  for  years  that  by  rolling  the 
ground  in  dry  weather  he  can  help  raise  sufficient  moisture 
from  beneath  to  germinate  his  seed.  Prof.  F.  H.  King,  of 
the  University  of  Wisconsin,  in  the  Tth  annual  report  of  the 
Agricultural  Experiment  Station,  1.S90,  states:  "Rolling  soil 
increases  its  power  for  drawing  water  to  the  surface  from 
below,  this  influence  extending  to  3  to  4  ft.  in  depth."  This 
suggests  that  possibly  there  are  soils  and  weather  conditions 
where  and  when  rolling  the  subgrade  should  be  reduced  or 
eliminated  entirely.  It  suggests  the  need  tor  a  thorough 
study  of  capillarity  in  soils  and  the  effect  capillarity  may 
have  upon   the  stability  of  road  subgrades. 

Road  Builders  Should  Study  Capillarity.  -Capillarity  has 
been  studied  by  the  agriculturist  and  the  physicisf,  but  so 
far  a.o  the  writer  knows  no  study  has  been  given  the  sub- 
ject by  the  road  engineer.  Prof.  Milton  Whitney,  Chief  of 
the  Bureau  of  Soils,  U.  S.  Department  of  Agriculture,  says 
regarding  the  circulation  of  water  in  soils  isee  Maryland 
Agricultural  Report  for  1891):  "Two  forces  move  water  in 
soils,  gravity  and  the  surface  tension  of  the  water."  He  also 
states  that  the  rate  of  movement  will  depend  upon:  (1) 
How  much  space  there  is  in  the  soil;  (2)  How  this  space 
is  divided  up;  CI)  The  arrangement  of  the  grains  of  sand 
and  clay. 


He  further  states  that  manure,  fertilizers,  lime  and  other 
chemicals  change  the  surface  tension  of  water;  affect  the 
arrangement  of  soil  grains,  causing  flocculation  or  the  draw- 
ing together  of  the  extremely  fine  soil  grains,  thus  chang- 
ing the  texture  of  the  soil  and  appreciably  affecting  capillary 
movement.  Prof.  Whitney  states  that  the  grains  in  1  cu.  ft. 
of  soil  have  not  less  than  50,000  sq.  ft.  of  surface;  that  in 
clay  soils  considerably  more  than  halt  the  volume  is  open 
space.  He  estimated  from  analyses  made  of  certain  Mary- 
land soils  that  a  gram  of  what  is  termed  Pine  Barrens  soil 
contained  1,092,000,000  grains,  while  a  better  class  of  soil 
known  as  River  Terrace  soil — a  good  wheat  land — contained 
11,684,000,000  grains.  In  this  latter  case  he  estimated  the 
particles  in  1  cu,  ft,  of  soil  would  have  106,000  sq.  ft.  of  sur- 
face, or  about  2.3  acres  area.  This  is  just  a  hint  of  the  in- 
finitesimal size  of  the  clay  grains  and  the  smallnoss  of  the 
channels^  that  must  exist  between  them.  It  is  in  these  small 
channels  that  the  skin  tension  of  water  gains  its  power  to 
draw  water  for  long  distances.  It  has  been  stated  that  with 
some  fine  grained  soils  water  can  be  drawn  8  ft.  by  capil- 
larity. As  the  soil  becomes  coarser  grained,  capillarity  de- 
creases until  in  gravels  it  practically  loses  its  power. 

Prof.  King  explains  an  experiment  upon  horizontal  capil- 
larity where  he  secured  a  rate  of  fiow  of  2%  lb.  of  water 
per  day  per  square  foot  of  surface.  From  the  brief  review 
of  the  work  done  by  the  investigators  of  the  Agricultural 
Department,  it  is  quite  evident  that  it  will  be  very  impor- 
tant for  road  builders  and  those  engaged  in  research  work 
to  make  exhaustive  studies  of  capillarity  in  all  its  varying 
phases  in  order  to  be  able  to  treat  subdrainage  in  an  intel- 
ligent manner.  It  is  evident  that  tile  drains  placed  2  or  3 
ft.  beneath  the  side  ditches  will  have  little  effect  upon  the 
amount  of  capillary  water  reaching  the  subgrade  of  the 
road,  if  the  soil  is  fine  grained  and  rests  upon  a  water  bear- 
ing stratum  4  or  5  ft.  below.  This  suggests  the  question: 
Which  are  more  desirable,  tile  drains  beneath  the  center  of 
the  road  or  tile  drains  beneath  the  side  ditches? 

Action  of  Soils  in  Presence  of  Water. — What  is  known  as 
the  slaking  value  of  clay  will  give  a  hint  as  to  how  clay  will 
act  while  absorbing  water.  Some  clays  absorb  water  rap- 
idly, falling  to  pieces  in  a  minute  or  less;  others  take  hours; 
while  an  occasional  clay  will  stand  sharp-edged  in  water 
for  weeks,  apparently  unaffected.  Some  clays  disintegrate 
into  slimy  slurries;  others  into  powdery  appearing  masses; 
some  into  chunks,  and  still  others  into  flakes.  While  mak- 
ing the  slaking  tests  it  was  noted  that  a  variation  in  the 
water  content  of  the  clay  cylinder  at  the  time  it  was  plunged 
inio  the  water  bath,  greatly  affected  the  rate  of  slaking. 
Evidently  the  condition  of  the  soil  at  the  time  of  a  long 
continued  rain  storm,  or  of  a  sub-stratum  of  clay  at  the  time 
of  the  spring  thaw^  may  variously  affect  the  final  result  as 
to  whether  great  harm  or  small  harm  is  done  to  a  paved 
road. 

Different  soils  act  differently  in  the  presence  of  water. 
All  of  them,  with  the  exception  of  sand,  are  made  less  stable 
when  partially  or  totally  saturated  with  water.  The  stabil- 
ity of  some  soils  increases  with  the  water  content  up  to  a 
certain  degree  of  saturation  and  thereafter  rapidly  decreases 
as  the  degree  of  saturation  continues  to  increase.  Soils  vary 
in  their  capacity  for  saturation. 

Tests  now  being  carried  on  in  the  road  laboratory  of  the 
Ohio  State  TTniversity  Experiment  Station  show  some  re- 
markable differences  in  this  respect.  One  yellow  clay  that 
absorbs  water  readily  will  hold  but  28  per  cent  of  its  weight 
of  water,  while  another  yellow  clay  which  absorbs  slowly 
holds  oil  per  cent.  A  grayish  clay  soil  holds  57  ter  cent, 
while  two  black  muck  soils  hold  respectively  38  per  cent 
and   170  per  cent  of  water. 

The  amount  of  water  a  clay  soil  will  absorb  and  the  way 
it  disintegrates  in  its  presence,  when  thoroughly  studied, 
is  going  to  explain  many  unsuccessful  attempts  to  secure 
permantnt  roads.  Here  again  is  a  suggestion  that  some 
water-proofing  method  of  treating  the  soil  may  be  better 
than   any    form   of   under   drainage. 

Road  No.  12  in  northern  Ohio  is  a  splendid  illustration  of 
some  of  these  peculiar  actions  of  soil  and  water  when 
brought  into  contact.  It  was  built  by  a  very  competent  engi- 
neer, who  spared  no  pains  in  trying  to  produce  a  perfect 
road.  The  road  has  a  2-in.  asphaltic  bound  surface  upon  a  7- 
in.  concrete  base.  The  side  ditches  are  brick  paved  and  lo- 
cated 5  ft,  from  the  edge  of  the  road.  Tile  drains  are  laid 
2   or    "    ft.   beneath    the    ditches    on    both    sides   of   the   road. 
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Wllhln  three  yearH  spots  along  this  road  were  badly  broken, 
while  long  stretches  were  as  good  as  new.  The  breaks  oc- 
curred at  the  brows  of  hills  in  cuts.  Invariably  a  dense  clay 
atratiim  outcropped  in  the  subgrade  at  the  point  of  failure. 
At  these  points  the  ditches  and  the  drain  tile  had  heavy 
grades  and  shed  water  readily— apparently  the  very  best  of 
drainage  conditions— and  yet  the  road  tailed. 

It  is  not  probable  that  the  broken  spots  were  due  to  ex- 
ceBslvelv  heavv  traffic,  solely,  tor  the  same  traffic  which  de- 
stroyed'the  pavement  upon  these  clay  outcrops  should  have 
destroyed  it  at  other  points  it  the  bearing  powers  of  the 
soils  were  equal.  These  clays,  when  reasonably  dry,  prac- 
tically have  as  high  a  bearing  power  as  any  other  soil,  but 
when"  saturated  thev  have  little.  Kvidently  those  clay  out- 
crops hecame  saturated  and  while  thus  water  filled  were  so 
reduced  in  bearing  power  that  the  failures  occurred.  Ac- 
cording to  what  was  then  considered  the  best  engineering 
practice,  those  subgrades  should  have  remained  dry,  for  roof 
ilrainapt.  ditch  drainage  and  tile  underdralns  were  perfect. 
What  occurred?  Evidently  one  of  these  things  happened: 
Water  may  have  seeped  into  the  subgrade  from  ruts  along 
the  roadside.     (No  such  ruts  were  in  evidence.) 

Water  may  nave  percolated  through  the  porous  top  soil 
on  the  hill  top.  penetrated  to  the  impervious  stratum,  pass- 
ing several  feel  below  the  tile  drains,  and,  following  the  im- 
pervious clay  between  the  lines  of  tile,  reached  the  subgrade 
at  the  outcrop. 

The  impervious  clay  stratum  may  have  rested  upon  a 
waterbearing  soil  and  by  capillarity  raised  sufficient  water 
to  do  the  damage. 

Natural  Soil  Drainage.— How  does  Nature  drain  soils?  Is 
it  possible  for  engineers  to  utilize  Nature's  methods  to  ad- 
vantage? If  an  intelligent  answer  could  be  found  to  these 
questions  the  road  engineer  might  be  greatly  helped.  D.  S. 
Humphrey  of  Cleveland,  a  member  of  the  State  Highway 
Advisory  Board  of  Ohio,  claims  very  emphatically,  that  most 
of  the  highway  engineers,  in  their  present  practice,  are  mak- 
ing a  serious  mistake  in  cutting  through  the  top  soil  for  their 
subgrades.  He  says  that  if  instead  of  quibbling  about  grades 
they  would  build  their  road  foundation  on  top  of  the  top 
soil,  largely  disregarding  the  grades,  they  would  get  very- 
much  tetter  support  for  their  roads  and  at  the  same  time 
secure  better  drainage  facilities.  He  believes  that  the  more 
organic  matter  the  top  soil  contains  the  better  subgrades  it 
will  make.  That  surface  soil  is  almost  invariably  more 
porous  than  subsoil  no  one  who  has  examined  soils  will  deny. 
If  the  top  soil  is  analyzed  with  reference  to  its  drainage 
facilities,  note:  (1)  That  roots  of  trees  and  vegetation  have 
penetrated  deeply  into  it  and  with  the  death  and  decay  of 
these  roots,  it  has  been  left  full  of  drainage  channels:  (2) 
that  worms,  insects  and  animals  have  burrowed  througti  it; 
(3)  that  frost  has  raised  it  and  expanded  the  pore  spaces 
in  it;  (4i  that  percolating  waters  have  leached  away  many 
salts,  until  a  well  developed  and  intricate  drainage  system 
has  been  naturally  provided. 

It  is  true  that  outlets  must  be  found  for  these  minute  chan- 
nels, but  usually  the  natural  slope  provides  them.  One  chan- 
nel aluays  remains  open  and  that  is  evaporation.  Evapora- 
tion is  vastly  more  effective  on  the  surface  of  the  ground 
than  it  is  in  a  clay  cut.  One  point  that  should  be  stressed 
in  Mr.  Humphrey's  argument  for  placing  roads  on  top  of  the 
soil  is  the  fact  that  greater  opportunity  for  leading  surface 
water  away  through  culverts  is  provided.  It  also  permits 
much  shallower  ditches  and  more  fall  to  the  outlets. 

A  survey  of  hundreds  of  road  failures  in  cuts  has  shown 
that  the  top  stratum  of  soil  was  the  most  porous  and  that 
the  porosity  decreased  as  the  depth  from  the  surface  in- 
creased. Hence  the  water  which  was  accepted  more  or  less 
freely  at  the  surface  was  gradually  retarded  in  its  flow 
deeper  down  permitting  saturation  to  occur  in  the  denser 
soils,  while  the  soils  near  the  surface  were  not  so  com- 
pletely saturated.  This  at  least  argues  for  less  trouble  with 
mushy  soils  the  nearer  the  roadbed  lies  to  the  surface  of  the 
ground. 

Longitudinal  Center  Cracks  a  Form  of  Road  Failure. — In 
the  survey  of-  road  failures  in  Ohio  one  form  of  failure  has 
been  very  frequent  and  baffling,  namely,  longitudinal  center 
cracks.  One  cannot  travel  over  brick  or  concrete  roads  any- 
where in  that  state  without  seeing  mile  after  mile  of  longi- 
tudinal center  cracks.  Undoubtedly  water,  frost  and  traffic 
are  the  three  responsible  agents,  with  water  at  the  bottom 
■of  all  o!  it.  but  how  to  prevent  the  trouble  has  not  yet  been 


solved.     The  possible  combinations  of  these  three  criminals 
are  numerous: 

The  road,  having  been  built  upon  a  solid  subgrade.  may 
have  had  water  penetrate  beneath  its  edges  from  nits  along- 
side. This.softf«ied  the  soil  along  the  edges  of  the  road  so 
that  heavy  traffic  upon  the  road  broke  it  over  a  hard,  un- 
yielding center  ridge. 

Under  the  above  condition,  a  quick  sharp  cold  wave  may 
have  frozen  the  earth  along  the  edges  of  the  road  before  the 
frost  could  penetrate  the  pavement  sufficiently  to  freeze  be- 
neath the  center  of  the  road.  The  result  would  be  to  raise 
the  whole  road  slab,  leaving  it  supported  at  the  outside 
edges  only.  Heavy  traffic  would  then  break  it  down  in  the 
center. 

The  whole  subgrade  may  have  become  saturated  and  then 
frozen  solid.  The  spring  thaws  then  may  have  thawed  out 
the  soil  more  rapidly  on  the  shoulders  and  edges  of  the  road 
than  it  could  through  the  pavement  and  the  road  has  been 
broken  down  over  a  solidly  frozen  ridge  beneath  its  center 
line. 

The  whole  subgrade  may  have  become  saturateii  and  then 
frozen  solid.  A  warm  wave  then  thawed  everything  down 
to  about  S  in.  or  more  below  the  subgrade.  A  sudden  cold 
wave  then  froze  the  outside  soil  down  to  the  main  bed  of 
the  frozen  soil  once  more,  leaving  a  mass  of  water  sealed 
beneath  the  center  of  the  road.  Continued  cold  finally  froze 
the  inclosed  water  and  in  its  expansion  the  center  of  the  road 
was  raised  and  cracked. 

The  road  was  laid  upon  a  dense,  dry  clay  subgrade  which 
had  been  well  rolled.  The  rolling  or  rise  in  the  ground  water 
caused  the  subgrade  soil  to  fill  by  capillarity.  Clay  swells 
when  it  absorbs  water  and  the  center  of  the  road  was  raised 
and  a  crack  resulted.  The  same  capillarity  acts  across  the 
whole  subgrade  width,  but  evaporation  reduces  the  water 
content  and  the  consequent  swelling  at  the  side  of  the  road. 
Further  cases  might  be  given,  but  these  serve  to  indicate 
the  great  need  for  perfect  drainage  to  such  a  d"pth  that 
neithev  vertical  nor  horizontal  capillarity  may  act.  The  con- 
ditions just  enumerated  again  suggest  that  not  only  must 
drainage  be  deep  enough  to  prevent  the  ground  water  rising 
to  within  capillary  striking  distance  of  the  subgrade.  but  that 
probably  some  form  of  water-proofing  may  also  be  necessary 
to  prevent  water  from  the  ditches  and  ruts  on  the  shoulders 
being  conveyed  to  the  subgrade. 

Illinois  Practice  of  Wetting  Subgrade.— The  writer  is  in- 
formed that  in  Illinois  the  highway  department  treats  the 
subgrade  with  water  before  the  foundation  of  the  road  is  laid. 
The  intention  evidently  is  two-told,  namely,  to  cau.'-e  the  soil 
to  s-well  a*  much  as  it  will  before  the  foundation  is  laid  upon 
it,  and  to  prevent  a  dry  soil  from  -n-ithdrawing  water  from 
the  concrete  to  the  detriment  of  the  foundation.  That  some 
soils  swell  and  shrink  in  the  presence  and  absence  of  water, 
respectively,  is  very  -well  known  by  one  who  has  lived  near 
a  clay  basin.  The  adobe  lands  of  the  West  will  =ihow  many 
criss-cross  cracks,  some  of  them  Z  or  4  in.  in  width,  during 
the  dry  season.  These  are  entirely  closed  soon  after  the  wet 
season  begins. 

Prof.  King  says,  in  the  report  previously  mentioned,  that 
water  added  to  the  top  of  soil  will  draw  water  from  below  by 
capillarity.  He  gives  experimental  data  to  show  that  after 
rainfalls  the  water  in  the  soil  rises  to  meet  the  percolating 
water.  If  this  is  true,  then  the  value  of  the  practice  of  par- 
tially saturating  the  subgrade  before  constructing  the  foun- 
dation may  be  questioned.  It  will  be  interesting  to  hear  the 
experience  of  the  Illinois  Department  regarding  the  results 
obtained. 

Experiments  on  Fine  Grained  Dense  Clay  Soils.— There  is 
yet  one  further  angle  to  drainage  that  needs  discussion  and 
investigation.  A  fe-n-  of  the  clay  soils  tested  in  the  laboratory 
at  the  Ohio  State  University  are  so  fine  grained  and  dense  that 
water  will  pass  through  them  only  by  capillarity.  The  at- 
traction between  the  clay  and  the  water  appears  to  be  so 
close  that  the  water  will  not  be  transmitted  to  a  more  porous 
medium  A  bowl,  %  in.  thick,  shaped  out  of  these  clays,  -nill 
hold  water  for  hours  without  showing  additional  moisture  on 
its  outer  surface. 

In  one  experiment,  two  12-in.  vitrified  tiles  -nere  cemented 
together,  making  a  12-in.  cylinder  4  ft.  in  length.  This  was 
roughened  on  its  inner  surface  with  neat  cement  mortar  and 
filled  with  a  given  clay  soil  compacted  as  nearly  as  possible 
to  the  same  degree  as  it  originally  was  in  the  field.  This 
cylinder  full  of  soil,  having  a  wire  mesh  across  its  lower 
end,  was  set  vertically  over  a  pan  and  water.  3  in.  in  depth. 
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poured  into  the  top  bell  of  the  pipe.  The  water  gradually 
percolated  away  and  more  was  added  to  maintain  the  3-in. 
depth.  After  two  or  three  days  the  water  seemed  to  have 
ceased  percolation  and  only  evaporation  seemed  active.  At 
the  end  of  a  week  no  water  had  dripped  from  its  lower  end. 
A  i/i  in  metal  rod  was  then  run  down  2  ft.  into  the  soil  at  six 
equidistant  points  over  its  surface— the  water  all  the  while 
being  maintained  3  in.  deep  upon  the  soil.  At  the  end  of  the 
second  week,  no  moisture  being  observable  at  the  bottom  end 
of  pipe  the  rod  was  used  again  and  six  other  y^-in.  holes 
were  siink  a  full  2  ft.  into  the  soil.  The  holes  were  enlarged 
by  wabbling  the  rod  around.  These  holes  were  spaced  be- 
tween those  formerly  sunk  in  the  soil.  For  one  week  more 
water  was  maintained  upon  this  soil  and  then  it  was  allowed 
to  evaporate.  About  three  months  afterward  the  soil  was 
dug  out  of  the  pipe  and  it  was  found  that  the  water  had  never 
penetrated  within  a  foot  of  the  bottom  of  the  pipe. 

Based  upon  such  evidence,  the  question  immediately  arises: 
Of  what  value  is  tile  underdrainage  laid  in  that  kind  of  soil? 
Do  not  be  deceived.  Because  this  soil  does  not  permit  water 
to  flow  freely  through  it  do  not  think  that  it  remains  stable 
and  thai  it  retains  a  high  bearing  power.  One  of  the  worst 
failures  on  a  road  in  Vinton  County,  Ohio,  occurred  where  this 
kind  of  clay  outcropped  in  the  subgrade.  The  problem  of 
how  to  treat  road  foundations  through  this  kind  of  clay  has 
yet  to  be  solved. 

The  writer  has  suggested  for  trial  in  Ohio  that  where  dense 
clay  sells  are  encountered  at  subgrade  elevation,  the  roadbed 
trench  be  deepened  from  4  to  6  in.  and  that  depth  of  coarse, 
clean  gravel  or  a  uniform  sized,  clean,  broken  stone  be  spread 
beneath  the  regular  foundation.  This  porous  drainage  course 
should  be  frequently  connected  with  the  side  ditches  or  sub- 
drains  in  order  to  free  it  from  the  collected  water. 
Summary. — To  summarize  the  paper: 

1.  Unprotected  earth  shoulders  are  easily  rutted  during 
spring  thaws  and  wet  seasons.  These  ruts  provide  easy  access 
for  water  to  reach  the  subgrade.  Building  water-proofed  hard 
.-houlders  along  a  pavement  serves  a  double  purpose— it  pro- 
tects the  subgrade  from  water  and  adds  to  the  width  of  road. 
It  may  prove  to  be  cheaper  than  rebuilt  pavements. 

2.  Dust-filled  grass  shoulders  should  be  eliminated  in  order 
to  prevent  shoulder  seepage  into  the  subgrade. 

3.  Uncleaned  ditches  add  largely  to  the  expense  of  road 
maintenance,  are  unsightly,  and  in  many  cases  are  the  direct 
causes  of  complete  road  destruction.  The  elimination  of  the 
ditch,  so  far  as  is  possible,  and  the  substitution  of  subdrainage, 
it  is  believed,  will  tend  toward  economy. 

4.  The  practice  of  rolling  clay  subgrades  should  be  care- 
fully investigated  to  determine  whether  rolling  •  increases 
capillarity  and  if  so  whether  serious  harm  is  done. 

5.  The  whole  question  of  capillary  action  of  water  in 
subgrade  soils  needs  investigation  to  determine  what  treat- 
ment is  necessary  with  different  soils  in  order  to  best  and 
most  economically  prepare  the  subgrade  for  the  road. 

6.  The  slaking  and  saturation  actions  of  soils — in  fact  the 
whole  range  of  soil  and  water  reactions — should  be  investi- 
gated in  order  to  formulate  specifications  which  the  engineers 
may  use  for  any  soil  situation  encountered  in  the  sub- 
grade. 

7.  Advantage  should  be  taken  of  natural  soil  drainage 
by  building  the  road  on  top  of  the  original  soil  as  far  as 
possible.  Minimize  the  cuts.  Multiply  culverts.  Conduct  the 
water  away  from  the  road  into  natural  channels  as  f.-equently 
as  possible. 

S.  The  question  of  how  to  prevent  center  longitudinal 
cracks  in  monolithic  roads,  and  whether  swelling  soils  have 
anything  to  do  with  these  cracks,  is  propounded  for  investi- 
gation and  observation.  The  presence  of  water  in  the  soil 
is  at  the   base  of  both  of  these  actions. 

9.  The  treatment  of  non-drainable  soils  to  prevent  them 
from  being  churned  into  plastic,  unstable  masses  under  the 
road,  is'  a  final  problem  suggested  to  the  road  engineer  for 
solution.  The  porous  drainage  course  beneath  the  foundation 
is  offered  as  one  solution. 


Weighing  Heavy  Trucks  on  State  Highways. — Five  scales 
for  weighing  and  recording  the  loads  of  s\ispiciously  heavy 
trucks  have  been  purchased  by  the  California  State  Highway 
Commission.  This  is  the  beginning  of  a  determined  eftort 
to  keep  overloaded  and  excessively  heavy  trucks  off  the  pub- 
lic highway  in  that  state.  Early  in  the  1920  season  New 
Jersey  started  the  weighing  of  suspiciously  heavy  trucks. 


Where  to  Use  Guard  Rails 

Conditions  under  which  guard  rails  can  be  used  on  high- 
ways to  distinct  advantage  were  described  by  Mr.  W.  W.  Cox, 
engineer-manager  road  commissioners  of  St.  Clair  county, 
Michigan,  in  a  paper  presented  Feb.  22  at  the  7th  annual 
conference  on  highway  engineering  and  highway  transport 
of  the  University  of  Michigan.  An  abstract  of  his  paper 
follows; 

On  a  road  where  the  hard  surface  or  traveled  way  is  nar- 
row, say  9  ft.  wide,  and  the  grade  is  20  to  24  ft.  wide,  where 
the  shoulders  or  berms  are  of  light  sand  and  soil  or  where 
they  are  of  heavy  clay,  many  accidents  are  sure  to  result 
from  skidding  when  vehicles  pass.  Especially  is  this  the 
case  with  fast  moving  and  heavy  vehicles.  This  skidding  and 
ending  in  upsetting  in  the  ditch  you  may  attribute  to  the 
carelessness  of  the  driver,  but  let  me  ask:  Have  you  ever 
driven  a  speedy  automobile  or  a  heavily  loaded  truck  on 
soft  or  slippery  shoulders?  If  you  have,  you  will  agree  that 
even  though  average  care  and  judgment  are  used  accidents 
are  sure  to  come  where  narrow  surfaces  and  poor  shoulders 
exist.  These  accidents  may  be  more  or  less  expensive,  though 
not  fatal.  Fatal  accidents  usually  result  when  the  ditches 
are  deep  or  when  the  fills  are  high.  As  a  general  rule,  it 
is  considered  advisable  to  use  guard  rails  where  the  ditches 
are  over  4  ft.  deep  and  where  the  fills  are  over  4  ft.  high. 

On  roads  where  the  traveled  track  or  hard  surface  is  16 
ft.  wide  and  the  grade  is  24  to  30  ft.  wide,  accidents  are  not 
so  numerous  unless  the  surface  is  rough  and  the  traffic  is  too 
congested.  However,  as  traffic  increases  we  find  that  the 
number  of  accidents  increases  proportionately. 

On  roads  where  the  traveled  track  or  hard  surface  is  wide 
enough  to  accommodate  traffic,  so  that  vehicles  may  pass 
freely  and  without  getting  off  the  surface  to  do  so,  the  dan- 
gers of  skidding  to  the  ditch  are  eliminated.  This  holds  true 
except  when  rain,  snow  or  ice  literally  greases  the  skids. 

Protection  Needed  at  Danger  Points. — All  roads,  by  virtue 
of  their  traffic  conditions  and  by  virtue  of  the  difficulties  en- 
countered in  their  design  and  construction,  do  have  their 
danger  points  and  death  traps  where  protection  should  be 
provided. 

The  most  common  of  these  is  found  in  flat  clay  sections 
where  deep  drains  become  imperative  for  the  improvement 
of  the  road  and  the  adjacent  farm  lands.  These  ditches 
vary  in  depth  from  3  to  12  ft.  and  very  often  follow  along 
the  road  for  miles.  In  these  sections  we  find  the  customary 
township  line  offsets  where  existing  drain  improvements 
prohibit  new  locations.  Where  intersecting  roads  or  right 
angle  turns  must  remain  near  these  ditches  it  is  necessary 
and  advisable  to  protect  the  corners  or  turns. 

In  the  rolling  or  hilly  sections  high  fills  must  be  made  in 
order  to  reduce  the  grades.  These  fills,  either  of  sand  or 
clay,  are  subject  to  washouts  and  settlement,  thus  becom- 
ing dangerous  when  over  a  few  feet  high  unless  they  are 
made  exceptionally  wide.  Even  the  wide  grade  is  treacher- 
ous if  it   is  located  on  a   steep  gradient. 

Approaches  to  bridges  and  culverts  should  also  be  protected. 
More  especially  is  this  true  when  the  roadway  is  narrowed 
at  these  structures  or  when  high  water  is  likely  to  disturb 
the  fills. 

Types  of  Guard  Rails. — Guard  rails  should  always  be  used 
when  there  is  a  question  of  safety  involved,  and  when  used 
they  should  be  made  strong  and  substantial.  They  may  be 
constructed  of  rock  in  places  where  proper  rock  is  ob- 
tainable to  make  a  strong  and  pleasing  rock  wall.  Rein- 
forced concrete  may  be  pre-cast  and  assembled  into  one  firm, 
strong,  pleasing  structure.  Guard  rails  which  are  most  com- 
mon in  this  section  are  constructed  of  timber.  Tiie  latter 
should  be  built  of  S-in.  cedar  posts  placed  not  more  than  S 
ft.  apart.  The  posts  should  be  set  into  the  ground  not  less 
than  3  ft.,  or  deeper  in  loose  soils.  They  should  be  placed 
not  at  the  outer  edge  of  the  berm  or  shoulder,  but  within  it 
and  at  least  1  ft.  from  the  beginning  of  the  side  of  the  slope. 

The  side  rails,  usually  three  in  number,  should  be  of  good 
clear  lumber,  not  less  than  2  in.  thick  and  S  in.  wide.  These 
should  be  thoroughly  spiked  and  lag  screwed  to  the  posts. 
The  lower  rails  should  be  on  center  a  distance  of  15  in.  fi'om 
the  ground.  The  top  rail  should  be  placed  on  top  of  the 
post  so  as  to  show  up  well,  to  strengthen  the  structure  and 
to  protect  the  top  of  the  post  from  decay.  The  height  of 
the  structure  should  be  not  less  than  3  to  4  ft.  The  whole 
should  be  painted  with  a  good  grade  of  white  lead  and  oil 
paint. 
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Highway  Construction  Progress  in 
Illinois  in  1920 

Hy   If.   H.   HIKI'MKIKU. 

KiiKm"ci-  of  Construct  inn    Division  of  Hinlnviiys,  State  Department 

of  Public  Works  and  Hulldings. 

The  accompanying  charts  graphically  represent  the  prog- 
,(%s  made  by  weeks  durlnR  1919  and  1920  in  the  construc- 
tion of  paved  roads  in  Illinois.  A  casual  examination  of  the 
two  years'  work  clearly  shows  the  advantage  of  the  early 
award  of  contracts.  During  1919  approximately  ."j04  miles 
were  awarded  in  April,  May.  June  and  July,  the  peak  of 
road  mileage  being  awarded  in  May.  The  progress  chart 
lor  1919  shows  that  the  contractors  did  not  reach  their  peak 
of  miles  completed  per  week  until  October,  some  five  months 
later. 

It  is  generally  recognized  that  it  takes  a  contractor  60 
days  to  organize  and  get  ready  to  lay  pavement  and  from  30 
or  .")0  days  to  reach  his  maximum  output  after  he  starts. 

The  1920  chart  shows  that  the  peak  mileage  constructed 
for  any  one  week  was  reached  the  week  ending  Oct.  1.  1920. 
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were  the  cliief  causes  of  delay;  however,  regardless  of  the 
difficuU>,  many  contractors  were  successful  in  the  execu- 
tion of  their  work. 

DuriuK  1920  there  were  133  contractors  doing  work  on 
state  roads.  They  completed  347  miles  of  pavement  and 
120  miles  of  earth  grading.  Out  of  this  number  S7  contrac- 
tors carried  work  over  into  1921,  having  a  balance  of  192 
miles  of  pavement  and  83  miles  of  grading  to  complete. 

On  account  of  unfavorable  conditions  that  existed  through- 
out the  season  no  exceptional  records  were  made  or  no  one 
method  of  handling  work  proved  to  be  worthy  of  special 
mention  or  recommendation;  however,  a  few  brief  statis- 
tics of  the  work  that  was  done  during  1920  may  be  of  in- 
terest to   contractors   and   engineers. 

The  largest  number  of  days  a  concrete  paver  was  operated 
on  a  single  job  was  131.  The  largest  number  of  square 
yards  laid  during  the  season  by  the  use  of  one  mixer  was, 
86,592  sq.  yd.  or  S.2  miles  of  18  ft.  pavement.  This  was 
done  in  107  working  days  using  trucks  to  deliver  materials 
direct  to  the  paving  mixer. 

The  largest  number  of  square  yards  laid  under  the  super- 
vision ot  one  contractor  was  260,000  sq.  yd.  or  27.4.5  miles. 

The  largest  daily  output  with  one  mixer  was  1,694  sq.  yd. 
or   847    ft.   of   IS-ft     pavement.     On    this   job   an    Shag   paver 


Chart  Showing  Time  Contracts  Were  Let  and  Total   Miles  Awarded 

in   1919. 

However,  a  very  large  weekly  mileage  was  reached  in  June 
and  was  practically  maintained  for  a  period  of  four  months, 
when  construction  suddenly  slumped  on  account  ot  winter. 
A  good  weekly  record  was  made  in  June  on  account  of  a 
large  mileage  of  work  being  carried  over  from  1919.  In 
the  spring  of  1920  many  of  the  contractors  had  equipmen"t 
on  their  jobs  and  were  ready  to  start  construction  as  soon 
as  weather  conditions  permitted  and  Uiey  could  organize 
their   forces. 

The  chart  indicates  a  large  mileage  of  earth  work  awarded 
during  the  late  summer  months  of  1920.  The  peak  of  grad- 
ing work  was  reached  week  ending  Nov.  4.  1920,  a  compara- 
tively short  period  after  the  peak  of  awards  were  made. 
Experience  has  shown  that  on  grading  work  a  contractor 
can  reach  his  maximum  of  yardage  moved  per  day  within 
30  days  after  the  awarding  of  his  contract,  while  on  pave- 
ment construction  he  must  count  on  at  least  90  days. 

It  is  generally  recognized  that  1920  was  a  very  trying 
year  for  contractors.  Their  output  of  work  was  curtailed 
on  account  of  practically  every  conceivable  difBcuIty.  Labor 
troubles,    transportation    difficulties    and    material    shortage 
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Comparison   Between   Miles  Awarded  and  Constructed   In  1920. 

and  industrial  railroad  for  transportation  of  materials  were 
used.  The  largest  week  as  well  as  the  largest  month's 
record  (0.72  miles  and  2.44  miles,  respectively)  were  made 
by  a  contractor  using  a  4-bag  paver  with  industrial  railroad 
delivery  of  materials. 

A  further  analysis  of  all  jobs  shows  that  industrial  rail- 
road equipment  was  used  on  44  jobs,  the  average  of  which 
shows  1940  ft.  per  week  and  5.264  ft.  per  month. 

Central  mixing  plants  with  truck  delivery  of  mixed  con- 
crete were  used  on  12  jobs,  the  average  of  which  showed 
1,495  ft.  per  week  and  4,272  ft.  per  month. 

Batch  boxes  on  trucks  delivering  materials  direct  to  the 
paving  mixer,  were  used  on  11  jobs,  the  average  of  which 
showed  1.331  ft.  per  week  and  2,589  ft.  per  month. 

On  four  jobs  material  was  dumped  on  subgrade  using  a 
belt  conveyor  to  the  paving  mixers,  the  average  of  which 
showed  1,022  ft.  per  week  and  5,563  ft.  per  month. 

There  were  48  jobs  where  materials  were  dumped  on  sub- 
grade  and  shoveled  or  wheeled  to  paving  mixture.  The  aver- 
age progress  on  these  was  1.462  ft.  per  week  and  3.117  ft. 
per  month. 
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Methods  and  Cost  of  Constructing  JT.:\:rZ:::;^jrJTZ,VrZ:j:7^^^^^^^^^ 

Bituminous  Surfaces  on  Old  "-■ff*-  Th^  total  cost  of  this  work  was  $127,768.77,  which 

'^  at  tht    rate  ot  $1,13  per  square  yard.     This  price  included 

Macadam  at  Denver,  Colo.  ""^  grading  necessary  to  prepare  the  subgrade. 

The  city  and  county  of  Denver,  during  the  past  10  years.  '''5^''  average  cost  of  grading  amounted  to  $0.15  per  square 

have  paved, a  number  of  streets  with  various  types  of  bitumi-  ^               "f^I^'i?^"''     ^°   °"^*^''  '^'°^^^'   ^^^  pavement   cost  an 

nous   surfaces   on   old   macadam   bases.     The   different   types  ''^p^^^*:;"^  *''-^^-  ^"'^  *^'^^  grading  $0.15  per  square  yard. 

laid   to   date  are   asphaltic   concrete,   tar   concrete,   Amiesite.  ^""^  "'^'"'''  °^  '^"^'^  °^  ^'^^  "^'°^''^  flo"e  in  1920  are  as  follows: 

sheet   asphalt,'  and   Willite.     The   first  attempt   at   this   con-  ncm.                                             ST''^'  .S*""" 

struction    was   made   by   the   city   in    1910,   when   four   blocks  Surface  mixture   $0.2S1 

on  Speer  Blvd.   were  paved.     Three  types  of  pavement  were  F'u"e'l''^.™'.'!'."^^.  .■.■.■.■.■.■.'.■,■.'.'.'. ll" 

laid  in   the   following  order,   each   type   being   used   through-  Expense    ........'.'.'.'.'.'.'.'.'.'.'.'.','  .oio 

out    one    block:     Asphalt    concrete,    tar    concrete.    Amiesite,  PUnt  r'lpiirs" "!'.'. '!^''.'.'.' '^P' 

and  tar  concrete.     In  1912  the  paving  on  this  street  was  con-  Depreciation,   plant ■■^' ...'...'.'. ..'.'.'.'.'..'.'.',  iois 

tinned  for  a  distance  of  eight  blocks,  using  asphalt  concrete.  General  labor"^^ '^^'^ 

In   the   same   year  a    block   on    ISth  Ave.,   from    Sherman    to  Plant  !.-\bor ■.'..'.'...'.'..'.'...".'.'.'.'.'.  ii5 

Grant,  was  paved  with  Amiesite.     In  1913  the  block  between  Haullni^*"""  ••••■'              -^^^ 

Sherman  and  Lincoln  on   ISth  Ave.   was  paved  with  asphalt  

concrete.     In  19]fi,  1917,  and  1918,  35  to  40  blocks  were  paved  <-;.7^i^}  *'°''  ^"''''■^'''"e ■....           M.iiso 

'  ii  aaingr    i  rn 

With  sheet  asphalt  and  asphalt  concrete.     One  block  of  Wil-  

lite   was    laid  in    1919.    In   1920  a  total  of   112,920  sq.   yd.   of  "^"'.^l    $1.1,'! 

asphalt  concrete  and  Willite  pavement  was  laid     The  follow-  ,  '^^''^  various   charge;?    entering    into    the   above   items   are   ex- 

ing  account  of  the  methods  employed  in  this  work  and  the  ^jlT.l.u   \Z7^''      TT  ""."  ''i"'^r  '"''''""'''  '"'='"'"'  "'^  '^°^' 

,^        I.,    .       ,            ^    ,         i.                       i-   ,      I.      1,,       T    ,TT     T    ,  "^  asphalt,  limestone  dust,  sand  and  .slag-  wh  ch  are  used   ^n  tHem 

results  obtained  are  taken  trom  an  article  by  Mr.  J.  W.  John-  p,,p,  pnvers  iu  ^rvm  „=»rt  at  „i.,„t  „  %           .              ,,         ^"e™- 

.                                      .               TT      o       r.                  ^    Ti   ,.,.  covers  an  coal  used  at  pl-int  antl  on  steam  rollers  on  job 

son.    Senior    Highway    Engineer.     U.     S.     Bureau    of    Public  and  fuel  oil  in  the  dryer  and  electric  power  for  derrick. 

Roads  in  the   current  issue  of  Public   Roads.  Expense    includes    insurance,    taxes,    printing,    automobile    and 

All    of   the    streets   paved    in   this    manner   liad    previously  miscellaneous  expenditures. 

been   improved   by   grading,   curbing,   and   gutter   and   surfao-  Tools  and  sundries  include  the  purchase  of  tools  and  mjscel- 

ing.      The    surfacing    originally    placed    varied    in    different  'aneous  plant  supplies,  water  rental,  horse  feed  and  shoeing.  lu- 

parts  of  the  citv.     Disintegrated   granite,   slag,  and   oil   mac-  b''i^ting  oil  and  grease. 

adam   v/ere   used  Plant   repairs   mclude   repairs   and   replacements   to   plant   and 

X,,           .  ,.,        .  I,         .4             ■     1    «            .lA   1      .A    c^    ,     -.  roller  parts;   also   labor  in    getting  plant   in   shape   before   starting 

The  width  of  the  streets  varied  from  30  to  40  tt.  between  „p  j„  (},g  spring                               &  i        ■           '"i"^  i.eioie  sLaruno 

curbs.     The  width  of  the  gutter  was  usually  2  ft.    The  crown  Depreciation  is  20  per  cent  of  the  cost  of  new  equipment  pur- 
varied   from    S   to   12   in.     All   of   the   streets   had   previously  chased. 

been    supplied    with    storm    sewers.      Intakes    to   sewers    were  General  salaries  include  those  of  the  superintendent,  bookkeeper 
provided  at  intervals  so  that  the   maximum   length   of  run-off  at  plant,  clerk  at  administrative  office,  and  an  inspector. 
of  surface  water  was  about  600  ft.  General  labor  includes  labor  in  building  addition   to  plant,   as- 
Owing   to    the    light    annual    precipitation    (an    average    of  sembiing  derrick  and  any  other  work  not  properly  chargeable  to 

about  14  in.),  the  high  crown  on  pavements    and  the   short  °i^^^  '°"-  ,       .     ,    ,        „  ,  , 

J.   4                11     1           c                 ii-ii           ,,/,                i.  Plant  labor  includes  aU  labor  used  m  operating  the  plant. 

distances   that   surface   water   has  to   travel   before   enterina;  cjt^Aot  i,k„,.  ;„oi„rio=,  ,n  .„k„          i        *.       .      »        ,     .       „ 

.,           .                 ,.,   ,                        .        „         ,  ^jtreet  labor  includes  all  labor  used  on  the  street  in  lavmg  the 

sewers,  there  is  very  little  opportunity  for  the  suhgrade   to  binder  and  top. 

become   wet   so   long   as   the   pavement   is    in   good    condition.  Hauling   includes    the    cost   of   trucks   and    drivers,   and    street 

Only  a  very  few  places  where  settlements  of  the  subgrade  rollers  and  operators. 

has  occurred  are  in  evidence.    Practically  all  of  these  defects  Grading  includes  all  labor  in  preparing  subgrade. 

occur  under  the  earlier  pavements.  Present   Condition   of   Pavement.— The  most  noficeable  de- 

With  the  exception  ot  a  small  amount  of  Willite,  all  of  the  fects  in  the  present  condition  of  these  pavements  are  sunken 

1920   construction   was   asphaltic   concrete.    1%    in.    thicTt   on  spots,  roughness  or  waves  in  the  surface,  and  surface  cracks, 

a  1%-in.  hinder  course.    Both  Mexican  and  California  asphalt.  The   sunken   places  are   all   on   work  done   in   1910  and   1912. 

with  a  penetration  of  from  50  to  60.  were  used.     The  binder  The  largest  of  these  have  a  diameter  of  from  ,S  to  10  ft.,  and 

course   was   mixed   in   the   proportion   of   50    lb.    of   asphaltic  are  possibly  8  to  12  in.  below  grade.    This  condition  is  caused 

cement   to  250  lb.  of  sand  and  750  lb.  smelter   slag    (maximum  by  settlement  of  the  subgrade,  which  was  on  a  comparatively 

size  1  in.).     The  surface  course  was  mixed  in  the  pioportion  new  fill  of  from  4  to  10  or  12  ft.     The  street  on  which  these 

of  80  lb.  of  asphaltic  cement  to  85  lb.  of  limestone  dust.  300  sunken    places    occur   was    built   along    the    bank   of    Cheery 

lb.  of  slag   (maximum  size  %   in.),  and  535  lb.  of  sand.  Creek,   parallel    to  new   retaining   walls   built  to   conline   the 

The  mixing  was  done  at  stationary  plants  and  the  material  water  course  of  the  creek.     The  surfacing  was  placed  on  this 

was    transported    to   the   job     in     auto     trucks.      The    mixing  till   within  two  years  after  it  was  constructed,  and  evidently 

plants  and  trucks  are  'owned  and  operated  by  the  city.     All  prior  to  the  time  of  complete  settlement. 

of  the  work,  including  the  grading  and  preparation  of  the  Rouglaiess  and  waves  are  in  evidence  on  a  number  ot 
subgrade,  is  done  by  the  city  T)y  day  labor.  No  contracts  are  streets  laid  during  the  early  period  of  this  construction.  Ap- 
let  for  any  portion  ot  the  work  ot  this  character.  parently  this  condition  is  caused  b,\  insufficient  care  in  lay- 
Preparation  of  Subgrade. — The  surface  of  the  street  se-  ing  the  pavement,  or  insufficient  rolling  of  the  subgrade. 
lected  tor  paving  is  scarified  by  the  use  of  a  scarifier  at-  This  condition  does  not  exist  to  any  extent  in  work  done 
tached  to  a  heavy  blade  machine  and  pulled  by  a  10-ton  cater-  .since  1916. 

pillar  tractor.     The  depth  and  amount  of  scarifying  depends  Transverse  cracks  in  the  pavement  laid  in   1916.   1917,  and 

on  the  condition  of  the  old  macadam  and  the  amount  neces-  U'lS  are  in  evidence  throughout  a  large  portion  of  the  work. 

sary  to  be  removed.     As  all  of  the  streets  paved  have  either  These  cracks  are  usually  at  right  angles  to  the  center  line 

brick  01    concrete   gutters,   it   becomes  necessary  to   remove  of  roadway.     Sometimes  they  extend  entirely  across  the  pave- 

3  in.  of  old  material  at  the  junction  of  pavement  and  gutter.  ment  from  gutter  to  gutter,  and  sometimes  they  extend  only 

From    this    point   the   amount   of   material     removed     is    de-  a  distance  of  fi  or  S  ft.  each  side  of  the  center,     .\pparently 

creased   to  the   center  of  the   road,   where  only   thf-   amount  they  are  caused  by  contraction  and  do  not  indicate  any  seri- 

necessary  to  bring  the  road  to  a  uniform  crown  is  taken  off.  ous  permanent  defect  in  the  wearing  qualities.     The  distance 

The  material  loosened  by  the  scarifier  is  hladed  into  wind-  between   them   varies   considerably;    (U'diuarily   they   are   not 

rows,  about  6   tt.  wide  and  3  tt.  high,  and  then  loaded  into  less  than   30  ft.  apart. 

wagons  by  means  ot  a  traveling  bucket  loader.  After  the  One  block  of  surfacing  laid  in  1919  shows  the  worst  crack- 
excess  material  is  removed  the  roadbed  is  thoroughly  rolled  ing  of  any  so  far  laid.  This  pavement  is  so  badly  cracked 
until  hard  and  firm.  All  depressions  are  then  filled  with  that  it  will  undoubtedly  have  to  he  replaced  in  a  very  short 
good  material  and  again  rolled  and  brought  to  a  uniform  time.  In  fact  it  should  be  replaced  this  season.  This  crack- 
grade  and  cross  section.  ing  was  apparently  caused  by  the  pavement  being  mixed 
Upon  this  subgrade  the  asphalt  binder  course  and  surface  with  too  small  a  percentage  ot  asphalt.  The  resulting  mix- 
course  are  laid  in  accordance  with  usual  practice  in  laying  ture  was  too  brittle,  and  severe  cracking  was  evident  after 
asphalt  pavement  the  first  cold  weather  in  the  fall  after  the  pavement  was  laid. 

(149) 


552 


Engineerbig   and   Contracting   for  June    1,    1921. 


One  disadvantage  In  this  method  of  constructing  pave- 
ments it  tlie  high  crown  whicli  very  often  obtains.  Tlais  re- 
sult is  caused  from  the  desire  to  use  all  of  the  old  macadam 
possible  in  the  center  of  the  road,  and  the  necessity  of  meet- 
ing the  gutter  already  in  place.  As  the  macadam  has  usually 
been  given  a  good  crown  for  drainage,  the  addition  of  3  In. 
of  bituminous  pavement  will  as  a  rule  result  in  1  or  2  in.  of 
additional  crown.  This  result  would  be  more  undesirable  in 
a  wet.  cold  climate  than  under  the  climatic  conditions  usual 
in  Denver. 


New  Road  Tamper  and  Finisher 

A  road  tamper  and  finisher  having  several  new  features 
haa  been  placed  in  production  by  the  Austin  Machinery 
Corp.,  Chicago.  In  thi.s  machine,  in  order  to  eliminate  voids 
or  air  pockets  caused  by  the  ordinary  strike-off.  necessitat- 
ing going  over  the  work  four  or  five  times  with  other  me- 
chanical tumping  devices,  the  strike-off  is  followed  by  a 
roughing  tamper.  This  roughing  member  may  be  arranged 
to  chop  or  tamp  simply  by  turning  over  the  channel.  To 
acquire  the  chopping  action  the  legs  of  the  channel  are 
turned  down.  When  straight  tamping  is  required,  the  legs 
are  turued  up.  The  smoothing  tamper,  alternating  its  blow 
with  the  roughing  tamper,  is  arranged  to  bring  the  water 
to  the  surface,  finishing  the  concrete  to  such  an  extent  that 
the  follow-up  unit,  the  smoothing  belt,  could  be  eliminated 
were  it  not  for  the  presence  of  water  on  the  concrete.  The 
smoothing  belt  is  used  to  carry  the  water  from  the  surface 
of  the  road  to  the  side  of  the  forms.  Primarily  the  machine 
consists  of  two  tamping  members — one,  a  roughing  tamper, 
and  the  other,  the  smoothing  tamper — so  arranged  as  to 
provide  a  reciprocating  tamping  action.  The  tamping  mem- 
bers are  made  from  6-in.  channels,  extending  the  full  width 
of  the  road,  striking  a  blow  over  an  area  of  n  in.   The  tamp- 
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New  Austin   Tamper  Working   on  Concrete   Road   Job  at   Maywood. 
III.:   Reaoy  ai.  callaghan,   Contractors. 

ers  are  driven  through  three  eccentrics  each,  wliich  cause 
them  to  strike  a  sharp,  even  blow,  uniformly  distributed 
throughout  the  entire  width  of  the  tamping  member.  The 
alternating  action  of  the  tamping  bars  almost  eliminates 
vibration.  The  ample  power  supplied  by  a  four-cylinder  gaso- 
line engine  enables  it  to  push  the  strike-board  against  the 
rough  concrete  and  tamp  up  steep  grades.  The  machine 
is  one-man  controlled  and  may  be  operated  from  either  side 
of  the  road,  as  it  has  control  levers  on  both  sides.  All  cast- 
ings are  made  of  cast  steel.  Structural  steel  is  used  through- 
out in  the  construction  of  the  main  frame.  Shafts  are  made 
of  special  alloy  steel.  Friction  clutches  are  provided  for 
each  operation.  The  machine  is  made  in  standard  sizes  for 
roads  of  12,  14,  16  and  18  ft. 


China  to  Build  Wider  Roads. — According  to  reports  from 
the  Permanent  International  Association  of  Road  Congresses, 
Hsu  Shih  Chang,  president  of  the  Chinese  Republic,  has  is- 
sued an  executive  order  providing  that  in  carrying  out  the 
Chinese  good  roads  program,  roads  hereafter  shall  be  wider. 
Roads  connecting  Peking  with  the  capitals  of  the  provinces, 
hereafter,  will  be  55  ft.  wide  and  those  connecting  the  capitals 
of  the  provinces  with  the  seats  of  the  districts  will  be  at 
least  33  ft.  wide.  Roads  between  the  district  seats  are  to 
be  not  less  tlian  27%  ft.  wide. 


1-Yd.  Revolving  Steam  Shovel  with  Con- 
tinuous Tread  Mounting 

The  Osgood  Co.,  Marion,  0.,  has  recently  brought  out  a 
continuous  tread  mounting  for  the  Osgood  29  1-yard  revolv- 
ing steam  shovel.  This  machine  is  built  along  the  same 
lines  as  the  Osgood  18,  y^-yd.  machine.  The  tread  belts  ex- 
tend but  a  short  distance  beyond  the  ends  of  the  truck 
frame,  which  feature  permits  the  machine  to  be  operated 
from  either  end  and  owing  to  its  compactness  interferes  as 
little  as  possible  with   the  operation  of  the   dipper,   also  al- 


New    Osgood    1-Yd.    Revolving    Steam    Shovel    on    Continuous   Tread 
Mounting. 

lowing  the  machine  to  be  turned  in  a  much  smaller  circle 
than  when  longer  belts  are  used.  The  tread  belts  are  so 
constructed  as  to  enable  either  side  to  be  adjusted  easily  and 
independent  of  the  other  side.  It  is  stated  the  machine 
will  climb  a  comparatively  steep  grade  and  propel  with  ease 
over  very  soft  or  uneven  ground. 

The  truck  frame  used  on  the  continuous  tread  machine 
is  a  1  piece  open  hearth,  annealed,  steel  casting  and  inter- 
changeable with  the  traction  trucks  and  like  the  Osgood  IS 
the  new  machine  can  be  easily  converted  into  a  clamshell 
or  dragline  outfit. 


New  Scarifier-Grader 

A  new  combination  scarifying  and  grading  machine  has 
been  brought  out  by  J.  D.  Adams  &  Co.,  Indianapolis,  Ind. 
The  machine  scarifies  and  grades  at  the  same  time,  or  the 
scarifier  or  blade  may  be  used  independently.  The  scarifier 
has  seven  teeth,  3  in.  x  1  in.  x  20  in.  long,  and  cuts  a  swath 
45  in.  wide.  The  grader  blade  is  S  ft.  long  and  IS  in.  wide 
with  mold  board.  The  scarifier  is  raised  and  lowered  by  two 
cranks,  one  on  either  side  of  the  operating  platform,  and  the 
depth  of  cut  may  be  adjusted  to  a  fraction  of  an  inch.  The 
grader  blade  is  fully  adjustable  and  is  raised  or  lowered, 
either  end  independently,  by  two  large  hand  wheels  at  the  op- 
erator's platform.  The  length  betw^een  front  and  rear  axles  of 
the  machine  is  15  ft.  The  frout  wheel  tread  is  3^.^  ft.  and 
rear  5  ft.   9   in.     The  weight  complete  is  5,600  lb.     The  ma- 


Adams  Scarifier-Grader  No.  8-A. 
chine  has  the  adjustable  leaning-wheel  feature  of  the  other 
Adams  graders. 


State  Highway  Board  of  New  Jersey  to  Be  Salaried.  -Gov- 
ernor Edv.ards  of  New  Jersey  has  approved  the  bill  which 
will  give  each  of  the  members  of  the  State  Highway  Com- 
mission a  salary  of  $4,000  a  year.  Heretofore  this  commis- 
sion hrs  been  non-salaried  and  formerly  it  met  once  a  month. 
The  demands  of  the  work  incident  to  the  construction  of  the 
new  state  highway  system  has  compelled  the  present  board 
to  hold  meetings  practically  every  week. 
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Portable  Turntable  for  Turning  Trucks  on 
Sub-Grade 

A  light,  portable  turntable  for  turning  motor  trucks  on  the 
subgrade  that  gave  excellent  service  during  the  construction 
last  season  of  7  miles  of  IS-ft.  concrete  road  at  Highland,  111.. 
Is  illustrated  below.  It  is  stated  a  truck  can  be  turned  with 
this  turntable  in  S  seconds.  The  operating  method  is  simple. 
When  the  subgrade  is  in  proper  condition,  ready  for  the  slab. 
the  trucks  turn  the  turntable  by  their  own  power,  the  right 
front  wheel  striking  a  spring  bumper  and  one  rear  wheel  driv- 


Hug   Truck  Turntable. 

Ing  on  the  ground.  After  the  truck  has  been  turned  one  man 
pushes  the  turntable  back  to  position,  ready  to  receive  the 
next  truck.  The  turntable  was  invented  and  patented  by  Mr. 
C.  J.  Hug.  of  the  Hug  Lumber  and  Construction  Co..  Highland, 
III.  This  company  used  it  on  the  Highland  job  and  has  now- 
placed  it  on  the  market.  The  turntable  is  made  in  two  sizes 
— one  for  1  ton  Ford  trucks,  the  other  for  2%-ton  trucks. 


Federal  Aid  Road  Types 

On  March  1  of  this  year,  according  to  a  recently  issued 
statement  of  T.  H.  McDonald.  Chief  U.  S.  Bureau  of  Public 
Roads,  22.030  miles  of  Federal-aid  highway,  extending  into 
•every  State,  had  been  completed  or  were  in  process  of  con- 
struction, at  a  total  estimated  cost  of  $361,946,868.  The  per- 
centage of  this  total  estimated  cost  which  will  be  incurred  for 
each  type,  and  the  mileage  of  each  type,  based  >ipon  the 
lecords  of  plans  approved,  are  as  follows: 

Per  cent 

of   total 

estimated 

cost.       Mileage. 

Typo   1.   including-  earth,   sand-clay  and  gravel    32.2  15.300 

Type  2.  including  water  bound  and  bituminous  ma- 
cadam          9.0  1.530 

Type  3,  ircluding  "Driok,  bituminous  concrete,  Port- 

lancJ    cement   concrete    4S.S  '*'~?5 

Miscellaneous     4.0  310 

Bridges     CO  

100.0  22,030 

Many  times  the  question  has  been  asked  the  Bureau:  What 
type  of  road  is  best?  The  answer  is  always  the  same:  There 
is  no  one  best  kind  or  type  of  road  surface. 

A  recent  statement  issued  by  the  officials  of  the  Bureau  ex- 
presses this  thought  in  the  following  language: 

"It  is  the  policy  of  this  Bureau  to  consider  the  conditions 
on  each  individual  Federal  aid  pro.ject.  as  there  are  elements 
such  as  subgrade,  drainage  and  present  and  prospective  traffic, 
which  vitally  affect  the  determination  of  the  standards  of 
construction  to  be  used."  , 

That  is.  there  must  be  a  careful  analysis  both  of  the  engi- 
neering and  economic  conditions  for  each  particular  case  to 
determine  the  kinds  of  materials  that  can  be  used  success- 
fully, and  after  these  facts  are  determined  then  the  various 
types  of  construction  which  can^  be  used  economically  should 
be  brought  into  competition  to  secure  the  best  possible  re- 
sults. There  have  been  occasional  attempts  to  write  into 
State  laws  or  the  governing  conditions  of  bond  issues  a  re- 
quirement as  to  the  type  or  kind  of  roads  to  be  constructed. 
To  follow  such  a  course  would  be  most  unfortunate.  The 
cost  must  always  be  considered  in  determining  the  type  of 
road  surfaces  which  are  selected,  and  the  allowable  cost  must 


be  determined  by  the  traffic  which  is  to  be  borne.  Local  con- 
ditions vary  to  such  an  extent  that  very  careful  consideration 
must  be  given  each  project  before  determining  the  character 
or  type  of  roads  to  be  built.  This  principle  was  recently  ex- 
pressed to  a  Chamber  of  Commerce  asking  for  information, 
in  the  following  language: 

'•Types  of  highways  should  not  be  specified  by  law.  This 
is  a  matter  to  be  decided  by  the  State  highway  department  in 
which  should  be  lodged  full  authority  both  to  construct  and 
to  maintain.  Competition  between  different  types  of  material 
should  be  maintained  and  selection  made  to  fit  traffic  re- 
quirements in  each  case.  The  Bureau  does  not  recommend 
any  one  type  to  exclusion  of  others." 


Combined  Scarifier,  Grader  and  Roller 
Road  Machine 

A  road  machine,  combining  a  scarifier,  grader  and  roller,  is 
illustrated  below.  The  machine  is  driven  by  a  ^cylinder, 
15-H.P.  Liberty  Continental  governed  motor.  The  transmis- 
sion is  fully  enclosed,  having  2-in.  faced  cut  gears,  two  speeds 
forward  and  one  reverse.  The  low  speed  forward  is  2  miles 
per  hour;  the  high  speed  is  4  miles  per  hour,  and  the  reverse 
speed  2  miles  per  hour.  The  scarifier  has  18  teeth,  19  in.  in 
length,  reversible  end  for  end,  and  held  in  place  by  a  special 
device  without  the  use  of  any  bolts.  The  width  of  cut  is 
7  ft.  5  in.  The  grader  blade  is  10  ft.  in  length.  The  mould 
board  is  18  in.  wide,  including  a  6-in.  cutting  blade.  Both  the 
scarifier  and  grader  blade  are  operated  by  a  mechanical  oil 
pump.  The  rear  rollers  are  30  in.  wide  and  5  ft.  in  diameter, 
made  oi'  special  steel  with  water-tight  compartments  for  load- 
ing with  water  to  secure  additional  weight.  The  normal  com- 
pression of  rear  rollers  is  about  240  lb.  per  square  inch.  By 
loading  with  water  this  can  be  increased  to  from  280  to  300  lb. 
The  total  weight  of  the  machine  is  about  13  tons.  Its  length 
is  22  ft.,  width  S  ft.  3  in.,  and  height  9  ft.     The  machine  is 


The    Oswald    Triple    Action    Road    Machine. 

operated  by  one  man.     It  is  made  by  the  American  Road  Ma- 
chinery Co.,  Monroe,  Mich. 


Cost  of  Feeding  Street  Department  Horses  at  Cincinnati,  O. 
— During  1920  the  Department  of  Street,  Sewer  and  Catch- 
basin  Cleaning  of  Cincinnati.  O..  maintained  23(1  horses  and 
39  mules.  The  average  cost  of  feed,  acccriing  to  the  annual 
report  of  Fred  Maag,  Superintendent,  waj  71.1  ct.  per  horse 
per  day.     The  average  daily  ration  was: 

Per  horse. 
Lb. 

Hay  at   $38   per  ton    4 15.6 

Oats  at  2.8  ct.  ner  lb 11.7 

Xutria  at  2.9  ot.  per  Ih 3.0 


Old  Roman  Road  Discovered. — Discovery  has  been  made 
in  England  of  another  old  Roman  road  hitherto  unknown. 
Workmen  who  were  digging  manholes  on  the  Alton  road 
where  the  latter  joins  the  roads  to  Bentley  and  Bordon.  near 
Farnham,  Surrey,  unearthed,  5  ft.  below  the  surface,  part  of 
what  appears  to  be  on  old  Roman  road  that  ran  from  Lon- 
don to  Manchester.  The  road  was  in  an  excellent  state  of 
preser-vation.  the  surface  layer  being  a  foot  in  thickness  and 
composed  of  flints.  In  order  to  penetrate  the  surface  the 
workmen  had  to  use  drills  and  steel  wedges. 
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An  Asphalt  Block  Press  for  Use  with  Asphalt 
Paving  Plant 

An  awplialt  block  press,  so  designod  that  it  can  be  installed 
in  an  ai-plialt  paving  plant  without  altering  any  of  the  latter's 
existing  features,  has  been  brought  out  by  the  National 
Moulding  Press  Corporation.  262  Fullon  St.,  Brooklyn,  N.  Y. 
In  addition  the  aggregate  and  asphalt  for  the  blocks  can  be 
mixed  by  the  same  appliances  as  used  for  the  asphalt  paving 
mixture.  The  press  is  constructed  as  a  single  unit  and  can 
be  operated  either  by  an  electric  motor  or  by  a  belt  connection 
with  an  existing  shaft  in  the  plant.  The  mixture  is  fed  to 
the  lioi-per  of  the  block  machine  from  the  upper  lloor  of  the 


AsphJlt    E!ock    Press. 

plant,  the  correct  rate  of  feeding  being  insured  by  an  auto- 
matic indicator.  The  mixture  drops  from  the  hopper  into  the 
mould  and  is  compressed  by  two  plungers,  one  moving  up- 
ward and  the  other  downward,  under  a  pressure  that  can  be 
regulated  as  desired  up  to  400  tons.  After  the  block  is  com- 
pressed it  is  raised  by  the  lower  plunger  to  the  level  of  a 
belt  conveyor,  which  carries  it  through  a  trough  of  water. 
The  blocks  when  they  leave  the  trough  are  sufficiently  cooled 
and  solid  so  that  they  can  be  stacked  for  shipment.  The  press 
occupies  a  space  t  by  7  ft.  and  stands  about  8  ft.  above  the 
floor.  It  requires  25  to  .SO  HP.  for  operation  and  has  a  capacity 
of  approximately  1.000  standard  asphalt  blocks  or  tile  per 
hour.  The  same  machine  can  be  used  for  making  blocks  of 
any  of  three  regular  commercial  thicknesses.  The  advantages 
claimed  for  the  machine  are;  Compactness;  economy  of 
maintenance:  absolute  control  of  pressure  exerted  on  the 
blocks;  the  feeding  of  the  mixture  to  the  mould,  and  the  regu- 
lation of  the  uniformity  of  the  blocks  by  means  of  a  system  of 
automatic  safety  devices. 


Wire  Mesh  Roads  on  Sand. — Loose  sand,  smoothed  and 
leveled  and  covered  with  chicken  wire  netting,  firmly 
pegged  down,  made  roads  which  gave  good  service  to  the 
British  Army  in  Egypt  and  Palestine,  according  to  the  Re- 
serve Engineer  (London).  These  roads  were  very  satisfactory 
for  foot  troops  and  of  some  use  for  motor  transport,  but 
were  rapidly  rendered  useless  by  animal  drawn  transport. 
Repairs  were  easily  made.  As  ruts  developed  the  netting 
was  raised  and  the  rut  wiped  out. 


Illinois  Counties  Can  Bid  on  State  Road  Work.  (Governor 
Small  ol  Illinois  on  .May  li  signed  the  bill  giving  eounties  of 
the  state  the  right  to  bid  on  road  construction  and  ,?iving  the 
state  th(:  right  to  buy  or  condemn  cement  factories  for  use  by 
the  state.  The  bill  opens  the  way  for  counties  of  the  state  to 
become  competitors  in  road  building,  and  the  state  has  the 
right  to  take  charge  of  cement  plants  if  it  is  apparent  that  the 
price  of  cement  asked  by  large  companies  is  exorbitant.  Un- 
der the  road  building  clause  in  the  bill  counties  may  take 
contracts  for  road  construction  and  will  be  paid  for  the  work 
out  of  state  funds. 


Boulevard  Project  for  Seattle,  Wash. — Seattle  is  considering 
the  pro\ision  of  a  new  boulevard  which  will  extend  south  from 
a  plaza  near  the  railway  station.  The  width  will  provide  two 
roadway.s  for  motor  traffic,  and  a  middle  section  for  street 
cars.  The  crossings  will  be  overhead  or  underneath.  This  is 
a  provision  for  a  direct  means  of  entering  the  city  without 
adding  to  the  down-town  traffic  congestion. 


Philadelphia  to  Pave  60  Miles  of  Streets. —  Philadelphia  is 
expecting  to  pave  (10  miles  of  streets  this  year.  For  this  work 
$1,000,000  will  be  paid  out  of  current  revenues,  and  $.5,000,000 
obtained  from  a  loan. 


2,739  Cities  in  United  States. — There  were  2,7o9  municipali- 
ties of  2. .500  or  more  inhabitants  in  the  United  States  in  1920. 


Personals 

Maj.   L.   D.   Blauvelt  has  been  appointed  state  highway  engineer 

of  Coioracio. 

Herbert  Livermore  has  been  appointed  street  commissioner  of 
Johnson  City,  Tenn. 

P.  C.  Moore,  of  Butte,  Mont.,  has  been  appointed  chief  of  the 
inaintenr.i'ce  department  of  the  State  Highway  Commission. 

John  F.  Galvin.  a  newspaper  man  of  Richmond.  Calif..  h:is  been 
appointed  secretary  of  the  California  State  Highway  Commission. 

George  B.  Hughes,  formerly  district  state  highway  engineer  for 
St.  Liouis  County.  Minnesota,  with  headquarters  at  Ely.  Minn.,  has 
been  appointed  as  district  engineer,  and  has  a  part  of  Itasca 
County  under  his  general  supervision.  Mr.  Hughes  will  h?.ve 
headtjaartc  rs  at  Virginia,  Minn. 

C.  O.  Markhart  and  Prof.  H.  R.  Thayer,  formerly  of  the  Carne.Tie 
Institute  of  Technology,  have  formed  a  company  to  be  known  as 
the  Markhart  Thayer  Engineering  Co..  to  take  over  the  business 
of  Brown.  Egermann  &  Markhart.  civil  engineers  and  architects, 
with  offices  m  the  F^llton  Eldg..  Pittsburgh,  Pa. 

Chester  M.  Clark,  formerly  head  of  the  corporation  denartment 
of  Stone  it  Webster.  Inc..  and  during  the  war  secretary  of  tl^e 
underlymg  company  at  Hog  Island  and  assistant  to  Matthew  Brush, 
the  president  of  that  corporation,  has  been  elected  treasurer  of 
Arthur  D.  Little,  Inc.,  Cambridge,  Mass. 

Merton  R.  Sumner  has  been  appointed  chief  engineer  of  Arthur 
X).  Little,  inc..  chemists,  engineers  and  managers.  Cambridge. 
Mass.  Mr.  Sumner  was  formerly  chief  engineer  for  New  England 
of  Fred  T.  Ley  &  Co..  Inc..  in  charge  of  about  12.5  construction 
projects  and  more  recently  was  chief  engineer  of  the  Fuller  In- 
dustrial Engineering  Corporation,  a  subsidiary  of  the  George  A. 
Fuller  Co. 

Major  O.  Q.  McComb.  division  engineer,  "West  Tennessee  di- 
vision. State  Highway'  Department,  has  been  appointed  chief  engi- 
neer of  the  Tennessee  Highway  Department.  Major  McComb  is  a 
mechanical  engineer  graduate,  'no.  of  Colorado  .Agricidtural  Col- 
lege; a  civil  engineer  graduate.  '10.  of  L'niversity  of  Illinois,  and 
a  oost-graduate  in  highway  engineering  of  Columbia  University. 
He  is  an  engineer  of  over  13  years'  experience  in  the  employ  of 
the  Philippine  Bureau  of  Education;  in  the  Pliilippine  Bureau  of 
Public  AVorl\S  as  assistant  and  district  engineer;  with  the  Pitts- 
burgh Testing  Laboratory.  Birmingham.  Ala.,  as  chemist;  as  high- 
way engineer.  U.  S.  Bureau  of  Public  Roads,  and  as  division  engi- 
neer. Tennessee  Highway  Department.  During  the  recent  world 
war'.ie  was  one  of  the  "first  lO.noO"  to  be  commissioned  in  the 
Officers'  Reserve  Corps,  serving  throughout  the  war  as  an  officer 
of  an  engineer  regiment  (regulars)  on  fortification  duty  in  the 
Philippine  Islands. 


Trade  Publications 


The  following  trade  publieations  of  interest  to  engineers  and 
contractors  have  been  issued  recently; 

Road  Forms. — Heltzel  Steel  Form  &  Iron  Co.,  Warren.  O. 
Polder  giving  information  on  the  Heltze!  steel  form. 

Asphalt  Mixing  Plants.— Barber  .\sphalt  Paving  Co.  Philadel- 
phia. Pa.  50  page  bulletin  illustratinar  and  describing  the  asphalt 
mixing  plants   produced  by  this  company. 

Locomotive  Cranes. — Orton  &  Steinbrenner  Co..  Chicago.  111.  12 
page  catalog  illustrating  and  describins  the  new  T-ton  and  ■.2-ton 
craMing  tread  and  road  wheel  locomotive  cranes  of  the  company. 

Concrete.— Koehring  Co..  Milwaukee,  Wis.  207  page  hook  on 
the  manufacture  and  use  of  concrete.  Contains  in  concise  and 
readable  form  a  large  amount  of  useful  information  on  concreting 
opevitions.  A  particuiarly  valuable  feature  of  the  book  for  the 
contmclor  is  the  suggestions  on  the  care  and  operation  of  con- 
struction eiiuipment.^  The  chapters  in  the  book  are  as  follows; 
Chapter  1.  Field  Operations  in  Concrete  Construction;  Chapter  2. 
Materials  Entering  Concrete;  Chapter  3.  Concrete  in  Highway  Con- 
struction- Chapter  4.  Miscellaneous  Xotes  for  Superintendent  and 
Foreman;  Chapter  .5.  Forms  for  Concrete  Construction;  Chapter  6. 
Use  of  Reinforcing  Steel  in  Concrete;  Chapter  7  Xotes  on  Specifica- 
tions- Chapter  S.  Estimating  Co«t  of  Concrete  Construction;  Chap- 
ter 9'Xoles  on  C\dvert  and  Bridge  Construction;  Chapter  10.  Con- 
venient Estimating  Tables  and  Examples  of  Use;  Chapter  11, 
Fouivlatif-ns  and  Footings;  Chapter  12.  AVaternrooflng  of  Concrete; 
Chanter  1.3  Placing  Concrete  I'nder  Water;  Chapter  14.  Notes  on 
Silox  Co!"l  and  Material  Bins  and  Grain  Tanks;  Chapter  15.  Me- 
o'hanical  Eouipment— Its  Starting.  Care  and  Operation. 
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Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and   Pits 

(b)  Management   and         (d)   Steam   Railways.   Con- 
Office    System  struction   and   Maintenance 

(e)   Electric    Railway    Construction 
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(e)   Management   and   Office 
System 
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(a)  Waterworks  (c)   Irrigation    and    Drainage 

(b)  Sewers  and  Sanl-        (d)   Power  and  Pumping 

tation 

(e)    Management    and    Office 
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Pueblo  Suggests 


According  to  reports  from  Colorado  prior  to  our  going  to 
press,  a  large  part  of  the  recent  flood  damage  to  life  and 
property  was  due  to  dam  failures.  Public  blame  tor  this, 
whethei  justly  or  otherwise,  will  fall  on  engineers,  and  it 
behooves  us  as  a  duty  alike  to  the  public  and  to  the  profes- 
sion to  inquire  into  the  causes  and  conditions  of  the  dis- 
aster. The  undeniable  fact  is  that  we  have  in  the  United 
States  so  long  a  list  of  dams  which  have  failed  under  ex- 
treme high  water  that  there  ought  to  be  a  systemntic  inves- 
tigation of  these  cases  and  comparisons  of  them  with  a  large 
number  of  other  cases  in  which  dams  have  withstood  floods. 
The  right  kind  of  study  would,  we  believe,  go  far  toward 
determining  whether  or  not  there  are  certain  fundamental 
considerations  common  to  these  failures,  due  recognition  of 
which  would  have  avoided  catastrophe. 

The  editor  believes  that  fundamentals  have  been  over- 
looked in  very  many  cases — as  well  among  structures  which 
have  fortunately  survived  as  among  those  which  have  failed. 
Structural  analysis  and  design  are  not  the  fields  in  which 
we  would  first  search;  nor  would  be  begin  with  foundations 
and  ground  conditions,  difficult  as  are  the  problems  thereof. 
We  think  that  the  very  first  consideration  should  be  what 
would  happen  in  case  the  dam  should  fail;  and  if  human 
life  is  to  be  endangered  the  problem  will  require  a  different 
treatment  than  otherwise. 

It  is  usually  possible  to  design  and  build  a  structure 
massive  enough  to  withstand  any  conceivable  Hood.  It  is  by 
no  means  always  economic  to  do  so.  Paris  could  be  pro- 
tected against  further  damage  from  the  River  Seine,  but  it 
has  been  stated  on  apparently  good  authority  that  the  in- 
terest on  the  cost  of  such  protection  would  greatly  exceed  the 
losses  due  to  the  floods,  which  occur  only  at  long  intervals 
of  years.  Corresponding  cases  on  smaller  scales  are  nu- 
merous These  are  economic  problems  and  are  to  be  solved 
as  such.  The  chances  of  disaster  are  to  be  computed  as  well 
as  may  be;  the  cost  of  possible  disaster  is  to  be  estimated: 
and  out  of  the  possible  designs  ranging  from  that  affording 
complete    security   to   the   one   having  a   minimum   factor  of 


safety,  that  design  is  to  be  chosen  which  shows  the  maxi- 
mum net  economy.  If  innocent  parties  are  subject  to  injury 
in  case  of  accident  it  is  only  just  that  they  have  some  guar- 
antee of  reimbursement,  but  that  is  a  matter  of  law  rather 
than  of  engineering. 

.lust  how  far  human  life  should  be  safeguarded  neither  the 
editor  nor  any  other  man  can  say — nor  can  we  measure  a 
life's  worth  in  money.  All  the  computations  of  economists 
as  to  the  worth  of  a  man  to  society,  and  all  the  court  awards 
that  were  ever  made  for  accidental  deaths  are  mere  ratings 
in  terms  of  food  and  shelter,  and  afford  no  measure  what- 
ever of  that  which  was  held  dearest  and  was  lost.  Yet  to 
make  preservation  of  life  our  only  aim  would  be  to  make  lite 
not  worth  preserving:  and  so  we  must  go  on  with  works 
which  the  laws  of  chance  tell  us  will  inevitably  cost  life 
while  in  progress,  and  which  in  some  instances  will  menace 
life  after  completion.  Witness  most  conspicuously  the  auto- 
mobile. 

Out  of  this  more  or  less  philosophical  consideration  we  can 
get  no  quantitative  answer  to  our  problem;  but  v>e  can  let 
it  lead  to  the  question:  "Are  we  applying  no  more  care 
and  no  higher  factors  of  safety  to  the  protection  of  human 
li/e,  and  especially  of  human  life  in  large  numbers,  than  we 
are  to  the  protection  of  property?"  We  ask  this  without  for- 
getting that  lives  depend  on  most  engineering  designs;  and 
we  are  brought  immediately  to  the  other  question — "Are  our 
factors  of  safety  high  enough  on  all  our  works?"  The  dam 
failures  afford  a  negative  answer. 

It  will  be  claimed  in  behalf  of  the  designers  of  these  struc- 
tures that  they  provided  for  all  contingencies  which  man 
could  b(;  expected  to  foresee,  and  that  to  go  further  would 
be  to  adopt  an  extreme  of  caution  out  of  proportion  to  the 
caution  exercised  on  other  works.  It  is  with  this  last  point 
of  view  that,  as  the  editor  sees  it,  the  greatest  fault  lies.  To 
take  one  comparative  case  only — the  respective  problems  of 
bridge  and  dam  design  differ  conspicuously  in  two  important 
elements — the  forces,  or  loads,  which  the  structures  are  to 
carry,  and  the  bond  or  junction  of  the  foundation  with  the 
natural  material  of  the  earth. 
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The  forces  acting  on  brtCges  aro  in  tliu  main  definitely  ol'  miLtrals.  This  being  so  the  excess  of  exports  over  im- 
known.  Even  wind  loads  are  provided  for  at  a  maximum  ex-  ports  during  1919  was  only  7  per  cent  of  the  total  vifhole- 
ceedod  only  by  tornadoes;  and  tornadoes  and  earthquakes  sale  pioductivity.  Therefore,  even  after  deducting  this  per- 
arc  forces  against  which  our  designs  seldom  even  pretend  centage,  our  national  per  capita  production  that  was  avail- 
to  provide.  The  time  may  come  when  they  will  be  given  able  for  domestic  consumption  was  greater  in  1919  than  in 
more  attention.  Rut  the  case  of  tlio  dam  is  often  very  dif-  1914.  This  is  the  conclusion  tliat  Mr.  Gillette  reached  in  the 
ferent.  It  is  Impossible  to  say  how  high  the  water  may  rise;  articles  above  mentioned,  although  at  the  time  of  :heir  pub- 
Its  possible  velocity  is  a  matter  of  some  uncertainty;  and  lication.  the  results  of  the  1919  census  were  not  available, 
the  Impact  with  which  It  may  drive  debris  against  the  dam  The  Census  Bureau  classifies  manufacturing  industries 
Is  a  function  of  so  many  elements  as  to  be  practically  un-  under  250  heads,  from  which  we  have  selected  the  following 
known.  ui  as  being  the  ones  most  likely  to  interest  our  readers.    The 

Foundation  bonds  present  much  the  same  case.    Except  for  value  of  manufactured  product  is  given  in  millions  of  dollars, 

arches  the  bridge  loads  are  chieflv  vertical,  and  the  subsoil  .    ^        , .,     ,                                                                     lolS-         1914. 

lias  meiely  to  carry  compression.    Failures,  when  they  occur,  iutSrui's       .'^•''"'^..'?!'!"'^  .■.•.•;:;.\\\\- >::.\\\\;:;;'2,f8'|           ^^l 

are  usually  so  slow  as  to  make  no  menace  to  life  or  property.       Beitin!;  and  hose,   rubber    '..'.'.'.'.'.'.     '26  24 

But  the  horizontal  forces  acting  on  a  dam.  uncertain  them-  leiunf.  Teather.°."\''.\'.''.''". '.".'^^^!".;;                            \\             23 

selves,  are  to   be  met  by  uncertain   resistances   in   the   bond       Brass,  bronze  ami  coppi-r  products 488  162 

between  the  foundation  and  the  earth,  and   in  the  shearing  carr?a|e"inr'wa|on^'malerm?f   ^''!'.'!'^^^. .^^°^!'^^^.:     ^27            "5 

strength  of  the  earth;   and  if  a  vield  starts  it  progresses  al-  Carriages  and  wagons,   includir.K  repairs   ..........        92             107 

most  instantly  to  complete  failure.     So  too,  if  an  earth  dam  ^''7a\l?oad''c'ompan°es'  ."°' . '."?'."'''"^.  .?"^*!°"^ .".'.       18               10 

Is  overtopped  through  lack  of  spillwav  capacity  or  otherwise,  Cars,    steam   railroad,    not    including   operations   of 

swift  disaster  is  the  sequel.  Cement"'^... ''.°."?''".'*^.. ■.■.■.■.■.■.'.■.■.■.■.: r.'. ::::: i: i'.: :::;   m       "I 

A    single    dam    failure    may    cost    more   lives    than    all    the  Copper,  tin' aiid   slieet-ircn' work   ..'.'.'. .'.'.'.'.'..'.'.'.'.'.'.'      161               95 

bridge  failures  of  recent  times.     Thi.s  alone  calls  for  a  larger  Elf|i'nes^^t"am!'"gS'and''wate^^   """^  .!"^!'."*"^".  ■.■.■.     465            ^7! 

relative  safety  factor  on   dam  than  on  bridge.     Long  ago  a      Explosives    ' .'...V.'.t'.'.'.'.'.'.'.'.'..       92  4i 

shrewd  professor  remarked  that  the  term  "factor  of  safety"      J>?r^?:v,tJ??   "'^S'''"V^n'„T  iXl^'i^^f^;; ^'^1^  *?? 

'  .  ,  .  ,      ,.  .  ,  Gas  machines  and  gas  and  water  meters   2*  15 

IS    a    euphemism — that    in    reality    we    are    dealing    with    a       Hardware-     145  73 

"factor  of  ignorance."     Some  designers  of  dams   (too  manv.       Instruments,   professional  and   scientific   58  17 

^        ^    ,  .    ^      ,  ,..,.,  ,  ,  Iron   and   steel,    blast   furnaces    794  318 

we   fear)    have   yet   to   learn   that   it   is   their   duty   to   apply       iron   and   steel,    stocl    works   and    rolling   mills 2.813  919 

larger  "factors  of  ignorance"— that  numbers  of  men  mav  not       Jro"  -"-^'d  Rtftl    cast  iron  pipe     50  27 

,.  °  .  .    i.  ,  ,  .      ,  .      .     ,  ^        ",  ,  .  Iron  and   steel   doors  and   shutters    11  5 

die  through  the  cocksureness  of  one  in  his  judgment  and  his  iron  ^nd  steel,  nails  and  spikes  cut  and  wrought. 

calCUlafionF  including  wire  nails,   not  made  in  steel  work  or 

,.    .    '        .'■     „...         .      ,  ,,      .1      i-        1      ^    ,        1      ,  rolling    mills    .«. 18  7 

It  IS  not  unfitting  to  here  call  attention  to  Galveston  s  sea       i^on  and  steel,  wrou.eht  pipe    84  38 

wall.     Ten  years  or  more  ago  we  heard  its  design  criticised       Lime ;■•■.■  —  :, — ; : ,|J  J? 

,,       ,  .  i       T^  ,         .  ^,  Locomotives,   not   made   by  railroad  companies 156  43 

as  needlessly   extravagant.     It  may  be  stronger  than   neces-      Lumber  and  timber  products   1,400  715 

sary;    we   doubt   if   the   designer   himself   could   sav   whether  Lumber,  planing-mill  products,  not  including  plan- 

.,..,.  ^  ,..   ^    .^  ^  ,. .      i    ,  ing   mills   connected   with    saw   mills    561  308 

so  or  not;    but  the  forces  to  which   it  may  be  subjected  are       Marble  and  stone  work   128  107 

still  unknown.     In  1915  it  received  a  test  more  severe  than      Paints —  • |||  11| 

had  been  anticipated   it  should  ever  have.     Not  only  was  it  p|v?ng^n?atlrials ''.".''.^ '''!•.■..•••-.■'•..••  ••••••■       44              6? 

battered  from  the  outside  by  the  worst  storm  in  the  history       Plumbers'   supplies,  not  elsewhere  specified    58  43 

of  Galveston,  but  at  different  points  the  highway  pavement  PXi?s.  st°eanrand'other°Tower'"^.^ ■.■.■.'.'.■.'.■.■.'. '.'.■.:'.       54               18 

on   its   Inner   side   was   broken   through   and   the   filling   back       Roofing  materials ^||  || 

Of  It  washed  away,  leaving  considerable  spaces  of  the  struc-  ihfpbuMingf'  stle]'^^^..'.'.'.'.'.'.'.'-'-'-'-'-'.'.'- ■■■'■■■■■■■■  ■■'■'■  l.*54              66 

ture  unsupported  from  behind.     It  may  contain  unnecessary  shipbuilding,   wooden    including   boat   building   ...     168              22 

thousands    of    yards  of  concrete  and  tons  of  steel,  but  one  ^,^1^  ^"d  rlfininl;  lead"''.'"..::::;:::;:.':.':::::;;:     193            172 

shudders  to  think  of  what  might  have  happened  to  a  less      smelting  and  refining'zinc 103  54 

generous  design.  Steam    fittings    and    steam    and    hot-water   heating      ^^^                ^^ 

appa.r<-iup    ■ -^u  «& 

stoves  and  hct -air  furnaces   ..............  ..■■•■■■■••      146                OS 

_                   ,                        j>-k^           .        1  n.1  r\              1  Structural   ironwork,    not    made   in    steel   works    or 

Manufactured  Outputs  1919  and  .v.'l^'paler^no^t  madeinpap;rmiiis::::::::::::::   '23        16 

1  Q 1  ^  Wall   plaster  and   composition    tlooring    ^^^  ^ 

„^„                 ,„              ..  Wirework'.'incIu'diWg  wire  roVe' and  cable;  not  else- 

The  Bureau  of  Census  has  just  issued  a  preliminary  state-  where  specified   ^^  "^ 

ment  of  the  value  of  products  manufactured  in  1919  as  com-  ' 

pared    with    1914.     The   respective   totals   are   $62,589,000,000  nTK^   r^'oi-ioo  r»f  'T^lonH    RllTSts" 

and  $24,246,000,000.     But  in  order  to  make  a  comparison  that  A  UC   ^^aUtsC  Ol      V><1UUU   JJUioics 

will  have  any  real  significance  we  must  take  into  considera-  Five    hundred    lives    have    .iust    been    lost    and    $10,000,000 

tion  the  change  in  the  level  of  wholesale  commodity  prices.  worth    of   property    destroyed    at   Pueblo,    Col.,   by   a    "cloud 

According  to  the  Bureau  of  Labor  the  wholesale  price  index  burst,"   according   to   press   reports.    Doubtless   many   people 

was  212  for  the  year  1919  and  99  for  1914,  ^s  compared  with  still  believe  in  the  old  theory  that  sometimes  clouds  instan- 

100   for    1913.     Hence   if  we   divide   the   $e2„589   millions   by  taneously   release  the  water  that  they  carry,  instead  of  fol- 

212   per  cent    (or   2.12)   we  get   $29,500   millions;    and   if  we  lowing   their   usual   custom   of   acting  like   a   sprinkling   pot. 

divide  $24,246  by  99  per' cent  we  get  $24,500  millions.    Hence  But  few  even  of  those  that  know  this  ancient  theory  of  sud- 

when  reduced  to  the  price  level  of  the  year  1913    (the  pre-  den  floods  to  be  false  are  able  to  explain  the  causes  of  the 

■war  level),  the  output  of  manufactured  products  during  1919  phenomenon  called  a  "cloud  burst" 

was  $5,000  millions,  or  20.4  per  cent  in  excess  of  that  dur-  "Cloud  bursts"  occur  only  in  or  near  hilly  or  mountainous 
Ing  1914.  This  disposes  finally  and  completely  of  the  con-  areas,  and  are  most  frequent  in  arid  regions.  The  conditions 
tention  that  the  high  price  level  of  1919  was  due  to  subnormal  necessary  for  a  "cloud  burst"  are:  First,  a  very  heavy  down- 
production,  pour  of  rain  for  several  hours;   second,  a  steep  water  shed; 

In  ringineering  and  Contracting,  May  5,  1920,  It  was  shown  and,  third,  a  soil  that  does  not  rapidly  absorb  the  water, 

that  during  1919  the  excess  of  our  exports  over  imports  was  Clayey   soil    that   has   been   baked    hard    by   the    sun    is   a 

14,007    millions,    which   divided    by    212    per   cent    (the    com-  condition  ideal  lor  very  rapid  run-oft  following  a  rain.     Such 

modify  price  index  for  1919)  is  $1,900  millions.  soils  are  common  in  arid  regions. 

In  Engineering  and  Contracting.  April  7,  1920,  Mr.  Gillette  When  rain  begins  to  fall   more  rapidly   than  the  soil  can 

showed   that   the  'value  added   by  manufacturing   (i.  e.,  the  absorb  it  the  first  thin  sheet  of  water  that  flows  down  the 

difference  between  the  cost  of  the  raw  materials  and  the  sell-  water  courses  moves  slowly,  because  the  friction  of  the  water 

ing  price  of  the  finished  product)  is  about  40  per  cent  of  the  is    proportionately    greater    the    shallower    the    stream.     The 

selling  price   of  the   finished   product;    also   that  the   "value  friction  acts  like  a  dam,  holding  the  stream  back.     Hence  it 

added  by  manufacturing"  is  slightly  in  excess  of  the  value  follows   that  the  water  tends  to   bank  up,  so   that  the   rain 

of  farm  products   and   minerals.     Hence  it  follows  that  the  that  fell   first  is  overtaken  by  rain  that  fell   many  minutes 

value  of   manufactured   products  for  1919   must   be   substan-  later.  The  deeper  the  stream,  the  faster  it  flows,  for  the  fric- 

tlally  equal  to  the  combined  value  of  the  "value  added   by  tional  resistance  is  then  proportionately  less.     Consequently 

manufacturing,"   the  value  of  farm  products  and   the   value  the  time  comes  when  the  flood  moves  rapidly  Sown  the  water 
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course,  its  front  crest  often  being  several  feet  deep  and 
looking  lilie  a  huge  sea  wave  about  to  breals  on  a  shore. 
The  writer  has  seen  such  a  flood  approaching  at  the  rate 
of  eight  miles  an  hour,  filling  a  previously  dry  creek  chan- 
nel to  a  depth  of  10  ft. — a  veritable  wall  of  water. 

In  the  early  speculations  about  such  floods  it  was  per- 
jhaps  natural  to  suppose  that  a  cloud  had  suddenly  spilled  its 
entire  contents,  even  as  a  bursting  dam  might  release  its 
stored  water.  It  was  not  realized  that  the  friction  of  water 
upon  earth  could  produce  the  effect  of  a  dam,  holding  back 
the  first  part  of  a  rainfall  until  the  more  rapidly  moving 
water  that  had  fallen  later  had  overtaken  it,  thus  forming 
a.  wall  of  water  several  feet  deep. 

It  is  stated  that  2.92  In.  ot  rain  fell  at  Pueblo  during  24 
hours,  but  that  even  greater  precipitation  occurred  near 
Swallows,  20  miles  up  the  Arkansas  River.  About  four  hours 
after  the  first  downpour  at  Swallows  a  wall  of  water  10  ft. 
high  reacted  Pueblo.  The  lower  part  of  Pueblo  was  sud- 
denly inundated,  buildings  and  bridges  were  swept  away. 
and  several  hundred  people  drowned.  Warnings  had  been 
sent  out  to  most  of  the  residents  by  telephone,  but  it  is  evi- 
dent that  many  people  did  not  realize  the  seriousness  of  the 
flood  that  was  coming. 

The  Arkansas  River  above  Pueblo  is  a  mountain  stream, 
ted  by  many  creeks.  The  soil  through  which  it  flows  near 
Pueblo  is  a  clay  that  had  been  baked  hard.  An  exceptionally 
"heavy  rainfall  over  a  large  area  occurred.  These  are  the 
conditions  above  enumerated  as  existing  whenever  a  cloud 
"bursts."' 


A  Misused  Word  Causes  a  Riot 

Law  suits  over  the  meaning  of  words  are  of  every  day 
cccurrerce;  prolonged  and  acrimonious  disputes  over  defini- 
tions have  marked  the  progress  of  every  science;  but  it  has 
rarely  happened  that  a  misunderstood  word  has  caused  the 
death  of  hundreds  of  people.  Yet,  according  to  press  reports, 
the  recent  bloody  riot  at  Tulsa,  Okla.,  was  due  to  the  use  of 
the  word  "assault"  which  was  misinterpreted  to  mean  "rape." 

A  white  girl  had  slapped  a  negro  who  had  grasped  her  arm 
and  throat.  She  filed  a  charge  of  "assault  and  battery."  A 
paper  spoke  of  the  incident  as  an  "assault."  Many  readers 
thought  that  ''rape"  was  meant,  and  a  "lynching  bee"  was 
■organized.  The  "bee"  ended  in  a  race  riot  and  the  killing  of 
many   people. 

It  has  been  the  custom  of  newspapers  to  avoid  the  use  of  the 
word  "rape,"  using  instead,  either  "attack"  or  "assault,"  neith- 
er of  which  should  ever  have  been  used  where  "rape"  was 
meant.  The  prudery  that  originally  led  to  the  misuse  of  the 
words  "assault"  and  "attack"  has  finally  resulted  in  the  killing 
many  innocent  people.  It  would  be  hard  to  cite  a  better  In- 
stance of  the  importance  of  always  using  words  in  their 
proper  sense. 

Municipal  Use  of  Water  at  Springfield,  Mass.--The  value 
•of  the  water  service  furnished  in  1920  to  the  various  depart- 
ments of  the  city  of  Springfield.  Mass.,  amounted  tc  $70,159, 
according  to  the  40th  annual  report  of  the  Water  Commis- 
sioners. Payment  for  this  service,  however,  is  prohibited  by 
■city  ordinance.  The  distribution  is  shown  in  the  accompany- 
ing tabulation: 

a  V,     1     '^I^ssiflcation                 Amounts.  Gallons. 

^?,Wi„S,  ■■,V-'  ■  •  ■ ; $10,740.7,';  156.83S.713  93%  metered 

i^uBicbuildmgs  (except  schools)     3,520.80  59.740.736  8!)  9%  metered 

S?,hii^  S?^^  •  •  •  ■, 3,712.10  55.5.SS..';71  78.4%  metered 

FulJl'c  playgrounds  148.00  2,220.222  Unmetered 

Eundmg  purposes  (Streets  and 

Engineermg   Department)..         243.75  3,656.615  Tinmetered 

hewer  Deparcment   (flushing).     6,410.00  96.159.159  tinmetered 

.S"0^  fempyal    1.727.34  25.910,000  Metered 

Tir^.^-^"^*!'"^  1,437.00       21,557,156  Unmetered 

watennET   tanks   and   drinking 

fountains    644.30         9,515,278         .7%  metered 

Total  of  above   $28,584.04     431  186  450 

Fire  hydrant  service 47.875.00  At   $25  ner 

„  .   ,  .   .     ,  hydrant. 

Total  municipal  use   $76,459.04 

Unmetered  quantities  in  gallons  are  estimated  from  amounts, 
on  basis  of  6%  ct.  per  1,C00  gal— or  equivalent  of  5  ct.  per  100  cu. 
ft. — per  cent  metered  is  computed  on  quantities. 

The  installation  of  meters  on  some  on  the  principal  mu- 
nicipal services,  to  the  extent  as  shown  in  the  foregoing  tab- 
ulation, has  called  attention  of  the  city  authorities  in  tangible 
form  t)  the  extravagant  and  unnecessary  waste  of  filtered 
water  in  many  of  the  municipal  buildings,  and  has  resulted 
in  large  reduction  of  such  waste  in  past  years. 
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A  Chance  for  Engineering 
Promotion  Work 

To  the  Editor:  In  thinking  over  the  present  business 
depression  and  its  effect  on  the  engineer,  it  occurred  to  the 
writer  that  a  little  promotion  work  on  the  part  of  the  engi- 
neer might  alleviate  his  troubles. 

The  engineer  of  today  stands  in  a  most  peculiar  situation 
from  a  business  point  of  view.  He  has  something  to  sell 
that  is  needed  more  today  than  ever  before,  but  his  "sales" 
are  at  the  lowest  ebb  they  have  reached  in  years.  If  this 
were  tiue  of  some  manufactured  commodity  it  wouldn't  take 
the  manufacturer  long  to  get  out  and  do  some  sales  pro- 
motion work.  For  some  reason  engineers  don't  seem  to  take 
this  attitude  toward  their  "market" — the  promotion  of  engi- 
neering projects  is  left  to  someone  else.  This  fact  is  not 
so  seiious  when  the  project  is  a  scheme  that  will  make 
money  for  some  corporation  or  group  of  capitalists,  because 
in  this  case  the  work  will  be  instituted  by  those  interested  in 
its  operation.  With  public  improvements,  however,  we  deal 
with  an  altogether  different  proposition.  As  a  rule  they  are 
"everybody's  business"  and  get  little  attention  from  Mr.  Pri- 
vate Citizen  until  the  sewer  system,  the  pavements,  or  the 
water  supply  reach  the  point  where  their  condition  annoys 
him.  As  long  as  the  ordinary  citizen  is  able  to  get  his  water 
delivered  at  the  fixtures  in  his  house  he  cares  little  about 
the  pumps  or  mains.  The  fact  that  the  pumps  are  contin- 
uously operating  under  full  or  excess  load,  and  that  small 
mains  are  made  to  carry  such  volumes  of  water  that  friction 
losses  make  high  station  pressure  necessary,  is  of  little  in- 
terest to  him.  Finally  the  limit  of  their  capacity  is  reached, 
and  the  cry  goes  up  for  improvements.  Improvements  take 
time,  and  a  period  of  annoying  low  pressure  is  grudgingly 
endured  while  they  are  being  made. 

Again,  consider  the  small-town  waterworks.  We  find  a 
town  with  a  population  of  300  supplied  with  water  from  a 
public  water  works,  and  again  a  town  of  1,500  that  still  uses 
hand-pumps.  If  the  smaller  town  can  afford  a  public  water- 
works, it  is  a  certainty  that  the  larger  town  can.  What  then 
is  the  reason  for  the  absence  of  a  waterworks  in  a  larger 
town'.'  It  is  simply  this:  Nobody  has  made  an  effort  to  sell 
waterworks  to  the  latter  town.  Pump  and  tank  manufac- 
turers may  have  attempted  to  interest  them  in  waterworks, 
but  having  something  to  sell  their  arguments  are  some- 
times looked  upon  as  those  of  a  man  "with  an  ax  to  grind" 
and  are  apt  to  be  considered  accordingly.  The  proposition 
of  installing  a  waterworks  put  up  to  them  by  an  engineer 
capable  of  explaining  the  tidvantages  of  having  a  public 
water  supply  will  often  be  effective,  where  arguments  by 
equipment  salesmen  have  failed.  The  arguments  in  favor 
of  public  water  supply  are  so  numerous  and  so  convincing 
that  if  properly  presented  to  the  ordinary  town  council  they 
could  not  fail  to  see  the  advisability  of  constructing  a  water 
system.  The  fact  that  a  public  water  supply  lowers  the 
death  rate  and  promotes  good  health  is  borne  out  by  sta- 
tistics compiled  by  numerous  state  health  departments.  The 
loss  due  to  fire  in  small  towns  is  a  matter  of  common 
knowledge,  and  when  properly  presented  will  offer  a  convinc- 
ing argument  in  favor  of  water  supply.  Again  the  need  of  a 
water  supply  for  industries  that  might  be  attracted  to  a 
town  call  also  be  used  to  advantage. 

Here  is  a  chance  for  engineering  promotion  work.  Why 
not  let  towns  where  public  works  are  in  the  condition  de- 
scribed above  know  the  result  of  delay  and  the  need  for 
improvements  now?  The  cessation  of  public  improvements 
during  the  war  has  left  many  growing  communities  in  this 
position,  and  others  will  shortly  experience  the  trials  that 
come  to  the  town  that  does  not  keep  its  public  works  up  to 
the  point  required  by  its  growth.  In  addition  to  the  public 
improvements  that  go  on  annually  under  ordinary  condi- 
tions, there  are  tour  years  of  work  that  have  been  delayed 
by  the  war  that  remain  to  be  done.  The  result  is  a  very 
fertile  field  for  engineering  work.  Engineers  should  get 
busy  and  promote  public  improvements  to  provide,  not  only 
a  field  for  their  services,  but  to  avoid  the  dangers  to  the 
community  that  result  from  delay. 

In  the  face  of  such  conditions  the  failure  of  engineers  to 
speed  their  return  to  "normalcy"  or  better  will  be  due  to 
the  lack  of  a   little  energetic  promotion  work. 

THOMAS    F.   WOLFE. 
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A  Suggestion  to  Authors  of  Technical 
Programs 

This  is  in  tlie  nature  of  :i  in  tsoimI  cluit  with  tliose  excel- 
lent and  estimable  persons  who  read  papers  at  scientific  so- 
ciety meetings.  Without  their  zeal  and  enthusiasm  we 
would  have  no  t'orniai  technical  programs,  and  but  for 
their  personal  interest  in  science  we  would  not  have  nearly 
so  wide  a  dissi'iiiination  of  technical  knowledge.  Curiously 
enough,  however,  they  frequently  lack  the  quality  of  sales- 
manship which  would  greatly  enhance  their  value  to  their 
audience.  They  do  not  know  how  to  present  the  ideas 
which  they  have  carefully  recorded  after  painstaking 
thought,  research  and  investigation.  About  twice  a  year 
following  the  spring  and  fall  seasons  of  scientific  and  tech- 
nical conventions,  we  have  been  tempted  to  express  our 
feelings  on  this  subject,  not  in  unkind  criticism,  but  by  way 
of  friendly  advice  and  suggestion.  Probably  this  is  because 
it  falls  to  the  lot  of  editors  not  only  to  attend  but  also  to 
report  a  great  many  meetings,  and  consequently  their  feel- 
ings on  this  subject  are  more  intense  than  are  those  of  the 
averaga  attendant. 

In  th(  first  place  there  are  few  technical  papers  that  will 
bear  reading  verbatim  to  an  audience.  The  literary  style  in 
which  they  are  couched  is  far  better  adapted  to  quiet  perusal 
in  printed  form.  What  the  audience  is  most  interested  in 
may  be  phrased  expressively,  if  inelegantly,  by  the  query. 
■What's  it  all  about?"  in  other  words,  there  is,  or  should 
be,  an  important  feature,  result  or  conclusion  which  sum- 
marizes the  author's  contribution  and  which  can  be  told 
in  simple  language  in  conversational  style.  It  is  not  expect- 
ing too  much  of  an  author  to  ask  that  he  shall  be  sufficiently 
familiar  with  his  subject  to  be  able  to  review  and  summarize 
his  paper  extemporaneously  and  relieve  his  audience  of  the 
impossible  task  of  following  him  through  a  formal  reading. 
This  is  particularly  true  when  chemical  equations,  mathe- 
matical formula  or  tabulated  data  are  to  be  presented.  A 
few  lantern  slides  and  a  5-minute  explanatory  talk  will  fre- 
quently tell  the  whole  story  better  than  a  20-minule  formal 
reading  which  leaves  the  audience  confused.  It  is  a  matter 
of  simple  observation  that  the  author  who  best  transmits 
his  idea>.  to  his  audience  does  so  through  these  simple  ex- 
pedients: and  it  may  be  worth  noting  that  our  convictions 
in  the  matter  are  shared  and  openly  expressed  by  those 
thoughtful  persons  trying  to  get  tlie  most  out  of  their  at- 
tendance on  conventions. — FIditorial  in  Chemical  and  Metal- 
lurgical  fc}ngineering. 


Research  and  Engineers 

Industrial  research  is  a  broadening  field  of  work  for  engi- 
neers. For  research  men,  from  the  very  nature  of  the  work, 
must  be  analytical,  accurate,  and  have  the  thorough  compre- 
hension of  the  potential  possibilities  in  the  better  utilization 
of  the  forces  of  nature  that  comes  from  continuous,  intensive 
study  of  materials  and  their  application  to  the  work  of  man- 
kind. The  training  of  engineers,  from  the  very  beginning. 
leads  toward   research   work. 

The  day  of  the  inventor  who  worked  alone  on  some  bril- 
liant idea  is  passing.  The  volume  of  scientific  knowledge  is 
too  large  for  one  man  to  grasp.  Hence  we  have  seen  grow 
up  within  the  last  two  decades  the  co-ordinated  research 
laboratory  in  which  many  specialists  are  employed.  Here 
the  knowledge  of  one  engineer  supplements  the  study  of  an- 
other, and  difficult  problems  are  worked  out  in  conference. 

There  are  many  laboratories  of  this  type,  among  them 
the  research  organizations  of  the  General  Electric  Co.  and 
the  Western  Electric  Co.;  the  vast  laboratories  of  Edison, 
who  was  a  pioneer  in  co-ordinated  research;  Arthur  D.  Lit- 
tle, among  other  consulting  organizations:  and  in  Govern- 
ment work,  the  Bureau  of  Standards,  and  the  smaller  but 
effective  organizations  of  the  Bureau  of  Public  Roads,  and 
the  Forest  Products  Laboratory.  The  universities  have  also 
been  forward-looking  in  research  and  many  underpaid  teach- 
ers of  engineering  have  accomplished  far-reaching  work.  The 
recent  work  of  the  Massachusetts  Institute  of  Technology  is 
particularly  noteworthy. 

The  primary  object  in  the  organization  of  the  Engineering 
Foundation  was  research  work,  and  it  was  endowed  largely 
for  that  purpose.  It  has  a  broad  field  of  'vork  ahead.  The 
N.Ttional   Research   Council,   which   is  directed   for  the  most 


part  b>   engineers,  is  another  research  organization  that  has 
great  possibilities  for  usefulness. 

Taken  by  and  large,  the  development  of  enginering  indus- 
trial research  is  one  of  the  most  potent  factors  in  tlie  growth 
of  prosperity.  It  is  as  much  an  engineering  work  to  trans- 
late technical  knowledge  into  the  industrial  power  that 
comes  from  better  methods  of  making  steel  rails  or  more 
durable  highways,  as  it  is  to  produce  power  from  steam  or 
electric   energy. — Editorial   in   the    Professional    Enjrineer. 


Edison's  Test  of  Education 

By  the  criticisms  of  the  long  list  of  questions  compiled 
by  Thomas  A.  Edison  as  a  test  of  the  eligibility  of  applicants 
for  positions  in  his  East  Orange  works  a  wide  diversity  of 
opinion  as  to  what  a  college  graduate  should  know  has  been 
divulged.  If  it  was  the  purpose  of  Mr.  Edison  to  test  the 
efficiency  of  the  college  curriculum,  we  cannot  indorse  the 
method  ho  employed.  If,  on  the  other  hand,  he  aimed  to 
test  the  kind  and  extent  of  the  applicant's  reading,  his  power 
of  observation  and  tlie  retaining  power  of  his  memory,  the 
test  is  sufficiently  comprehensive  to  be  fair.  From  this 
standpoint  it  would  effectively  reveal  a  disposition  to  "bluff" 
and  make  wild  guesses  as  compared  with  a  disposition  to 
be  specific  and  accurate  in  expressing  facts  and  ideas. 
Aside  from  these  viewpoints.  Mr.  Edison's  questions  have 
definitely  raised  the  question.  What  is  education?  We 
agree  with  the  comment  of  one  critic  that  frequentiv  the  col- 
lege graduate  believes  his  diploma  is  a  certified  check  on 
the  bank  of  wisdom,  while  in  fact  it  is  simply  an  invitation 
to  open  an  account.  For  this  class  of  men  Mr.  Edison's 
questions  have  provided  an  effective  means  of  introspection 
that  can  be  used  by  non-college  men  as  well  as  by  those 
who  have  earned  a  college  degree.  If  the  result  has  induced 
the  purchase  and  a  new  study  of  the  dictionary,  the  ency- 
clopedia and  works  of  history,  a  great  good  has  been  ac- 
complished. It  is  a  good  thing  to  take  stock  of  our  ready 
knowlec'ge  from  time  to  time,  and  if  Mr.  Edison  has  fur- 
nished the  incentive,  his  great  genius  should  receive  another 
credit  mark.  W'hen  a  realization  is  brought  about  of  the 
importance  of  looking  thoughtfully  at  life  and  its  practical 
problems,  of  mentally  cataloguing  information  for  ready 
reference  and  of  regularly  adding  to  the  storehouse  of 
knowledge  as  periodical  inspections  and  experience  show  a 
lack  of  it,  then  and  only  then  can  any  one  lay  claim  to  educa- 
tion, whether  he  be  a  college  man  or  one  who  has  been  less 
fortunate. — Editorial  in  The   Electrical  World. 


Another  Coal  Crisis? 

In  every  year  for  four  years  the  transportation  and  busi- 
ness of  the  country  have  been  demoralized  by  demands  that 
the  railroads  should  in  certain  periods  to  prevent  a  coal  short- 
age handle  more  coal  than  they  are  physically  capable  of 
handling  The  railroads  and  the  Interstate  Commerce  Com- 
mission should  definitely  announce  at  an  early  date  in  terms 
leaving  no  possibility  of  misunderstanding,  that  no  priority 
will  be  given  to  coal  this  year,  no  matter  what  may  became 
the  alleged  necessities  of  coal  producers  and  consumers,  or 
of  those  of  any  section.  The  railroads  can  transport  all  the 
coal  the  country  needs  if  given  opportunity  to  handle  it  in 
reasonably  uniform  volume,  and  it  the  stupidity  and  selfish- 
ness of  the  coal  i)roducers,  dealers  and  consumers  which  have 
caused  one  coal  crisis  after  another  cause  another  this  year, 
their  stupidity  and  selfishness  should  be  allowed  to  produce 
their  natural  results.  The  railroads  should  cease  to  be  made 
the  "goat"  for  these  coal  crises. 

Meantime,  where  are  the  construction  concerns  which  made 
such  a  howl  last  summer  when,  owing  to  priority  being  given 
to   coal,   they   could   not   get   enough   cars   to   ship  materials? 
Why  are  not  they   "shipping  early"  in  some  of  the  17.5. Ouo  open 
top   cars  now   standing   idle?     A  few   months  ago  "when   the 
railways    were    moving    the    largest    volume    of   freight    ever        _ 
handled,  many  people  were  charging  they  had  "broken  down"       ■ 
becauif   they  did  not  move  more.     Now,  when  over  one-third        ' 
of  the  railroad  capacity  of  the  country  is  idle,  many  people 
are  saying  private  operation  has  "broken  down"  because  with 
this  enormously  reduced  traffic  the  railways  are  facing  a  finan- 
cial crisis.     The  most  varied  and  bitter  experience  does  not 
seem  to  teach  the  American  people  anything  regarding  trans- 
portation matters. — From  an  editorial  in  Railway  Age. 
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The  Aerocamera  in  the  Service  of 
the  Engineer 

By  E.  H.  CORLETT, 
Corlett   Aero   Map   Co..    940   Leader-News  Bldg.,    Cleveland. 

Much  has  been  written  and  still  more  has  been  said  as  to 
the  extent  to  which  the  aerophoto  will  shorten  and  cheapen 
engineering  operations.  Most  of  it  has  been  plain  fantasy, 
but  tficre  remains  certain  fields  of  true  usefulness,  and  it 
is  my  intention  herein  to  present  some  facts  which  may  aid 
engineers  in  conceiving  such  uses  of  the  method  and  pre- 
vent them  from  expecting  the  impossible  of  it. 

Adjustment  in  the  Laboratory  Eliminates  Horizontal  Per- 
spective.— The  aerophotoniap,  or  aeromap.  can  never  be  more 
than  a  series  of  views,  even  when  made  into  a  mosaic.  It  is 
the  aim  of  the  camera  operator  to  have  the  camera  horizontal 
(that  if.  pointed  vertically  downward)  at  the  instant  of  expo- 
sure, but  as  matter  of  fact  there  is  at  present  no  method  that 
enables  the  operator  to  be  positive  that  his  instrument  is  more 
than  within  rather  wide  limits  of  this  position.  If  the  camera 
is  not  horizontal,  the  picture  taken  will  show  horizontal  per- 


engineer  would  call  exactness,  but  all  three  of  which  can 
be  easily  and  sufficiently  approximated  for  his  purpose.  The 
best  that  can  be  done  is  to  render  the  aerophoto  true  to  scale 
on  some  one  datum  plane  which  approximates  the  part  of  the 
terrain  photographed  in  which  the  user  is  mainly  interested. 
Then,  if  he  knows  the  elevation  of  any  object  with  respect 
to  this  datum  plane,  either  by  direct  observation,  by  U.  S. 
G.  S.  sheet,  or  by  inspection  and  estimation,  its  true  position 
can  he  platted,  either  for  direct  use  or  for  transference  as 
closely  as  he  will  ever  scale  any  engineering  map.  For  in- 
stance, assume  a  level  plain  and  a  hill  actually  100  ft.  high 
but  shown  on  a  U.  S.  sheet  as  120  ft.  high.  Suppose  the 
image  of  the  summit  of  this  hill  is  3.27  in.  from  the  point  on 
the  picture  vertically  below  the  camera,  which  is  approxi- 
mately 4,800  ft.  above  the  plain.  Then  the  actual  displace- 
ment of  the  hill  summit  will  be  almost  exactly  0.017  in., 
while  its  calculated  displacement  will  be  0.084  in.,  a  "differ- 
ence of  0.014  in.,  or  5,6  ft.  in  a  scale  distance  of  about 
1,300  ft. 

With  the  proper  equipment  it  is  very  seldom  that  the  point 
vertically  under  the  camera  on  the  aerophoto  will  be  more 
than  an  inch  from  the  center  of  the  aerophoto  as  determined 


Fig.    1. — South    End   Geauga    Lake,    Portage    County.  Ohio.     Scale   About   1    in.  to  430  Ft. 

(Cut  thi^.  out.  i.aste  it  on  a  card,  and  try  it  in  your  stereoscope.) 


spective.  However,  by  checking  against  points  of  known  lo- 
cation, the  picture  can  be  dealt  with  so  as  to  eliminate  a 
large  amount  of  this  perspective.  In  the  same  operation,  it 
can  be  bicught  to  any  desired  scale,  subject  to  certain  condi- 
tions. We  shall  henceforth  assume  that  the  aerophoto  is 
free  of  horizontal  perspective,  either  by  accident  of  taking 
or  by  technique  o(  correction. 

"Lean"  and  Displacement. — The  aerophoto  can  uive  true 
plan  views  only  of  objects  which  are  small  in  vertical  dimen- 
sion. It  is  a  composite  plan  view  of  all  objects  upon  a  series 
of  planes,  infinite  in  number  and  of  scale  that  decreases  with 
the  distance  from  the  camera.  The  scale  along  the  1,000  ft. 
contour  is  less  than  the  scale  along  the  1,200-tt.  contour  by 
an  amount  that  is  proportional  to  the  altitude  of  the  aero- 
plane over  each  contour.  Stated  more  simply:  all  objects 
have  a  "lean"  that  varies  directly  with  both  the  elevation  of 
the  object  above  whatever  datum  plane  is  assumed  and  the 
distance  of  the  object  from  the  point  over  which  the  camera 
was  located  when  the  photo  was  "shot";  and  that  varies  in- 
directly, approximately,  with  the  altitude  above  the  datum 
plane  at  which  the  photo  was  taken.  When  we  see,  on  the 
aerophoto  any  object,  like  a  building  or  a  tree  or  a  steep 
bank,  the  nature  of  which  indicates  by  inspection  its  shape, 
we  see  its  "lean"  and  we  do  not  care  how  much  it  leans. 
However,  we  can  not  "see"  the  displacement  of  a  hilltop 
where  the  slopes  are  gentle;  neither  can  we  ever  expect  to 
correct  such  displacement. 

Adjusting  Displacement. — This  displacement  is  often  called 
"error";  it  is  not  that,  but  a  very  simple  function  of  three 
vairiables,  only  one  of  which  can  be  obtained  with  what  an 


by  the  intersection  of  its  diagonals.  Assume  further,  in  the 
case  above,  that  this  point  is  an  inch  away  from  the  point  as- 
sumed and  in  a  direction  such  as  to  make  a  maximum  of  the 
error  contingent  upon  its  false  assumption.  This  will  in- 
crease the  5.6  ft.  by  about  a  third  of  itself  to  7.5  ft.,  or  to 
less  than  one-fiftieth  of  an  inch  on  the  print.  This  is  not 
much  of  an  error  in  that  distance,  and  any  draftsman  can 
be  taught  to  apply  the  correction.  Furthermore,  it  must  be 
remembered  that  this  same  hill  summit  will  scale  true,  as 
close  as  any  engineer  will  ever  wish  to  scale  a  paper  map. 
with  retpect  to  the  rest  of  the  hill — the  scale  of  the  summit 
itself  being  392  ft.  =:  1  in.  From  this  it  is  easy  to  see  that 
two  aerophotos  covering  the  same  area  (at  the  east  edge  of 
one  picture  and  at  the  west  edge  of  the  other)  can  not  be 
expected  to  match  at  all  ppints.  Each  aerophoto  has  vertical 
perspective,  the  vanishing  point  being  the  point .  vertically 
below  the  camera  at  the  instant  of  exposure.  However,  by  a 
judicious  choice  of  a  separate  datum  plane  for  each  aerophoto 
(and  sometimes  it  is  advisable  to  split  the  area  into  segments 
each  to  be  allotted  a  different  datum  plane),  annoyance  from 
lack  of  continuity  due  to  relief  is  brought  to  a  minimum 
so  small  that  it  ceases  to  be  an  annoyance  once  its  nature 
is  understood. 

The  Aerostereograph  and  Its  Uses. — There  is  now  to  be 
considered  a  fact  which  makes  the  displacement  due  to  relief 
a  blessing  instead  of  a  curse.  Wherever  two  aerophotos  cover 
the  same  area  from  points  approximately  at  the  same  altitude 
and  separated  horizontally  by  a  distance  equal  to  an  appre- 
ciable fraction  of  that  altitude,  we  are  given  the  privilege  of 
examining   that   terrain    stereoscopically.     By    means   of   the 
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•     ,    .       Tinker  Creek,  South  of  Cleveland,  Ohio.    Photo  by  E.   H.  '    •!   • 

(Notice  railway  cut,   fill  and  trestle  crossing  the  picture  near  the    bottom.     Bare    earth    photographs    white.     The    joining    illustrate* 

poor  overlap  and  excessive  stagger.) 
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.aerostereo,  one  sees  relief — exaggerated,  but  always  truly  pro-  am  assuming  that  the  engineer  who  has  read  the  first  part 
portional  within  any  one  area  of  overlap.  It  is  no  idle  dream  of  this  article  will,  through  realizing  the  theory  and  practice  so 
that  refinement  of  technique,  already  foreshadowed,  will  en-  briefly  set  out,  be  more  able  to  conceive  of  whether  or  not 
able  us  to  contour  with  a  fair  degree  of  accuracy  any  portion  the  method  would  help  him  in  certain  situations  than  I  would 
of  the  terrain  which  yields  photographic  contrast  of  detail  be  in  listing  such  situations.  However,  I  will  suggest  one: 
.sufficient  to  enable  us  to  see  the  ground.  Even  uncontoured.  Let  us  assume  that  a  certain  valley  is  under  consideration 
the  aerostereo  is  more  graphic  than  any  except  a  relief  map  as  the  possible  location  of  a  storage  basin  It  is  more  than 
■can  be;  and  no  relief  map  can  ever  "be  made  to  record  the  ukelv  that  valuable  property  is  going  to  be  subme-ed  if  the 
detail  registered  by  the  aerocamera.  The  man  at  the  head  valley  is  flooded.  This  propertv  mav  be  that  of  the  United 
of  a  business  is  often  one  who  has  not  had  the  time  to  learn  states— as  timber,  grazing  land,  or"  possible  farm  land-  it 
to  read  exactly  and  quickly  even  the  best  of  topographic  may  be  the  property  of  a  prosperous  municipality  together 
maps.  For  him  the  aerostereo  is  a  record  of  conditions  as  v.-ith  the  properties  of  its  citizens.  A  boundary  survey  alone 
they  are.  Besides  all  this,  the  aerostereo  enables  one  to  esti-  will  give  with  sufficient  accuracy  the  areas  involved  How- 
mate  relief  closely  enough  to  apply  the  corrections  necessary  ever,  the  aerophoto  will  supply  quickly  and  cheaply  evidence 
m  making  a  map  out  of  the  individual  aerophotos.  that  can  not  be  attacked  as  to  the  nature  of  the  properties- 
Limits  of  Error. — Under  the  worst  conditions  it  may  be  as-  be  they  industrial,  residential,  agricultural,  or  virgin.  After 
sumed  that  the  aerocamera  will  record  the  existence  of  ob-  t'^e  highwater  line  has  been  run.  it  is  likely  that  highways, 
jects  that  subtend  at  the  camera  an  angle  of  0° — -01';  or  railroads,  and  maybe  even  canals,  will  require  relocation  and 
that  indicate  a  largest  dimension  of  0.004  X  the  scale  of  the  building.  A  strip  aeromap,  supplemented  by  aerostereos,  will 
aerophoto.  Under  the  best  conditions,  the  ratio  should  be  supply  a  fair  share  of  the  information  as  to  where  to  make 
about  0.0001  X  the  scale.  However,  small  objects  can  not  be  t!ie  relocation  and  practically  all  the  information  as  to  where 
■scaled  from  the  aerophoto  because,  under  the  microscope,  "ot  to  make  it.  Of  course,  the  details  of  exact  location  will 
there  will  always  appear  some  blur,  due  to  either  the  velocity  be  supplied  by  survey.  The  same  applies  to  damsite  locations. 
of  the  aeroplane  or  the  grain  of  the  emulsion  or  both.  By  A  stereo  on  a  scale  of  1.000  ft.  to  1  in.  will  include  an  area  of 
.small  objects.  I  mean  those  the  dimensions  of  which  are  2,700  ft.  by  :X200  ft.  and  offers  a  chance  for  very  compre- 
comparable  with  the  distance  the  aeroplane  travels  v.hile  any  hensiva  studies  of  the  terrain  embraced.  Quite  often  the 
portion  of  the  film  is  being  exposed.  Practical  shutter  speeds  powers  behind  such  a  project  are  not,  through  training, 
in  mapping  cameras  range  from  one  one-hundredth  to  one  equipped  to  get  the  most  out  of  even  a  very  carefully  prepared 
three-hundredth  of  a  second.  contour  map.  They  can,  however,  understand  the  aerostereo 
With  the  difficulties  at  present  existing  with  uneven  shrink-  because  they  see  what  is  actually  there;  and  when  they  see 
ing  and  swelling  of  photographic  material,  it  is  best  to  ex-  an  aerostereo  and  a  contour  map  tliey  have  before  them  in- 
pect  a  maximum  error  on  the  datum  plane  of  any  individually  formation  quickly  and  cheaply  obtained  and  conclusive  in  its 
correct  aerophoto  of  not  less  than  1  per  cent  of  any  desig-  nature, 
nsted    scale.      One    can    expect    the    separate    aerophotos    of  . 

which  a  mosaic  is  made,  called  the  "elements,"  to  be  placed  Avoiding     Trespass.— To    summarize:      Properly   used,    the 

and  oriented  with  an  error  slightly  greater  than  that  hidden  ^^erocamera  offers  the  engineer  information  accurate  enough 

in   the  not  used  for  controls.     This  means   that  on   over-all  """^   '=^''^P   <'"°"Sh  and   of  such   value   in   reducing  his   field 

dimension   this  aero  map   will  be  accurate   in   proportion   to  "Pe>-=^ti(ms  as  to  make  it   worth  while.     Furthermore,   there 

the  amount  the  user  can  afford  to  pay  for  controls.     At  one  '^  ,""/'"''''  """^  ^^  ^^'''''^  trespass.     Against  the  aeroplane 

extreme  this  will  require  a  skeleton  survey  of  more  or  less  ""'l  ^T   aerocamera,    the   belligerent   squatter  and    the    "su- 

ramification.     At   the   other  extreme   will   be   the   terrain   of  P^^or^     country    gentleman    are    equally    powerless-legally 

which  there  is  no  existing  map.    It  is  extremelv  unlikely  that  "^  "'®"  '^^  Physically.     In  the  main  I  assume  that  the  aero- 

the  value  of  such  an  area  will  be  great  enough  to  justify  an  '"''P   ''''"   ^^   "•^'"^   ^°   Sive   the    engineer   the   choice   of   the 

elaborate  system  of  controls.     In  such  a  case,  we  check  the  ="''''''''    ""■    '"^^^    ^^   wishes   to    map    precisely.     As    improve- 

altimeter   either  by   a  test   figure  or   bv  transit   observation  ™^"*^   "'f.^'   ""^"^^   ^'^'^   method   will   grow   more   precise   and 

often  enough  to  enable  us  to  be  reasonably  certain  that  the  ™°'"^   reliable   in   time   peformance.     For  the   immediate   fu- 

camera  is   being   carried   at  an   elevation   above  the   terrain  *"''f  *''^'  ''^'"'^  °^  ^he  aerophoto  to  the  engineer  will  be  ex- 

that  will  yield  us  negatives  on   a  scale   desired.     Then   the  ^™''   proportional   to  two   variables:    first,   to  the  degree   in 

principle  of  balanced  loops,  with  a  tew  modifications,  applies.  '"''^'^l^   ^^^  possibilities   inherent   in   the  process   are   co-ordi- 

It  is  likely  that  such  an  aero  map  will  be  true  in  over-all  and  "^*f*^   *°   *'^''   «°*"^'  "'^'^''^  "f  ^'^'^   engineer;    second,   to   the 

internal   dimension   within    2   per   cent   of   actual.     Between  "''"'ng'-ess  and  ability  of  the  engineer  to  realize  these  possi- 

these  two  extremes  lies  the  field   where  the  aerophoto  will  bihties  and   to   aid  the  aeromapper  in  making  practical  ap- 

find  its  most  extensive  use  for  some  time.     This  is  the  ter-  P»cation  of  them, 
rain  which  has  been  mapped  with  more  or  less  thoroughness 

before.  Here  the  aero  map  will  be  just  as  good  as  most  land  Underground  Water  in  Connecticut. — A.  survey  of  the 
survey  maps;  and  in  detail,  infinitely  better.  ground-water  resources  of  Connecticut  is  being  made  by  the 
Cost  of  Aero  Surveys. — The  camera  can  cover  a  large  area  ^^ ■  S.  Geological  Survey.  Department  of  the  Interior,  in  co- 
on a  good  day;  but  the  frequency  of  good  days  depends  upon  operation  with  the  Connecticut  State  Geological  and  Natural 
locality  and  season — and  luck.  Allowing  two  hours  at  a  prac-  History  Survey,  the  results  of  which  are  being  published  in 
tical  altitude,  the  aerocamera,  provided  everything  works  a  series  of  water  supply  papers.  The  sixth  paper  in  this  series, 
right— and  this  includes  personnel  as  well  as  equipment— will  recently  issued,  was  prepared  by  H.  S.  Palmer.  It  covers 
record  information  of  about  1.50  square  miles  of  terrain  with  '^bat  la  called  the  Southington-Granby  area,  which  lies  partly 
sufficient  overlap  to  permit  stereoscopic  inspection  of  any  in  "le  Central  Lowland  and  partly  in  the  Western  Highland, 
point  thereon.  and  extends  from  the  Massachusetts  State  line  nearly  to  the 
Cost  is  a  matter  of  some  doubt.  For  purposes  of  compari-  coast.  This  area  includes  IS  towns  and  occupies  more  than 
sons,  I  list  what  I  believe  to  be  fair.  The  assumption  is  here  -''00  square  miles.  The  report  contains  219  pages  and  two 
made  that  negatives  on  a  scale  of  500  ft.  to  1  in.  and  a  mosaic  detailed  maps  showing  the  geologic  and  hydrologic  features 
on  the  same  scale,  will  comprise  the  finished  aero  map.  For  "f  the  area.  It  includes  a  description  of  the  water  resources 
a  mosaic  embodying  the  best  practical  correction  allow  a  fixed  "i'  each  town.  Copies  of  this  report,  which  is  issued  as  Water 
charge  of  $2,000  plus  a  rate  charge  of  $1:10  per  square  mile.  Supply  Paper  466,  can  be  obtained  free  of  charge  by  writing 
For  a  mosaic  without  controls  of  any  sort,  survey  or  map.  lo  the  Director  of  the  U.  S.  Geological  Survey,  Washing- 
allow  a  fixed  charge  of  $1,000  plus  a  rate  charge  of  $10  per  ton,  D.  C. 

square  mile.    Both  of  these  costs  may  vary  widely,  both  above 

and  below  the  figures  given.    For  areas  below  10  square  miles,  ^m.  Soc.  C.   E.  Has  Over  10,000   Members.-On  Vav  5  last 

the  costs  will  not  follow  Just  the  system  described,  hut  nearly  j^e  membership  of  the  American  Society  of  Civil  Engineers 

enough  for  comparisons.    Nothing  but  a  most  careful  consid-  ^^g   k,  qio.     On  Dec.  2,   1920,  the  figure  was  9,S70    and  the 

eration  of  needs  and  local  conditions  will  justify  fixing  defl-  f^tal  membership  as  reported  each  month  for  the  vear  1921 

nitely  the  cost  fairly  to  be  charged  to  the  production  of  an  jg  ^g  follows- 

aero  map.  '       ^         "      .^ 

.January  Gth  , , . . .     9,St2 

Uses  of  Aero  Surveys. — It  would  be  rather  presumptuous  for  February  3d  9,874 

any  one  engineer  to  essay  to  tell  the  profession  as  a  whole  ^llTlvi^ .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    I'm. 

just  where  and  when  the  aero  map  would  be  of  use  to  it.     I  May   5th    .'.'  — .'.' '.'.'.'.'.'.'.'.'.'.'.  inioio 
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A  Page  from  Recent  Waterworks  Reports 


Leaks  in  Water  Mains  at  Springfield,  IVIass.— During  1920 
Ihere  v.tre  :f8  leaks  in  the  water  plpt's  o(  the  distrbiition  sys- 
tem of  Sprliigfleld,  Mass.,  an  average  of  O.lfi  per  mile  of  main 
pipe  in  use.  Eighteen  of  these  leaks  were  at  detective  joints, 
iliree  v.ere  broken  sleeves,  five  were  from  cracked,  five  were 
:it  hydrant  connections,  one  was  the  blowing  out  of  an  8-in. 
|)lug.  one  a  piece  of  pipe  burst. 


Water  Consumption  in  1920  in  the  IVIetropolitan  District 
of  Massachusetts.  -The  following  table  from  the  report  of 
Frank   K.   Merrill.  Water  Commissioner  of  Somerville.  Mass.. 

lor  i;t20,  shows  the  consumption  of  water  in  cities  and  towns 

in  the  Metropolitan  Water  District  for  the  year  1920  as  reg- 
istered by  the   Metropolitan   meters: 

Total          Per  capita  Per  cent. 

Oily   or   Town.                   per  day.  i>er  day.  Services 

Gal.  Gal.  metered. 

.M.ilfonl    1,739,700  44  100 

MiiK.n    430.900  46  100 

i;,lniont    .i91.40O  .">4  100 

ArliiiKton    1.055.600  56  100 

Winthrop    876.400  .56  100 

Maiden     2,7n3..')00  57  97 

Melrose     1,108.100  61  100 

Lexington     424.300  66  100 

Ilpvore    1,975,900  68  79 

Chelsea    3.316.400  76  99 

Sciinerville     6.636,300  77  77 

Swiimpscott    657.200  81  100 

Kverett     3.455.200  86  6» 

Watertown    1.911.700  89  100 

Quincy     4.472.500  93  90 

Stoneham     660.100  100  99 

Hoston     94.297.400  125  74 

.Vahant        192.600  145  75 

Total  dii-.lrict   127.265,500  105  i4 


Cost  of  Chemicals  for  Water  Purification  Plant  of  Colum- 
bus, O.— The  accompanying  tabulation  reprinted  from  the 
,iOth  annual  report  of  the  Division  of  Water  of  Columbus, 
O.,  cov(  ring  the  year  ending  Dec.  31,  1920,  shows  the  quan- 
tities and  cost  of  chemicals  used  at  the  city  water  purification 
plant  for  the  period  1909  to  1920  inclusive: 

nL'ANTITIl'lS   A.N'it    COST   OF   CHEMICALS  USED    (COMPARA- 
TIVE)—PRICES    F.    O.    B.    COLUMBUS. 
-Soda  Ash-^ 
Cost  per 
Tens.    Ton 
1.402     S17..50 
2.164       17.50 
1.776       17.50 
■3. .-83       15.20 
2.895       12. S8 
3.510       13.30 
2.383       15.14 


Year. 

1909 2,46 

1910 3.081 

1911 3.860 

1912 3.296 

1913 3.629 

l:il4 4.550 

1915 3.970 


, Lime n 

Cost  per 
lions.     Ton. 


1916 4.550 

1917 4.206 

1918 4.810 

1919 5.149 

1920 5.387 


J5.75 
5.S0 
5.42 
5.27 
5.17 
5.27 
5.17 

5.17 

7.03 

9.22 

10.21 

11.90 


1,975 
1,833 
3.005 
2.7t8 
2,149 


62.00 
60.00 
58.60 
40.50 
43.60 


fCrvstal    alum   piit;''hased    in    open 
lonpr   ton.    f.    o.    1).    Columbus, 
lihuric  .-irid  cost    S20.0T  ton.   f. 


Alum » 

Cost  per 

Tons.    Ton. 

e-U     $19.00 

IS.OO 

17.50 

17.15 

17.10 

16.75 

tl6.60 

•7.27 

•20.08 

•10.69 

•14.62 

•11  58 

•15.52 

Bauxite 


, — Bleach — v 
Cost  per 
Tons.   Ton. 


423 

590 

8'I5 

711 

8^0 

69 

SO.'i 

S23 

913 

1.113 

1.156 

1.304 

market 


27.80 
27.80 
29.20 
34.80 


19 
2t 
25 
16 
23 
cost 


O..    1920.     •Cost    of    materials, 
h.    Collimhus.   O..    1920. 


85.00 
70.00 
54.56 
60.00 
67.72 
$13.85 
Sul- 


Cost  of  Operating  Ford  Runabouts  in  Water  Department 
Service  at  Pasadena.  Calif. — The  average  cost  of  operating 
Ford  runabouts  by  the  water  department  of  Pasadena.  Calif., 
was  ."i.fi  ct.  per  mile  in  1920,  according  to  annual  report  of  the 
department  for  that  year.  The  department  has  9  cars  of 
this  type,  and  the  average  mileage  made  by  each  was  7,791 
miles.  The  average  hours  in  service  was  l,9fi2,  and  the  cost 
per  hour  was  22.:!  ct.  On  an  average  a  car  made  14.7  miles  on 
I  gal.  of  gas  and  468  miles  on  a  gallon  of  oil.  The  average 
unit  costs  for  the  9  cars  were  as  follows: 

Cost  oer  mile. 

Tire^  and  tube.- $0.0097 

Gas  and  oi' 0150 

Other  materi.il    0051 

I Jibor   O0S3 

Overhead    0064 


Total   oneration    $0.0445 

Depreciation    0116 


Grand    toial    $0.0561 


Machine  Trenching  and  Back  Filling  by  a  Water  Depart- 
ment.— Early  last  year  the  Water  Commissioners  of  Spring- 
field, Mass.,  purchased  a  trenching  machine  and  a  back  fill- 
ing machine.  The  results  obtained  with  th;>;  equipment  are 
set  forth  as  follows  in  the  47th  annual  report  of  the  Com- 
missioners covering  the  year  1920: 


(n  the  oarly  Part  of  the  season  a  trenchinK  machine  and  bark- 
tiller  were  purchased,  and  they  have  proved  a  most  unoualifled 
«»nrress.  a*j  we  have  been  enabled  to  carry  on  our  work  efTicientlv 
-lart  swiftly  with  the  small  ganK  of  men  we  have  been  successful 


in  keeping,  for  the  laoor  question,  while  not  auite  so  bad  as  dur- 
ing Che  previous  year,  has  nevertheless  not  been  at  all  what  it 
used  to  be.  and  notwithstanding  we  have  paid  the  highest  wages 
of  any  department  of  the  city,  only  a  limited  force  of  men  could 
be  maintained. 

In  the  line  of  improvement  work,  our  larKest  Job  was  the  laying 
of  a  16-in  iii:iin  in  Hoston  road  from  the  vicinity  of  Itosewell  Ave. 
to  I'asor)  !{oad.  a  length  of  8.337  ft.,  and  a  speed  of  a  little  under 
200  I't.  per  day  was  attained  with  a  gang  avera>;ing  12  men;  this 
could  probably  not  have  been  done  without  the  aid  of  the  machines 
above  mentioned  with  a  gang  of  less  than  00  to  75  men.  The  cost 
of  the  above  work   was  .$31,036. 

Two  thousand  seven  hundred  and  forty-seven  feet  of  16-in.  main 
from  Five  Mile  Pond  was  also  removed  with  the  same  gang  of 
men  fnd  machines  in  20  working  days  and  at  an  average  cost  of 
under  $1  per  foot,  deducting  the  value  of  stock  salvaged;  this  pipe 
was  relaid. 

A  Waterworks  Profit  and  Loss  Account. — Springfield,  Mass., 
is  one  of  the  few  municipalities  that  keep  a  profit  and  loss 
account  of  the  operations  of  its  waterworks.  The  following 
summary  of  the  account  for  the  year  ending  Nov,  .'iO,  1920, 
is  taken  from  the  annual  report  of  Alfred  R.  Hathaway, 
Water  Registrar: 

OPERATING   REVENUES. 

Earnings  from   sales  of  water  to   private   con- 
sumers     $491,628.23 

Less  .Tbatem-ents.  refunds,  etc S54.81 

$490,773.42 

Earnmgs   from    sales   of   water    to   the    mimci- 
pality: — 

Earnings  based  on  prescribed  rates  for  water 
supplied    were    $76,459.04.    but    no    payments 

were  made  therefor,  as  per  city  ordinance. .  

Water    used    by    municipal    water    works    and 

included  in  its  operating  expenses 64.30 

Total  operating  revenues   (water) $490,837.72 

OPEP.ATING  EXPENSES. 

Source    of    supply    expense $68,230.05 

Transmission    expense    7.126.82 

Distribiition   expense    69.250.04 

Commercial   expense    18.625.76 

General    e>.pense    :<4.676.i0 

Undistributed   expense    14.608.21 

$212,516.98 
Depreciation    reserve    charge 90.172.68 

Total  operating  expenses $302,689.66 

Operating  profit   $188,148.06 

Non-operating      income      (sundry      sales.      not 

water)    23,008.25 

Gross  income    $211,156.31 

DEDUCTIONS    FROM    (JROSS    INCOME. 

Interest  on  bonded  debt   (net) J  58.169.34 

Net   income    (carried   to    surplus) $152,986.97 


Specifications  for  Chemicals  Used  at  Water  Purification 
Plant  of  Columbus,  O. — In  his  report  on  the  operation  of  the 
water  purification  plant  of  Columbus,  embodied  in  the  annual 
report  of  the  Division  of  Water  for  1920,  Mr.  Charles  P. 
Hoover,  chemist  in  charge,  summarizes  as  follows  the  speci- 
fications for  the  chemicals  used  at  the  plant: 

Lime. — For  any  carload  of  lime  containing  88  per  cent  of  water- 
solulile  calcium  oxide,  the  city  will  pay  to  the  contractor  the  price 
per  ton  stated  in  the  proposal.  It  is  hereby  agreed  that  the  city 
shall  pay  a  bonus  of  1*4  per  cent  of  the  contract  price  per  ton 
for  each  1  per  cent  by  which  the  water-soluble  calcium  oxide  in 
carload  lots  delivered  shall  exceed  88  jier  cent,  and  shall  exact  a 
penalty. of  H4  per  cent  of  the  contract  price  per  ton  for  each  1 
per  cent  by  which  the  water-soluble  calcium  oxide  in  any  carload 
lot  delivered  shall  be  less  than  88  per  cent. 

Soda  Ash. — The  soda  ash  shall  be  known  as  5S  per  cent  light 
.soda  .-ish.  and  shall  crntain  not  less  than  98  per  cent  of  pure  sodium 
carbonate.  The  material  shall  be  in  dry.  powdered  form,  shall 
contam  no  large  lumps  or  large  crystals,  shall  be  free  from  chips 
and  other  foreign  matter,  and  not  more  than  ".5  per  cent  shall  be 
insoluble  in  cold  water. 

Bauxite. — The  bauxite  shall  be  crushed  and  dried  to  contain  not 
over  four  (4)  per  cent  present  moisture,  the  analysis  to  be: 

AliO.i  not  less  than  54  per  cent. 

FeoO,  not  more  than  5  per  cent. 

Or  contractor  may  state  analysis  of  material  which  he  pro- 
poses to  furnish:  thetri-acid  method  of  analysis  to  be  used. 

Bauxite  shall  be  shipped  and  unsacked  in  tight  box  cars;  the 
cars  shall  be  thoroughly  cleaned  before  loading,  the  door  openings 
shall  be  boarded  up  to  a  suitable  height,  and  all  openings  by 
which  the  material  might  waste  shall  be  carefully  closed. 

Sulphuric  Acid. — The  sulphuric  acid  shall  be  60'  B..  at  60'  F.  It  is 
understood  and  agreed  that  the  seller  is  privileged  to  deliverj-  of 
greater  or  lesser  strength  than  60=  P..  For  any  excess  or  d.-ficiency 
in  ;U''h  acid  above  or  below  60-"  B..  a  proportionate  increase  or 
reduction  shall  be  made  in  the  price  u-r  ton.  according  to  the  per- 
centage of  60°  acid  contained  in  svich  acid  of  higher  or  lower  de- 
gree, as  set  forth  in  the  table  of  the  Manufacturing  Chemists'  As- 
soci.itian  of  the  United  States. 

Chloride  of  Lime. — The  chloride  nf  lime  .shall  be  packed  in  sheet 
iron  drums.  700  or  ^00  lbs.  per  drum,  and  shall  contain  not  less- 
than  35  per  cent  available  chloride. 
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A  Comparison  of  Stream  Flow  at 
Two  Separate  Stations 

In  the  study  of  the  flow  of  a  stream  at  a  certain  station, 
more  often  that  not,  it  happens  that  any  available  gagings 
have  been  made  at  some  point  other  than  uie  one  under 
consideration.  Some  method  of  comparison  of  the  flow  at 
the  desiied  station  with  the  known  flow  at  the  other  station 
is  of  considerable  value,  especially  if  the  records  at  the  lat- 
ter are  of  long  duration. 

A  comparison  of  the  flow  in  the  Kern  River  in  California 
at  two  points  75  miles  apart  has  been  made  covering  a  7- 
year  period.  The  results  are  contained  in  a  paper  prepared 
for  the  Transactions  American  Society  of  Civil  Engineers 
by  H.  W.  Dennis.  The  following  data  from  the  paper  bring 
out  some  very  interesting  relations: 

The  Kern  River  is  a  typical  Southern  California  stream 
in  the  following  respects:  It  originates  in  the  high  altitudes 
where  the  precipitation  during  the  wiViter  months  is  princi- 
pally retained  in  the  form  of  snow.  Its  drainage  area  is 
made  up  largely  of  mountainous  country  wherein  the  nat- 
ural rock  is  provided  with  earth  covering  to  a  comparatively 
small  depth,  and  for  many  large  areas  there  is  no  cover 
whatever.  The  slope  of  its  river  bed  is  fairly  uniform  from 
the  mountains  to  the  head  of  the  debris  cone,  below  which 
point  the  slope  is  materially  less,  the  stream  meanders  to 
some  extent,  and,  comparatively  close  to  the  mouth  of  the 
canyon,  the  water  is  diverted  for  irrigation  purposes. 

The  first  diversion  of  any  large  quantity  of  water  on  the 
Kern  River  occurs  at  a  point  a  few  miles  below  the  mouth 
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Fig.    1 — Five-Day    Averages,    1912   to    1919,    Inclusive.    4,000    Second 
Feet    Maximum. 

of  the  canyon,  and  numerous  canals  of  great  capacity  are 
led  away  from  the  river  until,  during  periods  of  compara- 
tively low  flow,  the  entire  discharge  of  the  stream  has  been 
diverted.  The  waters  of  the  river  were  appropriated  for 
irrigation  purposes,  many  years  ago.  under  the  California 
laws.  An  adjudication  of  the  rights  of  the  various  owners 
was  made  in  18SS.  In  1894  there  was  established,  a  short 
distance  above  the  first  of  these  large  diversions,  a  gaging 
station  known  as  the  "First  Point  of  Measurement,"  and  at 
this  point  records  of  the  daily  flow  of  the  Kern  River  have 
been  kept  continuously  since  that  date  with  the  e.xception 
of  approximately  eight  months,  namely,  from  July  1.  1907. 
to  MarcTi  1.  190S.  These  records  at  the  "First  Point  of 
Measuiement"  have  been  kept  with  great  accuracy,  in  spite 
of  the  fact  that  the  stream  bed  has  a  bottom  of  shifting  sand. 

About  75  miles  above  the  "First  Point  of  Measurement," 
the  Southern  California  Edison  Co.  is  now  completing  a 
hydro-electric  generating  station.  There  were  little  data  as 
to  the  flow  of  the  Kern  River  at  the  point  of  proposed  diver- 
sion, except  an  occasional  measurement  of  the  stream  flow, 
Gagings  were  started  at  this  point  at  the  beginning  of  1912 
and  have  been  taken  continuously  since  that  date.  Initial 
compaiisons  of  the  flow  of  tTie  river  at  the  two  points  were 
made,  and  as  further  data  were  secured  the  method  herein 
described  was  developed. 

Between  the  point  of  proposed  diversion  on  the  north  fork 
of  the  Kern  River,  and  the  station  known  as  "First  Point  of 
Measurement,"  the  north  fork  and  the  south  fork  of  the 
river  join  to  make  the  main  stream.     It  is  a  matter  of  ob- 


arated  and  plotted  the  results  by  months.  This  method  will 
servation  that  during  the  period  of  comparatively  low  flow 
in  the  river  very  little  water  is  contributed  by  the  south 
fork. 

There  are  other  streanis  and  stream  beds  entering  the 
river  at  various  intervals,  but  during  the  period  of  low  flow 
in  the  main  river  most  of  these  small  tributaries  are  entirely 
dry. 

Determination  of  Relation  of  Flow  at  the  Two  Stations. — 
In  determining  the  relation  of  flow  between  the  "First  Point 
of    Measurement"    and    Fairview,    the    fundamental    assump- 
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Fig.    2 — Assembly    of    Monthly    Curves    Based    on    5-Day    Averages, 
1912  to    1919,    Inclusive.   4.000   Second    Feet   Maximum. 

tion  has  been  made  that  there  is  a  lag  of  24  hours  between 
the  two  points.  In  making  comparison,  the  discharges  for 
each  day  have  been  combined  into  groups  of  four,  five  or 
six  observations,  by  dividing  each  month,  in  general,  into 
six  separate  groups.  In  assembling  these  observations,  the 
five  highest  observations  at  "First  Point  of  Measurement" 
during  any  one  month  have  been  combined  with  the  observa- 
tions of  the  corresponding  days  at  Fairview,  and  so  on,  as- 
sembling according  to  numerical  sequence.  In  plotting  up 
the  data,  the  discharges  at  one  point  have  been  plotted  as 
abscissas  and  the  discharges  at  the  other  point  as  c.rdinates. 
This  ia  not  an  uncommon  method,  but  the  writer  has  sep- 
allow  for  variations  in  the  river  characteristics  during  the 
rainy  and  dry  seasons.  Figure  1  shows  all  of  the  points  plot- 
ted   regardless    of    season.      Separating    the    points    in    each 
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Fig.    3 — Assembly    of    Adjusted    Monthly    Curves    Based    on    5-Day 
Averages,   1912  to   1919,   Inclusive,  4,000  Second   Feet   Maximum. 

month  a  series  of  curve  results  as  shown  in  Fig.  2  which 
are  curves  actually  determined  from  points  on  each  sep- 
arate month. 

It  is  obvious,  of  course,  that  the  division  of  these  records 
into  monthly  periods  and  the  preparation  of  separate  curves 
for  each  month  has  been  a  matter  of  convenience  only.  The 
river  does  not  know  January  from  February,  and  it  seems 
proper  that  all  the  curves  should  be  similar  in  shape. 

It    will    be    noted   on   these    diagrams   that    the    curve    tor 
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March  crosses  the  curves  for  January  and  February;  that 
the  curve  tor  May  would  apparently,  if  produced,  cross  the 
curve  for  April,  and  that  the  curve  for  June  is  quite  differ- 
ent In  direction  from  the  curve  tor  July.  It  it  is  true  that 
the  characteristics  of  the  watershed  change  gradually  from 
month  to  month,  then  It  follows  that  the  monthly  curves 
should  be  similar  In  shape,  and  the  variations  to  which 
reference  has  just  been  made  would  not  occur  it  more  ob- 
Bervations  were  extended  over  a  longer  time.  Figure  3  shows 
the  curves  by  months  adjusted  to  conform  to  the  assumption 
that  the  curves  should  move  gradually  from  one  general 
slope  to  another.  It  will  be  noted  particularly  that  the 
curves  change  in  definite  order  In  accordance  with  the  se 
quence  of  the  months  tHemselves. 

Applications  of  the  Various  Methods.— In  order  to  show 
the  practical  application  of  the  method  of  usinpc  monthly 
curves  in  comparison  with  a  single  curve  through  the  gen-, 
eral  diagram.  Fig.  \,  Fig.  1  has  been  prepared,  which  shows 
the  hydrograph  of  the  flow  of  Kprn  River  at  Fairview  for 
1917.  This  diagram  shows:  First,  the  actual  flow  of  the 
river;  second,  the  flow  as  computed  from  the  unadjusted 
monthly  curves  (Curve  A);  third,  the  flow  as  computed  from 
the   adjusted   monthly    curves    (Curve   B):    and,   fourth,   the 
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flow  as  computed  from  the  single  curve  which  was  drawn 
through  the  general  diagram   (Curve  C). 

The  computed  curves  are  based  on  tlie  actual  observed 
flow  ot  the  river  at  "First  Point  of  Measurement."  Certain 
lines  are  also  shown  on  Fig.  4,  indicating  the  percentage  of 
error  by  which  the  computed  flow  varies  from  the  actual 
flow.  The  hydrographs  are  based  on  averages  of  five  con- 
secutive days,  dividing  each  month  into  six  periods,  and  the 
curves  showing  percentages  of  error  take  the  average  of 
each  curve  tor  each  month.  Table  I  shows  the  percentage 
of  error  for  each  month  and  for  the  total  of  the  year  for  each 
of  the  three  computed  curves. 

It  will  be  noted  that  the  maximum  error  based  on  the  en- 
tire discharge  for  any  one  month  from  the  unadjusted 
monthly  curves  is  7.9  per  cent,  which  occuned  in  December, 
and  that  there  are  only  three  other  months  during  vrhich  the 
error  reaches  approximately  5  per  cent.  It  will  be  noted 
further  that  the  greatest  error  of  any  one  month  under  the 
adjusted  monthly  curves  is  11.5  per  cent,  which  occurs  for 
December,  that  there  are  two  other  months  where  the  error 
is  10.4  per  cent,  and  that  the  errors  for  the  other  months 
are  less  than  7^^   per  cent. 

T.-VBT.K    I— PF.RCEXTACR   OF   KRROR    BY    ^FONTHS   COMPAR- 
ING COMrTTTKD  FLOW  WITH  ACTU.M,  PLOW  (1917).  " 

.— Curx-e  C.^ 
-I-  — 


Considering  the  application  ot  the  single  curve  for  the 
entire  year,  It  will  be  noted  (hat  there  is  only  one  montli 
where  the  error  is  less  than  5  per  cent;  that  there  are  only 
four  other  months  where  the  error  is  less  than  10  per  cent,, 
and  that  for  the  remaining  seven  months  the  error  is  in  ex- 
cess of  15  per  cent.  It  will  be  noted  particularly  that  the 
results  for  the  single  curve  over  the  entire  year  substantiate 
the  conclusion  that  the  use  ot  such  a  curve  gives  results  that 
are  too  high  during  conditions  of  low  flow  and  too  low  under 
conditions  ot  high  flow  where  the  river  is  supported  by  melt- 
ing snow. 

Considering  the   total   for   the   entire   year,   it   will   be   ob 
served  that  any  ot  the  three  methods  gives  for  this  particular 
year  a  result  for  the  total  run-off  which  is  less  than  2^.4  Per 
cent  in  error,  and  that  the  single  curve  tor  the  entire  year 
gives  a  result  which  is  less  than  0.5  per  cent  in  error. 

The  records  at  both  these  stations  are  based  on  current- 
meter  observations,  for  which  the  error  in  any  individuat 
observation  may  be  as  much  as  5  per  cent.  It  is  probable 
that  these  errors  would  be  compensating,  so  that  the  total 
discharge  for  any  given  period  would  be  expected  to  be  ma- 
terially less  than  5  per  cent  in  error  from  the  actual  amount. 
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Rainfairand'^Run-off  in'the  MiamijValley^ 

Ohio 

The  Miami  Conservancy  District  of  Ohio  has  just  issued 
another  one  in  its  series  of  technical  reports,  entitled,  "Rain- 
fall and  Run-off  in  the  Miami  Valley."  by  Ivan  E.  Houk,  Dis- 
trict Hydrographer.  This  report  is  Part  VIII  in  the  series 
and  presents  the  results  of  rainfall  and  run-off  investigations 
carried  on  in  connection  with  the  Miami  flood  control  project. 
At  the  time  of  the  March.  1913.  flood  there  were  only  a 
few  gaging  stations  in  the  Miami  Valley  and  one  of  the  first 
things  acccmplished  by  the  engineers  for  the  district  after 
a  working  plan  had  been  adopted  was  to  place  numerous 
gagin,g  stations  throughout  the  district  for  the  purpose  of 
studying  the  laws  affecting  rainfall  and  run-off.  As  a  prac- 
tical aid  to  this  study,  a  number  of  small  experimental  plats 
were  established  at  Moraine  Park,  about  5  miles  south  of 
Dayton,  where  rainfall  and  surface  run-off  could  he  meas- 
ured on  varying  slopes  and  with  varying  soil  conditions,  as 
well  as  the  rapidity  and  depth  of  soil  saturation  caused  by 
different  rains.  After  about  4'^  years  of  records  had  been 
secured,  experiments  were  undertaken,  using  garden  sprinkl- 
ing cans  to  reproduce  rainfall  effects,  in  an  effort  to  develop 
a  method  by  which  rainfall  and  run-off  relations  could  be 
determined  for  a  given  watershed  without  waitin.sr  for  the- 
natural  rainfall. 

.The  results  of  these  experiments  are  taken  up  in  detair 
in  the  report  and  some  ot  the  important  results  summarized 
as   follows: 

Variations  in  surface  slope  are  of  much  less  importance 
as  affecting  run-off  than  are  variations  in  vegetable  cover. 
Rain  during  the  summer  mouths  seldom  percolates  to  such 
depths  that  it  is  not  raised  again  bv  capillarity  or  by  root 
action  and  evaporated  or  transpired  back  into  the  atmos- 
phere. 

From  the  sprinkling  experiments,  it  was  determined  that 
the  rate  of  percolation,  when  the  surface  soil  is  saturated, 
increases  as  the  rate  of  rainfall  increases,  the  variation  be- 
ing according  to  a  straight  line  equation  and  the  rate  of  in- 
crease being  proportionally  greater  for  loose  loamy  soils 
than  for  heavy  clay  soils. 

From  the  studies  ot  annual  run-off.  the  results  show: 
That    annual    run-off    is    much    more    variable    that    either 
annual  rainfall  or  annual  evaporation. 

The  report  may  be  obtained  from  The  Miami  Conservancy 
District,  Dayton.  0..  for  75  cts. 
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U.  S.  Supreme  Court  Decides  Passaic  Valley  Sewerr.ge  Case. 
— The  U.  S.  Supreme  Court  has  refused  the  application  of 
the  state  of  New  York  for  an  injunction  to  restrain  I  he  state 
of  New  Jersey  and  the  Passaic  Valley  Sewerage  rommission 
from  building  a  sewer  which  will  discharge  361.000.000  gal. 
of  sewage  daily  into  the  Upper  Bay  of  New  York  Harbor. 
The  decision  ends  a  legal  fight  which  was  begun  in  1908.  The 
suit  has  cost  New  York  over  $1.">2  000  to  date.  Incidental  to 
it.  the  testimony  taken  reached  2,.o00,000  words  and  205  ex- 
hibits were  p>it  before  the  court.  The  record  contains  a  mass 
of  original  chemical  and  bacteriological  data.  Its  printing" 
cost  New  York  $20,000,  there  being  12  large  volumes  ot  text, 
maps  and  diagrams. 
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Design  and  Construction  Features 
of  the  Kerckhoff  Dam 


By  B.  F.  JAKOBSEN, 
Designmi;    Engineer,    San    Joaquin    Light    & 
Fresno,   Calif. 


Power    Corporation, 


The  Kerckhoff  power  development  o£  the  San  Joaquin  Light 
&  Power  Corporation  consists  of  a  diversion  dam;  17,000  ft. 
of  unlined  pressure  tunnel  of  320  sq.  ft,  average  area;  three 
penstocks  each  approximately  930  ft.  long,  S  ft.  diameter  and 
5/16  in  thick  at  the  top,  and  7  ft.  diameter  and  11/16  in. 
thick   at   the   bottom.     The    elevation    of    the     floor    of    the 


Method  of   Erecting  Forms,  Scaffolding  and   Handling   Concrete. 

tunnel  at  the  lower  end  is  73  ft.  below  the  normal  water 
surface  at  the  dam.  The  tunnel  is  nearly  IS  ft.  square,  on  an 
average,  with  an  arched  roof  19  ft.  3  in.  radius,  and  tests 
with  750  c.  f.  s.  and  1365  c.  f.  .s.  give  n  =  .0:!l  in  Kutter's 
formula,  when  the  entire  tunnel  was  operated  as  a  pressure 
tunnel. 

The  generating  equipment  consists  of  three  Allis-Chalmers 
vertical  shaft  units  of  a  maximum  rated  capacity  of  15,000 
H.P.  under  a  net  head  of  315  ft.  These  units  have,  however, 
carried  19,400  H.P.  under  a  net  head  of  340  ft.,  and  have  an 
efficiency    about    2   per   cent   above   the    guarantee.     Vertical 


Auberry,  Calif.,  and  from  there  a  road  approximately  four 
miles  long  was  built  to  the  head  of  an  incline,  which  is  2,000 
ft.  long  and  drops  1,000  ft.  down  to  the  dam  site. 

The  selection  of  the  site  was  fixed  within  narrow  limits  by 
the  location  of  the  tunnel  portal.  The  site  chosen  is  directly 
below  the  tunnel  entrance  and  just  above  some  small  falls. 
The  canyon  at  the  site  is  wide  enough  to  permit  the  large 
occasional  floods  to  pass  over  the  top,  through  14  Taintor 
gates,  without  raising  the  water  surface  above  normal,  which 
is  at  elevation  985  ft.  This  restriction  was  necessary  since 
the  San  Joaquin  Light  &  Power  Corporation  Power  House 
No.  1  is  located  only  one  mile  above  the  dam,  and  normal 


view  of   Upstream    Face   of   Dam   and    Intake   Structure;    Reservoir 

Empty. 

shaft  units  were  used  because  the  power  house  is  located  in 
a  narrow  canyon  and  the  elevation  of  the  river  at  the  power 
house  is  subject  to  a  variation  of  at  least  30  ft. 

The  dam  is  a  diversion  dam  with  about  4,000  acre  feet  of 
storage,  of  which  only  about  3,000  acre  feet  are  available  for 
the  power  house,  the  rest  being  below  tlie  tunnel.  This  is 
sufficient  to  carry  full  load  on  the  plant  tor  nearly  24  hours 
with  a  minimum  inflow  into  the  reservoir. 

Location  of  Dam. — The  dam  is  located  about  40  miles  north 
and  east  of  Fresno,  Calif.     The  nearest     railroad     point     is 


View   of    Downstream    Face   of    Dam    with    Taintor   Gates   in    Place* 

water  surface  was  selected  as  high  as  was  possible  without 
interfering  with  Power  House  No.  1.  Backwater  calculations, 
showed  that  with  the  water  at  985  ft.  at  the  dam  and  the  14- 
Taintor  gates  open.  60,000  c.  f.  s.  can  pass  over  the  dam 
with  the  water  surface  at  988  ft.  at  power  house  No.  1.  No- 
floods,  it  is  believed,  will  exceed  60,000  c.  f.  s. 

Flow  Data. — Flow  records  of  the  San  Joaquin  River  as 
measured  at  the  company's  power  house  No.  1,  check  well 
with  the  United  States  Geological  Survey  data  obtained  at 
Friant,  some  30  miles  farther  down  the  river,  except  for  the 
very  high  values,  where  the  U.   S.  G.   S.  records  show  less. 


Vlew  of  Upstrean 


Face   of   Dam    and    Intake   Structure; 
Nearly  Full. 


Reservoir 


This  may  be  due  to  the  flattening  of  the  flood  wave  through 
30  miles  of  river,  though  no  great  accuracy  is  claimed  lor 
the  very  high  values  measured  by  the  Power  Company.  A 
careful  check  led  the  writer  to  believe  that  the  actual  maxi- 
mi'm  flow  at  power  house  No.  1  in  January,  1911,  was  less 
than  the  55,000  c.  f  s.  measured  by  the  power  house  crew, 
and  tho  Taintor  gates  were  therefore  dimensioned  for  a  max- 
imum of  60,000  c.  f.  s. 

Selection  of  Type  of  Dam. — A  multiple  arch  dam,  a  gravity 
dam,  and  a  single  arch  dam   were  considered.     The  multiple 
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arch  dam,  however,  was  not  thouRht  suitable  on  account  o£ 
the  heavy  overflow.  In  addition,  core  borings  which  were 
undertaken  to  prove  the  site,  led  to  the  belief  that  a  multiple 
arch  dam  would  require  a  great  deal  ot  excavation,— a  belief 
that  was  afterwards  found  to  be  correct.  A  multiple  arch 
dam  would,  under  the  circumstances,  have  cost  more  than  a 
single  arch  dam 

A   gravity   dam    would    ri'ijuire   more   than    twice  as   much 


P'oivef?  Deal's LOfM£:fVT 


gravity  dam  would  have  to  be  provided  with  a  substantial 
apron  in  order  to  protect  the  foundation  from  damage  due  to 
the  occasional  heavy  floods  and  the  continuous  spilling  dur- 
ing the  high  flow  months,  since  only  1,7.')0  c.  f.  s.  are  diverted 
as  a  maximum. 

A  constant  angle  arch  dam  was  finally  decided  upon  and 
it  w-as  built  under  a  license  arrangement  with  the  patentee, 
Mr.  L.  R,  Jorgensen.     (U.  S.  Pat.  No.  tt8671S  and  Xo.  1087662.) 

It  was  comparatively  easy  to  inspect  the  canyon  sides  and 
be    sure   of   a    first-class    foundation    tor    a    single   arch   dam 
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Fig.    1. — General    Map   of    Kerckhoff    Power    Development. 

concrete  as  a  single  arch  dam  and  a  great  deal  more  exca- 
vation, due  to  the  fact  that  for  comparatively  narrow  canyons 
the  single  arch  dam  is  especially  advantageous.*  In  this 
case  the  base  of  the  dam  is  117  ft.  below  the  high  water 
SHrface  and  the  top  of  the  dam  is  24  ft.  below  the  high  water 
surface,  and   therefore   a  gravity  dam   would   have  to   be  at 


-Section   on   Center   Line 
of    Dam. 


Fig.  3. — Section   on   Center   Line 
of    Sluice    Pipe. 


without  doing  a  great  deal  of  investigating,  for  which  there 
was  very  little  time  since  the  dam  had  to  be  completed  in  the 
fall  of  1919  asd  the  first  concrete  was  poured  in  the  early 
part  of  August. 

General   Principle  of  Constant  Angle   Arch   0am. — It  is  as- 
sumed in  the  design  of  arch  dams  that  the  arch  stresses,  due 


Fig.  4, — Plan  of  Kerckhott   Dam 

least  80  ft.  wide  at  the  base.    Against  this,  the  constant  angle 
arch  dam,  as  built,  is  only  36  ft.  at  the  base.     In  addition,  a 


'"Sec  the  writer'B  article  "Volume  Relation  of  Constant  Angle 
Arch  Dams  and  Gravity  Dams"  in  Engineering  and  Contractinit 
foi-  Dec.  8,  1920. 


to  the  water  pressure,  is  distributed  uniformly  over  the  entire 
section.  If  t  is  the  thickness  of  arch  in  feet,  h  feet  below  the 
water  surface.  R.  the  corresponding  upstream  radius  in  feet, 
and  s  the  resulting  arch  compression  in  pounds  per  square 
inch  due  to  the  water  pressure,  then 
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s  =  . 43411 (1) 
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In  a  paper  read  before  the  American  Society  of  Civil  En- 
gineers in  1914  Mr.  Jorgensen  showed  that  tor  a  central  angle 
of  134°  the  area  of  the  arch  is  a  minimum.  Therefore,  if 
the  upstream  radius  is  decreased  towards  the  bottom  of  the 
dam  in  about  the  same  proportion  as  the  site  becomes  nar- 
rower, a  saving  of  concrete  is  effected. 

A  single  arch  dam  acts  partly  as  a  vertical  cantilever  (i.  e. 
— as  a  gravity  dam)  and  partly  as  a  pure  arch.  When  the 
water  pressure  deflects  the  dam  downstream,  this  tends  to 
produce  vertical  tension  in  the  upstream  face.  It  actually 
lessens  the  compression  in  the  upstream  face,  since  all  con- 
crete in  the  upstream  face  is  under  compression  due  to  the 
weight  of  concrete  above;   but   it  the  deflection  is  sufficient. 
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Fig.  5. — Detail  of  Kerckhoff   Dam   Crest. 

CO-ORDTNATES  OF  CREST. 
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vertical  tension  in  the  upstream  face  is  produced.  The  de- 
flection also  produces  arch  compression  in  horizontal  planes. 
Compared  to  a  constant  radius  dam,  the  constant  angle  arch 
dam  has  a  smaller  section  and  smaller  radii  towards  the  bot- 
tom. The  constant  angle  arch  dam,  therefore,  acts  more 
nearly  as  a  pure  arch  and  less  as  a  gravity  dam  and  it  can 
deflect  more  without  vertical  tension  being  produced  in  the 
upstream  face.  Under  otherwise  equal  conditions  the  con- 
stant angle  arch  dam  is,  therefore,  a  safer  structure  than 
the  constant  radius  arch   dam. 

It  is  not  possible  to  compute,  even  approximately,  the  can- 
tilever and  arch  deflections  due  to  the  fact  that  for  concrete 
the  modulus  of  elasticity  is  not  constant,  the  foundations  are 
not  unyielding,  and  especially  in  large  dams  not  even  ap- 
proximately so.  The  shear  deformation  is  very  considerable, 
especially  near  the  base  of  high  dams,  and  the  water-soal<ing 
of  the  upstream  face  produces  swelling  of  the  concrete.  The 
eft'ect  of  shrinliage  of  the  concrete  in  setting  and  the  varia- 
tion in  temperature  still  further  complicate  the  calculations. t 

Kerckhoff  Dam.— .4  section  through  one  of  the  Taintor  gates 
is  shown  in  Fig.  2  and  a  section  through  one  of  the  6-ft.  di- 
ameter sluice  gates  is  shown  in  Fig.  3.  There  are  three  of 
these  sluice  gates,  located  as  shown  in  the  plan.  Fig.  4.  The 
curtain  walls  provided  above  the  crest  and  between  the  piers 
assure  proper  areation  of  the  underside  of  the  nappe.  Similar 
arrangements  are  made  at  each  end  of  the  dam  so  that  no 
vacuum  can  be  produced  at  the  downstream  face  of  the  dam 

tSee  the  writer's  discusoion  of  Mr.  Noetzli's  paper  "Gravity  and 
Ai-ch  Action  in  Curved  Dams,"  American  .Society  of  Civil  En- 
gineers,   Proceedings    1J20. 
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even  during  the  heaviest  flood.s.  The  crest  of  the  dam  (see 
Fig.  5)  is  parabolic  and  shaped  to  lit  the  underside  of  the 
water  pouring  over  the  dam,  and  the  lip  which  overhangs  the 
downstream  face  by  4  ft.  throws  the  water  well  away  from 
the  base.  In  case  of  high  water  there  is  always  a  pond  of 
considerable  depth  at  the  downstream  toe  of  the  dam  and 
this  pond  acts  as  a  cushion  tor  the  tailing  water.  The  piers 
between  the  Taintor  gates  are  heavily  reinforced  and  some 
of  the  steel  in  the  upstream  face  of  the  piers  was  carried 
well  down  into  the  body  of  the  dam  so  that  dangerous  tension 
would  not  result  in  the  concrete  of  the  upstream  face  in  case 
the  top  slab  should  be  damaged, 
intentionally  or  unintentionally. 
This  top  slab  was  provided  in  or- 
der to  secure  complete  arch  ac- 
tion. The  dam  was  designed  for 
a  maximum  water  surface  24  ft. 
above  the  crest  of  the  dam.  or  at 
elevation  995  ft.,  which  is  10  ft. 
higheer  than  the  normal  operat- 
ing water  surface.  The  water 
could  not  rise  to  this  height  at 
any  flood  known  on  the  San  Joa- 
quin River  except  in  case  a  major 
part  of  the  Taintor  gates  were 
left  closed,  and  as  this  would  flood 
the  company's  power  house  No.  1, 
it  is  unlikely  to  happen. 

With  water  at  elevation  99.5 
feet,  the  arch  compression  as  fig- 
ured by  Formula  (1)  above  was 
selected  as  22.5  lb.  per  square  inch. 
(See  Table  I  and  Fig.  6.)  This 
relatively  low  stress  of  225  lb.  per 
square  inch  was  selected  because 
this  is  an  overflow  dam.  and,  as 
fars  the  writer  knows,  the  first  of 
its  kind,  and  because  it  was  in- 
tended to  build  it  exclusively  from 
ungraded  tunnel  muck  by  elimi- 
nating the  larger  rocks,  and 
finally  because  it  might  be  subjected  to  full  static  head 
while  the  concrete  was  still  green.  It  was  found  during  con- 
struction that  the  requirements  of  the  dam  exceeded  the 
supply  from  the  tunnel  and  it  was  therefore  necessary  to  add 
quarried  rock  to  the  tunnel  muck. 

As  designed,  the  Kerckhoff  constant  angle  arch  dam  con- 
tains 1,800  cu.  yd.  less  concrete  and  required  1,000  cu.  yd.  less 
river  bottom  excavation  than  the  best  constant  radius  dam 
which  could  be  designed  to  fit  the  site.  In  addition,  it  is  a 
safer  structure,  as  pointed  out  above,  because  tension  in  the 
upstream  face  is  less  likely  to  exist,  and  the  dam  acts  more 
nearly  as  a   pure  arch. 

The  deepest  part  of  the  foundation  was  on  the  right  bank 
of  the  river  where  a  large  pocket  of  boulders  and  gravel  was 
found.  The  river  was  left  undisturbed  at  the  left  bank  and 
part  of  the  boulders  and  gravel  was  removed  from  the  right 
bank,  taking  care  not  to  disturb  the  deposit  towards  the 
middle  of  the  stream  as  this  was  intended  to  act  as  coffer- 
dam. A  section  immediately  adjacent  to  the  gravel  bed  near 
the  middle  of  the  river  was  first  poured  and  then  the  foun- 
dation on  the  right  bank  was  uncovered  and  concrete  poured 
up  to  elevation  907  ft.  Practically  all  excavation  was  done 
by  steanishovel.  Three  notches  were  left  in  this  part  of  the 
dam  and  a  flume  was  built  on  the  downstream  side  to  carry 
the      water.     The   water   was    then    diverted    through   these 


Fig,  6. — Theoretical    Section. 
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notches  and  the  left  bank  was  unwatered  and  the  foundation 
put  in;  also  the  three  G  ft.  diameter  sluice  gates. 

The  three  notches  referred  to  above,  the  bottom  of  which 
were  at  elevation  887  ft.,  were  completed  into  3  rectangular 
holes  about  11  feet  wide  by  21  feet  high.  (The  top  was 
pitched  as  a  roof  to  make  the  closure  easier  and  prevent  air 
being  trapped.)  These  three  holes  were  not  closed  until  the 
dam  was  practically  completed,  since  they  were  needed,  in 
addition  to  the  three  sluice  pipes,  to  take  care  of  minor  iloods 
which  were  to  be  expected  during  the  fall  months. 

The  first  concrete  was  poured  during  the  first  week  of 
August,  1919,  and  the  dam  was  completed  by  Christmas.  The 
total  yardage  in  the  dam  is  23,490  cu.  yd.  of  concrete. 

Taintor  Gates.— There  are  fourteen  of  these,  each  20  ft. 
wide  by  14  ft.  high,  and  11  ft.  radius,  operated  by  an  elec- 
trically driven  portable  hoist.  The  general  design  of  these 
gates  was  furnished  by  the  manufacturer,  the  California  Cor- 
rugated Culvert  Co.,  of  Berkeley,  Calif.,  but  the  design  of  the 
belting  to  secure  a  tight  joint  at  the  bottom  and  sides  and 
the  special  bearings  necessitated  on  account  of  the  gates  not 
being  in  line  were  made  by  the  Company's  engineers. 

Since  only  one  bearing  was  desired  at  each  pier,  the  off- 
setting of  the  gates,  due  to  the  curvature  of  the  dam.  was 
accomplished  by  placing  an  eccentric  brass  bushing  on  each 
end  of  the  shaft.  These  brass  bushings  were  secured  in  their 
position  by  a  %-in.  dowel  in  the  end  faces  of  the  bearings. 
The  maximum  stress  in  the  foundation  bolts  for  the  bearings 
occurs  when  one  gate  is  closed  and  the  adjacent  gate  is  open. 
The  portable  hoist  tor  the  Taintor  gates  was  designed  by 
the  company's  engineers. 

Engineers.— The  plans  and  designs  were  prepared  by 
iMessrs.  H.  Van  den  Bossche.  Oswald  Speir,  .Jr.,  A.  J.  Zschokke 
and  Percy  B.  Dawson,  under  the  writer's  direction  as  Design- 
ing Engineer.  Mr.  R.  C.  Starr  was  Construction  Engineer  in 
charge  of  the  project,  Mr.  Edwin  H.  Warner  was  Resident 
Engineer,  and  Mr.  A.  G.  Wishon  was  General  Manager. 


Some  Conclusions  Regarding  Purification  of  Svyfimming 
Pools — An  interesting  discussion  of  the  swimming  pool  in 
•general  and  the  experimental  work  on  two  swimming  pools 
at  the  Stata  University  of  Iowa,  is  given  by  .Tack  J.  Hinman. 
Jr..  Water  Bacteriologist  and  Chemist,  Iowa  State  Board  of 
Health,  in  the  American  Physical  Education  Review  for  De- 
cember. 1920.  The  concUi.=  ions  reached  are:  (1)  the  number 
■of  infections  due  to  swimming  pools  is  possibly  over  esti- 
mated, but  the  tact  remains  that  unless  such  pools  are  care- 
fully kept  in  proper  condition,  they  may  be  dangerous  to  the 
public  health;  (2)  it  is  important  to  construct  the  pool  so  that 
it  may  be  kept  clean  easily.  Baths  and  toilets  should  be 
conveniently  arranged.  (3)  strict  supervision  of  the  bathers  to 
exclude!  those  suffering  from  infections  and  to  insure  a  suffi- 
cient degree  of  cleanliness  is  essential:  (4)  refilteration  of  the 
pool  water  is  economical  and  renders  the  water  more  at- 
tractive. It  is  not  capable  of  purifying  the  water  satisfac- 
torily under  usual  conditions  without  the  use  of  germicides: 
(5)  it  is  advisable  that  the  purification  plant  be  of  suffi- 
cient capacity  to  dilute  the  contaminated  pool  water  rapidly 
with  freshly  purified  water.  This  lowers  the  concentration  of 
ineffective  matter.  (6)  Chlorine,  and  copper  sulphate,  either 
alone  or  used  with  chlorine  or  calcium  hypochlorite  have 
given  satisfactory  results  at  the  State  University  of  Iowa. 
Chlorine  alone,  when  administered  by  apparatus  in  good 
working  condition  gave  excellent  results;  (7)  the  test  of  the 
water  of  a  swimming  pool  is  the  character  of  the  water  in  the 
pool  itself.  Although  a  purified  water  returning  to  the  pool 
may  be  entirely  sterile,  the  purification  is  not  sufficient  un- 
less there  is  enough  of  the  purified  water  to  dilute  the  con- 
taminating material  in  the  pool  water. 


Right  of  Way  Gardens. — The  Chicago,  Rock  Island  &  Pa- 
cific R.  R.  is  continuing  the  practice  begun  during  the  war,  of 
leasing  to  employes  right  of  way  gardens.  In  1920  the  rail- 
way leased  1.07S  acres  for  this  purpose,  the  individual  lease 
averaging  2.65  acres.  Many  of  these  lessees  did  not  plant 
gardens  exclusively.  Some  went  in  for  hog  and  chicken  rais- 
ing, while  one  employe  had  a  record  yield  of  hay. 


Pennsylvania  Engineres'  License  Bill  Approved. — Governor 
Srroul  signed  the  Walker  bill  providing  for  the  licensing  of 
engineers.  The  measure  regulates  the  professions  of  engi- 
neering and  land  surveying  and  creates  a  State  board  for 
the  registering  of  men  in  the  professions. 


Anti-Malaria  Work  in  Mississippi 

A  general  campaign  against  malaria  was  undertaken  last 
year  in  11  southern  states,  the  work  embracing  mosquito  con- 
trol in  46  cities.  An  interesting  summary  of  the  results  ob- 
tained in  Mississippi  was  given  by  Mr.  J.  L.  Clarke,  Sanitary 
Engineer  of  the  State  Board  of  Health,  in  the  Jan.-Fcb.-March 
Health  Bulletin  of  the  Service,  from  which  the  matter  follow- 
ing is  taken. 

The  work  in  Mississippi  was  divided  into  two  units;  one  in 
the  northwest  hill  section  and  the  other  in  the  northeast 
portion  of  the  state. 

During  January,  1920,  surveys  were  made  of  10  towns  in 
the  northwest  unit  to  determine;  first,  the  incidence  of  ma- 
laria; and  second,  the  cost  of  anti-mosnuito  measures.  With 
this  data  in  hand,  those  towns  which  showed  a  high  malaria 
rate  and  a  relatively  low  cost  of  mosquito  control  were 
chosen  as  the  most  desirable  demonstration  points. 

The  ecenomic  loss  due  to  malaria,  as  compared  with  the 
cost  of  control  was  presented  to  the  city  governments.  This 
proposition  to  reduce  malaria  sickness,  as  presented  by  the 
State  Board  of  Health,  was  an  attractive  one.  It  showed 
returns  of  400  per  cent  or  better  on  the  principal  invested; 
and,  in  addition  thereto,  offered  freedom  from  the  mosquito 
annoyance. 

The  towns  of  Batesville.  Charleston  and  Coffeeville  accepted 
the  proposition  and  entered  into  contract  with  the  State 
Board  of  Health.  This  contract  provided  for  engineering  su- 
pervision, without  cost,  plus  state  aid,  but  the  town.?  carried 
a  large  part  of  the  expense. 

Anti-malaria  work,  as  conducted  under  this  program,  con- 
sists of  three  essential  features;  first,  drainage  and  fish  con- 
trol of  all  permanent  waters;  second,  oiling  of  all  wet  weather 
pools;  and,  third,  elimination  of  tin  cans  and  other  artificial 
water  containers  found  on  home  premises. 

At  Batesville  the  cost  of  the  work  in  the  town  proper  was 
$1,657.  In  addition  to  this,  work  to  the  value  of  $1,860  was 
subscribed  by  individuals  and  corporations,  to  correct  drain- 
age cofditions  near  the  town  which  gave  rise  to  mosquito  pro- 
duction. This  work  consised  of  blasting  1%  miles  of  large 
outlet  ditches.  The  outflow  from  artesian  wells  located  in 
town,  and  flowing  through  the  town  in  open  ditches,  was  the 
principal  source  of  malaria  mosquito  production.  Provision" 
has  been  made  to  have  these  wells  capped  before  the  next 
mosquito  season  starts.  It  is  estimated  that  the  malaria  rate 
was  reduced  about  70  per  cent. 

At  Charleston,  the  cost  of  the  work  was  $1,600.  The  full 
ditching  program  as  contemplated  was  not  carried  out  on  ac- 
count of  failure  on  the  city's  part  to  provide  their  portion  of 
the  funds.  This  necessitated  a  change  in  program  from 
ditching  to  oiling.  Some  ponds  and  streams  which  would  have 
been  drained,  had  to  be  controlled  by  oiling;  however,  satis- 
factory results  were  obtained,  as  the  malaria  rate  was  re- 
duced approximately  77  per  cent.  The  funds  for  oiling  opera- 
tions ran  short  about  Sept.  10.  after  which  time,  mosquitoes 
became  plentiful,  especially  in  the  unsewered  sections  of  the 
city.  Many  complaints  were  registered,  but  it  seems  that  the 
control  of  all  mosquitoes  and  particularly  the  malaria  species 
during  the  months  of  June.  July  and  August  had  already  ef- 
fected the  desired  results  as  there  was  no  noticeable  rise  in 
the  normal  rate  throughout  the  remainder  of  the  season,  even 
though  all  control  measures  had  ceased. 

At  Coffeyville  the  cost  of  the  work  was  $1,161.  The  out- 
standing feature  in  the  control  work  was  street  dr.ainage,  or 
rather,  the  construction  of  outlet  ditches  along  the  streets 
in  order  to  drain  the  interior  of  each  block.  The  streets  had 
been  gradually  raised,  leaving  the  block  interior  saucer 
shaped.  It  was  necessary  to  lay  tile  drain  under  some  of 
these  street  ditches  in  order  to  get  thorough  and  perma- 
nent drainage.  The  old  stream  channels  outside  of  town, 
and  within  flight  range,  were  provided  with  outlet  ditches, 
after  which  treatment  they  dried  up  so  quickly  that  very 
little  oil  was  required  during  the  remainder  of  the  season. 
The  reduction  in  the  malaria  rate  was  90  per  cent. 

The  program  under  which  this  work  was  started,  provides 
for  direct  supervision  plus  state  aid  during  the  first  year 
and  supervisory  aid  only  to  demonstration  towns  for  at  least 
two  years  thereafter.  All  towns  in  this  unit  have  expressed 
their  intention  of  continuing  the  work,  and  arrangements 
are  being  made  whereby  mosquito  control  will  become  an 
essential  part  of  the  city  government's  regular  business. 
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Waterworks  Reports  and  What 
They  Should  Contain 

Features  that  should  be  contained  in  the  reports  of  mu- 
nicipal waterworks  were  outlined  by  Mr.  R.  E.  McDonnell 
■of  the  Burns  &  McDonnell  Engineering  Co.,  Kansas  City,  Mo., 
in  a  paper  presented  May  11  at  the  10th  annual  convention 
of  the  Southwest  Waterworks  Association.  An  abstract  of 
the  paper  follows: 

Why  a  Report  Should  Be  Made. — ^A  water  plant  is  one  of 
the  chief  assets  of  a  city;  in  value  it  ranks  well  toward  the 
top  of  all  the  city  investments,  whether  owned  by  the  city 
■or  company.  The  success  and  continued  operation  of  all 
other  industries,  factories,  etc.,  are  dependent  entirely  upon 
the  waterworks.  The  health,  growth  and  prosperity  of  the 
city  are  entirely  dependent  upon  the  purity  and  cleanliness 
of  its  water  supply.  Its  customers  extend  over  the  entire 
city,  its  commodity  sold  is  standardized  and  is  of  one  quality. 
When  city  owned,  every  citizen  of  the  town  is  a  stockholder 
and,  therefore,  a  report  to  the  public  is  due  them  and  the 
:public  further  has  a  right  to  demand  a  real  waterworks  re- 
port, in  keeping  with  the  importance  of  the  utility. 

Appearance  of  Report. — Reports,  like  people,  are  often 
judged  by  appearances  and,  therefore,  it  should  have  an  at- 
tractive cover  and  be  of  a  good  quality  of  paper  and  print- 
ing. Like  a  girl's  skirt,  it  should  be  long  enough  to  cover 
the  subject,  yet  short  enough  to  be  interesting.  The  pictures 
accompanying  a  magazine  article  always  produce  a  desire 
to  read  the  article  and  photographs  and  cuts  should  be  freely 
used  to  relieve  the  monotony  in  printing  and  statistics. 

What  It  Should  Contain. — A  brief  historical  sketch  giving 
date  of  purchase  or  date  when  built  and  the  present  value  of 
the  property  is  always  of  interest  to  new  customers. 

Statistics  themselves  are  rarely  read  by  the  layman  and 
these  should  be  converted  into  graphical  diagrams  which  are 
understood  at  a  glance. 

A  concise  tabulation  of  operating  costs,  annual  revenue, 
fuel  costs,  increase  in  number  of  connections,  etc.,  shown 
"both  by  figures  and  graphical  charts,  are  always  interesting 
and  these  should  not  cover  more  than  a  10-year  period,  as 
old  statistics  are  of  little  interest  or  value. 

A  population  curve  and  water  consumption  curve  are 
always  well  worth  the  making,  as  it  shows  what  future  pro- 
vision for  growth  should  be  made. 

A  plain  statement  from  health  authorities  regarding  purity 
of  water  with  percentage  of  bacteria  removed,  with  cuts  or 
-illustrations  of  bacterial  comparison  of  raw  water  and  treated 
wrater,  is  the  best  kind  of  advertising  a  report  can  contain, 
for  one  must  not  forget  that  his  business  is  selling  water 
and  the  reports  help  sell  the  customer.  People  always  like 
to  know  how  their  money  is  spent  and  a  graphical  diagram 
showing  what  part  of  a  dollar  goes  for  interest,  labor,  fuel 
and  operation,  is  enlightening. 

Illustrations  showing  losses  by  leaky  faucets,  bad  plumb- 
ing and  unregulated  flush  tanks  or  sewers,  are  helpful  in 
bringing-  about  reforms.  Showing  customers  how  much  their 
own  bills  could  "be  reduced  by  eliminating  all  wastage,  is 
convincing. 

The  reduced  pumpage.  reduced  fuel  or  power  bills  and 
increased  revenue  by  universal  meter  system  are  features 
that  can  and  should  be  shown  in  every  waterworks  report,  for 
even  in  this  enlightened  day,  we  find  a  few  communities  who 
still  sell,  or  rather  give  water  away,  without  meter  measure- 
ment. 

The  city  corporation  or  individual  doesn't  exist  that  can 
make  a  success  of  selling  any  commodity  without  measure- 
ment of  the  amount  sold.  The  report  should  show  or  ac- 
count for  the  loss  between  water  delivered  and  water  sold 
and  if  this  doesn't  show  a  yearly  improvement,  something 
is  radically  wrong  and  needs  correction. 

A  waterworks  plant  is  never  finished  or  completed  and 
the  needed  extensions,  betterments  and  improvements  ought 
always  be  prominently  shown  in  a  report;  then  there  are  no 
shocks  or  surprises  and  if  bonds  are  needed  there  is  noth- 
ing gained  by  concealing  the  fact.  Show  in  the  report  why 
the  improvements  are  needed  and  what  advantages  and  re- 
sults will  be  gained  by  them. 

Every  report  ought  to  show  the  cost  of  delivering  water 
per  1,000  gal.,  including  interest,  depreciation,  sinking  fund 
reserve,  etc.  This  information  is  not  always  known  by  the 
superintendent  himself  and  when  he  figures  it  out  he  will,  in 
many  towns,  find  that  large  users,  railroads  especially,  are 


getting  their  water  at  less  than  its  cost  of  production.  In 
these  days  of  regulation  of  rates,  one  cardinal  law  acknowl- 
edged by  all  is  that  the  rates  of  each  utility,  whether  a 
water  plant,  light  plant,  or  railroad,  should  be  based  on  its 
value  and  cost  of  operation.  The  railroads  or  other  large 
users  are  not  mercenary  institutions  with  rates  made  be- 
cause of  their  being  a  special  aid  or  help  to  a  town.  Every 
report  should  show  what  the  rates  should  be  to  earn  this 
interest    depreciation  and  operating  expenses. 

Advertising  Value  of  a  Report. — A  report  is  of  much  advertis- 
ing valuf-  to  the  entire  community,  so  much  so  that  many  com- 
mercial clubs  are  joining  in  the  expense  of  printing  and  cir- 
culating waterworks  reports.  Every  live  waterworks  super- 
intendent knows  the  advertising  value  to  himself  by  getting 
out  a  good  report.  It  places  him  in  a  favorable  light  before 
many  other  communities  where  opportunities  for  advance- 
ment are  existing. 

The  educational  value  Is  of  greatest  importance.  It  acts 
as  an  aid  in  getting  bonds  tor  needed  improvements,  as  a 
basis  for  argument  for  equalizing  rates  or  in  securing  a 
raise  of  rates  it  is  of  much  value. 

How  Presented. — A  report  to  be  of  any  value  must  be 
interesting,  for  if  not  interesting  it  will  never  be  read.  The 
author  of  the  report  or  some  waterworks  official  should  per- 
sonally present  a  resume  of  his  report  before  every  civic 
organization   of  the   town,   not   omitting  the   women's   clubs. 

In  Glasgow,  Scotland,  which  city  prides  itself  on  being  the 
best  governed  city  in  the  world,  the  head  of  each  utility  or 
department  is  required  to  give  at  mass  meeting  a  public 
accounting  of  his  utility.  For  example,  the  water  depart- 
ment head  gives  the  workings  of  the  department,  its  needs, 
etc.  I  listened  one  night  to  an  address  by  Thos.  Melvin, 
manager  of  the  sewage  department,  on  the  subject  of  "The 
Cleansing  of  the  Clyde  River."  He  told  how  the  Clyde  River 
had  been  transformed  from  a  foul  sewer-like  stream  to  a 
beautiful  river  abounding  in  fish  and  lined  with  houseboats. 
The  lecture,  or  really  his  report,  was  illustrated  with  slides 
and  was  of  much  interest.  These  reports,  thus  presented, 
kept  before  the  public  their  needs  and  caused  a  keen  interest 
in  their  own  utilities.  Extracts  from  reports  are  desired  by 
the  local  papers  and  should  be  given  them.  Send  each  cus- 
tomer one  by  the  meter  reader  or  hand  them  out  by  the 
windov/  collector.  Exchange  your  reports  with  the  officials 
of  other  cities  of  your  state. 

The  waterworks  plant  is  the  chief  asset  of  the  city,  but 
the  lack  of  general  knowledge  concerning  it  is  a  fault  we 
can  largely  correct  by  getting  out  and  presenting  a  genuinely 
interesting  report.  Whether  it  pays  or  not  depends  on  the 
report  and  its  presentation. 


u.  s. 


Public  Health  Service  Making  Study 
of  Steam  Pollution 

An  intensive  .study  of  stream  pollution  with  special  regard 
to  the  establishment  of  a  general  plan  by  which  any  polluted 
stream  in  the  United  States  might  be  purified  at  a  minimum 
expense  has  recently  been  begun  by  the  United  States  Pub- 
lic Health  Service. 

The  Service  has  selected  for  study  the  Chicago  Main 
Drainage  Channel  and  the  Illinois  River  (which  emnties  into 
the  Mississippi),  chiefly  because  all  the  primary  pollution  of 
this  stream  originates  in  Chicago  and  is  accurately  ascertain- 
able, both  as  to  amount  and  character.  Analysis  taken  along 
the  course  of  the  canal  and  river  will  determine  the  degree 
and  nature  of  the  changes  that  take  place  in  it.  Where  new 
pollution  is  added,  its  amount  and  character  must  be  ascer- 
tained: and  its  effect  on  the  old  pollution  learned.  This  last 
is  important,  for  it  is  quite  possible  that  sundry  industrial 
wastes  might  neutralize  each  other  or  might  destroy  certain 
typos  of  organic  pollution. 

Similar  work  was  done  on  the  Ohio  River  from  1914  to 
1917;  and  the  present  study  is  to  check  the  results  obtained 
there. 

The  final  object  is  to  establish  fundamental  quantitative 
relationships  between  bacteriological  and  chemical  pollution 
of  a  stream  on  the  one  hand  and  basic  principles,  such  as 
population,  industrial  wastes,  stream  flow,  and  prevailing 
temperature,  on  the  other. 

The  work  in  Illinois  is  in  immediate  charge  of  J.  K.  Hos- 
kins.  Associate  Sanitary  Engineer  of  the  U.  S.  Public  Health 
Service,  and  is  under  the  general  supervision  of  Surgeon 
W.  H.  Frost. 
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Proposed  Texas  Legislation  for  Lic- 
ensing Waterworks  Operators 

Walerworks  otllcials  of  'I'exiis  are  now  olianipioniiiEr  a  legis- 
lative bill  which  will,  in  effect,  resolve  state  supervision  of 
waterworks  into  advisory  supervision.  The  following  ac- 
count of  the  proposed  legislation  is  abstracted  from  a  paper 
presented  May  11  by  V.  M.  Ehlers,  SUite  Sanitary  Engineer, 
at  the  10th  annual  convention  of  the  Southwest  \VatPr\sorKs 
Association. 

The  bill,  as  proposed,  provides  for  a  licensing  board  consist- 
ing of  four  members.  The  state  health  officer,  the  state  sani- 
tary engineer,  a  professor  from  a  recognized  state  institu- 
tion of  higher  learning,  and  a  waterworks  plant  operator, 
the  last  two  to  be  appointed  by  the  state  health  officer. 
Members  of  the  board  will  (pialify  with  the  customary  oath 
of  office  and   receive  certificates  of  appointment. 

The  duties  and  powers  of  tlie  board  are  to  be: 

1.  To  prescribe  a  standard  of  proficiency  as  to  the  qualifi- 
cations of  those  engaged  and  of  those  who  may  engage  in 
the  operation  of  filtration  plants. 

2.  To  render  free  schools  or  short  courses  of  instruction, 
each  01  not  more  than  two  weeks'  continuous  duration,  at 
such  convenient  points  and  at  such  intervals  as  may  be 
necessary  to  disseminate  pertinent  information  and  facts 
that  will  permit  operators  and  attendants  and  others  directly 
responsible  for  the  distribution  of  water  for  human  con- 
sumption to  comply  with  the  provisions  and  intentions  of 
the  act.  The  state  health  officer,  as  president  of  the  board, 
would  be  further  authorized  to  dispatch  sanitary  engineerj* 
or  technical  assistants  to  such  plants  furnishing  water  for 
drinking  or  culinary  purposes  in  order  to  make  investigations. 
sanitary  surveys  and  tests  when  application  is  made.  The 
investigations,  sanitary  surveys,  tests,  etc.,  may  also  be  ex- 
tended to  such  other  water  supply  plant*^  in  the  state  as,  in  the 
wisdom   of  the  board,  conditions  may   warrant. 

:;.  To  meet  as  often  as  the  proper  and  efficient  discharge 
of  its  duties  may  require.  Ample  notice  is  to  be  given  in 
the  daily  press  and  otherwise  at  least  two  weeks  in  advance 
of  time  and  place  of  each  meeting. 

4.  Three  members  of  the  board  shall  constitute  a  quorum 
for  the  transaction  of  all  its  business  and  performance  of  all 
its  duties. 

5.  To  elect  a  president  and  secretary  from  the  members  of 
the  board  and  to  serve  for  two  years  or  until  their  successors 
are  elected  and  qualified. 

ti.  To  adopt  a  common  seal. 

7.  To  adopt  rules  and  regulations  and  by-laws  from  time  to 
time  not  inconsistent  with  the  laws  of  the  State  or  the 
United  States,  whereby  the  performance  of  all  the  duties  of 
said  hoard  and  the  practice  of  operating  water  or  filtration 
plants  shall  be  regulated. 

The  legislation  would  further  require  that  every  person 
charged  or  desiring  to  engage  in  the  practice  of  operating 
water  works  or  filtration  plants,  and  others  responsible  for 
delivering  water  to  the  public  to  be  used  for  human  consump- 
tion within  the  State,  shall  make  a  written  application  to 
the  board  for  a  license,  accompanied  by  a  license  fee  of  $10. 
If  the  board  shall  find  upon  examination  that  the  applicant 
is  of  gcod  moral  character,  is  possessed  of  knowledge  of  the 
design,  operation  and  supervision  of  water  works  plants,  has 
general  knowledge  for  determining  the  chemical  and  bac- 
teriological quality  of  water,  has  a  general  knowledge  of 
sanitation  and  the  protection  of  wuter  supplies,  and  can  show- 
that  he  has  attended  a  school  or  schools  for  such  two-year 
period  given  under  the  direction  of  this  board,  the  board  shall 
issue  to  said  applicant  a  license  as  a  duly  licensed  operator. 
This  authorizes  him  to  practice  in  the  capacity  of  operating 
water  works  plants  delivering  water  to  the  public  that  m^y 
be  used  for  human  consumption. 

Such  licenses  are  to  be  signed  by  a  majority  of  the  board 
and  attested  by  its  seal.  All  persons  receiving  licenses  under 
the  provisions  of  this  law  shall  have  said  licenses  registered 
in  the  county  clerk's  office  in  the  county  within  the  jurisdic- 
tion of  which  it  is  proposed  to  carry  on  said  practice,  and  shall 
display  said  license  in  a  conspicuous  place  of  business  of  said 
person  so  licensed. 

Kvery  registered  operator  who  desires  to  continue  the  prac- 
tice of  his  profession  shall  annually  thereafter,  on  such  date 


as  the  board  may  determine,  pay  to  the  secretary  of  the 
board  a  fee  of  $5  for  the  renew-al  of  said  license.  All  money 
received  shall  be  deposited  with  tlie  State  Treasury  for  this 
purpose. 

It  would  be  unlawful  for  any  person  not  to  register  who 
practices  or  pretends  to  practice  in  capacity  of  operating 
water  works  or  filter  plants,  within  the  meaning  of  the  law. 


Health   Administration   at   U.  S.  Public 
Health  Service's  Model  Village 

The  first  annual  report  on  the  model  health  department  in 
the  model  village  which  the  U.  S.  Public  Health  Service  has 
been  developing  for  nearly  two  years  on  the  .516-acre  Gov- 
ernment reservation  at  Perryville.  Md..  shows  some  interest- 
ing facts. 

The  reservation  was  used  during  the  war  as  a  site  for  a 
huge  nitrate  plant.  The  buildings  included  200  cottages,  two 
general  stores,  a  model  school  house,  club,  firehuuse,  and 
theater  for  the  employes.  The  whole  reservation  was  turned 
over  by  Congress  to  the  Public  Health  Service  tor  a  hospital 
site  and  for  the  storage  of  the  vast  quantities  of  medical 
stores  required  for  the  U.  S.  Public  Health  Service  hospitals. 
The  Public  Health  Service  promptly  transformed  a  group 
of  cottages  into  one  hospital  and  set  to  Inii'd  arot'ier.  the 
whole  now  accommodating  IMO  patients.  Not  including  the 
somewhat  variable  hospital  quota  the  reservation  now  has  a 
population  of  839  persons,  about  equally  male  and  female, 
with  many  children  and  few  aged. 

The  birth  rate  on  the  reservation  w-as  39.33  per  thousand, 
as  against  24.39  in  the  whole  state  and  28. 7S  in  the  county. 
The  death  rate  was  only  3.67,  the  excess  in  children  being 
probably  about  balanced  by  the  deficiency  in  aged  persons. 
While  this  low  death  rate  is  partly  due  to  the  favorable  age 
constitution  of  the  population,  much  of  the  credit  belongs  to 
the  efficient  health  administration. 

Careful  work  has  kept  the  record  of  communicable  diseases 
low.  Particularly  was  this  the  case  with  diphtheria,  of  which 
an  outbreak  was  reported  early  in  the  year  by  the  village  out- 
side the  reservation,  across  the  railroad  track,  from  which 
many  workmen  came  daily  to  the  plant.  The  Schick  test 
showed  that  one-third  of  the  children  in  the  school  were  sus- 
ceptible to  the  disease;  and  all  of  these  were  promptly  im- 
munized by  a  new  method.  Tliree  montlis  later  a  second  test 
showed  that  only  three  still  remained  susceptible. 

During  the  year  30  cases  of  diptheria  occurred  in  the  county 
and  three  on  the  reservation,  one  of  them  a  new  comer,  one  a 
young  sister  of  a  boy  who  was  found  to  be  a  carrier,  and  one 
an  adult. 

The  low  prevelence  of  contageous  disease  is  ascribed  directly 
to  close  watcli  and  prompt  isolation,  laboratory  diagnosis,  and 
prophylaxis;  and  indirectly  to  pasteurized  milk,  filtered  and 
chlorinated  water,  school  medical  supervision  and  good  living 
conditions,  including  sewers,  screens,  and  covered  garbage 
cans. 

A  physical  examination  of  the  cliildren  showed  that  93. .5  per 
cent  had  physical  defects  of  teeth,  tonsils,  adenoids,  eyes  or 
hearing,  this  large  percentage  probably  being  due  to  the  lack 
of  facilities  for  remedial  correction  nearer  than  Baltimore. 
Similar  percentages  are  found  in  the  county  outside  the  reser- 
vation. Many  of  these  defects  have  recently  been  corrected 
by  the  parents. 

Between  November.  1919  and  1920.  the  percentage  of  under- 
weight children   was  reduced   from   42.7  to   13.8. 

The  drinking  water,  which  is  drawn  from  the  Susquehanna 
River,  is  naturally  in  bad  condition,  being  contaminated  in 
several  highly  variable  ways.  For  use  on  the  reservation  it 
is  pumped  to  settling  tanks,  where  the  suspended  matter  is 
first  precipitated  by  coagulation  with  aluminum  sulphate, 
after  which  the  water  is  passed  through  sand  filters.  This 
purification  is  further  supplemented  by  disinfecting'  the 
water  with  liquid   chlorine. 

Mosquitoes  were  practically  exterminated  by  the  usual 
methods.  This  was  essential,  both  to  alTord  much  needed 
relief,  and  to  prevent  malaria  being  transmitted  from  soldiers 
in  hospital  who  had  been  trained  in  southern  camps  and 
might  have  become  carriers  of  the  malaria  germs. 

The  reservation  offers  many  facilities  for  research  work, 
particularly  in  various  phases  of  santitary  engineering.  Its 
location  suggests  it  as  a  school  wliere  public  health  admin- 
istration can  be  taught  practically  to  all  interested. 
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How  to  Get  Out  Water  Bills 
Promptly 

A  sj  stem  of  posting  and  billing  water  consumers'  ac- 
counts, that  includes  some  useful  "short  cuts"  is  used  by 
the  Independence  Waterworks  Co.  of  Independence,  Mo.  The 
methods  were  described  by  Mr.  H.  K.  Gallagher,  manager  of 
the  company,  in  a  paper  presented  May  12  at  the  10th  an- 
nual convention  of  the  Southwest  Waterworks  Association. 
The  notes  following  are  abstracted  from  Mr.  Gallagher's 
paper: 

Whether  you  bill  monthly  or  quarterly  you  have  all  had 
the  experience  of  having  reached  a   point   in  the  amount  of 
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work  to  be  done  where  there  is  Just  a  little  too  much  for 
the  present  force  but  not  enough  to  warrant  the  employment 
permanently  of  additional  help.  No  matter  what  method  or 
system  you  employ  you  will  always  reach  such  a  point  as 
described,  but  if  the  amount  of  work  one  clerk  can  do  is  in- 
creased, that  increase  represents  the  measure  of  added  effi- 
ciency. 

The  meter  reader's  record  sheets  are  arranged  in  loose 
leaf  form,  in  rotation  most  conveniently  corresponding  to  the 
street  and  house  number  of  the  route.  Each  sheet  bears  a 
route  number,  and  a  number  corresponding  to  the  numerical 
position  of  the  meter  upon  the  route,  together  with  the  con- 
sumer':-'  name  and  house  number,  the  size  and  make  of  the 
meter  and  the  attachment  or  service  number. 

The  loose  leaves  in  the  customer's  ledger  are  arranged  to 
correspond  exactly  with  the  arrangement  of  the  sheets  in 
the  meter  reader's  route  book,  and  bear  the  same  identifica- 
tion numbers.  This  arrangement  of  sheets  is  made  at  the 
time  contract  for  service  is  taken.  The  account  on  the  ledger 
is  opened  under  the  heading  of  the  street  and  house  num- 
ber. The  consumer's  name  is  entered  in  the  column  at  the 
left  and  any  change  in  the  consumer  is  entered  lower  in  the 
column  and  the  date  of  change  entered  in  columns  pi'ovided 
for.  on  and  off  record.  A  section  of  the  sheet  is  ruled  for 
the  meter  record  and  another  section  for  sales  and  charges 
and  credits  or  refunds.     "V"-shaped  reference  racks  for  the 


ment  provides  for  ready  alignment  of  double  faced  carbon 
sheets  and  duplicate  bills.  The  present  and  previous  meter 
readings,  which  we  have  found  very  satisfactory  to  enter 
in  round  numbers  of  hundred  feet,  except  of  course  tor  final 
bills,  are  printed  and  the  difference  which  is  computed  by 
the  machine  is  then  entered.  This  difference  is  carried  for- 
ward during  the  day's  operations  in  an  accumulating  counter 
in  the  machine,  showing  the  total  amount  entered  upon  the 
books  as  cubic  feet  of  water  sold.  Reference  to  a  conveniently 
arranged  shart  determines  the  amount  of  the  charge  for  the 
sale.  This  amount  is  entered  on  the  sheet  and  any  additions 
thereto  are  then  entered.  In  this  particular  case  the  amount 
of  the  minimum  rate  and  the  amount  of  meter  rent,  if  any, 
both  charges  being  payable  in  advance,  are  entered  and  then 
from  the  chart  the  amount  of  the  sale  in  excess  of  the  min- 
imum charge,  if  any,  is  entered.  The  machine  automatically 
cross  adds  this  amount  and  the  sum  is  printed  upon  the  sheet. 
The  duplicate  bill  is  so  printed  that  the  marked  spaces  for 
the  several  entries  correspond  exactly  to  the  spaces  for  the 
same  entries  upon  the  ledger  sheet.  A  second  accumulating 
counter  on  the  machine  carries  the  total  charges  forward 
during  the  day's  operation  so  that  tlie  operator  may  know 
at  any  time  the  total  gallons  sold  and  the  total  amount 
charged  upon  the  books  tor  the  same,  a  feature  that  all  su- 
perintendents will  appreciate  when  making  up  their  reports. 

The  operator  in  charge  of  the  machine  is  not  a  profes- 
sional typist  but  has  acquired  a  speed  that  enables  him  to 
transfer  the  statement  from  the  meter  reader's  route  sheet 
to  the  ledger,  compute  the  account  and  make  duplicate  bills 
for  500  accounts  in  an  ,S-hour  day.  It  is  quite  possible  that 
an  expert  typist  could  exceed  this  number. 

The  billheads  are  addressed  by  an  addressing  machine. 
The  stencils  are  cut  in  the  office  and  filed  in  their  racks  to 
correspond  with  the  ledger  sheets.  One  copy  of  the  bill  is 
retained  in  the  office  and  filed  in  the  same  order  as  the  ac- 
count in  the  ledger.  The  other  copy  is  mailed  to  the  cus- 
tomer in  a  window  envelope. 

The  items  making  up  the  rate  of  most  water  companies  or 
water  departments  would  not  require  as  wide  a  ledger  sheet 
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or  bill  as  with  us,  and  in  most  cases  the  usual  mailing  card 
or  bill  with  stub  attached  could  be  used  in  preference  to  the 
duplicate  bill.  We  at  first  feared  that  the  wide  sheets  we 
required  would  prove  awkward  and  cumbersome,  but  they 
have  not  proven  to  be  so.  Owv  sheets  are  ruled  to  use  both 
sides  and  will  permit  of  use  for  several  years.  We  would 
advise  any  one  adopting  the  machine  method  of  handling  ac- 
counts to  choose  the  best  of  paper  with  the  grain  running 
vertically  in  the  sheet. 

At   the   time   this   equipment    was   installed    the   amount   of 
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ledgers  are  provided  so  that  tlie  various  accounts  can  be  as 
readily  referred  to  as  a  card  index. 

Tlie  loose  leaf  ledger  binder  is  so  constructed  that  it  can 
be  readily  opened  up  on  a  "W"  posting  rack,  the  slides  of 
which  are  pitched  to  such  an  angle  that  the  ledger  sheet  to 
be  removed  is  raised  slightly  above  its  neighbor,  thus  facili- 
tating its  removal  tor  placing  in  the  bookkeeping  machine. 
An  alignment  device  on  the  machine  instantly  brings  the 
sheet  to  the  proper  position  and  a  condensed  billing  attach- 


work  to  be  done  had  reached  a  point  where  additional  clerical 
help  was  necessary.  With  the  machine  the  old  force  has 
been  doing  the  work  and  the  cost  of  equipment  did  not  ex- 
ceed the  amount  of  what  a  year's  salary  for  a  fairly  good 
clerk  would  have  been. 


A.  A.  E.  Has  24,480  Members. — On  May  1  the  American 
Association  of  Engineers  had  24.4x0  members,  of  which  3.771 
are  students.    The  association  has  1S8  chapters  and  7.5  clubs. 
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Final  Report  on  Disposal  of  Indus- 
trial Wastes  from  Chicago 
Stockyards 

After  investigations  of  the  disposal  of  industrial  wastes 
from  the  stockyards  district  coverinp  the  last  nine  years,  the 
Sanitary  District  of  Chicago  has  just  issued  its  final  report 
which  deals  principally  with  the  use  of  the  activated  sludge 
process  for  treating  the  industrial  wastes  from  the  stock- 
yards and  packingtown.  A  preliminary  report  was  issued  in 
vn\  giving  the  results  of  earlier  experiments,  using  Imhoff 
tanks  and  sprinkling  filters.  As  a  result  of  these  earlier  in- 
vest igations,  it  was  decided  that  this  method  of  tr-eatment, 
I'.sing  somewhat  lower  ratings  on  .<sprinkling  fiUtrs  than 
generally  used  on  domestic  sewage,  would  produce  a  satis- 
factory effluent  when  treating  the  wastes  from  tlie  stock- 
yards region  At  about  this  time  the  activated  sludgo  method 
of  'renting  sewage  came  into  prominence  and  experiments 
with  this  process  were  at  once  commenced.  Small  scale 
experiments  were  at  first  tried  and  demonstrated  the  feasi- 
bility of  the  process  in  treating  these  wastes.  These  were 
followed   by   experiments  on   a   suitable   working  basis. 

The  Stockyards'  Waste  Disposal  Problem.— Some  idea  of 
■.lie  problem  confronting  the  Sanitary  District  of  Chicago  in 
attempting  to  take  care  of  the  wastes  originating  in  the 
stockyards  district  may  he  gained  by  the  .statement  that  in 
1920  the  total  population  of  the  Sanitary  District  was  around 
2.076.443,  of  which  2,7.57,575  drain  into  the  main  channel, 
while  studies  show  that  the  stockyards  wastes  are  equivalent 
to  about  1,000,000  people.  Adequate  and  sufficient  treatment 
of  these  wastes  before  they  enter  the  main  channel  will  thus 
considerably  lessen  the  load  to  be  taken  care  of. 

The  crude  sewage  is  strong  compared  with  a  domestic 
sewage.  It  was  strongest  in  1917.  For  the  day  sewage,  the 
suspended  solids  range  from  281  to  500  p. p.m.  on  monthly 
averages,  the  oxygen  consumed  from  150  to  269  p.p.m.,  the 
fats  from  SO  to  191  p.p.m.  and  the  biochemical  oxygen  con- 
sumption from  8.14  to  1,477  p.p.m.  For  the  night  sewage,  the 
suspended  solids  range  from  73  to  313  p.p.m.  on  monthly 
averages,  and  the  fats  from  12  to  134  p.p.m.  Most  of  the 
nitrogen  present  is  in  organic  form,  the  ammonia  nitrogen 
being  very  low. 

The  temperature  of  the  crude  sewage  is  higher  than  in 
domestic  sewage,  the  effluent  averaging  55  to  60'  F.  in  the 
winter  months. 

Methods  of  Operation  in  Activated  Sludge  Experiments. — 
The  large  scale  activated  sludge  experiments  were  divided 
inio  three  methods  of  operation:  (1)  Operation  on  a  contin- 
uous fiow  bases  with  the  sludge  returned  directly  from  the 
settling  tanks  to  the  aeration  tanks:  (2)  operation  on  a  con- 
tinuous flow  basis  but  with  the  sludge  re-aerated  and  reset- 
tled after  removal  from  the  settling  tank  before  being  re- 
turned to  be  mixed  with  the  incoming  sewage:  (3)  operation 
during  winter  conditions  on  a  continuous  flow  bases,  but 
without  re-aeration  of  the  sludge  before  return  to  the  aera- 
tion tank. 

First  Period.  Continuous  Flow.  Without  Re-aeratlon.  July 
1.  1916,  to  March  26.  1917.  15  Runs.— From  July  1  to  Oct.  22, 
effluents  were  secured  with  a  relative  stability  of  52  to  90 
on  the  run  averages.  The  periods  of  aeration  ranged  from 
S.9  to  13.2  hours,  with  settling  periods  of  1.6  to  2.7  hours.  The 
air  used  was  from  3.27  to  4.41  cu.  ft.  of  free  air  per  gallon 
with  a  distribution  from  0.25  to  0.31  cu.  ft.  per  square  foot 
on  run  averages.  The  highest  stabilities  occurred  with  the 
longest  aeration  period,  the  lowest  with  the  shortest.  The 
results  showed,  however,  that  during  the  warmer  weather 
an  effluent  with  a  stability  of  over  50  could  be  sectired  with 
about  9  hours'  aeration  and  3.5  cu.  ft,  of  air  per  gallon  of 
sewage,  corresponding  to  a  rate  of  0.34  cu.  ft.  per  square  foot 
per  minute. 

From  Oct.  23,  1916,  to  March  26,  1917.  effluents  were  se- 
cured with  a  relative  stability  of  10  to  38.  on  the  run  aver- 
ages. The  period  of  aeration  ranged  from  G.9  to  10.9  hours 
with  settling  periods  of  1.1  to  2.2  hours.  The  air  used  was 
from  3.17  to  6.52  cu.  ft.  of  free  air  per  gallon  with  a  dis. 
tribution  from  0.24  to  0.59  cu.  ft.  per  minute  per  square  foot 
on  run  averages.  The  results  showed,  however,  that  during 
the  colder  weather  an  effluent  with  a  stability  from  10  to 
38  could '  be  secured  with  about  9  hours'  aeration  and  4  to 
r  cu.  ft.  of  free  air  per  gallon  of  sewage.     The  increase  of 
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air  to  6.5  cu.  ft.  per  gallon  did  not  produce  a  stability  higher 
than  27. 

When  four  aeration  units  were  operating,  the  stabilities 
taken  from  the  effluents  at  the  outlet  of  the  second  and  third 
indicate  that  the  function  of  the  last  unit  is  largely  to  con- 
dition the  sludge. 

Second  Period.  Continuous  Flow  Re-aeratlon.  March  27  to 
Nov.  14,  1917.  10  Runs.-  During  this  period  the  sludge  was. 
re-aerated  and  settled,  before'  return  to  the  aeration  tank. 
Air  was  applied  uniformly  throughout  24  hours  but  increased 
daily  from  Monday  to  Saturday.  Re-aeration  of  the  sludge 
effected  a  large  reduction  in  volume  of  sludge  returned.  Mor© 
sewagi  was  treated  in  three  aeration  tanks  than  previously 
in  four.  Average  aeration  periods  were  around  5.3  hours  in. 
the  sewage  tanks,  and  3.8  hours  in  the  sludge  reaerarion  tank, 
the  weighted  average  being  equivalent  to  a  6.6  hours'  period. 
The  average  settling  period  was  1.8  hour  in  the  primary.  l.G 
tour  in  the  resettling  tank,  the  weighted  average  being 
equivalent  to  a  1.7  hour  period.  The  air  consumption  was 
approximately  2.5  cu.  ft.  per  gallon  of  sewage  and  2.9  cu.  ft. 
per  gallon  of  re-aerated  effluent,  a  weighted  total  of  3.5  cu. 
ft.  per  gallon  of  sewage  treated.  The  stabilities  obtained,, 
however,  were  low  from  the  main  settling  tank,  running  from 
32  to  94,  and  somewhat  higher  from  the  resettling  tank  run- 
ning from  38  to  97,  the  averages  for  the  combined  effluent 
running  from  38  to  95.  The  results  on  the  day  flow  are 
lower. 

Third  Period.  Continuous  Flow.  Without  Re-aeration.  Nov. 
16,  1917,  to  Feb.  12,  1918.  4  Runs. — During  this  period,  the 
sludge  was  returned  directly  from  the  main  settling  tank, 
without  re-aeration  or  resettling.  An  average  of  4.3  cu.  ft. 
of  air  per  gallon  of  sewage  was  used,  with  an  aeration  period 
of  8  hours.  The  settling  period  was  0.97  hour  in  the  inclined 
tank.     The  stabilities  averaged  from  41  to  71  per  cent. 

Sludge  Ratio. — The  sludge  return  on  run  averages,  ranged 
from  48  to  79  per  cent,  being  lowest  in  the  warmer  months. 
The  normal  was  about  60  per  cent.  An  average  of  30  per 
cent  seems  to  be  required  for  the  sludge  per  cent  in  the 
tanks.  This  varied  from  19  to  48  per  cent.  In  winter,  a  some- 
what higher  percent  is  required  than  in  summer.  But  for 
clarification  only,  the  amount  may  be  reduced,  averagings 
from  20  to  28  per  cent. 

Results,  Summer  and  Winter. — In  the  warm  weather,  the 
organic  nitrogen  is  well  reduced.  The  ammonia  nitrogen  is 
reduced  in  lessening  amount  as  the  weather  cools.  The  ni- 
trate formation  was  strong.  In  cold  weather  the  organic- 
nitrogen  was  reduced,  but  in  slightly  lower  amount.  The 
ammonia  nitrogen  increased  markedly,  as  opposed  to  a  de- 
crease in  warm  weather.  The  nitrate  formation  was  mark- 
edly decreased. 

Comparison  of  Aeration  vs.  Re-aeratlon. — Comparison  of 
summer  results  indicates  a  saving  of  approximately  27  per  cent 
of  aeration  tank  volume  with  re-aeration  and  resettling  of 
the  sludge.  But  31  per  cent  more  settling  tank  capacity  is 
required.  Consequently  a  net  saving  of  20  per  cent  of  tank 
volume  seems  probable.  A  slight  saving  in  air  consumption, 
approximately  10  per  cent,  also  appears  possible  with  re 
aeration. 

The  effluents  produced  are  fairly  comparable,  th.-^ugh  the- 
■'aeration"  effluent  is  in  general  somewhat  better. 

Settling  and  Concentrating  Activated  Sludge. — The  rate  of 
subsidence  depends  on  the  state  of  activation,  physical  ap- 
pearance, moisture  content  and  temperature.  In  general  but 
little  additional  concentration  was  gained  by  settling  more 
than  2  hours.  The  concentration  occurred  much  faster  in 
(he  shallower  tank. 

The  position  of  the  settling  vessel  also  had  an  influence- 
in  cj'linder  and  can  experiments,  probably  in  large  part  be- 
cause of  the  increase  in  effective  settling  area.  Inclinations, 
of  less  than  45°  with  the  horizontal  were  not  effective. 

This  principle  can  be  utilized,  if  desirable,  in  settling  tank: 
construction  on  a  small  scale.  The  results  indicate  a  rate- 
of  settling  for  a  60°  inclination  of  950  to  1.400  gal.  per  square 
foot  tank  area  per  24  hours,  compared  with  the  Dortmund' 
type,  horizontal  flow  type  or  combined  vertical  and  horizon- 
tal flow  type  of  500  to  680  gal.  per  square  foot  per  24  hours. 

Analyses  of  Packingtown  Sludge. — Typical  activated  sludge- 
from  Packingtown  is  brown  in  color,  settling  quickly,  and 
leaving  a  distinct  line  of  demarcation.  The  moisture  content 
in  the  aeration  tanks,  after  1  hour  settling,  and  in  the  set- 
tling tanks  practically  runs  over  99  per  cent  water. 

Typical  analyses  are  as  follows: 
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Sp.  Percent,— Calculated  to  dry  weight  per  oent-N  30°   with  the  horizontaT  Were  found  insufficient.     A  45'   slope 

Sludge.                   gr!     moist.      Nitrogen.  Volatile.  Fixed.  Ether  Sol.  ^^g   ^^j   entirely    satisfactory.      A    slope   of   1.8   vertical   to   1 

imhoff"'*^   '■  i'.02*    Sli^            2- '2         65.           35'.            6.6  horizontal   (61°)   proved  satisfactory.     With  hopper  bottomed 

DORTMUND  TANKS.^           ^^             ^^  vertical  flow  tanks  a  period  of  about  1.5  hours  was  used.    The 

^^[Jj^   Q ;  \^2.      90^6             2.65         72.'           28!            sil  best  re;;ults  were  obtained   with  the  inclined  baffle  tanks. 

Acid  treatment;  l!02      92.5              3.07         74.           26.           18.8  Filtros   Plates.— The  first  lot  of  plates   proved   soft.     They 

These  typical  analyses  show  that  activated  sludge  is  more  ^ere   replaced    by   satisfactory   plates   by   the   makers.     The 

liquid,  higher  in  nitrogen  and  lower  in  fat,  on  Packingtown  tests  showed  the  need   of  supporting  each  plate  on  4   sides 

sewage,  than  other  sludges.  in   a  sturdy   box.    There   was  a  marked   increase   in  the  air 

Relation  of  Sludge  to  Suspended    Matter.-In  determining  the  pressure,  equivalent  to  3.2  ft.,  during  the  period  of  April  23 

dry  weight  of  the  sludge,  special  precautions  were  taken  to  to  Nov.  14,  1917.     The  clogging  was  largely  due  to  rust. 

eliminate  error  from  solids  in  solution.  Effect  of  Screen  on  Activated  Sludge.-The  use  of  the  fine 

The  results  in  the  various  periods  may  be  summarized  as  screen  seemed  advisable  to  remove  much  comparatively  inert 

J  material   which   is   slow  to   oxidize.    The  runs  made  with  a 

°^^'                                    Per  million  gallons. .  screen  did  not  appear  to  differ  greatly  in  character  of  effluent 

^-Pounds  removed   dry— x       Sludge  from    those    without.      The    coarser    material,    however,    de- 

P'^''°''-                                              Suspended      suspended  posited  in  various  undesirable  places.     When  the  screen  was 

Sludge.        ,    matter.           matter.  j^^j   used,   additional   air   was   required    to   keep   coarser   ma- 

V^AM?SJ-'4\r4J,;'   H.^!^        \fu               lis                 M  terial   in   suspension. 

Dewatering   Sludge.-The   experiments   tried   at   the   Stock-  Oxygen  Required.-Comparison  of  the  total  oxygen  required 

yards  TesUng  Station  included  air  drying  on  sand  beds,  la-  for   the   oxidation   of   the   sewage   showed   a   demand   of   990 

jd,iub    ifsLiiis                                      „^„„„i,,„  p.p.m.  at  Center  Ave.  on  the  strong  day  sewage. 

^ZTrerarel^'rnrb'dt'acTirte^rsTudle  dried  much  more  Fine  screening  ,20  to  30  mesh,,  even  though  removing  35 

uu  pict-ciicu      „    ,    ,  per  cent   of  the  suspended   matter,  had   small  effect  on  the 

''ragoontng   wasunsuccessful.     The   sludge    settled    to    the  stability  of  the  liquid,  reducing  the  oxygen  demand  from  0  to 

hnttnm    the  water  remained  at  top.     Concentration  was  ef-  S   per  cent. 

fee  ted  only  by     vapo'Ttion.     Considerable  odor  developed.  Settling  in  the  Irnhoff  tank  made  a  reduction  on  the  day- 
Sludge  was  pressed  successfully   without   the   use   of  lime  crude   sewage,   in   the   oxygen   requirement,   between   23   and 

"Te:^"w"e   male"  wi'th'^'plate   press   of   the   center   feed  ''seUlinr'in    the    Imhoff   tank,    followed    by    the    sprinkling 

tyjeccn7aininri2  corrugated  plates,  each  of  225  sq.  in.  filter-  mter,  made  a  total  reduction  on  the  day  crude  sewa.ee  in  the 

ng  area    having  11   chambers.     The   sludge   was  fed   by   an  oxygen  requirement,  of  87  per  cent. 

elector      For  thi  best  results,  the  air  pressure  was  built  up  The  activa  ed  sludge  process  made  a  total  average  reduc- 

m  pounds  per  square  inch  as  follows:  "on  on  the  day  crude  sewage  m  the  oxygen  requirement  to 

Atstart   15-  at  %  hour,  60;  at  1  hour,  100;  at  2  hours,  140.  42  p.p.m.  or  a  reduction  of  about  96  per  cent. 

The  time  of  pressing  varied  from  2  to  5  hours,   but  was  The  acid  treatment  of  the  sewage  made  a  total  rednctton 

materially   shortened   by   providing   a   sludge   well   activated,  on  the  crude  sewage  m  the  oxygen  requirement  of  about  40 

"?he'5rst1rt'erwerrnS^with'a'%Tr:ake.   Radial  ribs  The  report  is  issued   by  the  Sanitary  District  of  Chicago 

were  tJen  added    which  improved  the  hardness  of  the  cake.  of    which    Albert    W.    Dilling    is    Chief    Engineer.      Langdon 

Thicker  cakes  were  tried  from  1  to  1%  in.    The  thicker  cakes  Pearse.   Sanitary   Engineer,   had   charge   of   the   experiments 

inickcr  cases  were  tiieu  iium  i  lu     .«  ^  t^     preparation  of  the  report.     Dr.  Arthur  Lederer.  for- 

were  less  firm.  th^thYke  t  be mg  the  sof  est.              .  ^J^  ^^^  ^^^   District    carried   on  the  investigations 

The  use  of  acid    (sulphuric   acid  oi    acul   cake)    ii.   auouni.  .   ^     ^,         .        .     ,         ,   ,  .     .        •     ,   a  u 

sufficient  to  neutralize  the  alkalinity  of  the  sludge,  improves  >nto  the  chemical  and  biochemical  field. 

the  yield  of  cake,  prevents  decomposition  of  the   sludge,  re-  Underground  Water  in   Western   Kansas.— Tn  the  course  of 

duces   clogging   of   filter   cloths,    increases   the   nitrogen   and  .^^  ^^^^^.^  ^^  making  a  geologic  atlas  of  the  United  States  the 

fat  content  of  the  sludge.  U   g   Geological  Survey  has  just  published  the  Syracuse-Lakin 

The    sludge    before    pressing    ranged    from    97.9    per    cent  ^^jj^   ^j^^    2i2).  containing  a  description  and  maps  of  a  part 

moisture  upward.    The  cake  varied  in  moisture  content,  from  ^^  southwestern  Kansas,  most  of  it  is  in  Stanton,  Grant.  Ham- 

78.5  to  89  per  cent,  without  the  radial  ribs,  and  from  74.2  to  .j^^^^^  ^^^  Kearny  counties  along  and  near  the  valley  of  Ar- 

80.6  with  the  ribs.  The  more  concentrated  the  sludge  fwithiti  j^a^g^g  River.  The  rainfall  In  this  region  averages  slightly 
the  limits  investigated)  the  shorter  the  time  of  pressing  and  j^^^  ^^^^^  ^^  ^^  ^  ^^^^  ^^  ^^^^^^  j^  urgent  need  of  water  for 
the  better  the  results.  irrigation  and  for  domestic  use.  as  well  as  for  stock  raising. 

Acidification  increased  the  yield  of  a  pressing  in  one  case  ^^j^.^j^  .^  ^.j^^  principal  industry.     The  folio  shows  that  large 

38.5  per  cent,  and  in  another  11.7  per  cent,  but  m  the  latter  qyantjtjes  of  water  can  be  obtained  by  means  of  wells  drilled 

case  a  drier  sludge  was  produced  In  half  the  time  required  ^^  moderate  depths  at  places  in  the  lowlands,  but  this  water 

for   non-acidfied    sludge.     The   same   result    was   noted    with  ^^^  ^^^  ^^^^  ^^^^  extensively  used  for  irrigation.     The  folio, 

dye-works  acid   waste   or  with  nitre   cake,   used   m   place   ot  ^-^^^.-^  jg  jjje  work  of  N.  H.  Darton,  of  the  Geological  Survey, 

sulphuric  acid.  contains  topographic  and  geologic  maps,  sections  showing  the 

Sludge    analyses   made    during    the    press    tests    showed    a  j-giations  of  the  rocks,  and  hydrologic  maps  showing  the  dis- 

higher  proportion   of  organic  nitrogen   than   the   sludge   pre-  tributiou  of  underground  water.    It  is  sold  for  25  ct.  and  can 

viously   noted.      The    nitrogen    content    varied    from    3.70    to  ^^  obtained  from  the  Director  of  the  U.  S.  Geological  Survev, 

6.80  per  cent,  dry  basis.     Acidification  increased  the  amount  Washington   D   C 

of  nitrogen  from  0.72  to  2.88  per  cent.    On  an  average  of  10  '     '    "         

analyses  each,  of  sludge  with  and  of  sludge  without  acidifica-  The  Future  of  the  Consulting  Engineer. — In  an  address  last 
tion,  the  acidified  cake  contained  5.85  per  cent  and  the  non-  April  before  the  Los  Angeles  Section  of  the  American  So- 
acidified  cake  5.08  per  cent  organic  nitrogen.  The  ether  ciety  of  Civil  Engineers,  Mr.  George  W.  Fuller,  Consulting 
soluble  was  also  increased  from  3.67  to  5.85  per  cent  Engineer,  New  York  City,  expressed  some  rather  pessimistic 

Cotton  duck  cloths  gave   as   satisfactory   results   as   linen.  views  as  to  the  outlook  for  consulting  engineers. 

For  the  52  tests,  two  complete  sets  of  cotton  duck  cloths  were  Mr.  Fuller  stated  that  frankly  he  did  not  see  great  promise 

used.  in  the  future  for  the  consulting  engineer.     His  field  has  been 

The  addition  of  ribs  made  a  sectional   plate,   forming  the  gradually  encroached   upon  by  engineers  representing  finan- 

cake  in  smaller  sections,  and  increasing  the  relative  drain-  cjai  interests  and  corporations  and  the  development  of  engi- 

age  area  as  compared  to  cake  area.     The  improvement  was  neering   activities   in   other   directions.     Before   the   war.   he 

pronounced  on  a  %-in.  cake  basis,  the  cake  yield  being  prac-  said,   there  was   a   number   of   consulting   engineers    in   New 

tically  doubled.  York  City  whose   business  amounted  to  $20,000  to   S30.000  a 

Acidification  with   sulphuric  acid   was  helpful   in   reducing  year.    During  the  war  they  gave  their  services  to  thn  country, 

the  moisture  content  ot  the  sludge  and  conditioning  it  so  that  Since   they  have  reopened   their  offices   some  of  them  have 

it  would  release  its  moisture  more  readily.     This  effect  was  not  had  even  enough  business  to  pay  office  rent.     Mr.  Fuller 

more  clearly  demonstrated  by  the  filter  pressing,  where  the  referred  to  the  thinning  of  the  ranks  of  consulting  engineers 

capacity  of  a  press  was  practically  doubled.  in  Europe,  particularly  in  France  and  Germany,   where  they 

Settling  Tanks.— In  hopper  bottom  tanks,  bottom  slopes  ot  have  practically  disappeared. 
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Methods  of  Preparing  and  Handling 
Wood  Pipe  River  Crossing 

li>   LOl'lS  I).  KliLSKV. 
City  Engineer,  Raymonil.   Wash. 

The  city  of  Raymoiul,  Wash.,  has  mainUiined  three  water 
pipe,  river  crossings,  one  in  the  North  l'"orl{  and  two  in  the 
SoMth  rork  of  the  Willapa  Hiver.  The  United  States  -Gov- 
ernment  is,  at  this  time,  dredging  these  two  rivers,  to  a  depth 
of  24  ft.  below  raean  lower  low  water,  thus  requiring  the  re- 
moving and  relaying  of  all  the  three  river  crossings.     The 


the  ditch  was  floated  endwise  across  the  river  hy  means  of 
a  pile  driver  and  swung  into  position  as  shown  in  Figure  I!. 
To  insure  the  even  settlinK  of  the  pipe  into  place,  it  was 
loaded  with  bags  of  clay  placed  over  it.  tied  together  and  dis- 
tributed evenly  throuRliout  the  length  of  the  line. 

On  both  the  flood  and  ebb  of  the  tide  in  these  streams 
there  is  a  strong  current,  so  that  it  was  necessary  to  wait 
until  slack  water  at  extreme  high  tide  before  lowering  the 
pipe  into  place.  After  lines  had  been  fastened  on  each  end 
of  the  pipe  to  hold  it  in  place,  the  end  plugs  were  knocked 
out,  and  the  pijie  sunk  into  the  position  desired.  After  allow- 
ing a  few  weeks  for  settlement  of  the  pipe,  to  eliminate  as 
much  as  possible  the  pulling  of  connections  at  the  ends  on 
the  banks,  the  pipe  was  connected  up  to  the  shore  lines. 


Fig. 


1  —  Pipe    in    Preparation,    Showing    Skids,    Rails    and    Covering 
of    Planks    and    2x4's. 


lirst  of  these,  a  12-in.  line,  has  been  laid  and  the  others  will 
be  when  the  dredging  has  been  completed. 

Kind  of  Pipe. — The  pipe  used  tor  this  crossing  was  a  12- 
in.  wire  wound  wood  pipe,  with  a  114-in.  shell  wound  for  125 
lb.  working  pressure,  with  a  G-in.  drive  into  the  collars.  Short 
lengths  of  pipe  were  used  so  as  to  approach,  as  nearly  as  possi- 
ble, the  profile  of  the  river  bottom.  The  length  of  this  cross- 
ing was  302  ft. 

Pipe  Ccvering  and  Carriage. — The  pipe  before  being  used 
was  dried  and  painted  with  two  coats  of  prepared  asphaltum. 
As  sho\\  u  in  Fig.  1.  the  pipe  was  assembled  on  skids  raised 
about  2  ft.  off  the  ground  so  as  to  afford  the  workman  easy 
access  for  the  placing  of  bands  around  the  section  when 
built  up. 

After  the  pipe  was  assembled  and  driven  up  to  place,  1  by 
:;-in.  fir  strips,  laid  fiat,  were  placed  outside  the  wire  band- 
ing to  fill  out  even  with  the  outside  of  the  collars  on  the  pipe. 
On  these  were  placed  two  layers  of  2  by  4-in.  fir  L^trips,  laid 
flat,  which  filled  out  even  with  two  lines  of  60-lb.  steel  rails 
placed  on  opposite  sides  of  the  pipe.     The  steel   rails  were 
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Fig.    2 — Pipe    in    Preparation    Beside    Launching    Ditch. 

fastened  together  with  angle  bars,  thus  giving  two  continuous 
ties  from  end  to  end  of  the  pipe.  Three-eighth  inch  iron 
bands,  held  with  shoes  and  spaced  8  in.  center  to  center,  were 
then  placed  around  this  section  as  made  up. 

Special  Ditch  for  Floating  Pipe. — As  shown  in  Fig.  2,  a  ditch 
was  dug  parallel  with  the  pipe  and  connecting  with  the  river, 
into  which  the  pipe  was  rolled  after  the  tide  had  flooded  high 
enough  to  fill  the  ditch.  The  last  operation  before  rolling 
into  the  ditch  was  the  plugging  of  both  ends  of  the  pipe  with 
well  fitted   wooden   plugs.     The  pipe  after  being  rolled  into 


Fig. 


-Encased    Pipe    Floated    Into    Position    Across    River. 

This  work  was  done  by  the  Water  Department  ot  the  city 
of  Raymond,  Vern  English,  Water  Superintendent,  and  the 
writer  as  City  Engineer. 


The  Texas  State  Board  of  Health 

School  for  Filter  Plant 

Operators 

Five  years  of  visiting  water-plants  convinced  the  small 
staff  of  engineers  of  the  Texas  State  Board  of  Health  that 
slow  progress  was  being  made  in  the  way  of  securing  ade- 
quate treatment  works  and  competent  operation  of  all  of 
the  plant  in  existence.  Accordingly  a  school  of  instruction 
of  two  weeks'  duration  was  given  for  plant  operators.  This 
first  short  course  was  such  a  success  that  the  school  system 
has  been  made  a  part  of  the  program.  The  following  details 
regarding  the  work  at  the  school  were  given  by  Mr.  V.  M. 
Ehlers,  state  sanitary  engineer,  in  a  paper  presented  May  11 
at  the  10th  annual  convention  of  the  Southwest  Waterworks 
Association.  The  work  given  at  these  schools  consists  in 
taking  the  visting  operators  to  a  plant  and  there  explaining 
to  them,  in  detail,  the  working  parts  and  functions  ot  a  treat- 
ment works.  Experts  on  design,  operation,  filtration,  chlorina- 
tion.  underground  geology  of  water,  etc.,  are  brought  to  this 
school  to  lecture.  The  operators  in  attendance  at  the  same 
time  are  given  instructions  in  interpreting  chemical  and 
bacteriological  results. 

The  operators  are  taught  to  add  coagulants  to  changing 
waters,  and  to  make  the  presumptive  test  for  B  coli.  The 
operator  who  never  questioned  the  safety  of  his  home  supply, 
after  noting  the  miracles  performed  by  the  various  units  of  a 
treatment  plant,  and  after  seeing  the  colonies  of  "bugs"  de- 
velop on  the  agar  plates  from  a  clear  water,  in  many  in- 
stances, investigates  after  returning  home  and  finds  that  his 
own  supply  needs  doctoring. 

All  the  propaganda  that  he  has  heretofore  heard  about 
the  necessity  for  protecting  supplies  are  no  longer  bunco  to 
him.  He  takes  his  work  more  seriously  when  it  dawns  upon 
him  that  he  is  morally  responsible  for  any  water-born  epi- 
demics that  may  occur  among  his  consumers. 

Three  short  schools  have  been  given  to  date,  ana  the  re- 
sults have  been  satisfactory.  The  organization  of  the  Texas 
Water  Works  Association  has  been  the  outcome  of  the  school. 
Anothei  great  benefit,  perhaps  the  most  important,  is  the 
closer  relationship  formed  betwenii  the  State  Board  of  Health 
and  the  water  works  oflScials. 
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Observations  on  the  Anopheles 
Mosquito  and  Sea  Water 

In  interpreting  the  geograpliical  distribution  of  malarial 
fevers  and  tlie  occurrence  of  insect  carriers  of  the  disease,  a 
more  intelligent  appreciation  of  the  problem  can  be  gained 
from  a  study  of  the  chemical  content  of  water  as  well  as 
biological  environments.  A  study  of  the  relation  between  the 
amount  and  kind  of  chemical  in  water  and  the  presence  of 
mosquitoes  in  tidewater  countries  of  the  United  States  has 
been  made  under  the  direction  of  T.  H.  D.  Griffitts,  epidemiol- 
ogist, linlted  States  Public  Health  Service,  who  describes  in 
the  Public  Health  Reports  the  results  of  his  investigations. 
The  investigations  were  made  in  the  extra-cantonment 
zones,  particularly  areas  bordering  upon  the  Chesapeake  Bay, 
Hampton  Roads  or  its  tidal  tributaries,  and  the  Atlantic 
Ocean  at  Virginia  Beach,  Va.  Observations  were  made  of  the 
relative  breeding  habits  of  three  American  species  or  the 
Anopheles  mosquito,  A.  quadrimaculatus,  A.  crucians,  and  A. 
punctiptnnis.  in  relation  to  various  strengths  of  sea  water. 

Breeding  Habits  of  Anopheles  crucians.— Near  Langley  Field, 
Hampton,  Va.,  in  September,  1917,  a  lai-ge  degree  of  infestation 
of  A.  crucians  in  barns  was  found.  The  production  area  was 
found  to  be  a  salt  marsh  %  mile  away.  Subsequent  and  re- 
peated examinations  revealed  A.  crucians  breeding  (and  pro- 
ducing) generally  in  the  marsh  in  water  showing  a  salinity  of 
10, OSS.  (Hampton  Roads  at  Newport  News  showed  a  salinity 
of  10, 140.)  The  A.  crucians  larvEP  were  usually  found  in  the 
salt  grass,  the  smaller  and  finer  of  the  principal  marsh  grasses 
found  in  this  locality.  The  larger  salt-marsh  grass  grows  more 
abundantly  where  there  is  more  tidal  action,  and  A.  crucians 
was  found  propagating  in  this  grass  only  where  its  growth  was 
much  retarded  or  where  it  was  dead.  No  other  species  of 
Anopheles  bred  in  this  marsh,  although  a  fresh-water  pond  in 
the  vicinity  was  producing  A.  quadrimaculatus,  and  the  fresh 
water  streams  near  by  were  producing  A.  punctipennis. 

At    Virginia    Beach,    Va.,    Lake    Rudee.    originally    a    tidal 
stream  and  salt  marsh,  is  intermittently  formed  by  a  deposit 
of  sand  at  the  beach,  which  blocks  the  outlet  and  impounds 
salt   water.      With    the    addition    of   fresh    water    from    small 
streams-  and  from  rainfall,  the  water  of  this  lake  becomes  less 
saline.     At  different  times  from  August  to  October,  1919,  the 
grassy  borders  of  this  lake  were   found   to  be  harboring  A. 
crucians  in  great  numbers,  larvre  of  all  sizes,  or  pupffi,  were 
taken  at  every  selective  dip.     This  lake,  the  salinity  of  which 
had   undergone  no  appreciable   change  during  several  weeks, 
confornied  to  Carter's  classification  of  a  "complete"  breeding 
place,  i.  e.,  the  eggs  deposited  here  hatched  and  the  succeed- 
ing stages  of  larvse  or  pupae  through  to  the  imago  stage  were 
completed  in  the  same  water.     The  salinometer  reading  here 
was    10,06S    (the    salinity    of   the    ocean    water    nearby    was 
10,196).     This  lake  then  had  34.6  per  cent  of  sea  water  at  this 
point.     Here  was  a  body  of  diluted  sea  water  covering  approxi- 
mately five  acres,  producing  A.  crucians,  a  ma'aria  vector,  in 
sufficient  numbers  to  be  of  decided  sanitary  importance  to  the 
community.     Extending  to  near   Lake   Rudee   and   separated 
therefrom  by  a  strip  of  elevated  land  only  a  few  hundred  feet 
wide,  was  Lake  Holly,  which,  with  very  rare  exceptions,  was 
fresh   water.     During   the   time   of  observations,  the   highest 
salinity  of  Lake  Holly  was  10,003.     This  lake  was  producing 
A.   quadrimaculatus   in   great    numbers.     Was   not   a    striking 
contrast   afforded   by   these   lakes   in   the   matter   of   selective 
breeding  places  of  the  two  species?     Lake  Rudee,  containing 
34.6  per  cent  sea  water,  had  an  Anopheles  production  of  100 
per  cent  A.  crucians;    Lake  Holly,  practically  fresh    (1..5   per 
cent   sea    water),   an   Anopheles    production   of   100    per    cent 
A.  quadrimaculatus.    The  two  breeding  places  were  separated 
by  a  distance  of  less  than  600  feet.     In  a  stable  on  this  strip 
of  land,  on  a  day  in  early  September,  there  were  collected 
67  specimens  of  A.  crucians  and  S.5  specimens  of  .A^.   quadri- 
maculatus. 

At  West  Point,  Va.,  York  River  showed  a  salinity  of  10,110. 
A  pond  had  been  formed  by  dumping  rubbish  across  a  salt 
marsh,  for  the  purpose  of  extending  a  street.  The  fill  was 
very  loose  and  porous.  No  culvert  had  been  installed.  The 
main  tidal  stream  was  blocked,  and  at  high  tide  additional 
salt  water  entered  the  pond  through  the  fill.  However,  the 
level  of  the  pond  varied  little  between  tides.  The  salinity  at 
the  lower  portion  of  the  pond  was  10,077,  or  70  jier  cent  York 
River  water.  This  degree  of  salinity  would  be  approximately 
50  per  cent  of  that  of  sea  water  along  this  section  of  the 
Atlantic  coast.     A.  crucians  was  breeding  and  producing  pro- 


fusely in  this  water.  Two  hundred  feet  away,  in  a  different 
portion  of  the  same  body  of  water,  at  a  point  where,  owing 
to  the  large  amount  of  seepage  and  the  lack  of  mixing  of  the 
waters  by  wave  action,  the  salinity  was  only  10,003,  A.  quadri- 
maculatus was  producing  freely. 

Larva  of  all  sizes  and  pupae  of  A.  crucians  collei'ted  from 
obstructed  ditches  (salinity  10,0S8)  in  the  marsh  of  Back 
River,  near  Langley  Field,  Sept.  9,  1920,  were  placed  in  sea 
water,  salinity  10,160,  on  Sept.  10,  and  were  not  unfavorably 
affected  by  the  transfer.  All  but  three,  which  were  of  the 
first  molt  when  placed  in  the  sea  water,  had  developed  into 
imagoes  within  12  days.  Even  the  smallest  of  the  larv£e 
develojied  as  well  in  the  sea  water  as  those  in  fresh  water 
control 

Breeding  Places  of  Anopheles  quadrimaculatus, — As  has 
been  stated.  Lake  Holly,  at  Virginia  Beach,  is  practically 
always  fresh.  Some  years  ago  a  flume  was  constructed  con- 
necting this  lake  with  the  ocean,  for  the  purpose  of  admitting 
sea  water  at  high  tide.  In  its  condition  at  the  time  of  these 
observations,  salt  water  came  into  the  lake  only  at  times  of 
very  high  storm  tide:  so  that  not  even  suflScient  salinity  was 
attained  to  prevent  the  production  of  A.  quadrimaculatus.  In  • 
many  parts  of  the  lake,  prior  to  the  successful  control  opera- 
tions in  1920.  this  species  was  found  breeding  freely.  The 
highest  salinity  found  at  any  time  was  10,003,  or  approxi- 
mately 1.5  per  cent  sea  water  at  this  place.  No  species  of 
Anopheles  other  than  A.  quadrimaculatus  was  found  breeding 
in  this  lake  at  any  time.  A.  quadrimaculatus  was  breeding 
profusely  in  another  fresh-water  pond  Vo  mile  distant,  and 
A.  crucians  bred  in  the  saline  Lake  Rudee  a  few  hundred 
feet  away. 

The  small  body  of  impounded  water  at  West  Point,  pre- 
viously noted,  covered  an  area  approximately  3  acres  in 
extent,  in  which  a  growth  of  reeds  and  salt  grass  still  re- 
mained. As  noted,  the  lower,  saline  portion  of  the  pond  was 
producing  A.  crucians.  On  the  opposite  side  of  the  pond,  200 
feet  away,  where  seepage  outcrop  rendered  the  water  fresh, 
only  A  quadrimaculatus  was  breeding.  The  salinometer  read- 
ing here  was  10,003.  The  land  rises  abruptly  from  the  narrow 
valley,  and  the  protection  of  the  step  sides  of  the  valley 
in  which  this  part  of  the  pond  lies,  and  the  vegetation  in  the 
water,  served  to  prevent  wave  action  and  the  mixing  of  the 
waters.  Consequently,  the  water  on  this  side  of  the  pond 
remained   almost    entirely   fresh. 

A  pond  at  the  upper  end  of  a  salt  marsh  near  Newport 
News  produced  A.  quadrimaculatus  in  great  numbers  in  1917. 
This  pcnd  was  one  of  those  notorious  products  of  road  con- 
struction which  are  found  in  tidewater  countries,  where  roads 
are  built  across  salt  marshes  and  culverts  are  set  at  too  high 
an  elevation  or  are  inadequate  in  capacity,  resulting  in  the 
impounding  of  fresh  or  more  or  less  saline  water  above  the 
fill.  In  this  particular  case,  at  times  of  storm  tides,  salt  water 
was  admitted  to  the  fresh  water  of  the  pond.  However,  the 
salinity  was  never  so  strong  or  so  continuous  as  to  kill  the 
luxuriant  growth  of  cat-tails  that  occupied  practically  all  of 
the  2  acres  of  the  pond,  except  a  small  portion  near  the 
effluent  culvert.  On  one  occasion  at  high  tide  the  lower  por- 
tion of  the  pond  showed  a  salinity  of  10.076.  At  this 
time,  breeding  was  under  control.  The  question  naturally 
arises  as  to  whether  or  not  the  larv£e  and  pupje  of  A. 
Quadrimaculatus  may  resist  a  relatively  high  degree  of  salin- 
ity intermittently.  The  determination  of  this  point  has  a 
practical  bearing  on  malaria  control  and  could  pr'ibably  be 
demonstrated  readily  by  experiments. 

In  1918.  near  Lee  Hall  and  Camp  Eustis,  Va..  Dr.  F.  E. 
Chidester  and  Mr.  T.  B.  Hayne.  Jr..  then  associated  with  the 
writer  in  malaria-control  work,  collected  Anopheles  larvfe 
from  the  edge  of  a  tidal  marsh,  in  water  showing  a  salinity  of 
10,048.  Two  specimens  of  A.  quadrimaculatus  emerged  from 
this  collection.  Chidester  and  Hayne  expressed  the  opinion 
that  this  was  a  "complete"  breeding  place.  However,  in 
surveys  extending  over  several  seasons,  under  the  various 
conditions  and  in  many  salt-marsh  areas,  the  writer  has  been 
unable    to    substantiate   their    findings. 

Fourteen  A.  quadrimaculatus  larva?  of  all  sizes  were  col- 
lected from  a  fresh-water  pond  and  put  into  sea  water,  salin- 
ity 10,160.  These  were  all  dead  within  12  hours,  the  larger 
ones  surviving  the  longest.  No  mortality  was  noted  in  the 
pond-water  controls. 

Breedinp  Places  of  Anopheles  punctipennis. — The  writer 
has  never  found  breeding  of  A.  iiunctipennis  in  salt  or  brack- 
ish water,  nor  is  he  aware  of  any  report  of  such  breeding. 
But  there  is  much  evidence  that  .\.  punctipennis  has  a  wider 
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range  of  hiociliiig  habits  in  fresh  watur  than  either  A. 
(luadriniaculatUK  or  A.  crucians.  It  Is  found  in  the  coldest 
mountain  springs  and  branches,  and  at  times  In  streams  and 
ditches  foul  with  sewage.  It  is  not  resistant,  however,  to  sea 
water. 

Twei.ty-five  A.  punctlpennis  larvae  of  all  sizes,  collected 
from  a  ditch  and  a  fresh-water  lake,  were  transferred  to  sea 
water,  salinity  10,100,  and  all  were  dead  within  seven  hours. 
No  mortality  was  noted   In  fresh  water  controls. 

Conclusions. — A.  cruciaEs  was  found  to  propagate  in  sea 
water  diluted  to  a  maximum  salinity  of  10,088  or  slightly 
more  than  50  per  cent  average  sea  water.  The  transfer  of  A. 
crucians  larvai,  which  had  started  their  development  in 
brackish  water,  to  sea  water  did  not  unfavorably  alTect  their 
subsequent  development. 

A.  quadrimaculatus  was  not  found  to  breed  in  numbers 
sufficient  to  be  of  sanitary  importance  in  a  higher  salinity 
than  10,003,  or  1.5  per  cent  sea  water.  In  one  case  two  larvae 
found  in  water  with  a  salinity  of  10,048  developed  into  A. 
quadrimaculatus  imagoes,  but  this  observation  requires  con- 
firmation as  to  whether  this  species  may  complete  its  entire 
•  water  c.\  cle  in  so  high  a  percentage  of  sea  water.  The  ques- 
tion is  raised  as  to  whether  A.  quadrimaculatus  larvae  may 
not  withstand  a  much  higher  salinity  intermittently  than  con- 
tinuously. Specimens  of  A.  quadrimaculatus  transferred  from 
fresh  pond  water  to  sea  water,  salinity  10,160,  were  all  killed 
within  12  hours. 

A.  punctlpennis  was  not  found  developing  in  salt  or 
brackish  waters.  This  species  breeds  under  a  wider  range  of 
conditicns  than  either  A.  quadrimaculatus  or  A.  crucians,  but 
apparently  does  not  survive  in  salt  or  brackish  water.  Larvae 
of  A.  punctlpennis  all  died  within  seven  hours  when  put  into 
sea-water. 


Constructing  a  Well  in  a  Sand  or 
Sand  and  Gravel  Formation 

By  JOHN  Ul.IPHANT, 

Chief  Pneumatic   Pumping   Engineer,    Sullivan   Machinery   Co. 

The  standard  practice  of  well  drillers  is  to  eq\!ip  gravel 
and  sand  wells  with  a  strainer,  designed  to  shut  out  the 
sand  from  the  working  barrel  of  a  deep  well  pump.  In  time, 
these  strainers  become  clogged  with  sand  and  the  flow  into 
the  well  is  thus  reduced.  By  a  system  of  back-blowing,  the 
output  from  such  wells  can  be  permanetly  increased. 

The  correct  strainer  for  wells  of  this  class,  pumped  by  the 


Cost    of  Water    in    29    American 
Cities 

Some  interesting  statistics  on  waterworks  operation  in 
various  cities  are  given  in  the  recently  issued  report  for  1919 
of  the  Bureau  of  Water  of  Reading.  Pa.  The  figures  were 
compiled  by  Lewis  G.  Early,  Record  Clerk  of  the  Bureau,  from 
ithe  annual  reports  of  various  municipal  waterworks.  The  fig- 
lures  CGver  the  year  1913,  when  practically  all  the  plants  were 
operated  by  water  boards,  and  1917,  when  the  commission 
:torm  of  government  had  embraced  the  management  of  many 
>ot  the  plants  and  war  prices  prevailed.  Figures  from  29 
cities  which  have  standardized  their  statistics  in  accordance 
Avilh  the  recommendations  of  the  New  England  Waterworks 
Association  are  given   to  Table  I. 
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City. 


INTnOOuC.N,^ 


Sketches 


Constru-'tion    of   Wei! 
Formation. 


s    in    Sand    and    Gravel 


air  lift,  is  a  perforated  screen  with  openings  of  a  suitable 
size  to  admit  the  fine  material  into  the  well,  from  which 
it  can  be  pumped,  and  to  hold  back  the  coarser  particles,  so 
as  to  form  a  natural  gravel  filter  bed  outside  of  the  artificial 
one. 


Burllnston,    Vt 

Cincinnati,  Ohio   

Columbus,  Ohio 

Eric.  P:i 

Grand  Kapids,  Mioh. 

Harri.sburK,    Pa 

I.,owelI,  Mass 


Aver.Tpes  of  7  cities  that  pump  and  filter.. 

Allentown.   Pa.* (P> 

Atlantic  City.  N.  J.» (P) 

Brockton.   Mass.' 'P> 

Cambridge.  Mass.*..  (P) 

East  Oninge.  N.  J.* .  (P) 

Haverhill.    Mass.* (P) 

Lvnn.  Mass.* (.P> 

New  Be'iford,  Mass.* iP) 

Readintr.    Mass.* (P) 

Spokane.  Wash.* (Pl 

SprinKficld.   Mass.f fP'> 

St.  Paul.  Minn.* (Pi 

Taunton.   Mass.* (P) 

Waltham.  Mass.* (P) 

Wc-Ilesley,    Mass.* (P) 

AveraKcs  of  15  cities  that   pump  or  filter, 

not  both   

Colorado  Sprinprs.  Colo 

Hartford.    Conn .' 

Manchester,  N.  H 

Newnrk.  N.  J 

New  London,  Conn 

Avcmcp  of  6  cities  that  neither  pumn  nor 

filter 
\verace  of  28  cities   


VATEliWORKS 

STATISTICS    OP 

29    AMERICAN 

CITIES, 

Total 

cost  per 

million 

gallons. 

Average 

Average 

prallons 

Paid  for 

1.000 

Percentage 

including  mam- 

annual 

cost 

supplied 

dailv  to 

gal.  by 

each 

of 

services 

tenance  and  in- 

each  person. 

each  person. 

Derson. 

metered. 

terest 

3n  Londs 

WIS. 

1917. 

1913. 

1917. 

1913. 

1917. 

1913. 

1917. 

1913. 

1917. 

$2.62 

$2,67 

50.21 

49.27 

.1429 

.1484 

88.01 

95.00 

i  99.11 

J105.83 

3.10 

3.02 

122,70 

128.60 

.0692 

.0643 

.55.80 

71.00 

62.91 

67.4/ 

2.36 

3.13 

88.20 

103.80 

.0733 

.0826 

94.34 

96.66 

55.50 

97.26 

3.70 

4.10 

144.30 

116.20 

.0702 

.0966 

2.30 

2.36 

2.24 

2.18 

176.00 

91,00 

.0348 

.0656 

47.00 

93.00 

33.08 

47.98 

2,70 

2.63 

119.00 

127.00 

.0622 

,0567 

81.00 

84.00 

39.53 

37.62 

2.39 

54.60 

60.01 

,1091 

82.87 

85.70 

89.69 

100.05 

2.79 

2.87 

107.86 

96.55 

.0754 

.0890 

64.47 

75.39 

63.30 

76.03 

1.S2 

2.19 

141.80 

154.00 

.0351 

.0389 

.67 

1.49 

18.55 

26,55 

4.02 

4. SI 

175.00 

150.00 

.0629 

.0878 

87.07 

99.60 

71.83 

108.36 

1.97 

2.07 

40.20 

40.50 

.1343 

.1400 

99.80 

100.00 

109.39 

127.05 

3.50 

3.15 

95.33 

90.,30 

.1006 

.0955 

31.00 

36.90 

92.09 

91.92 

3.43 

3.55 

70.70 

65.90 

.1329 

.1417 

53.50 

81.00 

106.23 

107.. 58 

2.94 

3.00 

136.00 

124.00 

.0592 

.0663 

24.73 

36.17 

30.24 

41.96 

2.99 

3.17 

65,41 

67.15 

.1252 

.1293 

44.70 

54.70 

104.15 

2.S1 

3.06 

78.00 

82.00 

.0987 

.1022 

87.80 

96.30 

62.93 

65.00 

4.23 

3,S3 

39.20 

36.80 

.2956 

.2851 

93.70 

96.60 

211.92 

223.72 

3.39 

4.26 

297.00 

242,00 

.0303 

.0482 

60.00 

67.00 

3.67 

4,16 

109.00 

101.00 

.0922 

.1128 

94.42 

97.99 

56.49 

55.27 

1.72 

1.92 

,57.00 

73.00 

.0703 

.0721 

75.00 

91,20 

47.79 

66,06 

2.Tn 

2.97 

69  00 

77.00 

.1108 

,1057 

.56.00 

62.00 

91.34 

80  27 

3.ni 

2.97 

89.00 

71,60 

.0927 

.1136 

25,00 

61.70 

•.  0.61 

46.51 

5.21 

4.82 
3.33 

65.90 

79.00 

'178 
.1106 

.1671 
.113."^ 

100,00 
62.23 

100.00 

16097 

88.18 

165.05 

3.17 

102.57 

96.95 

72.18 

92.72 

•1.71 

4.56 

203,00 

179.00 

,0636 

.0698 

1.87 

2,00 

37.61 

64,00 

3.10 

67  00 

74.50 

,1153 

.1140 

98.30 

97,80 

3  09 

1.90 

54.00 

57.50 

,1060 

.0948 

78..30 

81.90 

39.32 

39.96 

3  52 

106.00 

113.00 

.0786 

.11853 

.56.00 

88.05 

73.18 

77.43 

•1,73 

3.39 

116.00 

86.30 

.0794 

.0825 

27.30 

28.00 

49.53 

63.89 

^.46 

3  19 

117. (!7 

101.55 

.0873 

.0900 

•16,96 

59.46 

46.73 

60. nn 

3,ir. 

3.19 

107,13 

97,84 

.0976 

.1025 

59.52 

70.25 

73.92 

81.73 

•Pump  ■wrtthout  filtering. 
tFilter  without  pumping. 
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The  force  available  for  getting  water  into  a  well  is  the 
head,  due  to  the  difference  between  the  static  level  in  the 
water  strata  outside  the  well,  and  the  pumping  level  in  the 
well,  minus  friction  due  to  the  strata  and  screen.  There- 
fore, the  more  this  friction  can  be  reduced,  the  greater  will 
be  the  flow,  providing,  of  course,  that  an  abundance  of  water 
is   available. 

"Back  blowing"  can  be  applied  to  all  wells.  The  top  of 
the  well  casing  should  be  sealed;  next,  by  closing  the  dis- 
charge pipe  while  the  air  lift  is  in  operation,  the  air  will 
be  forced  through  the  foot  piece  and  will  drive  the  water 
ahead  of  it  out  through  the  strainer  and  float  the  finer  sand. 
Then,  by  opening  the  discharge,  the  flow  will  resume  its 
course  toward  the  surface  and  bring  a  portion  of  the  floating 
sand  with  it.  By  a  repetition  of  this  operation  and  by  in- 
creasing the  back  pressure  if  necessary,  all  of  the  fine  sand 
immediately  outside  of  the  strainer  will  be  drawn  into  the 
well  and  discharged  at  the  surface,  and  the  coarser  gravel 
will  be  collected  outside  of  the  screen  in  such  quantities 
to  shut  off  the  sand  and  increase  the  flow  into  the  well,  with- 
out changing  the  piping  in  the  well.  This  process  may  be 
repeated  at  any  time,  so  that  the  screen  and  adjacent  strata 
can  be  kept  clear. 

When  wells  are  drilled  in  rock,  the  action  of  the  drilling 
tool  forces  the  cutting.s  back  into  the  crevices  in  the  rock. 
These  may  be  loosened  and  pumped  out  of  the  woll  in  the 
same  manner. 

In  the  case  of  wells  in  fine  material  and  quick.snnd  it  is 
often  possible  to  set  a  strainer  in  the  sand  and  drill  auxiliary 
holes  alongside  the  well  down  to  the  top  of  the  strainer. 
Then  foreign  gravel  may  be  dropped  down  which  will  roll 
in  alongside  of  the  screen  and  take  the  place  of  the  sand 
pumped  out — often  incrasing  the  yield  four-fold,  by  afford- 
ing outside  of  the  gravel  bed  a  larger  area  through  which 
(he  water  may  leave  the  sand. 

In  the  accompanying  cuts  is  shown  well  con.^truction  under 
three  conditions: 

1.  A  well  with  a  properly  constructed  strainer  for  air  lift 
work,  placed  in  a  mixed  layer  of  sand  and  gravel. 

2.  Illustrating  the  gravel  collected  around  the  strainer 
after  the  finer  sand  has  been  drawn  into  and  pumi)ed  out  of 
the  well.  It  will  readily  be  seen  that  this  treatment  forms 
a  "gravel"  strainer  outside  of  the  metal  one  and  greatly  in- 
creases the  inflow  area — keeps  the  openings  of  the  screen 
full  and  open,  and  greatly  increases  the  capacity  of  the  well. 

3.  Where  the  w-ater  bearing  layer  consists  of  fine  sand,  or 
quicksand,  it  is  sometimes  necessary  to  introduce  gravel 
through  one  cr  more  auxiliary  holes  drilled  near  the  main 
well  and  terminating  in  the  top  of  the  sand  laye-.  so  that 
wheii  the  sand  is  removed  by  "back-blowing,"  the  gravel  will 
roll  in  around  the  screen  and  form  a  gravel  screen  outside 
the  metal  one  as  in  the  first  instance.  The  gravel  should  be 
selected  and  clean  and  practically  round:  and  of  a  size  from 
that  of  a  small  walnut  up  to  one  which  will  pass  through  a 
2-ln.  mesh. 


as  rapidly  as  practicable.  The  application,  however,  must 
naturally  be  a  gradual  one,  extending  over  a  period  of  some 
years,  and  in  consequence  no  material  reduction  in  correction 
work  in  the  engraving  section  can  be  expected  in  the  imme- 
diate future. 


New  Method  of  Lithographic  Printing  of 
Charts 

The  division  of  charts  of  the  U.  S.  Coast  and  Geodetic 
SviTvev  has  recently  developed  a  new  method  of  producing 
lithographic  printing  plates  of  charts  engraved  on  copper, 
which  ccnstitutes  a  notable  advance  over  previous  practice  in 
that   otTice. 

The  old  methods  of  printing  either  direct  from  the  copper 
plates  or  by  transfer  from  copper  to  aluminum  resulted  in 
considerable  distortion  of  the  finished  product.  Measure- 
ments of  a  large  number  of  charts  so  printed  indicate  that 
this  error  ranged  from  1  part  in  30  to  1  in  40.  By  the  new 
method  this  distortion  is  eliminated,  and  charts  true  to  scale 
are  now  being  produced. 

The  new  method  is  as  follows:  An  impression  from  the 
engraved  plate  is  pulled  on  a  special  highly  calendered  unsen- 
sitized  photographic  paper  which  is  backed  while  it  is  still 
wet  &nd  before  it  has  had  a  chance  to  change  its  dimensions. 
The  print  is  then  photographed,  the  intensely  white  glossy 
finish  oi  the  paper  affording  an  exceptionally  good  contrast 
to  the  black  of  the  work,  so  that  negatives  are  readily  pro- 
duced v/hich  require  a  minimum  of  recruiting.  The  printing 
plate  is  then  prepared  by  the  usual  methods  for  a  photolitho- 
graph  chart. 

This  new  method  will  be  applied  to  all  the  engraved  charts 


New  All  Steel  Traction  Excavator 

The  Keystone  Driller  Co.  of  Beaver  Falls,  Pa.,  has  placed 
on  the  market  a  new  14-ton  all-steel  traction  excavator  hav- 
ing a  number  of  improved  features.  The  machine  is  equipped 
with  two  cylinder  6x6  engine  developing  '7,2,  HP.  and  giving 
a  4,000-lb.  thrust  to  the  skimmer  scoop  when  digsing  hard 
materials,  old  macadam,  asphalt  or  hard  packed  gravel.    The 


Dumpinfj    Ditcher    Scoop    Into    Truck.       The    Scoop    Is    Working    in 
4  Ft.  of  Water. 

boom  is  IS  ft.  long  providing  horizontal  crowd  for  skimmer 
of  14  ft.  Machine  is  equipped  also  with  hydraulic  side  jacks 
which  are  operated  by  a  pump  controlled  by  a  6-way  valve 
at  the  operator's  hand.  He  raises  and  lowers  them  to  the 
ground  by  throwing  the  lever  of  the  valve.  Tread  wheels 
are  5.''i-in.  in  diameter;  have  18-in.  wrought  steel  lires  and 
are  equipped  with  chain  cleats  fastened  through  slots  in  the 
wheels  by  means  of  pins  which  can  be  knocked  out  with 
two  blows  of  a  hammer.  The  front  wheels  are  36  in.  in  diam- 
eter and  have  16-in.  wrought  steel  tires  with  bolted  remov- 
able cutter  bands.  Wheel  base  is  9  ft.  6  in.  The  boiler  is 
40  in.  X  72   in.  of  the  vertical  fire  tube  type. 

The  new  flat  bail  skimmer  scoop  is  mounted  on  the  boom 
upon  six  trolleys.  The  improvements  in  the  construction  of 
the  bail  give  it  actual  3/5  to  %  yd.  capacity  and  the  scoop 
will,  it  is  stated,  fill  a  1%  yd.  wagon  at  two  shots.  Teeth  are 
of  manganese  steel  and  body  of  scoop  is  made  of  rolled 
plate,  giving  it  adequate  strength  for  digging  in  old  pave- 
ments or  hard  materials.  The  bottom  is  hinged  in  front  and 
the  scoop  is  self-cleaning.  It  is  used  in  excavations  up  to  10 
or  12  ft  in  depth.  It  is  claimed  it  is  practicable  to  run 
wagons  over  a  bank  6  or  7  ft.  in  height  for  loading  beside 
the  machine,  whose  boom  swings  through  an  arc  of  180°. 
On  excavations  deeper  than  7  or  S  ft.,  it  is  advant-ageous  to 
make  two  cuts. 

The  machine  also  can  be  equipped  wi(h  a  new  drop  bot- 
tom ditcher  scoop,  which  is  hinged  in  front  the  same  as  the 
skimmer,  but  is  operated  toward  the  machine  in  digging. 
Thus  the  keystone  always  "stands  on  the  solid"  and  is  free 
from    all    danger   from    caving.      The   depth   capacity   of   the 
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(IllchOi-  is  about  20  ft.  The  illiistralion  shows  the  machine 
opfratins  in  a  ditch  12  ft.  deep  with  4  ft.  of  water  in  the 
l.ottoin,  which  is  no  InipodliiK-iit  to  its  operation.  The  ma- 
<lilne  Is  moved  bacltward  away  from  ditch  a.s  it  is  excavated. 
In  changing  from  onij  8coo|)  to  another  it  is  only  neces- 
:iry  to  remove  the  skimmer,  put  on  the  attachments  and 
Ijolt  on  111.'  ditcher  sticks  and  scoop  as  shown  in  the  illiistra- 
lion. 

The  ditclier  scoop  is  made  in  five  widths.  14  in.,  IS  in.,  24 
in.,  :!!►  in.  and  3fi  in.,  and  overcuts  its  width  about  4  in.  By 
swinging  the  boom  off  the  center  line  of  the  machine,  how- 


Personals 


•-^ 


Back   Fillincj   with    Ditcher   Scoop. 

ever,  it  is  stated,  a  ditch  any  width  up  to  20  or  25  ft.  can 
be  cut  with  any  of  these  scoops.  The  24-in.  scoop  is  about 
half-yard  capacity  and  the  larger  and  smaller  sizes  are  pro- 
portionate. 

In  back  filling  with  the  Keystone  Excavator,  either  of  the 
two  scoops,  the  skimmer  or  ditcher,  can  be  employed.  If 
it  is  advisable  to  set  the  machine  on  the  outside  of  the  spoil 
pile  from  the  ditch,  the  skimmer  can  be  used  and  the  ma- 
terial pushed  Into  the  ditch  or  loaded  into  the  scoop  and 
<lMMU)f'(i  through  the  bott(mi.  If,  however,  It  is  necessary  to 
set  the  machine  across  the  ditcli  from  the  spoil  pile,  in  the 
manner  shown  in  the  illustration  herewith,  the  ditcher  scoop 
is  employed  and  material  either  dragged  into  ditch  or  loaded 
into  the  scoop  and  dropped  through  the  bottom. 

It  is  claimed  for  the  Keystone,  with  its  half-circle  swing, 
that  it  can  be  operated  alongside  a  row  of  buildings  or  trees, 
or  a  street  car  track  without  interfering  in  any  way,  since 
the  body  of  the  machine  docs  not  swing.  The  machine  has 
two  traction  speeds.  1  and  :i  miles  per  Jiour,  and  will  make 
tractions  of  10  to  15  miles  in  Ul  hours.  I^ong  jumps  of  20 
to  :!0  miles  have  been  made  in  two  to  three  days. 

Keystone  can  be  equipped  with  boom  extension  and  V^-yd. 
clamshell  for  unloading  cars  or  very  deep  ditching  or  cellar 
digging. 


Aluminum  Sulphate  Used  at  Water-Purification  Plants  in 
Illinois,  1920.--Data  collected  by  the  Illinois  State  Depart- 
ment of  Health  relative  to  use  of  aluminum  sulphate  at  22 
of  the  water-purification  plants  in  Illinois  during  1920  show 
that  2.3011  tons  of  alum  were  used,  ranging  from  h  tons  at 
some  of  the  smaller  plants  to  about  780  tons  at  the  largest 
plant.  The  cost  ranged  from  ?24  to  $160  a  ton.  Analyses 
made  at  some  of  the  plants  show  Al.O,  17  to  17.25  per  cent, 
insoluble  matter  0.1  to  0.2  per  cent.  Fe  0.5  to  0.75  per  cent. 
In  some  instances  the  alum  is  purcliased  without  specifica- 
tions, and  in  others  the  specifications  vary  considerably.  The 
alum  has  been  purchased  from  four  different  companies. 


Water  Resources  of  Connecticut— The  U.  S.  Geological  Sur- 
vey has  published  several  reports  on  the  water  resources  of 
Connecticut  and  others  are  in  preparation.  The  latest  publica- 
tion is  a  report  by  Harold  S.  Palmer  on  1:?  towns  in  the  vi- 
cinity of  Norwalk,  Suffleld  and  Glastonbury.  This  report  is 
piiblished  in  Water  Supply  Taper  470;  copies  can  be  ob- 
tained free  of  charge  by  writing  to  the  Director,  U.  S.  Geo- 
),.•   .  ii   SnrvoN     W'.Tshington,  D.   C. 


F.  H.  Dryden  ha.s  iifeii  aiiiioiiileU  i  it>  iiigineer  of  Salisbury.  Md. 

M.  C.  Hutchlns  has  been  reappointed  city  engineer  of  Char- 
lotte. N.  C. 

William  Sachs  lias  been  appointed  borough  engineer  of  West 
I-Iazi.-ion,    I'a. 

Delmont  J.  Schneider  has  been  appointed  city  engineer  and 
street   coi'iri.i.ssiciiiT  ;jf   Pocatello.    Idaho. 

W.  H.  Harrington,  eng:ineer  of  the  West  Side  Irrigation  District, 
has  been  a|)i)oii,te[l  city  engineer  of  Tracy,  Calif. 

Claude  E.  Belk,  Durchasint,'  agent  for  the  Sinclair  Ketining  Co.. 
ha.s  been  appointed  city  manager  and  purchasing  agent  of  Hous- 
ton,    rex. 

linginetis.  received  the  honoiary  degree  of  Doctor  of  Science  from 
Ohio  Northern  I'niversity,  at  the  recent  celebration  of  the  50th 
anniver.*?ary   ol"   the   founding   of   the   university, 

H.  A.  Stevens,  former  city  engineer  of  Joliet.  III.,  who  left  there 
ten  year:>  aKo  for  'orpus  (^hristi.  Tex.,  to  take  a  similar  position, 
has  returned  to  enter  into  partnership  with  C.  1>.  O'Callahan.  civil 
engineer.  f<  i merly  head  of  the  city  engineering  department  of 
.Ioli?t. 

C.  .^.  Jenninqs,  district  representative  of  Wallace  &  Tiernan 
Cc'.,  Inc..  Newark.  N.  J.,  gave  an  illustrated  talk  before  the  en- 
gineering students  of  Valparaiso  I'niversit.v.  Valparaiso,  Ind.,  on 
May  6th.  The  subject  was:  "The  Uses  of  Ijiquid  Chlorine  as  Ap- 
plied to  .Sanitar\-  Knyineering  Proce.sses  " 

Walter  A.  Shaw,  fcrmerly  member  of  the  Illinois  Public  ITtili- 
ties  Comiiii.'-sioii.  has  opened  ofHces  at  30  North  La  Salle  St..  Chi- 
cago, where  hi'  will  engage  in  a  con.suIting  engineering  practice, 
specializing  in  municipal  engineering  and  construction  work.  Mr. 
Shaw  wa.'.  engineering  member  of  the  commission  for  seven  years. 

Former  Governor  IVIanual  Ballazare  of  the  northern  district  of 
Lower  California,  will  be  afiijointed  head  of  the  Mexican  en- 
ginc'ers  to  be  named  pienibers  of  a  joint  commission  with  the 
United  States  to  study  the  Colorado  river  situation.  This  com- 
mission is  tr-  makf-  recommendations  for  the  permanent  control  of 
ihf  Hood  waters  of  the  Colorado,   it  is  said. 

M.  .).  Stinchfield,  Jr.,  of  Valparaiso.  Ind..  has  been  appointed 
assi.5tant  .state  engineer  by  the  Indiana  State  Department  of  Con- 
servation. The  en'iinering  division  of  the  department  was  cre- 
ated by  the  last  legislature  and  has  under  it  matters  pertaining 
to  drainage,  water  levels,  stream  ?>olIution  and  water  power.  Prof. 
W.  K.  Hatt  of  Purdue  University  was  appointed  state  engineer 
without  additional  salary  from  the  state.  He  will  .supervise  the 
work  of  the  division. 


Industrial  iNotes 

The  Engineering  Advertisers'  Association  of  Chicago  held  its 
last  meeting  prior  to  summer  adjournment  at  the  Great  "Northern 
Hotel.  Chicago,  on  June  7.  Charles  Piez.  president  of  the  Link- 
Belt  Co..  addressed  the  gathering  on  "Advertising  and  Selling  from 
an  Kxecutive's  Viewpoint." 

The  Equipment  Corporation  of  America,  having  offices  and 
plants  in  Chicago.  T'ittsburgh  and  Philadelphia,  has  just  pur- 
'^hased  ai  other  plant  at  I'rimos.  Delaware  County.  Pa.  This  new 
acquisition  makes  a  total  of  five  plants  which  the  company  op- 
erates, in  the  rebuilding  of  all  classes  of  contractor's  equipment. 

Chris  D.  Schramm  ,&  Son.  Inc..  manufacturers  of  engines,  com- 
pressors, pumps,  hoists  and  mixers.  West  Chester,  Pa.,  is  enlarg- 
ing its  New  York  sales  effort.  The  former  offices  at  4S0  Liexington 
Ave.,  and  140  West  St..  ore  being  merged  into  one  and  moved  to 
the  r.ew  show  room  at  54  Dey  St..  New  York  City.  Here  the  com- 
pany will  have  the  entire  first  floor  with  over  3,500  sq.  ft.  of 
floor  space. 

The  Badger  Meter  Manufacturing  Co..  of  Milwaukee.  Wis.,  an- 
noiaces  llie  opening  of  a  sales  othce  in  Kansas  City.  Mo.,  at  414 
interstate  HUlg.,  ir.  eiiarue  of  K.  M.  Stotler.  Western  sales  man- 
ager.    Associated  with  Mr.   Stotler  are  Charles  Barry  and  Luke  L. 


R.   M.    Stotler. 

Ball.ard.  These  gentlenu  n  are  well  known  to  t'ae  water  works 
trade  throughout  the  southwest,  as  they  have  been  engaged  in  the 
iTieter  otisincss  in  that  territor.\'  for  a  number  of  years. 

The  Hauck  Mfg.  Co.,  Brooklyn.  N.  Y..  manufacturer.s  of  oil 
burners,  i  il  forges,  oil  burning  aiiplianccs.  etc..  has  electe'd  as  its 
pr^^sident.  Henry  T.  Gerdes.  mechanical  engineer  and  manufac- 
turer of  New  York:  first  Vice-lresident.  M.  C.  Hauck;  second 
Vice-President.  A.  B.  Hauck;  third  Vice-President,  H.  H.  Kress; 
Trea.'jurer.  A.  H.  Stein;  Secretary.  J.  Lutz.  Mr.  Gerdes.  who  suc- 
ceeds the  late  Arthur  E.  Hauck.  is  a  graduate  of  Stevens  In- 
stitace  of  Technology,  and  was  lor  many  years  manager  of  the 
Treadwell  Engineering  Co.,  of  Easton,   Pa. 
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Roads  and  Streets — Ist  Wednesday 


(a)   Roads 

<b)   Streets 


(c)  Street   Cleaning 

(d)  Municipal   Miscellanies 


(e)    Management   and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sanl 

tatlon 

(e)  Management   and   Office 

System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and   Pits 

(b)  Management   and         (d)   Steam    Railways,   Con- 
Office    System  structlon   and   Maintenance 

(e)   Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


(d)  Miscellaneous    Structures 

(e)  Properties     of     Materials 

(f)  Management    and     Office 

System 
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A  Brazen  Act 


Elsewhere  in  this  issue  we  quote  in  full  the  protest  of  the 
Western  Society  of  Eiigineers  against  the  enactment  of  a 
new  public  utilities  bill  now  pending  in  the  Illinois  Legisla- 
ture. The  author  might  have  entitled  it  "A  Bill  to  Make  the 
Regulation  of  Public  Utilities  as  Expensive  as  Possible,  to 
Make  All  Members  and  Employees  of  the  Regulating  Body 
subject  to  Political  Appointment,  to  Provide  that  All  may  be 
Appointed  from  One  Political  Party,  to  Eliminate  Civil  Ser- 
vice, and  to  Reestablish  the  Customs  which  formerly  Existed 
as  to  the  Issuance  of  Free  Transportation  (otherwise  known 
as  passes)  but  Which  were  Abolished  Many  Years  Ago  be- 
cause of  the  Corruption  to  Which  They  Lead."  Such  a  title 
would  be  merely  a  summary  of  what  any  person  may  read 
for  himself  in  the  text  of  the  bill. 

It  is  truly  fit  to  warm  the  heart  of  I'ither  novice  or  master 
in  the  art  of  patronage.  In  spite  of  tlie  fact  that  thirty-seven 
of  our  state  utility  commissions  have  only  three  members, 
six  have  Jive  commissioners  and  only  one  has  seven  com- 
missioners, it  is  now  proposed  that  Illinois  increase  her  com- 
missioners from  five  to  seven,  each  with  a  salary  of  $7,000 
per  annum  as  at  present.  But  this  is  only  55  per  cent  of  the 
story:  Illinois  is  to  have  eight  assistant  commissioners  at 
salaries  of  $5,000  each.  Here  is  $89.0(i0  per  year  in  salaries 
of  commissioners  and  assistant  commissioners  as  against 
$35,000  annually  for  salaries  of  the  present  commission. 
However,  the  framers  of  our  bill  appreciate  the  disadvantage 
of  such  rigidity  of  organization,  and  to  remedy  the  defect 
they  provide  that  the  commission  may  designate  any  person 
to  make  investigations  and  to  conduct  the  same  as  prosecutor 
without  restrictions  as  to  salary.  This  would  permit  a  special 
prosecutor  in  each  county  or  city  to  act  as  an  additional 
assistant  commissioner. 

Harmony  being  essential  to  the  success  of  any  organiza- 
tion, the  bill  provides  that  the  fifteen  commissioners  and 
assistant  commissioners  shall  be  appointed  by  the  governor 
without  restriction  as  to  political  party.  In  1913  it  was 
thought  desirable  that  each  party  he  represented,  and  the 
utilities  law  of  that  year  provided  that  not  more  than  three 
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of  the  five  commissioners  should  be  of  the  same  party.  In 
1917  this  was  changed  by  the  removal  of  the  party  restriction, 
and  the  provision  that  the  incoming  governor  should  appoint 
the  entire  commission.  From  the  standpoint  of  patronage 
this  method  apparently  cannot  be  improved  upon;  and  the 
able  men  who  are  handling  the  measure  do  not  waste  their 
efforts  in  a  fruitless  field,  but  immediately  make  the  method 
of  the  most  service  by  tripling  the  number  of  appointments 
to  be  made  under  it. 

Further  harmony  and  efficiency  are  to  be  secured  by  the 
removal  of  all  employees  of  the  commission  from  the  classi- 
fied civil  service.  This  additional  provision  will  make  the 
organization   100   percent  efficient — politically. 

Not  only  must  harmony  be  maintained,  but  certainly  com- 
missioners cannot  do  their  best  if  overworked,  and  very 
careful  provision  is  made  against  such  danger.  Article  VI. 
says  "Any  city  exercising  powers  under  this  act  shall  have 
authority  to  exercise  such  powers  by  municipal  ordinance,  or 
otherwise,  as  such  cities  shall  determine."  Many  city  coun- 
cils will  unquestionably  avail  themselves  of  this  chance  of 
adding  to  their  powers,  thereby  greatly  reducing  the  volume 
of  business   coming  before   the  commission. 

For  definite  reasons  we  prefer  to  see  control  of  all  utilitiea 
retained  by  the  commission,  for  at  the  very  least,  that  body 
has  utility  affairs  as  its  primary  business,  and  presumably 
has  a  corps  of  competent  experts  in  its  service.  Councils,  on 
the  other  hand,  particularly  in  the  smaller  communities  are 
likely  to  attempt  regulation  without  the  ability  to  conduct 
it  intelligently.  It  seems  needless  to  comment  further  on  the 
reduction  of  commission  business  coincident  with  an  increase 
of  200  per  cent  in  its  membership. 

This  hill  is  so  completely  pernicious  that  we  have  no  hesi- 
tancy in  saying  that  its  passage  will  practically  stop  the 
development  of  utilities  in  Illinois;  yet  as  we  go  to  press 
there  appears  strong  probability  of  its  success.  Such  a  con- 
dition can  arise  only  from  a  combination  of  incompetence 
and  indillerence  to  the  best   interests  of  the  public. 

That  we  may  avoid  willful  or  other  misinterpretation  of 
the  foregoing,  we  now  specifically  state  that  we  know  there 
are  many  honest  and  capable  men  in  public  office,  and  that 
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we  do  not  anticipate  that  all  members  of  the  proposed  com- 
mission would  be  corrnpt.  Hut  we  have  endeavored  to  out- 
line certain  ways  in  which  ihis  bill  presents  unequalled  op- 
portunities for  corruption,  and  from  our  contentions  on  these 
points  we  abate  nothing. 


Light  Installation  Versus  Heavy 

Even  should  Henry  Ford  fail  to  accomplish  many  of  the 
things  set  forth  in  his  plan  to  "jitneyize"  the  railways,  it 
is  not  too  much  to  expect  that  his  efforts  will  bring  a  very 
substantial  net  benefit  to  the  community  and  a  worthy  sat- 
isfaction to  himself.  Mr.  P'ord's  proposals  are  liliely  to  ap- 
pear more  novel  to  the  public  than  to  engineers,  for  the 
former  has  become  so  accustomed  to  seeing  each  structural 
or  mechanical  production  exceed  its  predecessor  in  size 
and  weight  that  to  a  large  extent  it  loolis  upon  such  growth 
as  the  one  natural  thing  to  expect  i-jUgineers,  on  the  other 
hand,  while  not  all  immune  from  the  public's  weakness  in 
accepting  as  universal,  that  which  is  merely  common,  recog- 
nize as  a  class  that  there  is  no  inherent  economic  virtue  in 
size  and   weight. 

Most  spectacular  has  been  the  advance  of  the  steam  loco- 
motive from  the  John  Bull"  and  •Pufiing  Billy"  of  a  century 
ago  to  the  articulated  "IVIallef  of  today,  with  its  rttendant 
reciUirements  of  ever  increasing  weights  of  rail  and  strengths 
of  bridges.  We  believe  that  the  heavy  engine  is  here  to 
stay,  or  perhaps  to  be  supplanted  by  even  heavier,  for  it  is 
difficult  to  believe  that  a  heavy  freight  traffic  can  ever  be 
handled  as  cheaply  by  a  multitude  of  small  tractive  units  as 
by  a  few  large  ones,  each  hauling  a  great  tonnage,  and  we 
dc  not  thinii  that  even  Mr.  Kord  disagrees  with  this  general 
view. 

The  opposite  extreme  from  the  heavy  engine  and  corre- 
sponding roadway  exists  probably  in  some  of  the  narrow  gage 
roads.  I'npopular  as  narrow  gage  has  been  for  many  years. 
It  is  still  probable  that  certain  lines  would  liave  been  better 
built  to  such  a  scale;  and  in  this  view  we  are  very  sure  of 
concurrence  by  some  of  the  investors  in  broad  gage  railways 
in   poor  territory. 

With  the  present  development  of  the  auto  truck  fewer 
branch  lines  and  minor  lines  of  railway  will  be  built;  and 
the  narrow  gage  in  particular  will  probably  be  constructed 
hereafter  only  under  very  rare  conditions  and  for  special 
purposes  such  as  ore  hauling. 

The  light  standard  gage  line,  while  still  having  a  useful 
function,  will  presumably  be  crowded  out  of  numerous  places 
by  the  self-propelled  highway  vehicle.  Lines  of  intermediate 
weight  will  probably  continue  to  prove  economic  for  certain 
services,  but  it  appears  to  us  that  such  services  will  de- 
crease considerably  as  compared  with  both  heavier  and 
lighter  installations.  This  prediction  is  based  upon  the  be- 
lief that  the  advantages  of  the  hauling  of  freight  in  smaller, 
faster,  and  more  flexible  units,  when  added  to  the  savings 
in  cost  of  track  and  bridges  made  possible  thereby  'vill  result 
in  a  net  economy  of  transportation  of  moderate  traffic  over 
light  lines  as  compared  with  lines  of  medium  weight  struc- 
tures and  equipment.  Mr.  Ford's  experiments,  it  carried  far 
enough,  may  decide  the  matter  definitely. 

It  seems  obvious  that  local  passenger  traffic  can  be  handled 
most  sati.'ifactorily  in  small  units  up  to  the  point  where  the 
density  of  traffic  results  in  insufficient  headway,  after  which 
longer  trains  must  be  used.  The  suggestion  of  a  ten  minute 
transcontinental  service  by  single  motor  driven  cars  to  dis- 
place the  present  long  trains  seems  altogether  unlikely  of 
accomplishment,  for  a  ten  minute  difference  in  time  of  de- 
parture or  arrival  on  a  tour  or  five  days'  trip  is  of  too  little 
significance  to  count  with  more  than  the  rarest  traveler. 
Quite  aside  from  economy  of  operation,  it  seems  most  im- 
probable that  the  single  passenger  car  can  be  made  to  com- 
pete with  the  train  in  comfort  or  convenience  en  route,  and 
the  "traveling  public"  is  possessed  of  a  liking  for  luxury 
which  may  not  lightly  be  ignored.  We  trust  that  Mr.  Ford 
does  not  overlook  the  preference  which  many  persons  have 
for  the  Rolls-Royce  above  his  own  useful  and  worthy  pro- 
duction. 

The  field  of  electric  traction  affords  some  very  pertinent 
examples.  The  one-man  street  car  was  heralded  by  some 
as  the  displacer  of  other  types,  but  the  displacement  has  only 
been  partial,  and  the  older  type  seems  likely  to  remain 
wherever  the  hauls  are  long  and  the  volume  of  traffic  con- 


siderable. Reductions  in  the  weight  of  cars  without  reduction 
in  carrying  capacity  have  in  some  cases  been  advantageously 
effected.  The  slowness  of  the  introduction  of  electrification 
on  main  line  roads  has  been  a  source  of  surprise  to  many. 
I'.eside  the  ever  present  inertia  to  be  overcome  by  innova- 
tions, the  change  seems  to  have  been  hindered  by  the  predilec- 
tion of  certain  engineers  tor  heavy  construction.  This  is 
manifested  in  the  heavy  steel  poles  set  in  massive  concrete 
on  some  of  the  liastern  lines,  where  it  has  been  declared 
that  only  the  heaviest  traffic  could  warrant  the  cost.  In 
contrast  with  it  we  have  the  light  and  serviceable  construc- 
tion, largely  of  wooden  poles,  in  use  on  the  mountain  di- 
visions of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  It  is  hard 
to  understand  how  other  engineers  tailed  to  appreciate  the 
feasability   of   such   construction. 

The  Expert  Fee   Scandal  Arouses 
Chicago  Voters 

BIsewhere  in  this  issue  we  give  an  account  of  the  work 
of  our  editor-in-chief  in  investigating  the  very  high  fees  paid 
to  building  appraisers  in  the  city  of  Chicago;  and  we  also 
print  his  recommendations  to  the  Finance  Committee  of  the 
City  Council  for  a  suitable  basis  of  conducting  and  paying 
tor  such  work  in  the  future. 

Both  Mr.  Gillette's  employment  by  the  Finance  Commit- 
tee, and  the  editorial  in  our  May  4  issue  which  lead  thereto, 
•were  prompted  by  the  purely  professional  desire  to  remedy 
a  conspicuous  abuse  in  the  appraisal  field.  In  its  issue  of 
.Tuly  21,  1920,  Engineering  and  Contracting  published  an  edi- 
torial calling  attention  to  the  excessive  character  of  these 
fees.  Tiic  matter  was  also  taken  up  by  several  Chicago  daily 
papers  and  pressed  with  increasing  vigor  up  to  the  present 
time. 

City  officials  subjected  to  this  attack  very  naturally  cotin- 
tered  with  the  charge  that  it  was  mere  political  propaganda, 
nithough  there  were  in  addition  several  specious  arguments 
intended  to  show  that  the  city  was  getting  its  money's  worth 
or  better  from  the  experts  employed.  Engineering  and  Con- 
tracting leaves  to  the  various  dailies  the  statement  and 
defense  of  their  motives,  it  such  are  thought  necessary.  Our 
own  object  was  solely  as  already  stated. 

Defeat  of  the  Republican  ticket  of  County  Judges,  which 
was  being  supported  by  the  citv  administration,  was  the  im- 
mediate political  aim  charged:  and  this  very  defeat  occurred 
at  the  election  of  ,Iune  fi.  the  entire  Republican  ticket  being 
badly  beaten.  The  victorious  ticket,  although  bearing  the 
Democratic  Party  label,  vas  in  reality  a  coalition  ticket,  in 
the  preparation  of  which  Republican  leaders  had  partici- 
pated, and  on  which  one-halt  the  candidates  were  Republc- 
ans  opposed  to  the  local  organization  of  their  party. 

Engineering  and  Contracting  would  be  lacking  in  candor 
to  do  other  than  admit  its  pleasure  at  this  outcome,  for  the 
election  was  primarily  an  issue  between  the  political  machine 
now  in  power  in  Chicago  and  the  entire  remainder  of  the 
voting  population;  and  the  machine's  success  would  not  only 
have  encouraged  the  expert  tee  abuses  but  would  have  fore- 
cast a  lon.g  period  of  like  abuses  and  inefficiency  such  as 
now  make  the  cost  of  public  work  and  administration  so 
great.  Leaders  of  the  defeated  organization  admitted  freely 
and  publicly  that  the  fight  on  appraisers'  fees  had  cost  them 
50.000  votes  or  more. 

But  a  much  more  significant  result  than  that  of  the  judicial 
election  appears  in  the  majority  of  about  three  to  one  wliich 
was  cast  against  the  proposal  to  issue  some  $9,000,000  bonds 
for  the  construction  of  a  new  county  jail.  It  is  believed  that 
there  is  general  recognition  of  the  need  of  a  new  jail  in 
Cook  County,  and  to  us  it  appears  very  clear  that  the  over- 
whelming defeat  of  these  bonds  was  largely  due  to  the  unwil- 
lingness of  the  public  to  entrust  further  large  sums  to  the 
care  of  the  politicians  who  were  responsible  for  the  »'r'.' 
ployment  of  experts  at  rates  many  times  in  excess  of  the  high- 
est that  could  be  assigned  on  any  reasonable  basis  what- 
soever. 

Our  criticisms  of  expert  tees  have  been  directed  chiefly 
toward  those  paid  to  building  appraisers,  but  it  is  not  to  be 
overlooked  that  the  land  appraisers  have  received  huge  sums 
which,  on  their  face,  appear  even  more  excessive.  These 
also  are  being  taken  up  in  the  investigation  which  the  Coun- 
cil's Finance   Committee  is   making. 
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The  "Fancy"  Salaries  of  Railway  Officers 

In  the  indictments  which  somebody  always  is  drawing 
against  the  managements  of  the  railways  there  always  is 
included  the  charge  that  they  pay  their  officers  excessive 
salaries.  Hardly  a  day  passes  that  somebody  does  not  pub- 
licly and  solemnly  allege  that  it  the  railways  would  eliminate 
the  "waste"  due  to  "fancy"  salaries  they  could  pay  their 
employes  more  or  reduce  their  rates.  The  other  day  a  mem 
ber  01  Congress  introduced  a  bill  to  provide  that  in  future 
no  railway  company  pay  any  officer  more  than  $15,000  a 
year  without  the  previous  approval  of  the  In'tei'state  Com- 
merce  Commission. 

Of  all  the  asinine  charges  made  against  the  managements 
of  the  railways  this  one  about  excessive  salaries  is  perhaps 
the  most  asinine.  It  may  cause  some  astonishment  to  those 
who  believe  the  railways  waste  large  amounts  in  salaries  to 
be  told  that  if  in  the  year  1920  they  had  not  paid  a  dollar 
of  salary  to  any  of  their  22,000  general  and  divisional  offi- 
cers their  total  payroll  would  have  been  only  2. .5  per  cent  less 
than  it  was,  and  their  total  operating  expenses  would  have 
been  or.ly  1.7  per  cent  less  than  they  were. 
*  All   of   the   alleged   "fancy"   salaries   are   includefl    in    those 

paid  to  the  general  officers.  The  general  officers  include  all 
the  chairmen,  presidents,  vice-presidents,  general  managers, 
traffic  managers,  and  so  on:  and  many  people  believe  that 
since  some  of  these  officers  receive  $.iO,(IOO  to  $75,000  a  year 
the  total  amount  paid  to  them  is  enormous  and  the  burden 
imposed  on  the  railways  and  the  public  very  great.  People 
w^ho  think  thus  will  be  surprised  to  learn  the  statistics  of  the 
Interstate  Commerce  Commission  show  that  if  the  railways 
in  the  year  1920  had  not  paid  a  dollar  of  salary  to  any  of 
their  general  officers  their  operating  expenses  would  have 
been  less  than  six-tenths  of  1  per  cent  less  than  they  were. 
To  state  the  matter  in  another  way,  if  not  a  dollar  of  salary 
had  been  paid  to  any  general  officer  the  operating  expenses 
would  have  been  99.42  per  cent  as  much  as  they  actually 
were. 

In  1916  and  1917  salaries  of  all  officers  were  1.4  per  cent 
of  the  total  earnings;  in  1918,  1.3  per  cent,  and  in  1919  and 
1920,  1.5  per  cent.  In  other  words,  in  these  years,  out 
of  each  dollar  that  the  public  paid  for  all  kinds  of  railroad 
transportation,  freight,  passenger,  mail  and  express,  the  offi- 
cers as  a  whole  received  from  1.3  ct.  to  IVi  ct.  In  1920  out 
of  each  100  ct.  the  public  paid  the  railways,  the  general  offi- 
cers, including  all  those  with  alleged  'fancy"  saliries,  re- 
ceived 7.5  mills. 

In  recent  discussions  of  needed  reductions  of  the  railroad 
payroll,  it  repeatedly  has  been  suggested  that  if  wages  are 
to  be  reduced  the  salaries  of  officers  should  be  reduced  in 
proportion.  Let  us  see,  then,  what  have  been  the  relative 
increas^es  in  salaries,  on  the  one  hand,  and  wages  on  the 
other,  since  1916.  In  1916  the  average  salary  of  a  general 
officer  was  $4,508,  and  in  1920  it  was  $5,542,  an  increase  of 
20.7  pel  cent.  In  1916  the  average  salary  of  a  division 
officer  was  $1,998,  and  in  1920  it  was  $3,319,  an  increase  of 
66.1  per  cent.  The  average  pay  of  passenger  locomotive 
engineers  and  motormen  in  1920  was  $3,310,  or  only  $9  less 
than  that  of  division  officers.  Between  1916  and  1920, 
however,  the  average  compensation  of  all  employes  increased 
104  pel  cent,  and  it  is  now  almost  114  per  cent  more  than 
in  1916.  Since  the  advances  in  salaries  of  officers  as  a  whole 
have  been  relatively  less  than  half  as  great  as  in  the  wages 
of  employes,  and  have  not  at  any  time  even  approached  the 
increases  in  the  cost  of  living,  while  the  advances  in  wages 
have  exceeded  the  increases  in  the  cost  of  living,  it  is  wholly 
unfair  to  suggest  that  if  wages  are  to  be  reduced  salaries 
shall  be  reduced   in  the   same  proportion. 

The  only  year  for  which  the  salaries  of  all  officers  receiv- 
ing $20,000  or  more  have  ever  been  published  is  1917.  The 
figures  for  that  year  showed  there  were  200  officers  who 
received  this  much  or  more  and  that  their  total  compensation 
amounted  to  $6,644,074,  This  was  2.:'.  mills  out  of  each 
dollar  of  operating  expense  the  railways  incurred  in  that  year 
and  1,6  mills  out  of  each  dollar  they  earned.  There  were 
only  29  officers  who  received  $50,000  or  more  and  their  total 
compensation  was  $1,900,000.  This  was  two-thirds  of  one 
mill  out  of  each  dollar  of  operating  expense  the  railways 
incurred  and  one-half  of  one  mill  out  of  each  dollar  of  their 
total  earnings. 

These  figures  demonstrate  conclusively  that  no  reduction 
of  salaries  that  conceivably  could  be  made  would  have  any 
perceptible  effect  in  reducing  the  operating  expenses  that  the 


railways  incur  or  the  rates  that  they  must  charge.  The  fact 
is  that  salaries  as  a  whole  in  the  railway  business  are  low- 
as  compared  with  those  paid  in  other  industries,  and  that 
even  the  largest  salaries  paid  are  small  compared  with  the 
earnings  of  successful  men  in  other  lines  of  prefessional  and 
business  activity.  When  people  talk  about  salaries  of  $25,000 
to  $75,000  a  year  in  the  railroad  business  being  excessive,  they 
do  not  stop  to  think  that  successful  men  in  almost  all  other 
lines  of  business  make  larger  incomes  than  this.  There  is 
hardly  an  opera  star  or  a  moving  picture  star  who  does  not 
earn  much  more.  The  public  goes  to  the  movies  night  after 
night  and  indirectly  pays  Charlie  Chaplin  many  times  as 
much  for  getting  his  face  bespattered  with  a  pie  as  it  pays 
any  man  in  America  for  managing  a  great  railroad  system. 

How  long  would  men  of  ability  and  ambition  enter  or 
ttay  in  the  railroad  business  it  they  knew  that  there  was  no 
opportunity  in  it  to  earn  incomes  comparable  with  those 
earned  in  other  lines  of  professional  and  business  activity? 
Hardly  a  month  passes  when  men  of  this  kind  do  not  leave 
the  railroads  to  accept  higher  salaries  than  the  railways  will 
pay.  Remove  all  the  large  prizes  from  the  business  and 
within  a  generation  there  will  hardly  be  left  in  it  a  man  of 
ambition  and  abilty.  But  it  is  absolutely  necessary  to  have 
such  men  in  important  positions  if  the  railroads  are  to  be 
efficiently  developed  and  managed;  and  if  they  are  not  effi- 
ciently developed  and  managed  their  service  is  bound  con- 
stantly to  grow  worse  and  more  expensive  to  the  public. — 
From  an  editorial   in  Railway  Age. 


Railroad  Management  and  Success  in  Life 

President  Willard  of  the  Baltimore  &  Ohio  R.  R.  in  a 
recent  statement  before  the  Senate  Interstate  Commerce 
Commission,  referring  to  the  criticism  sometimes  made  of 
.'■upposedly  high  salaries  for  railroad  officials,  said: 

"It  is  strange  that  the  position  of  a  railroad  official  is  the 
only  one  in  which  it  is  discreditable  to  succeed." 

.Mr.  Willard  mentioned  as  one  illustration  the  case  of  an 
important  railroad  official  who  had  been  receiving  an  annual 
salary  of  $35,000,  but  who  resigned  to  enter  an  industrial 
enterprise  because  of  the  more  promising  future;  and  he 
asketl,  "Is  it  a  good  thing  for  the  transportation  service  to 
lose  men  of  that  caliber?" 

Mr.  Willard's  question  can  be  easily  answered.  It  is  a 
disastrous  thing  for  the  railroads,  and  that  means  for  the 
country,  for  the  transportation  business  to  lose  men  of  the 
highest  possible  business  caliber  on  the  mere  matter  ot 
what  broadly  speaking  is  a  few  thousand  dollars  one  way 
or  the  other.  A  man  who  can  manage  a  great  railroad  and 
so  develop  its  facilities  as  to  furnish  better  transportation 
and  to  create  larger  traffic,  is  worth  to  the  country,  not 
merely  to  the  railroad,  but  to  the  country  at  large,  far  more 
than  any  salary  that  any  railroad  man  in  America  is  paid. 

The  cry  against  high  salaries  for  railroad  officials  is  really 
a  cry  against  efficiency  in  management,  and  against  success 
in  developing  transportation,  which  is  more  essential  really 
to  the  prosperity  of  the  country  than  is  production.  Men 
of  the  caliber  required  to  adequately  handle  railroad  busi- 
ness could  in  private  business  activities  very  generally  make 
far  larger  earnings  than  the  salaries  paid  to  them.  The 
aggregate  .salaries  paid  to  all  o*"  the  higher  railroad  officials 
of  the  country  is  a  mere  bagatelle  as  compared  with  the 
importance  of  their  work.  It  is  not  a  question  of  salary,  but 
a  question  of  efficiency  in  bringing  about  better  transporta- 
tion, more  effective  handling  of  freight  and  passengers,  and 
the  creation  of  more  business  for  the  good  of  the  country 
involved   in  this  whole  subject. 

If  this  nation  would  put  aside  the  thought  that  prosperity 
is  a  crime,  that  success  must  forever  be  denounced,  that 
"cheapness"  is  to  be  desired,  and  unite  in  a  whole-hearted 
support  of  things  which  make  for  national  progress,  for  a 
recognition  of  the  fact  that  a  man  who  can  command  a  great 
salary  or  develop  a  vast  business,  gives  far  more  to  the 
country  in  the  doing  of  this  than  any  possible  amount  which 
he  individually  can  earn  for  himself,  it  would  be  the  coun- 
try's material  salvation. 

Some  men  are  born  for  great  generalship  on  the  battle- 
tield;  some  are  born  with  a  spirit  of  poetry:  some  with  a 
spirit  of  the  artist:  some  as  great  orators;  and  others  are 
born  with  the  initiative  and  the  power  of  vast  constructive 
enterprises.  The  one  is  just  as  much  the  product  of  nature 
as  is  the  other.     Not  every  man  can  write  a  great  poem;  not 
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every  man  can  paint  a  picture  bel'orp  which  the  world  will 
eland  with  head  uncovered;  not  every  man  can  by  the 
power  of  eloquence  move  an  audience;  not  every  man  can 
be  a  leader  in  science  and  art;  not  every  man  can  be  a  great 
upbuilding  force  in  the  opening  of  mines,  the  building  oi 
furnaces  and  mills,  or  the  creation  and  the  management  of 
railroad  systems. 

To  decry  success  in  one  line  would  be  as  foolish  as  to 
decry  success  in  another.  To  denounce  the  painter  or  the 
sculptor,  or  the  orator  for  his  creative  work  beyond  that 
of  other  men,  is  just  as  silly  and  absurd  as  to  denounce  the 
constructive  power  of  the  man  who  can  build  or  run  a  rail- 
road, who  can  build  or  manage  a  great  factory,  or  open  a 
mine;  or  the  chemist  who  with  his  touch  can  change  the 
simple  things  of  the  material  world  into  the  marvels  which 
we  are  constantly  using. 

Mr.  Willard  is  right.  Railroad  officials,  when  efficient  for 
the  great  responsibility  which  rests  upon  them,  are  entitled 
to  high  salaries.  And  this  is  true  as  to  other  enterprises.— 
From  an  editorial  in  the  Manufacturers'  Record. 


Franklin  K.  Lane 

tle>  U-rt  i!u  will  and   no  estate— New  York  Tribune  news   item. 

We  probably  should  not  have  been  so  quickened  to  notice 
editorially  the  death  of  the  former  Secretary  of  the  Interior 
had  it  not  been  for  the  laconic  sentence  quoted  above,  which 
is  the  end  of  probably  the  last  news  item  Franklin  K.  Lane 
will  ever  get.  Publicity  rushes  back  for  news  of  the  living. 
Yet  we  cannot  let  this  last  word  of  his  newspaper  epitaph 
go  by  without  comment.  As  Secretary  of  the  Interior,  Lane 
was  ipso  facto  Secretary  of  Mines,  and  many  of  us  have  come 
in  personal  contact  with  him.  We  know  that  he  left  an 
estate — a  legacy  to  the  American  people  beyond  the  ability 
of  accountants  to  evaluate.  He  left  the  memory  and  the  in- 
spiration of  a  high  soul,  a  clean  life,  of  a  great  ideal  of  public 
service,  of  a  career  devoted  to  humanity,  which  great  things 
so  occupied  him  that  he  never  found  time  for  the  accumla- 
tion  of  cash.  We  know  that  he  left  a  will— a  will  to  live  in- 
trepidly and  without  currying  favor,  and  to  die  serenely. 
awaiting  the  orders  of  a  Destiny  which  he  frankly  recognized 
was  beyond  his  comprehension.  "I  accept"  was  the  creed  he 
dictated  on  his  deathbed. 

To  those  who  place,  as  the  great  objective,  business,  com- 
merce, the  accumlation  of  lands  and  bonds — to  the  greatest 
commercial  country  in  the  world— such  an  estate,  such  a 
legacy  as  be  bequeathed  to  the  world,  is  priceless.  It  is  not 
an  isolated  case,  and  reveals  the  deep-set  foundation  of  the 
nation,  on  which  the  busy  superstructure  of  bartering,  toil 
and  hubbub,  and  the  great  constructive  work  of  industry,  is 
reared. 

During  the  war,  a  member  of  the  War  Cabinet  whose  en- 
tire record  was  that  of  a  money-getter  once  remarked  to 
Secretary  Lane  in  scorn,  "Queer  that  these  doctors,  experts, 
and  scientists  who  are  so  busy  around  here  don't  s':'em  to  be 
able  to  make  any  money."  "Did  it  ever  occur  to  you,"  re- 
joined Secretary  Lane,  with  finer  scorn,  "that  there  were 
people  with  other  aims  and  ambitions  than  to  make  money?" 

It  is  said  of  estates  that  man  cannot  take  them  with  him 
when  he  passes  into  the  Shadows  which  Franklin  K.  Lane 
entered  at  Rochester.  But  the  great  estate  he  left  was  not 
of  that  kind;  he  takes  it  with  him  wherever  he  goes — and  he 
leaves  it  all  to  the  country. — Editorial  in  Engineering  and 
Mining  Journal. 


Why  Engineers  Fail  to  Qualify  for  Executive  Railroad 
Positions. — "When  we  consider  the  high  character  of  the 
engineering  forces  as  a  whole,  why  is  it  our  executive  offi- 
cers, general  managers,  general  and  division  superintendents 
are  not,  to  a  greater  extent  at  least,  drawn  from  the  engi- 
neering ranks?  It  is  not  because  of  discrimination,  for  it 
is  a  fact  that  the  positions  mentioned  are  invariably  filled 
■with  men  from  any  department,  who  appear  to  have  the 
necessary  qualifications.  What  is  the  an.swer?  Is  it  not  that 
your  experience  is  confined  too  closely  to  engineering  lines 
and  not  enough  to  the  other  things  necessary  to  qualify 
you  for  the  advanced  positions  in  operation?  This  may  not 
have  been  a  fault  of  yours  entirely;  it  may  be  partly  charge- 
able to  lack  of  encouragement  along  these  lines." — E.  P. 
Bracken,  Operating  Vice-President  C,  B.  &  Q.  R.  R.,  in 
address  to  A.  A.  E.  section  of  that  railroad. 


French    Railway   to    Electrify    its    Alpine 

Lines 

The  Paris,  Lyons  &  Marseilles  Ry.  has  been  in  the  past 
alow  to  realize  the  possibilities  of  electrification  in  the 
Rhone  valley.  Up  to  1914,  it  had  only  electrified  one  section 
of  line:  that  from  Fayet  to  Valloreine.  Two  stations  sup- 
plied the  power  necessary  to  the  operation  of  this  line,  one 
of  which  developed  5„i00  H.  P.  and  the  other  3,000  H.  P. 
The  line  under  construction  from  Nice  to  Coni,  when  war 
broke  out,  was  being  electrically  equipped. 

The  P.  L.  M.  Co,,  according  to  the  French  Commission  in 
the  United  States,  now  proposes  to  electrify  all  its  lines, 
starting  with  that  from  Lyons  to  Marseilles,  which  bore  a 
traffic  of  14,000,000  tons  of  freight  per  kilometer  in  191.1.  This 
line  also  serves  both  directly  and  indirectly  Modena,  Greno- 
ble, St.  Etienne,  Geneva,  Roanne  and  the  lines  from  Tarascon 
to  Cette  and  Grenoble  to  Marseilles.  So  inadequate  are  the 
facilities  of  this  last  line  at  present  that  much  of  the  traffic 
has  to  be  diverted  via  Valence. 

The  electrification  of  the  Lyons-Marseilles  line  will  require 
200,000  Kw.  of  which  150,000  Kw.  must  be  supplied  by  the 
Alps-Khone  region.  The  power  stations  to  be  built  along  the 
Rhone  will  be  able  to  furnish  this  power,  and  plans  are 
being  made  accordingly.  The  P.  L.  M.  Co.  further  intends 
to  construct  a  power  plant  itself  at  Mondragon.  Further,  the 
Ministry  of  Public  Works  plans  to  place  at  the  company's 
disposal  the  surplus  power  which  the  Government's  hydro- 
electric plant  at  Merargues  will  have  available  for  distribu- 
tion after  the  needs  of  the  farmers  of  the  neighborhood  are 
satisfied.  It  has  been  in  fact  proposed  that  the  entire  output 
nf  the  Merargues  station  be  turned  over  to  the  P.  L.  M.  Co. 
until  such  time  as  it  shall  have  completed  the  construction  of 
its  own  plants  and  transmission  stations. 

Further,  the  P.  L.  M.  proposes  to  develop  the  power  re- 
sources of  the  Bessorthe  River.  The  upper  portion  of  the 
Bessorthe  valley  is  plateau,  on  leaving  which  the  river 
drops  some  1,100  meters  in  2i,i  kilometers.  The  upper  basin 
would  permit  the  construction  of  a  reservoir  of  15,000.000 
cubic  meters  capacity.  The  fall  of  1,100  meters  would  make 
available,  once  the  reservoir  is  constructed,  10,000  Kw.,  an 
important  portion  of  the  power  needed  by  the  company  in 
this  nei.shborhood. 

The  Government  Railway  Administration  had  already  elec- 
trified a  section  of  line  in  this  region  in  1911.  In  the  same 
year,  it  decided  to  extend  its  electrified  line  another  35  kilo- 
meters from  Mure  In  Dauphine  to  Gap  in  Haute  Provence. 
For  this  purpose,  it  had  under  construction  a  power  plant 
and  reservoir  which  since  completed,  make  available  4,500 
H.  P.  The  surplus  power  derived  from  this  station  is  sold 
tc  the  inhabitants  of  the  surrounding  villages  for  lighting 
and  other  purposes. 

If  the  saving  in  coal  on  the  Government's  line  from  Mure 
to  Gap  be  taken  as  basis  of  comparison,  the  electrification 
of  the  P.  L.  M.'s  Lyons-Marseillies  line  should  mean  an  annual 
coal  saving  of  .",000,000  tons. 


Rail  Wages  Cut  12  Per  Cent  by  U.  S.  Board. — An  estimated 
yearly  saving  of  $400,000,000  will  result  for  the  railways  as 
a  consequence  of  the  U.  S.  Railway  Labor  Board's  decision 
of  June  1  authorizing  an  average  12  per  cent  wage  cut  for 
railroad  employes.  Reduced  cost  of  living  and  reduced  wages 
in  other  industries  were  the  major  factors  on  which  the  wage 
cuts  were  based  by  the  board.  The  decision  points  out  that 
the  adjustment  period  has  produced  conditions  "in  whose 
burdens  all  have  to  share."  It  says  the  wage  problem  with 
which  it  dealt  is  an  "economic  one"  and  should  not  be  re- 
garded as  "a  struggle  between  capital  and  labor  or  the  man- 
agements and  the  employes."  In  a  supplemental  memoran- 
dum the  board  points  out  Riat  during  government  control  the 
wages  of  raihvav  employes  were  increased  from  an  average 
of  $78  in  December,  1917,  to  $116  in  January,  1920,  or  about 
20  per  cent.  The  board's  decision  last  year,  effective  May  1, 
1920.  increased  wages  22  per  cent,  or  to  an  average  of  $141 
per  month.  After  this  increase  the  railway  workers,  it  says, 
were  receiving  an  average  increase  of  81  per  cent  more  than 
they  were  getting  before  federal  control,  and  about  10  per 
cent  of  them,  chiefly  the  lower  paid  unskilled  workers,  had 
received  increase  in  excess  of  100  per  cent.  The  new  scale 
becomes  effective  July  1,  the  date  set  for  abrogation  of  the 
national  working  agreements. 


(124) 


Enginerrhig   and  Contracting   fur  June   15,  1D21. 


583 


Methods    of    Tunneling    Through 
Soft  Ground 

The  greater  part  of  the  subway  construction  in  New  York 
City  has  been  carried  on  under  normal  air  conditions  by 
tunnelling,  open  cut,  and  cut  and  cover  methods.  In  a  recent 
Issue  of  the  Engineering  and  Mining  Journal  Mr.  Robert  W. 
Jones  gives  an  interesting  description  of  the  methods  followed 
in  driving  through  unconsolidated  materials,  under  normal 
air.     The   matter  follow-ing  is  taken  from   the  article: 

The  tunnel  under  discussion  was  to  be  carried  through  a 
niorainal  deposit  varying  from  a  clean  sand  to  heavy  gravel, 
with  pockets  of  loam  and  in  spots  an  abundance  of  boulders 
up  to  3  and  4  ft.  in  diameter.  Water  was  encountered  in 
places,  but  not  in  quantity.  The  dry  sandy  sections  were 
unstable,  and  the  tendency  of  the  ground  to  run  as  soon  as 
the  support  was  released  was  quite  evident.  The  boulder 
section  made  dangerous  roof  conditions.  The  wet  sand  and 
loam  would  hold  up  for  a  time  without  support  and  then 
unexpectedly  fall. 

The  tunnel  was  opened  from  two  main  faces,  or  rather 
under  two  conditions.  At  one  face  a  metallic  roof  shield  was 
used  and  at  the  other  the  entire  support  and  protection  de- 
pended   upon    timbering.     The    descriptions   simply    give   the 


pushed  ahead,  the  lower  headings  between  the  side  and  cen- 
ter drifts  were  removed,  using  breastboards  with  straw  and 
hay. 

Benches  of  the  side  and  center  drifts  were  prepared  to 
carry  the  bearing  surface  of  the  erector  for  the  metallic  con- 
crete forms.  These  forms  were  erected  immediately  back  of 
the  advancing  shield,  and  the  entire  center  wall  C,  side 
walls  D,  and  umbrella  E  were  blown  in  at  one  operation. 
There  was  little  danger  in  the  preceding  method  of  excava- 
tion, as  the  face  was  the  only  area  exposed,  and  the  finished 
concrete  was  carried  up  close  to  the  shield.  As  the  shield 
advanced  the  drift  posts  were  removed,  and  the  invert  F 
was  advanced  in  sections.  The  tunnel  was  carried  forward 
in  a  finished  condition  ready  to  be  turned  over  for  the  rails. 

The  timber-driven  tunnel  face  was  carried  through  flowing 
sand,  sand  and  loam,  and  gravel.  The  main  and  first  point 
of  attack  is  the  top  heading  A,  in  Fig  2,  with  a  width  of  16 
ft.  6  in.  and  a  height  of  S  ft.  G  in.  If  the  material  was  fairly 
well  consolidated,  the  entire  face  was  taken  out  in  one  cut. 
It  not,  the  face  was  divided  into  two  equal  areas,  but  carried 
very  close  to  each  other.  If  it  was  necessary  to  remove  the 
face  in  two  cuts,  the  upper  was  taken  out  in  five  vertical 
cuts  (a,  b,  c,  d  and  as  shown  in  e.  Fig.  3).  Fig.  4  shows  a 
section  along  the  center  line  of  tunnel  in  the  top  heading. 
The  center  cut   (c)   of  the  upper  cut  is  made  either  4  ft.  or 
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Cross-Sections   of   Subway    Excavations    and    Method    of    Concreting. 


general  ideas  as  laid  out  in  advance  of  active  work  and 
maintained  remarkable  consistency  throughout  construction. 

The  shield-driven  tunnel  was  mainly  through  material  that 
was  of  a  loamy  nature,  but  which  carried  an  abundance  of 
medium-size  gravel.  Some  distance  from  the  shaft  the  mate- 
rial changed  in  character  and  boulders  predominated,  the 
strata  being  that  of  a  typical  watersorted  glacial  deposit. 

Lateral  operations  were  hegun  by  driving  from  the  bottom 
of  the  shaft  two  side  drifts.  A,  and  one  center  drift,  B,  as 
shown  in  Fig.  1.  The  face  of  each  drift  was  opened  in  one 
cut,  using  horizontal  breastboards,  and  the  sides  between 
bents  were  supported  in  the  same  manner.  Hay  and  straw 
were  used  as  a  backing  to  prevent  flowage  of  sands.  The 
posts  and  caps  of  drifts  were  either  8  in.  x  8  in.  or  8  in.  x  10 
in.,  with  bents  placed  2  ft.  10  in.  center  to  center.  Caps  of 
side  drifts  were  7  ft.  4  in.  and  center  drift  caps  were  9  ft.  in 
length.  The  inner  posts  of  side  drifts  were  cut  8  ft.,  with 
the  outer  posts  7  ft.,  and  the  centir  drift  posts  were  6  ft. 
The  roof  was  driven  with  poling  boards,  the  boards  being 
driven  halt  way,  the  material  excnvated,  and  the  boards 
driven  home.  A  new  bent  was  then  erected,  and  the  work 
carried  on  as  before.  Owing  to  thi'  short  distance  between 
bents,  there  was  little  difficulty  in  supixirting  the  sides.  Two- 
inch  poling  boards  were  used. 

On  completion  of  the  drifts,  forms  were  erected  and  the 
concrete  was  placed  to  finished  form.  The  concrete  benches 
of  side  drifts  were  prepared  to  support  the  bearing  surface 
of  the  roof  shield.  The  bottom  of  the  cross-piece  of  the  shield 
passed  2  in.  above  the  top  of  the  side  drift  posts  and  approxi- 
mately 1  ft.  above  the  cap  ot  the  center  drift.  After  the 
shield  was  in  place  the  entire  top  heading  was  removed  for 
a  depth  of  about  32  in.  and  downward  to  the  bottom  of  the 
shield  cross-piece.  Horizontal  breastboards  were  used  when 
necessary. 

Tracks  were  carried  at  approximately  the  elevation  of  the 
top  of  the  invert,  allowing  side-dump  cars  to  be  pushed  in 
between  the  posts  of  the  side  and  center  drifts.  The  mate- 
rial excavated  under  the  shield  in  the  top  heading  was 
passed  through  the  shield  cross-piece  into  the  cars.  As  the 
top  heading  was  being  cleaned  up  to  allow  the  shield  to  be 


6  ft.,  depending  upon  the  material.  The  five  cuts  were  made 
with  breastboards  and  straw,  and  the  lower  part  of  the  face 
is  taken  out  in  one  cut.  Side  and  center  posts  and  caps  are 
placed,  and  the  face  is  ready  for  another  cut.  Twenty  feet 
back  of  the  face  the  center  posts  are  removed,  and  the  braces 
B.  top  pieces  C,  and  uprights  D  are  placed  in  position,  taking 
the  pressure  on  the  still  E  and  side  posts  of  the  drift.  The 
supports  B  consist  of  Gin.  iron  pipe  filled  with  concrete. 

Throughout  the  distance  where  the  center  posts  are  re- 
moved (for  a  distance  of  twenty  feet),  a  trench  is  dug  to 
subgrade,  using  vertical  sheathing  or  8  in.  x  8  in.  uprights, 
5  ft.  4  in.  center  to  center  and  boarded  as  side  supports.  This 
interval  of  twenty  feet  is  maintained  and  the  concrete  center 
wall  F  is  carried  forward  to  the  top  of  the  trench  and  upward 
to  the  cap  as  a  concrete  post  in  place  of  the  original  center 
post.  Back  of  the  open  trench  the  pipe  braces  B  are  then 
removed  and  the  umbrella  G  is  then  blown  in. 

Simultaneously  with  excavation  in  the  main  face,  the  side 
drifts  H  are  carried  forward  with  the  face  held  about  40  ft. 
back  of  the  main  face.  In  this  drift  the  12-in.  x  12-in.  wall 
plate  J  is  laid.  These  side  drafts  are  driven  3  ft.  clear,  with 
inside  posts  at  the  top,  3  ft.  6  in.  at  floor,  and  5  ft.  high.  The 
two  segments  K  are  then  excavated  down  to  the  top  ot  the 
side  drifts,  and  the  arch  timbers  L  are  placed  bearing  against 
the  cap  of  the  first  excavation  and  the  wall  plate  in  the  side 
drift.  The  excavation  for  the  segments  K  is  carried  on  in  a 
similar  method  to  the  first  excavation,  using  breastboards 
and  straw,  with  vertical  sections  varying  with  the  material. 
Twenty  feet  back  from  the  face  of  this  excavation  it  is  car- 
ried down  to  the  level  with  the  floor  of  the  side  drifts.  In 
another  twenty  feet  the  cut  is  carried  to  the  subgrade,  side 
posts  are  placed,  forms  are  erected,  and  the  side  walls  con- 
creted. 


Examination  for  Sanitary  Engineers. — The  U.  S.  Civil  Serv- 
ice Commission,  Washington,  D.  C,  has  announced  an  open 
competition  examination  on  July  6  for  the  positions  of  assist- 
ant sanitary  engineer  and  junior  railway  engineer  in  the 
U.  S.  Public  Health  Service,  at  salaries  of  $3,225  and  $2,320, 
respectively. 
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Freight  Tunnel   System  as  a  Ter- 
minal Distribution  Agency 

At  the  lettnl  spring  iiieeliiig  (jI  the  Americun  Society  of 
Meti.-liaiilral  Kngiiieprs  at  Chicago,  the  members  of  the  West- 
pni  Society  of  Engineers  were  Invited  to  join  and  'o  present 
some  papers.  Several  papers  were  submitted  by  various 
niembf  rs  of  the  Engineers'  Terminal  Committee,  and  among 
these  we  quote  one  with  the  title  givt^n  above,  from  a  digest 
given  the  Western  Society  .Journal.  This  paper  was  presented 
by  J.  K.  Bibbiiis  and  K.  J.  Noonan 

The  Chicago  Freight  Subway  System. — A  freight  transport 
system  unitiue  in  modern  terminal  development  exists  under- 
neath all  of  the  principal  downtown  streets  of  Chicago  on 
both  sides  of  the  river,  which  deserves  special  mention  here. 
This  network  of  tunnels  is  connected  by  elevator  with  all 
railroad  stations,  freight  houses,  important  retail,  wholesale 
and  mail  order  houses,  warehouses,  coal,  ash  and  disposal 
stations,  and  in  short,  with  practically  all  the  downtown  in- 
dustries of  Chicago.  The  tunnel,  while  small  in  size,  can 
handle  from  70  to  95  per  cent  of  L.  C.  L.  freight  tendered 
in  the  great  majority  of  cases,  and  all  freight  from  many  of 
these  connections.  The  tunnel  serves  four  union  L.  C.  L. 
stations  and  a  large  number  of  private  commercial  stations. 
Some  with  the  shipping  Hoors  are  at  the  tunnel  level,  requir- 
ing no  tunnel  elevators.  At  these  union  freight  stations,  mis- 
cellaneous freight  for  any  number  of  destinations  is  received 
from  a  shipper  on  a  single  bill  of  lading,  classified  and  routed 
to  destination,  the  tunnel  company  acting  as  the  terminal 
agent  for  the  carrier  road.  The  freight  in  these  union  sta- 
tions is  assembled  continuously  during  the  day  in  small 
standard  cars  of  about  .5.0  tons  capacity  and  is  hauled  out 
in  trains  by  electric  locomotives  and  set  off  on  siding  at  its 
destination,  raised  by  elevator  to  the  railroad's  freight  house 
floor  to  be  loaded  out  in  the  day's  outbound  movement. 

Thus  the  Chicago  tunnel  represents  the  best  example  today 
of  a  high  class  terminal  freight  forwarding  machine  in  which 
the  mechanical  sorting  of  freight  is  done  entirely  by  the  car- 
rier to  the  advantage  of  the  shipper.  It  may  be  stated  safely 
that,  in  ultimate  limit  of  track  capacity,  the  present  tunnel 
could  accommodate  three  to  five  times  the  present  tonnage 
handled  and  with  only  moderate  improvements  in  layout  and 
elevator  capacity  at  certain  points.  At  present,  the  tunnel 
is  handling  approximately  1.800  tons  of  1.,.  C.  L.  freight  per 
day,  or  less  than  10  per  cent  of  the  total  outbound  freight 
at  the  railroad  freight  houses.  But  it  could  possibly  handle 
10.000  tons  per  day.  The  capacity  results  from  the  tunnel 
layout,  which  is  a  single-track  gridiron  with  trains  routed  in 
such  a  way  that  one  street  is  northbound,  the  next  south- 
bound, etc..  with  numerous  laterals  and  cross-overs  to  permit 
flexibility.  These  trains  average  4.0  miles  per  hour,  S.O  miles 
niaxinii:m  and  they  are  able  to  traverse  the  Loop  in  any  direc- 
tion in  the  short  space  of  15  minutes.  By  systematic  dispatch- 
ing and  with  block  signalling  when  found  necessary,  the  Chi- 
cago Tunnel  could  function  in  a  manner  not  generally  appre- 
ciated at  the  present  time. 

To  truck  2.000  tons  of  freight  per  day  would  probably  re- 
quire from  750  to  1,000  motor  vehicle  trips,  if  fully  loaded. 
each  day,  or  from  90  to  125  round  trips  per  hour  in  an  8-hour 
day.  Possibly  the  majority  of  these  vehicles  would  not  aver- 
age more  than  three  round  trips  per  day.  so  that  to  move 
this  tonnage  on  the  street  might  actually  require  2-50  to  350 
vehicles.  For  5.000  tons  of  freight  and  heavier  loadings,  1,500 
to  2,000  motor  vehicle  trips  per  day  might  be  required,  and 
for  10,000  tons  possibly  .3.000  trips  or  more,  depending  upon 
the  .system  of  motor  transport  used.  Imagine  the  resulting 
condition  of  loop  streets  with  such  traffic. 

For  the  above  reasons,  the  conclusion  is  reached  herein, 
against  much  argument  to  the  contrary,  that  the  Chicago  tun 
nel  must  be  regarded  as  an  important  element  in  local  freight 
transportation,  and  one  to  be  conserved,  if  for  no  other  Rea- 
son than  to  contribute  to  the  relief  of  street  congestion,  for 
the  tunnel  is  a  sub-level  freight  handling  street  already  con- 
structed, and  will  permit  the  S.  Water  St.  project  to  be  de- 
veloped more  along  the  lines  of  a  street  improvement  than 
as  originally  planned  with  railroad  tracks  and  freight  plat- 
form.s  ill  and  along  the  lower  level.  The  roadways  should 
not  he  used  for  this  purpose. 

Why  the  Chicago  Tunnel   Is  Not  Put  to  Greater  Use. — Con- 


siderable effort  was  expended  in  trying  to  discover  why  the 
Chicago  tunnel  Is  not  now  init  to  greater  use.  There  are  sev- 
eral reasons,  none  of  which  would  seem  to  be  a  reasonable 
excuse  for  permitting  such  a  unique  transportation  agency, 
involving  65  miles  of  tunnel  line  and  $15,000,000  of  invest- 
ment, to  fall  into  disuse.  These  reasons  may  be  summarized 
as  follows: 

1.  The  tunnel  is  an  independent  enterprise  with  charges 
absorbed  by  the  carriers;  trucking  charges  are  paid  by  the 
shipper. 

2.  Tunnel  service  appears  somewhat  more  expensive  than 
trucking,  although  the  cost  of  delayed  truck-time  may  reverse 
the  situation. 

.3.  Apparent  greater  delays  in  forwarding  due  to  freight 
house  congestion  and  hold-overs.  Trucked  shipments  are 
often  favored  because  of  assistance  rendered  by  drivers. 

i.  Large  shippers  may  change  from  tunnel  to  truck  service 
even  for  a  fractional  saving  in  charges. 

5.  Some  bulky  shipments  cannot  be  handled — f.-om  5  or 
10  per  cent  in  some  cases  to  :!0  per  cent  in  others.  The  tunnel 
averages   about  90   per  cent   availability. 

6.  Modern  tendency  to  one-way  business — for  many  large 
merchandisers  use  carload  inbound.  L.  C.  L.  outbound  via 
tunnel.     This  is  no  defect  of  the  tunnel. 

7.  Duplication  of  checking  work  and  expense.  It  should 
be  possible  to  avoid  this  in  some  reasonable  manner  and 
would  be  if  the  tunnel  were  a  railroad  agency. 

A  study  of  the  existing  Union  tunnel  freight  stations  shows 
the  following  results  as  applicable  to  designing  of  facilities 
recommended  herein: 

1.  Platform  space  required — 25  sq.  ft.  per  ton  per  10-hour 
day. 

2.  Service  track  required — One  standing  car  per  10  tons 
handled  per  day.  « 

3.  Average  load   per  car — 1.4   tons  general  merchandise. 

4.  Team  platform  length — 0.42  lln.  ft.  per  ton  per  day. 

5.  Elevator  capacity — 30  round  trips  per  hour  now;  38 
maximum  when  speeded  up. 

5.  1.000-ton  station  requires — 25.000  sq.  ft.  floor  space,  420 
lin.  ft.  platform  frontage.  1.260  ft.  of  standing  tracks,  2  ele- 
vators, 90  merchandise  cars. 

Union  freight  station  service  is  believed  to  be  the  answer 
to  the  charge  sometimes  made,  of  discrimination  by  the  tun- 
nel as  between  small  and  large  shippers  (assuming  a  classifi- 
cation of  freight  and  charges  levied  on  a  class  revenue  pro- 
ducing basis  rather  than  a  flat  tonnage  basis).  From  the 
standpoint  of  the  city  of  Chicago,  no  transportation  agency 
could  be  more  effective  in  solving  the  problem  of  existing 
street  capacity  and  no  effort  should  be  spared  to  make  this 
institution  one  of  permanent  success. 


A  High  Power  Weed  Burner 

The  development  of  apparatus  for  burning  weeds  along  a 
railroad  track  has  been  of  especial  interest  to  railway  engi- 
neers ill  the  South.  As  an  instance  of  one  of  the  latest  de- 
velopments the  Railway  Age  describes  a  high  power  weed 
burner  recently  put  in  service  on  the  Texas  &  Pacific  Ry. 
which  is  capable  of  destroying  vegetation  for  a  distance  of 
10  ft.  each  side  the  center  of  the  track  while  operated  at  a 
speed  of  5  miles  per  hour.  In  addition  to  the  weed  burner 
car  itself,  the  full  complement  of  equipment  required  for  this 
work  includes  a  locomotive,  an  oil  tank  car.  a  water  car.  a 
camp  car  for  employes  and  a  caboose.  The  total  cost  of  de- 
stroying vegetation  with  this  equipment  is  said  to  be  less  than 
$5  per  mile,  including  the  consumption  of  60  gal.  of  fuel  oil  per 
mile  by  the  locomotive  and  the  weed  turner. 

The  description  states  that  the  burner  was  constructed  on 
the  principle  of  a  direct  application  of  heat  at  a  temperature 
of  1.400  to  1.500°  F..  and  experience  has  developed  that  this 
may  bf  done  with  safety.  The  heat  is  blown  upon  the  vege- 
tation beneath  a  hood  38  ft.  long  suspended  over  the  track, 
giving  a  length  of  contact  sufficient  to  destroy  vegetation 
while  the  burner  is  moving  5  miles  per  hour. 

The  Iieat  is  developed  by  the  efficient  combustion  of  fuel 
oil,  combined  with  the  correct  quantity  of  air  ;ipplied  by 
forced  draft,  the  combustion  taking  place  in  a  furnace  lined 
with  reliactory  materials.  The  temperatui-e  of  ihi  furnace 
gases  is  reduced  to  safe  limits  for  application  to  the  track 
cy  the  further  admixture  of  air  in  suitable  quantities.  A  par- 
ticularly complete  arrangement  has  been  worked  out  for  the 
mechanical  handling  of  dampers,  wings,  hoods,  etc..  so  that 
the  process  is  thoroughly  under  the  control  of  the  operator. 
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A  Graphical   Study  of  Fares  and 
Short-Haul  Traffic 

Mr.  E.  A.  Roberts,  writing  in  the  Electric  Railway  Journal, 
has  made  an  interesting  study  of  fares  and  short-haul  traffic 
on  electric  lines.     The  following  is  taken  from  his  article: 

It  IS  generally  recognized  that  the  rate  of  fare  charged 
by  a  city  street  railway  and  the  headway  of  service  have  a 
marked  effect  on  that  part  of  the  company's  gross  revenue 
that  is  received  from  the  short-haul  riders.  The  experience 
of  virtually  all  companies  which  have  raised  their  fares  is 
that  some  of  the  short-haul  passengers  become  pedestrians 
with  each  increment  of  fare,  for  which  an  allowance  must 
be  made  in  predicting  the  revenue  that  will  be  received  from 
higher  rates  of  fare. 

The  first  principle  to  take  into  account  is  the  value  of 
the  short-haul  ridei's  time.  He  will  make  a  trip  on  a  con- 
veyance only  when  by  so  doing  he  saves  enough  time  to 
compensate  for  the  fare  paid.     If  he  cannot  do  this,  he  will 


place  at  regular  intervals,  say  -ix  seconds  apart,  just  seven 
of  them  will  arrive  during  the  42  seconds  following  the 
departure  of  a  car,  and  consequently  will  fail  to  save  time 
by  riding  on  the  street  car.  The  rewiaining  93  will  profit 
so  far  as  time  is  concerned  by  riding,  and  at  7  ct.  each  will 
yield  $fi..51.  With  a  lO-ct.  fare,  24  minutes  is  required  to 
offset  the  expense  of  riding.  Direct  connection  will  save 
2.1  minutes  over  the  walking  time,  but  the  man  who  has 
to  wait  10  minutes  tor  a  car  would  be  much  better  off  by 
walking.  Only  21  per  cent  of  the  people  will  in  this  case 
find  it  a  satisfactory  financial  transaction  to  pay  the  10-ct. 
fare. 

The  point  at  which  a  sloping  line  in  the  chart  starts  up- 
ward indicates  the  minimum  ride  which  a  person  is  justified 
in  taking  provided  he  just  connects  with  a  oar,  which  would 
be  of  course  regardless  of  the  frequency  of  service.  The 
top  point  of  the  sloping  line  shows  the  minimum  ride  the 
person  who  waits  the  full  interval  between  cars  is  warranted 
in  taking.  Stated  in  other  words,  the  top  point  indicates 
the  maximum  distance  a  person  who  just  misses  a  car  would 
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Diagrams    Showing    Comparative    Walking     Distances    for    Various   Headways  When   Base  Fares  Are  Fixed  at  5,  7  or  10  Ct.  and 

Time   Is  Valued   at  26  or  50  Ct.   Per   Hour, 


walk  or  at  least  fail  to  patronize  the  street  cars.  To  illus- 
trate, if  a  man's  time  is  considered  as  being  worth  50  ct.  an 
hour,  and  the  street  car  fare  is  7  ct.,  this  man  in  using  the 
cars  must  save  7  cts.'  worth  of  time,  which  would  be  8.4 
minutes  over  the  time  required  for  walking. 

The  accompanying  charts  have  been  prepared  to  show  the 
gross  revenue  receivable  from  each  100  persons  who  would 
use  the  street  cars  for  rides  up  to  3  miles  in  length  if  It 
resulted  in  a  saving  of  time  sufficient  to  compensate  for  the 
tare  charged.  Three  rates  of  fare,  ."i.  7  and  10  ct.,  four  dif- 
ferent car  headways,  2i,i,  5,  10  and  15  minutes,  and  two 
values  of  the  car  rider's  time,  25  and  50  ct.  per  hour  are 
assumed. 

The  case  of  100  persons  desiring  to  take  a  street  car  ride 
of  2%  miles  on  a  line  with  a  ten-miiuite  headway  will  first 
be  taken  and  the  value  of  these  people's  time  will  be  as- 
sumed at  25  ct.  per  hour,  and  thai  they  are  capable  of 
walking  at  the  army  rate  of  speed,  5  ft.  per  second.  The 
average  speed  of  the  street  cars  will  be  considered  at  10 
m.p.h.  To  walk  the  2V4  miles  will  take  39.6  minutes,  while 
to  ride  will  require  131/2  minutes,  so  that  the  person  who 
can  board  a  car  without  waiting  will  save  26.1  minutes, 
while  the  person  who  has  to  wait  the  whole  headway,  ten 
minutes,  will  save  16.1  minutes. 

On  a  5-ct.  fare  basis  the  price  paid  for  the  ride  is  equiv- 
alent in  value  to  12  minutes  of  the  passenger's  titne.  In  this 
cose  the  entire  100  people  should  be  attracted  to  the  street 
car  service  because  of  the  time  saving.  With  a  7-ct.  fare  and 
a  10-minute  headway,  16.8  minutes  imist  be  saved  to  com- 
pensate for  the  price  of  »  ride.  The  man  who  can  board  a 
car  immediately  can  afford  to  ride,  hut  he  who  just  misses 
one  will  be  0.7  minute  or  42  seconds  better  off  by  walking. 
If  the   Km   people   are  assumed   as   arriving   at   the   stopping 


be  justified  in  walking.  The  slope  of  the  line  bears  a  direct 
relation  to  the  headway  and  is  a  measure  of  the  doubtful 
zone  in  which  a  person  might  either  walk  or  ride.  The 
more  frequent  the  service,  the  shorter  should  be  the  walking 
radius  of  possible  riders. 


16,000-Ton  Train  Loads 

The  Virginian  Ry.  has  as  its  principal  traffic  the  hauling  of 
coal  to  tidewater,  and  in  the  efficient  handling  of  this  one- 
way traPic,  some  of  the  most  powerful  engines  and  largest 
cars  yet  built  have  been  used  for  several  years  past. 

One  of  the  problems  met  with  in  the  increasing  traffic  is 
the  matter  of  handling  safely  on  the  long  down  grades  these 
enormously  heavy  trains.  The  Westinghouse  Air  Brake  Co. 
has  been  called  upon  to  design  braking  equipment  suitable 
for  the  control  of  trains  of  16,000  gross  tons  on  down  grades 
of  1.0  per  cent  and  10  to  12  miles  in  length.  The  special 
factors  entering  into  this  problem  are: 

a.  To  provide  a  sufficient  degree  of  braking  power  for  the 
loaded  trains. 

b.  To  provide  only  such  braking  power  as  needed  for  the 
empty   train  of  less  than  one-third   the  weight. 

c.  To  provide  the  very  greatly  increased  braking  power  on 
loaded  train  without  appreciable  increase  in  consumption 
of   air. 

d.  To  so  devise  the  equipment  that  in  tlae  event  of  excessive 
leakage  in  brake  cylinder,  the  effect  will  he  on  the  individual 
car  and  not  the  rest  of  the  train. 

The  Railway  Review,  from  which  the  above  is  taken,  states 
that  arrangements  have  been  made  to  demonstrate  the  suc- 
cessful handling  of  loaded  trains  of  16,000  gross  tons  on  the 
steep  grades  mentioned  above  and  also  on  level  districts. 
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Bonuses  on  Construction  Work 

in  Engiiuciiug  uiul  ConUacliiiB  lor  Jan.  28,  1920,  there 
appeared  an  article  eatltled  "Application  of  Wage  Bonus 
Plan  to  Construction  Operations."  The  plan  Is  based  upon 
the  establishment  of  a  standard  time  for  the  performance  of 
a  certain  amount  of  work,  and  when  this  set  task  has  been 
accomplished,  the  payment  of  a  substantial  bonus  for  addi- 
tional work  done.  The  article  describes  how  the  plan  was 
applied  to  hand  excavation  on  a  railroad  cut,  carpenter  and 
concrete  work  on  bridges.  In  each  case  those  in  charge  of 
the  work  decided  "on  the  method  and  a  number  of  men  who 
could  work  to  advantage,  then  set  the  time  standard."  There 
was  thus  determined  the  number  of  man-days  in  which  the 
job  should  be  done.  The  elTiciency  of  the  working  party 
was  determined  by  dividing  this  number  by  the  actual  num- 
ber of  man-days  in  which  the  job  was  done,  and  a  bonus 
paid  if  this  efticlency  was  1^  per  cent  or  higher.  The  follow- 
ing table  shows  the  per  cent  of  bonus  paid  for  various 
ethciencies: 
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1  0 

Kmclency 
per  cent. 

90 

91 

92 

Bonus 

per  cent. 

10 

76 

1.6 

11 

2.0 

12 

78 

2.4 

93 

94 

95 

96 ; ..      . 

13 

79 

sn 

2.8 

3.3 

14 

15 

SI 

3.8 

16 

S2 

4  3 

ao.., 

'      100...... i.... 

101 

17 

M! 

5  0 

18 

s4 

.5  ,5 

19 

s.^ 

6  0 

20 

sc 

7.0  ■    ■ 

21 

s7 

7.6 

102 

22 

M? 

8.4 

9.2 

103..  ■;..;■.  . 

23 

S9 

105. 

25 

In  the  current  issue,  of  .the  Military  Engineer.  Maj.  J.  R. 
Slattery,  Corps  of  Engineers,  U.  S.  Army,  comments  on  the 
article  and  offers  suggeslioiis  on  the  application  of  a  bonus 
plan  to  dredging  operations.  We  quote  from  his  article  as 
lollows: 

The  plan  described  appears  a  most  excellent  one,  but 
there  are  some  irregularities  in  the  increments  in  percentage 
of  bonus  to  be  paid  that  do  not  seem  quite  reasonable:  for 
exam.ple,  for  an  increase  in  efTiciency  from  74  per  cent  to 
75  per  cent.  1  per  cent  bonus  is  paid,  but  for  the  next  1  per 
cent  increase  in  efficiency,  the  bonus  increment  is  only  .6 
per  cent,  while  for  the  next  1  per  cent  (7G  per  cent  to  77 
per  cent),  the  bonus  increment  is  only  .4  per  cent.  Again 
the  Increment  in  bonus  corresponding  to  an  increase  In 
efflclency  from  85  to  SG  per  cent  is  ]  per  cent,  whereas  it  is 
only  .5  per  cent  and  .6  per  cent,  respectively,  for  increases 
in  elTiciencies  from  84  to  85  per  cent,  and  Sfi  to  87  per  cent. 
A  more  logical  table  w^ould  seem  to  be  the  following: 
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Determination  of  Bonus  for  Dredging  Operations. — The 
writer  has  in  years  past  discussed  the  bonus  plan  with  many 
contractors  and  has  found  them  almost  universally  of  the 
belief  that  the  payment  of  bonuses  promoted  the  efficiency 
of  work.  It  is  more  difficult  to  find  a  satisfactory  plan  foi* 
payment  of  bonuses  to  government  employes  than  to  con- 
tractors' employes,  but  it  is  believed  that  the  government 
would  benefit  greatly  by  adopting  the  bonus  plan,  wherever 
a  reasonable  basis  for  the  payment  of  the  same  can  be 
determined.  In  the  case  of  dredging  it  is  thought  that  a 
basis  could  be  determined,  for  any  given  plant,  as  follows: 
Assume  that  a  dredge  works  at  lOT)  per  cent  efficiency  when 
it  works  20  hours  out  of  every  24.  For  any  given  job  a 
reasonably  accurate  estimate  can  be  made  as  to  about  what 
yardage  should  be  removed  per  month  if  the  dredge  actually 
worked  at  100  per  cent  efficiency  as  defined  above. 

In  any  given  locality  the  number  of  months  of  the  year 
during  which  actual  dredging  operations  can  be  carried  on 


is  known  within  close  limits.  Call  this  "n"  months.  The 
actual  cost  of  dredging  operations  for  the  year  includes 
not  only  the  expenses  incurred  during  these  "n"  months, 
but  likewise  the  expenditures  for  care  of  plant  and  annual 
overhauling  during  the  other  months  of  the  year.  The  true 
cost  of  any  month's  dredging,  therefore,  is  equal  to  the 
actual  operating  expense  (including  cost  of  repairs,  ordi- 
nary and  extraordinary,  during  that  month),  plus  1/n  of 
the  cost  of  annual  overhauling  and  care  of  plant  during 
the  lay-up  season.  At  any  given  time,  it  is  possible  to  esti- 
mate accurately  an  amount  which  should  cover  the  monthly 
cost  of  operation  (exclusive  of  repairs),  and  to  approximate 
amounts  which  should  cover  cost  of  monthly  repairs,  ordi- 
nary and  extraordinary,  and  cost  of  annual  overhauling 
and  care  of  plant  during  the  lay-up  season.  From  these 
figures  there  can  be  determined  a  monthly  operating  cost 
which  should  not  be  exceeded  by  1/n  of  the  total  operating 
cost  for  a  year,  and  if  this  monthly  cost  be  divided  by  the 
number  of  yards  which  it  is  calculated  the  dredge  should 
remove  when  working  at  100  per  cent  efliciency  there  will 
result  a  unit  cost  that  could  be  used  as  a  basis  for  deter- 
mining the  efficiency  of  dredge  operation  during  any  month. 
The  per  cent  of  efficiency  would  be  obtained  by  dividing  this 
basic  unit  cost  by  the  actual  unit  cost  for  the  month 
calculated  as  follows: 

Unit  cost  for  months 
[Total   operating   cost   per   month,   including  cost   of   repairs 

Cost    of    annual    overhauling    that    year 

-1 

n 

Cost    of    care    of    plant    during    lay-up] 


-^Output   for  month. 

This  may  possibly  appear  somewhat  complicated,  but  it  is 
believed  that  if  a  study  is  made  of  operating  costs  of  any 
given  piece  of  plant,  it  will  be  found  that  the  quantities 
involved  are  determined  without  difficulty  and  are  reason- 
ably convincing.  It  is  considered  essential  to  introduce 
a  factor  representing  cost  of  repairs  into  the  basic  cost  for 
use  in  determining  efficiency,  in  order  to  guard  against 
the  danger  of  a  crew's  endeavoring  to  obtain  output  at  the 
expense  of  proper  care  of  machinery. 

There  might  be  some  difficulty  in  determining  the  output 
to  the  satisfaction  of  all  concerned,  but  it  is  believed  that 
if  the  output  was  determined  by  a  survey  party  having  no 
interest  In  the  bonus,  and  this  survey  party  was  in  charge 
of  a  capable  man.  there  would  be  little  chance  of  collusion 
between  dredge  crew  and  survey  party. 

It  is  probable  that  most  government  engineers,  who  have 
had  to  do  with  the  handling  of  labor  during  the  past  year 
have  been  impressed  with  the  desirability  of  finding  some 
way  of  stimulating  labor's  interest  in  work,  and  have  found 
that  neither  increases  in  pay  nor  discharges  accomplish 
that  end.  Perhaps  an  intelligent  bonus  system  will  meet 
the  needs. 


New  York's  Public  Utility  Commission 
and  Politics 

New  York's  Governor  in  the  few  months  he  has  been  in 
Albany  has  achieved  much.  He  has  insisted  on  economy 
in  state  expenditures  and  by  consolidations  and  pruning  has 
applied  the  acid  test  of  po'itical  incompetency  and  waste. 
In  these  respects  he  has  shown  himself  an  excellent  exec- 
utive and  an  unusual  governor.  Naturally,  in  haste  to  fulfill 
pre-election  promises,  performance,  however  good,  often  falls 
short  of  intention.  On  the  whole,  the  Public  Service  Com- 
mission law  as  revised  is  good,  but  the  appointees  so  far 
must  be  accepted  on  faith.  Evidently  experience  in  public 
utility  affairs  did  not  count  in  their  preferment.  But  a 
body  composed  of  five  Repulilicans  appointed  for  a  term  of 
ten  years  at  a  salary  of  ll.'i.OOO  a  year  and  removable  only 
by  impeachment  or  legislation  seems  to  us  to  offer  an  excel- 
lent opportunity  for  Democrats  when  they  come  into  power 
to  legislate  the  commission  out  of  office  and  appoint  five  of 
their  political  faith.  Thus  tlie  commission  is  thrust  wholly 
into  politics  and  all  that  that  means.  The  only  fortunate 
part  of  the  affair  is  that  the  personnel  which  actually  deals 
with  public  utilities  is  virtually  unchanged. — Editorial  in 
Electrical  World. 
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Locomotive  Headlight  Turbines 

Used  for  Operating  Floodlights 

on  Steam  Shovels 

Application  of  locomotive  headlight  turbines  for  operating 
flood  and  headlights  on  steam  shovels  and  locomotives  en- 
gaged in  night  work  has  recently  been  tried  with  success  by 
the  Mandle  Clay  Mining  Co.  of  Whitlock,  Tenn.  This  com- 
Ijauy's  equipment  consists  of  two  steam  shovels  and  three 
shifting  locomotives,  and  on  each  of  the  shovels  it  has 
mounted  two  General  Electric  L-3  light  projectors  and  32 
volt,  500  watt  headlight  turbines  of  the  same  type  used  for 
locomotive  headlights.  The  switching  engines  carry  a  tur- 
bine and  two  headlights,  one  in  front,  and  the  other  on  the 
cab. 

The  larger  of  the  two  shovels  has  the  floodlights  mounted 
so  as  to  directly  illuminate  the  point  at  which  the  bucket  is 
operating,  the  headlight  on  the  shifting  engine  serving  to  aid 
in  unloading   into   the   car.     The   floodlights   on  the   smaller 


Working  a  Mine  at  a  Depth  of  7,000  Ft. 

In  a  paper  presented  before  the  British  Institution  of 
Mining  and  Metallurgy  Mr.  H.  E.  Clifford  describes  the 
scheme  that  has  been  adopted  for  working  the  City  Deep 
mine  at  a  depth  of  7,000  ft.  The  mine  is  now  being  operated 
from  two  vertical  rectangular  7-compartment  shafts  4,000 
ft.  apart,  3,300  and  4,000  ft.  deep,  respectively.  Prom  the 
bottom  of  these  shafts  extend  two  5-compartment  inclines 
which  lie  under  the  reef  and  are  connected  with  it  by  cross- 
cuts at  each  level.  The  west  shaft  has  reached  the  20th 
level,  and  the  east  the  18th  level.  The  vertical  depth  of  the 
20th  level  is  4,950  ft. 

The  inclines  will  soon  reach  the  vertical  depth  at  which 
troubles  with  rock  pressure  are  likely  to  become  serious,  and 
their  length  will  have  reached  the  economic  limit.  There 
will  thus  remain  an  area  equ-il  to  about  one-tliird  of  the 
property  which  is  not  provided  for  by  present  appliances, 
and  the  scheme  adopted  in  solution  of  the  problem  of  exploit- 
ing it  consists  in  sinking  a  vertical  shaft  of  circular  section, 
7,non  ft.  deep,  in  two  stages  of  4,-''i00  ft.  and  2,500  ft. 


Turbo-Generators,    Headlights    and    Flood    Lighting    Projectors 

shovel  which  is  of  the  revolving  type  me  so  placed  that  they 
not  only  illuminate  the  bucket's  field  of  operation,  but,  w-hen 
the  shovel  is  swinging  around  for  unloading,  they  light  up 
the  car.  The  shovels  carry  110  lb.  boiler  pressure,  which 
furnishes  power  for  the  turbine  which  besides  the  two  flood- 
lights carries  three  25  watt  lamps  in  the  interior  of  the  cab 
to  aid  the  operator  and  fireman.  There  Is  also  sufficient 
capacity  for  two  more  floodlights  if  desired. 

The  shifting  locomotives  carry  150  lb.  boiler  pressure,  and 
are  equipped  with  one  500  watt  turbine  tor  the  operation  of 
two  h-3  mine  type  headlights  with  75  watt  lamps.  Where 
greater  illumination  is  necessary  it  is  po.ssible  to  apply  head- 
lights of  as  large  as  250  watts  capacity,  such  as  are  used  on 
railroad  locomotives. 

The  turbines  on  both  shovels  and  locomotives  are  of  the 
standard  type  built  by  the  General  Ele<tric  Co.  for  locomo- 
tive headlights.  They  are  equipped  with  low  pressure  valves 
and  nozzles  carrying  rated  voltage  and  capacity  between  70 
and  170  lb.  boiler  pressure  with  a  water  rate  of  approxi- 
mately no  11).   per  hour. 


An  Engineer's  Tribute  to  the  Pure  Scientist. — "The  engi- 
neer of  today  is  the  right-hand  man  of  the  scientist  in  trans- 
forming thoughts  into  service."— From  the  address  on  June  8 
of  Charles  H.  MacDowell,  incoming  president  of  the  Western 
Society  of  Engineers. 


on     Steam    Shovel   and    Locomotive    of    Middle   Clay    Mining    Co. 

The  upper  section  will  stop  at  the  17th  level,  where  it 
will  make  connection  with  the  two  incline  shafts,  and  the 
reef  will  be  attacked  from  the  lower  section  of  the  shaft 
by  cross-cuts  at  each  level.  The  shaft  is  20  ft.  in  diameter 
in  the  clear,  and  is  fitted  with  concrete  rings  spaced  at  10 
ft.  vertical  intervals.  The  rings  are  each  IS  in.  deep  by 
15  in.  wide,  and  their  function  is  to  provide  adequate  fasten- 
ings for  the  shaft-guides,  pipes,  cables,  etc.,  and  also  to 
afiord  a  foundation  for  any  form  of  lining  that  may  be  found 
necessary.  The  capacity  required  of  the  shaft  is  2,000  tons 
of  ore  per  24  hours,  plus  all  the  men  and  materials  neces- 
sary for  this  output. 

The  cage  is  to  be  15%  by  5'4  ft.,  with  two  decks,  and  will 
be  made  of  alloy  steel,  as  the  saving  in  weigh  thereby  effected 
will  materially  increase  the  working  life  of  the  winding 
ropes,  diminish  the  consumption  of  power,  and  more  than 
compensate  for  the  additional  cost.  An  existing  double  inlet 
Sirocco  fan,  154  in.  in  diameter,  with  a  capacity  of  420,000 
cu.  ft  per  min.  at  214  in.  water  gage,  is  now  being  run  at 
only  about  half  its  capacity,  and  the  surplus  cooling  power 
will  be  sufficient  to  offset  the  growing  extension  of  the  mine 
for  a  long  time  to  come.  Of  the  300,000  cu.  ft.  that  will  be 
made  to  travel  through  the  new  shaft.  75,000  cu.  ft.  will  be 
required  to  cool  the  electric  winder  and  converter  sets  at 
the  17th  level  station,  the  remainder  being  directed  through 
the  lower  shaft  to  the  bottom  workings. 
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Engineering  and  Contracting  for  June   15,  19:>1. 


Some  Things  an  Engineer  Should 
Know  About  Banking 

The  engineer  should  keep  in  close  touch  with  business  and 
hanlfing  policies.  The  enterprise  in  which  he  may  take 
part  as  a  technical  expert  may  be  materially  affected  by 
subtle  economic  trends.  He  should  particularly  understand 
those  influrnces  growing  out  of  the  expansion  and  contrac- 
tion oi:  bank  credit.  These  points  and  many  others  that  an 
engineer  should  be  familiar  with  are  described  by  Edmund 
D.  Kisher,  Vice-President,  Bank  of  Detroit,  in  a  recent  issue 
of  The  .Michigan  Teclinic,  from  which  we  have  taken  the 
matter  that   follows. 

Successful    Business    Men    Have    Been    Large    Borrowers. — 

Debt  has  been  a  stumbling  block  to  progress  in  the  career 
of  many  men,  yet  the  most  successful  business  men  have 
usually  been  large  borrowers  during  a  period  of  their  prog- 
ress. But,  usually,  wise  borrowers — not  too  much  in  rela- 
tion to  their  own  capital,  not  with  too  great  a  margin  of 
risk,  not  too  much  for  the  energy  and  capacity  so  necessary 
to  make  the  borrowed  money  bear  fruit  and  provide  the 
means  for  repayment.  A  loan  for  a  well-managed  and  pro- 
ductive enterprise  is  of  value  to  the  entire  community.  Bank- 
ing policy  applied  along  such  lines  makes  a  nation  wealthy. 
A  loan  used  for  speculative  purposes,  on  the  other  hand, 
developing  no  means  of  repayment,  may  tend  to  divert  the 
borrowers  or  others  from  productive  work  and  to  make 
the  nation  poor.  Borrowed  money  frequently  means  bor- 
rowed trouble  to  the  individual,  unless  the  loan  has  some 
legitimate  economic  puipose.  \  mortgage  which  aids  a 
thrifty  nian  to  buy  a  home  may  be  a  blessing;  the  mortgage, 
when  it  means  running  behind  and  is  used  to  pay  the  debts 
of  speculation  and  waste,  may  prove  a  curse. 

No  unwise  loan,  in  the  individual  case,  has  any  particular 
effect  from  a  broad  economic  standpoint,  but  a  large  volume 
of  such  loans  have  frequently  had  the  effect,  in  American 
finance,  of  swinging  <he  nation  from  prosperity  to  depres- 
sion. The  individual  borrower  is  sometimes  very  angry 
when  his  banker,  in  view  of  certain  general  conditions,  de- 
clines to  loan  on  collateral  security,  stocks  and  bonds.  He 
naturally  believes  there  is  no  safer  type  of  loan  for  the 
bank,  it  properly  margined,  and  has  no  patience  to  listen 
to  a  dissertation  on  the  relation  between  fixed  and  fluid 
credit.     He  wants  the  money. 

Fixed  and  Fluid  Credit. — The  difference  in  character 
between  fixed  and  fluid  credit  makes  it  very  necessary  for 
both  bankers  and  borrowers  to  thoroughly  understand  the 
relations  between  the  two  forms,  and  the  ultimate  effect  of 
their  use  as  instruments  of  banking  \:pon  all  business  entet' 
prise,  more  particularly  upon  the  price  fabric  of  the  country 
and  to  all  forms  of  new  enterprise. 

Credit  advances  (loans)  should  be  considered  both  from 
the  standpoint  of  the  possible  relations  to  the  bank  making 
the  loans,  as  well  as  the  broad  influence  upon  the  business 
world  of  such  loans  in  volume,  made  by  many  banks. 

Correct  banking  practice  is  based  upon  the  assumption  that 
depositors  must  always  be  paid  upon  demand  (demand  de- 
posits), unless  their  money  has  been  left  on  deposit  for  a 
definite  period.  The  bank,  therefore,  must  be  in  a  position 
to  meet  all  demands.  Experience  shows  that  all  depositors 
do  not  demand  the  return  of  all  their  money  at  one  time.  If 
they  did.  banks  could  not  make  loans  at  all.  co\ild  not  pay 
Interest  on  deposits,  and  would  be,  in  effect,  merely  safe 
deposit  companies  tor  the  safe-keeping  of  money.  With  the 
reasonable  assurance  that  money  will  remain  on  deposit,  in 
the  ag.gr9gato,  for  sufficient  time  and  in  sufficient  volume, 
banks  loan  their  funds  to  their  customers  in  various  forms. 
The  commercial  banks  loan  mainly  to  corporations  or  indi- 
vidual borrowers  who,  in  advance,  show  a  reasonable  ability 
to  pay  off  the  loan  in  a  reasonable  time  (fluid  credit).  Thus, 
if  depositors  should  w-ant  their  money,  the  banks  have  con- 
stantly maturing  loans  which  automatically  provide  the 
money  for  the  purjjose,  or  the  credits  can  be  rediseounted  by 
the  local  Federal  Reserve  Bank.  Loans  are  thus  made  by 
banks  to  mature  in  30,  CO.  90  days,  or  longer,  dependent  upon 
the  needs  of  the  borrower  and  the  time  of  his  probable  receipt 
of  funds  to  pay  his  note  when  due. 

The  well-managed  bank  has  a  large  proportion  of  its  funds 
maturing  day  by  day,  within  a  six  months'  period,  including 
loans  not  only  due  to  be  paid  by  its  own  customers  (dis- 
counts), but  also  by  responsible  concerns  in  various  parts  of 


the  country,  who  do  not  expect  a  renewal  of  IIk-  loans  when 
«iue  (commercial  paper). 

A  portion  of  bank  deposits  are  either  actually  left  foi'  a 
period  under  an  agreement  (time  deposits),  or  are,  in  the 
aggregate,  never  withdrawn.  II.  therefore,  becomes  possible 
for  banks  also  to  loan  a  portion  of  their  deposits,  as  well  as 
their  own  capital  and  surplus,  in  the  form  of  collateral  loans 
and  in  the  purchase  of  high-grade  investments. 

In  the  case  of  savings  banks  or  banks  with  savings  depart- 
ments, loans  are  made  on  bimds  and  mortgages  (all  fixed 
credits).  Mortgages  usually  run  from  one  to  three  years,  and 
it  may  be  a  hardship  for  the  borrower  to  pay  the  entire 
amount  when  due.  There  has  thus  developed  the  practice  of 
planning  partial  payments  during  the  entire  lite  of  the  loan, 
not  only  developin.s,'  the  habit  of  saving  on  the  part  of  the 
borrower,  but  also  giving  something  of  a  fluid  (juality  to  the 
loan. 

Collateral  loans,  unless  the  supporting  securities  are  due 
to  be  paid,  do  not,  in  their  very  nature,  provide  any  means 
of  repayment,  except  through  a  sale  ot  securities.  Thus  it  is 
that  banks  are  sometimes  compelled  to  refuse  to  make  such 
loans,  in  order  to  preserve  the  .appropriate  relations  between 
the  loans  based  on  fixed  snd  fluid  credit. 

Effect  of  Economic  Trends  in  Business  on  Bank  Policy. — 
Banking  policy  is  also  controlled  by  the  economic  trends  in 
business  and  financial  life,  as  loans  in  volume,  made  or 
called  by  many  banks,  have  a  direct  bearing  on  inflation  or 
deflation,  the  price  of  securities  and  the  price  of  commodities. 
The  proceeds  of  loans  are  credited  to  the  deposit  accounts 
of  the  borrowers,  and  deposits,  in  their  increase  or  decrease, 
affect  the  spending  power  of  the  people  just  as  truly  as  does 
the  increase  or  decrease  of  gold  or  silver  currency,  or  the 
paper  money  issued  by  governments  or  banks.  A  growing 
spending  power  increases  prices;  a  lessening  spending  power 
reduces  prices. 

The  basis  ot  credit  may  thus  be  actual  value  of  a  permanent 
nature,  or  actual  value  of  a  fluid  or  consumable  kind.  If 
money  is  loaned,  it  may  command  either  type  of  value.  It 
may  promote  inflation  through  increase  in  prices  by  the  new 
spending  power  of  the  borrowers  in  non-productive  enterprise 
and  waste;  it  may.  on  the  other  hand,  if  properly  applied, 
stimulate  the  production  of  new  wealth  and  ultimately  tend 
to  reduce  prices. 

It  is  often  the  intention  of  the  borrower  on  collateral 
security  to  buy  more  stocks  or  bonds  with  the  proceeds  of 
his  loan,  thus  adding  to  the  spending  power  of  a  period  of 
inflation  and  serving  no  economic  purpose.  Such  tendencies, 
in  the  aggregate,  ultimately  strain  credit,  curtail  the  lending 
power  of  banks,  and  are  first  expressed  in  a  movement  to 
"call  loans"  in  the  great  money  centers.  The  inevitable  re- 
sult is  the  sale  ot  securities  in  volume  to  pay  loans,  with  the 
consequent   depreciation  in   prices. 

Fluid  credit,  on  the  other  hand,  usually  based  upon  an 
actual  transaction  which  will  return  the  money  to  pay  the 
original  debt,  bears  a  proper  price  relation  to  actual  business 
and  creates  a  stable  medium  of  exchange  without  the  ele- 
ments of  inflation. 

Deposit  Currency. — Recent  banking  pjactice  has  developed 
large  volumes  of  deposit  currency  (checks),  based  upon  fixed 
fC'rms  of  credit,  and  the  use  of  this  currency  has  disturbed 
price  relations.  As  there  is  ability  under  ordinary  banking 
conditions,  to  exchange  deposit  credit  for  actual  money,  it 
is  evident  that  in  using  the  check  drawn  on  these  deposits,  as 
well  as  money,  we  have  a  composite  medium  of  exchange. 
Through  the  loan,  deposit  and  check  process  ot  modern 
banking,  the  proceeds  of  loans  on  shares  of  corporate  busi- 
ness, on  government  bonds,  and  on  dwelling-houses  and  other 
evidences  of  fixed  value,  are  added  to  the  volume  of  basic 
currency.  This  has  naturally  tended  to  "bull"  the  market 
— either  the  stock  market,  the  bond  market,  or  the  com- 
modity market,  as  the  case  may  be. 

The  vast  growth  of  loans  since  the  beginning  of  the  cen- 
tury, manufacturing  deposit  currency  mainly  through  loans 
on  the  collateral  security  of  new  corporate  enterprises,  prob- 
ably has  been  an  important  element  in  price  inflation.  Busi- 
ness, in  the  aggregate,  develops  its  own  inequalities — varyin.g 
profits,  varying  losses,  under-production  and  over-production 
— so  that,  in  connection  with  an  unscientific  credit  relation, 
readjustments  are  inevitably  necessary.  Under  the  strain 
of  a  readjustment  period  and  its  forced  liquidation,  fluid 
credit  stands  the  test  and  the  bank  collects  one  hundred 
cents  on  the  dollar.     Fixed  credit,  on  the  other  hand,  repre- 
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sented  by  securities,  is  notoriously  unstable  aud  investments 
have  to  be  sacrificed  to  meet  the  obligations  ot  fluid  credit; 
hence  the  ups  and  dovfns  of  the  stock  market.  In  this 
process,  banks  do  not  lose  as  a  rule,  but  the  borrowers  do. 
Out  of  these  conditions,  well-known  to  men  of  experience, 
comes  the  bank's  policy  in  relation  to  various  types  of  loans. 

Why  Making  Loans  Upon  Fluid  Credit  Is  Best  Banking 
Policy. — Paul  M.  Warburg,  in  his  "Discount  System  in 
Europe,"  gives  this  clear  explanation  why  to  make  loans 
upon  fluid  credit  is  regarded  as  the  best  banking  practice: 

"A-s  a  majority  of  discounts  represents  goods  in  process 
ot  production,  or  on  the  way  to  consumption,  liquidation 
with  them  primarily  expresses  itself  by  a  falling  off  in  new 
production,  while  the  consumer,  on  the  other  hand,  cannot 
stop  consuming  and  must,  therefore,  continue  to  pay.  The 
brunt  (of  payment)  is  thus  borne  by  the  whole  nation  and 
adjustment  follows   without  violent  convulsion." 

It  is  thus  evident  that  the  lack  of  scientific  relation  be- 
tween fixer!  and  fluid  credit  in  banking  pj-actice  brings 
recurring  periods  of  extreme  inflation  or  deflation,  with  dis- 
astrous effects  upon   all  forms  of  business   enterprise. 

The  actual  exchange  of  fixed  credit,  or  fixed  capital,  such 
as  bonds  or  real  estate,  is  very  properly  effected  through  the 
medium  of  fluid  capital.  The  man  who  buys  a  house  has  the 
free  capital  to  do  it.  The  seller  re-deposits  the  amount,  and 
its  use  as  iiuid  capital  is  not  destroyed.  The  ownership  ol' 
the  fixed  capital  has  merely  been  transferred.  The  control 
of  the  fluid  capital  has  also  been  transferred.  A  large  num- 
ber of  such  transactions,  as  during  a  period  of  real  estate 
speculation,  particularly  with  a  diversion  of  some  of  the  fluid 
capital  to  real  estate  loans  and  construction  work,  tends  to 
divert  fluid  capital  to  fixed  forms.  This  is  also  true  during 
periods  of  stock  speculation  coincident  with  increasing  loans 
on  an  advancing  market.  Thus  it  is  that  many  such  banking 
transactions,  innocent  enough  in  the  individual  case,  as  has 
been  pointed  out,  are  harmful  in  the  aggregate.  Such  uses 
ct  fluid  credit  not  only  disturb  the  business  and  investment 
markets  through  the  inflation  of  value  and  the  increase  of 
prices,  but  the  actual  labor  ot  men,  through  the  directing 
power  of  the  dollar,  is  frequently  diverted  from  productive 
to  non-productive  enterprises.  One  of  the  great  panics  of 
the  last  century  grew  out  of  the  use  of  too  much  liquid  capi- 
tal in  railroad  building. 

It  has  been  shown  that  under  our  pieseut  form  of  banking, 
fixed  credit  may  be  transmitted  into  the  dollar  of  exchange 
and  in  volume  develop  serious  inflation,  with  the  resultant 
increase  in  security  and  commodity  prices.  This  reacts  on 
the  value  of  even  gilt-edge  securities,  as  high  commodity 
prices  bring  diminished  purchasing  power  from  the  returns 
ot  flxed  interest.  Thus  the  entire  price  problem  becomes 
a  vital  one  to  the  business  world,  because  of  its  relation, 
indirect  but  potent,  to  the  stability  of  investment  values.  It 
is  not  merely  the  question  of  the  value  of  the  individual 
bond  and  its  ultimate  payment,  but  the  eftect  of  the  broad 
movements  of  security  and  commodity  values  upon  the  sur- 
plus account  of  the  bank  and  the  merchant. 

All  of  this  means  that  those  active  in  all  forms  of  enter- 
prise, cannot  afford  to  be  indifferent  to  present  conditions 
and  the  development  of  a  sound  credit  situation.  When  this 
IJas  been  accomplished,  there  will  come  into  existence  a  new 
credit  system  which  will  ultimately  si-rve  all  the  people  by 
the  establishment  of  more  equitable  banking  relations.  This 
■W'llI  give  a  fairer  opportunity  for  the  development  ot  busi- 
ness enterprise  and  a  consequent  production  of  more  wealth. 
with  its  greater  investment  ability.  It  will  minimize  those 
subtle,  yet  actual,  losses  that  come  to  so  many  through  the 
insidious  price  movemens  which,  in  a  large  measure,  result 
from  the  confusion  ot  fixed  and  fluid  credits. 


Examinations  for   Dust    Explosion    Prevention    Engineers.— 

The  U.  S.  Civil  Service  Commission.  \\":i.^hington,  D.  C.  has 
announced  open  competitive  examinations  for  the  following 
positions  in  the  Bureau  of  Chemistry,  Department  of  A.eri- 
eulture,  Washington:  As.sociate  dust  explosion  prevention 
engineer,  $2,500  to  $3,600  a  year;  assistant  dust  explosion  pre- 
vention engineer,  $1,800  to  $2,500  a  year;  junior  dust  explo- 
sion prevention  engineer,  $1,440  to  .$1.SOO  a  year;  associate 
development  engineer,  $2,500  to  $3,600  a  year;  assistant 
development  engineer,  $1,800  to  $2,500  a  year;  junior  develop- 
ment engineer,  $1,400  to  $1,800  a  vear.  Applications  will  be 
received  until  June  21. 


A  Safeguard  for  Surface  Blasting 

In  putting  through  an  approach  to  the  Mesabi  Mountain 
mine  of  the  Oliver  Iron  Mining  Co.,  at  Virginia,  Minn.,  the 
"tank"  shown  below  was  useri  to  prevent  damage  from 
frozen  chunks  of  earth,  small  boulders  and  dirt  thrown 
up  by  the  surface  blasts.  The  following  account  of  the 
device  is  abstracted  from  the  Engineering  and  Mining 
Journal: 

The  ground  was  composed  principally  of  glacial  till,  which 
ordinarily  otters  little  resistance  to  the  steam  shovel.  Most 
of  the  work,  however,  was  done  in  the  winter,  under  extreme 
temperature  conditions,  and  as  the  frost  extended  to  a  depth 
of   fi   ft.   in   places,   it   was   necessary   to   drill    Dlasting   holes 


*'Tanl<'"   for   Safeguarding    Surface    Blasting. 

ahead   of   the  shovel.     Before   b'asting   the   tank   was   rolled 
over  the  holes. 

The  tank,  which  was  mounted  on  iron  wheels,  was  made 
from  one  of  the  blasting  or  shelter  houses  used  in  open 
pits  on  the  Mesabi  Range  to  provide  safety  for  the  men. 
They  are  circular  in  shape,  made  of  steel  plate,  provided 
with  a  conical  roof,  and  are  ordinarily  placed  at  various 
points  so  that  workmen  may  take  refuge  in  them  during 
blasting.  To  convert  the  shelter  into  a  blasting  tank  the 
conical  top  was  removed,  %-in.  mesh  iron  screen  substituted 
for  it  and  i%-in.  bars  were  bolted  to  the  outer  rim.  Similar 
bars,  threaded  and  bolted  on  the  outside,  were  placed  about 
a  third  of  the  way  down  from  the  top.  these  serving  to 
reinforce  the  tank.  Screening,  also  reinforced,  was  placed 
over  the  entrance  of  the  former  shelter. 


Government  Ownership  and  Service  to  Public. — Although 
at  one  time  sympathetic  toward  government  ownership,  I 
am  certain,  after  a  number  of  years  in  government  service, 
that  no  community  can  receive  the  industrial  service  to 
which  it  is  entitled  under  municipal  or  governmental  man- 
agement. It  is  not  humanly  possible  to  obtain  the  same 
eflort  or  interest  from  managers  or  men  employed  in  indus- 
trial government  service  that  exists  in  competitive  private 
ownership,  and  as  a  result,  if  the  advocates  of  government 
ownership  investigate  the  facts  carefully  and  impartially, 
they  will  And  that  government  operation  in  industrial  service 
is  a  Hat  failure  from  a  "service  to  the  public"  standpoint. 
This  is  true  not  only  in  America  but  it  is  a  proved  fact; 
throughout  the  world. — Edward  N.  Hurley,  in  address  April 
29  before  the  Chamber  of  Commerce  of  the  United  States. 
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J,            .           -p^            I                       *.       ■(■  r^'  4-  '^''^'  business  district  of  C'liicago  is  in  a  somewhat  different 

intensive  UeVelOpment  OI  V>iliy  situation.     Here  there  arf    no  natural  barriers  to  the  exten- 

Frpi  t5hf  nTfrminJlls  '^'''"    °'    '^®    business    district    southward,    the    only    barrier 

rit^l^Ill     1  t;i  lllllialS  being  the  presence  of  railroad  occupation. 

The   following   Is   taken   from   a   paper   read    by   Mr.   E.  J.  The   opportunity    is    therefore    presented    of    developing    a 

Xoonan,    En.cineer    Chicago    Terminal    Commission,    before  treatment  of  this  property  in  a  way  that  will  permit  of  its 

the  recent  joint  meeting  of  the  American  Society  of  Mechan-  most  economic  use  and  at  the  same  time  remove  the  barrier 

leal    Engineers   and    the    Western    Society    of    Engineers,   at  to  the  expansion  of  the  business  district. 

Chicago:  As  has  been  shown,  there  is  a  precedent  for  the  adoption 

In  the  past  few  years  students  of  railroad  questions  have  of  the  two-level  type  freight  stations  where  land  values  are 

given  considerable  thought  to  the  po<5sihiIities  of  economics  sufficiently    high.      The    construction    of    hotels,    apartment 

In  the  operation  of  city  freight  terminals  and  a  great  deal  of  houses   and    other    high-grade   structures   over   the    property 

this  thought   has  taken   form   in   the   suggestion   for  a  more  occupied   by   the  tracks  of  the  New   York   Central    R.   R.  at 

intensive    use   of  the   valuable   real   estate   occupied   by   the  New   York  City   furnish  a   precedent  for  the  full  use  of  air 

railroads  near  the  business  centers  of  our  principal  American  rights  on  valuable  real  estate  occupied  by  railroads.     In  the       ^ 

cities.  trfatment    of   the   railroad    occupied    territory    south   oi    the       J 

III  the  city  of  Chicago,  In  the  district  immediately  south  of  central  business  district  in  Chicago  the  effort  should  be  made 

the  central   business  district,  the  property  used  for  railroad  to  create  a  character  of  improvement  that  would  permit  of 

freight  house  purposes  has  been  estimated  to  have  an  aver-  a    commercial    development    super-imposed    on    the    railroad 

age  value  of  ?2(t  per  square  foot.  development    and    extending    to    such    heights    found    to    be 

In   this  same  district,  on   the   basis   of  the   area  used   per  economically   correct, 

car   standing   capacity,   figuring   interest   at   6   per   cent,   the  This    property    is    adjacent    to    the    south    branch    of    the 

interest  charge  on  the  property  used  would  amount  to  $1.20  river    and    incidental    to    the    development     would      be     the 

per  ton.  straightening  of  this  river  so  that  it  would  be  parallel  with 

In  this  same  district  at  pre-war  rates  the  amount  paid  for  the  general  direction  of  the  north  and  south  streets  and  make 

supervision  and  labor  in  the  operation  of  the  freight  houses  possible  the  opening  of  additional  thoroughfares  through  the 

amounted  to  about  50  ct.  per  ton,  so  that  if  interest  on  the  district. 

value   of   land   were   charged   directly   against   freight    house  Through    the    railroad    district    there    could    then    be    con- 
operation  it  would  amount  to  double  the  total  labor  charge.  structed    streets    extending    north    and    south    and    east    and 

Relative    Economy    of    Single    and    Double    Level     Freight  west  carried  on  viaducts  on  substantially  the  same  level  as 

Houses.— It    has    been    this    condition    that    has    caused    the  the  floor  of  the  river  bridges. 

advocacy  in  Chicago  of  the  two-level  type  of  freight  house.  Team  traffic  to  the  freight  house  would  use  the  driveways 

requiring  only  half  the  land.  on   the   viaduct    level   located    between   the   north   and    south 

The  single-level  type  of  freight  house  with  its  accompany-  streets,   and   covering  the   railroad   freight   houses   would    be 

ing  tracks  Can  be  provided  for  about  $2  per  square  foot,  and  a   commercial   development    which    would    have    frontage   on 

the  double-level  type  for  about  $.5.  the  north  and  south  streets  independent  of  the  access  to  the 

With  these  figures  as  a  basis  the  relative  economy,  so  far  freight  houses. 

as  interest  on  land  used  is  concerned,  is:  We    would    thus   have   an    artilicial   plateau   created    in   an 

^Assumed  value  of  land  ^  otherwise  level   area  with  a   railroad  and  commercial   devel- 

Per  square  foot $5.00    $10.00    $15.00    $20.00  opment — each  independent  of  the  other — and  having  each  its 

Interest  charge  per   ton   at   6   per  cent  O'"'"  method  of  access, 

single  level  42         .72       1.02       1.32  In  the  particular  district  referred  to  in  Chicago,  the  area 

douWe  Je^f^.?^."^.. '""..*'.. *..?*!. .*!^."'    .30         .45         .60         .75  treated  would  have  a  width  of  about   %  mile  and  a   length' 

of  about   %    mile.     The  space  developed   over   the  railroads 

Saving,  cents  per  ton $0.12       $0.27       $0.42       $0.57  ,.„^,,,,  ^^   -^  ^^^  ^^^^^  ^j  ^^^.g^^,   ^,„ijg       rj.^^^^  ^^j^^  P^,^^,  ^e 

There  are  possible  economies  in  connection  with  the  oper-  interconnected  by  tunnels  so  that  all  warehousing  space  in 
ation    of   multiple-level    freight    stations    which    still    further  ,he  district  would  have  access  for  inbound  and  outbound  ship- 
favor  this  type,  but  these  fall  under  the  subject  of  operation  ments  to  every  track  of  every  railroad  having  its   facilities 
and   it  is  the  purpose  herein  to  cover  only  those  economies  jjj  (ijjg  (jjgtrict 
connected  with  land  usage.  rpj.^^   saving   drayage   costs   alone   would    be   an    important 

Examples  of   IVIultiple    Level    Freight   Stations.— There  are  item  and  the  removal  of  this  drayage  from  the  city  streets 

examples   of   multiple-level    freight    stations    in    Philadelphia,  would  be  a  very  great  benefit  to  the  city — particularly  as  the 

Pittsburgh,   Minneapolis   and   St.   Louis,   but   in   all   of   these  streets  in  the  downtown  district  have  already  reached  almost 

cases  the  type  was  adopted  primarily  on  account  of  topogra-  the  limit  of  congestion. 

phic  conditions  and  not  because  of  the  more  economic  use  of  On  the   basis  of  present  rentals  for   loft  buildings   in   the 

's'lf'-  same  general  vicinity,  the  air  right  development  would  yield 

In  the  West  Side  terminal  area  in  Chicago,  while  the  land  a  net  return  sufficient  to  pay  interest  charges  on  the  con- 
area  occupied  is  practically  level,  the  necessity  of  carrying  struction  cost  of  both  the  air  right  and  railroad  development. 
street^:  through  the  area  on  viaducts  to  connect  with  bridges  The  proposition  of  more  intensive  use  of  valuable  real 
over  the  Chicago  River  directed  attention  to  the  possibility  ot  estate  held  by  railroads  in  large  cities  is  economically  sound; 
economies  in  multiple-level  development.  will   be   an   important  factor   in    financing   improvements   in 

The  Pennsylvania   R.   R.  freight  house  in  this  West  Side  city  freight  terminals  and  is  demanded  from  the  standpoint 

area  is  of  the  two-level  type  with  storage  space  above  and  of  civic  betterment. 

has  been  in  operation  for  several  years.     A  portion  of  the  . 

Chicago  &  Alton  R.  R.  freight  house  in  the  same  area,  also  rp.       p     •!    ,         n    ll-:«r 
of  the  two-level   type,  has  just   been   completed  and  put   in  ^  "^  KailWay  UOliar 
operation,  and   there  is   under   construction   another  portion  The  two  diagrams  reproduced  below  from  the  Railway  Re- 
in which  there  will  be  several   doors  for  general  office  and  view  arc  from  figures  given  by  Mr.  .Julius  Kruttschnitt,  Chair- 
warehouse  purposes.     Construction  has  been  started  on  the  ^_-— _^^ 
Burlington  freight  house,  in  the  same  area,  which  is  also  of  1917             y^           ^"\ 
the  two-level  type  with  warehousing  space  above.  /          labok          \           '^^° 

The  railroad  occupied  territory  in   the  West  Side  area  of  /            "'"*     ^^\                      /          labor 

Chicago  is  separated   from   the   central   business   district  by  /              f^^C^'^^     \                     I              " '" 

the    Chicago    River.     The    river    and    the   railroad    occupied  WfWW^^llnK'^i    j2J;';,'S'".'.rp 

property  together  forming  an  effective  barrier  to  the  exten-  V^'t'lKsTlx™""^   /     '" •"•■"-•■'■"'l 

sion  of  the  central  business  district  continuously  in  a  west-  \'"'"''''IA         /                         \  or^zn'LpzNszi- 

em  direction,  so  that  this  property  is  naturally  segregated  \^      ••''"\^^ 

with  its  own  distinctive  features  and  the  treatment  is  more  .r.-.r:::;..^!;^^*^ — 

or    less   specific,   and    probably   not   generally   applicable    to 

situations  in  other  cities.                                             PPUcame    to  „^^  ^^^^  P^,,^^^  P^„^^  ^^^  3p^^^  .^  „,,  3^^  ^,20. 

A   Plan   for  Treatment  of   Railroad   Occupied  Territory   in  man  of  Executive  Committee,  So.  Pac.  Ry.,  in  an  address  to 

Chic:igo.— The  railroad   occupied  territory  south  of  the   cen-  the  New  Orleans  Association  of  Commerce  last  March. 
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Methods  for  Increasing  Efficiency 

of  Maintenance  of  Way 

Employees 

As  a  means  for  increasing  tlie  efficiency  of  tliose  employed 
in  minor  positions  on  tlie  railroads  it  was  suggested  in  the 
report  of  the  Committee  on  Economics  of  Railway  Operation 
of  the  American  Railway  Engineers  Association,  presented  at 
the  last  annual  convention  of  the  association,  tliat  compari- 
sons of  the  effective  work  of  individuals  or  groups  of  individ- 
uals or  employees  be  tabulated  and  published;  these  com- 
parisons to  be  of  subjects  in  which  an  employee  is  engaged. 
The  purpose  of  these  comparisons  is  to  stimulate  friendly 
rivalry  which  may  be  developed  in  practically  every  line  of 
railroad  work. 

These  comparisons  should  be  discussed  with  the  employee, 
in  groups  of  his  fellow-workmen,  for  the  purpose  of  securing 
their  criticism  and  advice,  recognizing  their  knowledge  and 
insuring  their  interest.  Men  are  interested  in  their  own  line 
of  work;  in  fact,  they  are  inclined  to  think  all  other  lines 
are  subordinate  to  theirs.  This  idea  should  tiot  be  dis- 
couraged. 

While  the  final  result  to  be  secured  is  the  cost,  the  units 
for  comparison  should  be  those  in  which  the  employee  thinks; 
for  instance,  if  a  sectiSh  foreman  is  asked  about  the  number 
■of  ties  he  can  put  in,  he  will  reply,  so  many  per  hour  or  per 
day;  or  a  locomotive  fireman  will  keep  tally  on  the  number 
of  scoops  of  coal  he  uses  on  a  run  for  his  comparisons. 

The  data  collected  should  be  published  at  least  once  per 
month,  in  some  instances  oftener.  During  the  season  when 
the  subject  under  discussion  is  being  actively  engaged  in, 
such  as  insertion  of  ties,  reports  should  be  made  every  week. 
The  reports  should  also  be  kept  up  to  date,  and  if  the  data 
are  not  furnished  by  the  employee  promptly,  inquiry  should 
be  made  to  ascertain  the  reason  for  the  delay.  If  this  is  not 
■done,  the  employee  will  think  it  has  been  forgotten,  interest 
will  die  out,  and  soon  there  will  be  no  records. 

Methods  for  keeping  the  records  should  be  published  to 
prevent  misunderstandings,  and  to  insure  uniformity. 

Some  data  are  published  best  by  presenting  a  tabulated 
statement  of  facts,  others  by  graphic  charts. 

The  range  of  territory  covering  the  performances  should 
not  be  loo  great,  for  people  are  more  interested  in  the  work 
of  their  neighbors  than  of  those  a  thousand  miles  away,  and 
the  comparison  of  the  work  will  probably  be  on  a  more 
•equitable  basis.  However,  the  comparative  territory  is  a 
matter  of  selection.  In  some  instances,  the  subjects  may 
•cover  a  wide  range  of  territory. 

The  following  subjects  on  maintenance  of  way  work  were 
submitted  in  the  report: 

APPLYING    TJES. 
This  to  consist  of: 

Unloading  and  distribution  of  ne-w  ties. 
Efmova!  of  old  ties. 
Insertion  of  new  ties. 
Collection  and  disposal  of  old  ties. 
Comparison   to   be  made  upon  number  of  ties  applied   in   track 
•per  man  per  hour. 

APPLYING  BALLAST 
The  following  details  to  cover  the  work: 
Stripping  track. 
Unloading  ballast. 
Raising  track  and  tamping  ballast. 
Lining  and  surfacing  track. 
Trimming  ballast  to  standard  cross-seition. 
Cleaning  up  surplus  ballast. 
iJomparisons  to  be  made  on  a  basis  of  hour-  of  labor  per  linear 
I'oot.  properly  equated  if  there  is  a  material  v.-iiiation  in  the  aver- 
age raise. 

LAYING  RAIL. 
The  following  details  to  cover  the  -viork: 

Unloading  and  distributing  rail  and  oilur  track  material. 
Aczing  ties. 

Laying  new  rail,  inrUiding  full  spiking  and  bolting. 
Tightening  bolts  twice. 

Picking  up  and  loading  rail  and  other  track  material  re- 
leased. 
Comparison  to  be  on  a  basis  of  hours  of  labor  per  mile  of  track 
riaid. 

CaiSrSTRUCTION  OI<'  PILE  TRESTLE  BRIDGES. 
The  following  details  will  cover  the  work: 
Unloading  all  new  material. 
Driving  piles. 

Framing  and  applying  all  new  material  including  ties. 
Removal  and  disposition  of  all  old  material. 
■Comparison  will  be  made  on  a  basis  of  hours  of  labor  per  linear 


foot  of  bridge.  Bridges  of  approximately  the  same  height  should 
be  compared.  In  time  an  equation  factor  can  be  developed  for 
var>-ing  heights.  Time  consumed  in  traveling  is  to  be  eliminated 
in  the  comparisons. 

PAINTING. 
Buildings — Details  covering  same  to  be: 

Transporting  tools  and  material  to  and  from  paint  car. 
Erecting  ladders,  scaffolding,  etc. 
Scraping  all  loose  paint. 

Applying  putty  to  weather  eiacks  and  defects  of  like  nature. 
Mixing  and  applying  new  paint. 
Comparisons  to  be  based  on  hours  of  lalmr  per  .stiuarc  of  100  feet. 

PAINTING. 
Steel  Bridges — Details  covering  same  to  be: 

Trai;fcporting  tools  and  material  from  paint  car. 
Erecting  ladders,   scaffolding,   etc. 
Cleaning  and  scraping  metal. 
Mixing  and  applying  new  paint. 
Cleaning  up  after  work  is  done. 
Basis  of  comparison  tc  be  hours  of  labor  on   bridges   of  equal 
length. 


Modern  Counterbalancing  in  Locomotives 

In  a  paper  read  by  Mr.  Frank  Williams  before  the  Slonston 
Branch  of  the  Engineering  Institute  of  Canada,  the  various 
destructive  forces  exerted  by  a  locomotive  on  the  rail  were 
classified  and  the  several  features  of  design  such  as  equaliz- 
ers, pcny  truck  suspension,  and  counterbalancing,  were  dis- 
cussed in  some  detail.  As  impact  on  the  rail  is  of  vital  in- 
terest to  track  engineers,  we  quote  the  following  from  his 
discussion  of  the  counterbalancing  feature: 

In  1915  counterbalancing  methods  underwent  a  radical 
change  as  the  result  of  a  report  submitted  by  a  committee 
appointed  by  the  American  Railw-ay  Master  Mechanics'  Asso- 
ciation to  investigate  the  matter.  The  chief  point  established 
by  thi;;  committee  was  that  reciprocating  parts  were  usually 
heavier  than  necessary,  and  that  the  total  weight  of  these 
parts  should  not  exceed  a  certain  definite  ratio  to  the  total 
weight  of  the  locomotive. 

As  a  result  of  the  conclusions  arrived  at  by  the  commit- 
tee the  rule  generally  adopted  by  locomotive  designers  today 
is  to  ■  keep  the  total  weights  of  the  reciprocating  parts  on 
each  side  of  the  locomotive  below  1/160  part  of  the  total 
weight  of  the  locomotive  in  working  order,  and  then  balance 
one-half  the  weight  of  these  parts,  distributing  this  over- 
balance evenly  between  all  the  driving  wheels. 

The  dynamic  augment  caused  by  the  centrifugal  force  of 
the  overbalance  is  then  checked  in  order  to  make  sure  that 
it  will  not  exceed  one-half  the  static  load  on  the  rail  when  the 
locomotive  is  running  at  a  speed  in  miles  per  hour  equal  to 
the  diameter  of  the  driving  wheel  in  inches.  If  the  cen- 
trifugal force  of  the  overbalance  were  to  exceed  the  static 
load  on  the  rail  at  any  particular  speed  the  wheel  would  ac- 
tually lift  clear  of  the  rail  every  time  the  counterbalance 
weight  went  over  the  top  center,  or  if  the  centrifugal  force 
were  only  slightly  less  than  the  static  load  and  the  locomo- 
tive happened  to  be  rolling  a  little,  it  might  lighten  the  static 
load  at  the  instant  when  the  counterbalance  weight  was 
passing  the  top  center  and  the  same  condition  would  obtain; 
but  when  the  locomotive  is  balanced  in  accordance  with  the 
present  day  method  it  will  be  agreed  that  there  is  no  chance 
of  the  wheel  lifting  under  any  service  conditions. 

It  is  generally  conceded  by  engineers  who  have  made  the 
closest  study  of  these  matters  that  dynamic  augment  is  not 
in  itself  specially  destructive  to  the  track,  but  if  it  should 
be  great  enough  to  lift  the  wheel  it  will  be  accompanied  by 
impact  and  in  this  case  it  might  be  very  serious. 


Bill  for  Relief  of  Yards  and  Docks  Contractors. — The  Com- 
mittee on  Naval  Affairs  of  the  House  of  Representatives  on 
May  31  reported  favorably  the  Britten  bill  (H.  R.  6,67S), 
which,  in  substance,  is  the  measure  prepared  by  the  Relief 
Association  of  Yards  and  Docks  Contractors.  The  bill  as 
originally  drawn  only  covered  public  works  contracts  under 
the  Bureau  of  Yards  and  Docks,  but  this  has  been  expanded 
to  include  all  navy  contracts.  The  bill  in  its  revised  form 
provides  that  compensation  to  be  paid  shall  not  increase  the 
contractor's  net  profits  on  any  of  the  jobs  in  controversy  to 
more  than  6  per  cent.  One  important  change  extends  its 
application  to  contracts  entered  into  but  not  completed  before 
April  G,  1917,  instead  of  covering  only  contracts  entered  Into 
after  that  date. 
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Newlllinois  Utility  Bill  Condemned 

By  Western  Society  of 

Engineers 

The  Board  of  Direction  of  tlie  Western  Society  of  Engi- 
neers has  transmitted  to  the  Governor  and  the  members  of 
the  General  Assembly  of  the  State  of  Illinois  a  detailed  pro- 
test against  the  enactment  of  House  Bill  No.  741.  which 
would  put  the  regulation  of  the  State's  public  utilities  in 
the  hands  of  a  much  enlarged  commission  with  a  greatly 
reduced  volume  of  work  to  be  handled,  and  the  practical 
elimination  of  civil  service. 

Before  the  protest  to  the  Governor  and  Legislators,  the 
matter  was  given  very  thorough  consideration.  Acting  under 
instruction,  a  sub-committee  on  public  utilities  studied  the 
bill  and  prepared  a  report  which  it  submitted  to  the  Public 
AtTairs  Committee  of  the  society.  The  Public  Affairs  Com- 
mittee approved  the  report  and  transmitted  it  to  the  Board 
of  Direction  with  the  following  comment: 

"The  committee  believes  that  engineers,  generally,  must 
take  the  stand  that  the  regulation  of  public  utilities  should 
be  state-wide  or  district-wide.  The  extent  of  the  regulating 
district  depends  upon  engineering,  legal,  and  fiscal,  and 
not  upon  political  considerations. 

"We  believe  that  the  proposed  House  Bill  No.  741  would 
be  a  very  harmful  piece  of  legislation.  It  will  result  in  end- 
less confusion  including  conflicting  jurisdictions  and.  in 
some  cases,  no  regulation  at  all.  It  abolishes  all  safeguards 
over  civil  service  and  gives  the  commissioners  much  less 
to  do,  and  at  the  same  time  more  than  doubling  the  total 
salaries  of  the   commission. 

"The  Public  Affairs  Committee  recommends  that  the  report 
attached  hereto  be  approved  by  the  Board  of  Direction,  sent 
to  the  Governor  and  to  the  membership  of  the  state  legis- 
lature, and   given  all   possible   publicity." 

This  in  turn  was  approved  by  the  Board  of  Direction,  and 
transmitted.  The  text  follows  in  full.  The  side  headings 
were  introduced  by  the  editor. 

Changes  Proposed  in  the  New  Law.— The  above  mentioned 
bill  now  before  the  Illinois  Legislature  for  passage  and  an 
enactment  into  law,  makes  radical  changes  in  the  present 
law.  It  will,  it  passed,  have  such  consequence  on  the  future 
of  this  state,  its  welfare  and  its  utility  service,  upon  which 
its  welfare  largely  depends,  that  every  citizen  should  know 
what  changes  are  proposed,  and  what  the  changes  will  ac- 
complish. Briefly,  the  changes  proposed  by  the  new  law 
are: 

A.  Name,  "Illinois  Commerce  Commission":  This  name 
is  substituted  for  "Illinois  Public  Utilities  Commission,"  and 
forces  a  change  of  name  on  all  records,  forms,  schedules, 
reports,  etc.,  now  on  file  or  in  stock. 

Conflict  of  Initials.— The  initials  "L  C.  C,"  which  will 
comnioniy  be  used  on  all  schedules,  legal  reports,  records, 
etc.,  in  place  of  the  full  name,  are  already  established  and 
published  as  belonging  exclusively  to  the  Interstate  Com- 
merce Commission. 

The  provisions  of  the  act  do  not  reveal  that  the  purpose 
of  this  commission  is  to  regulate  commerce,  as  generally 
understood,  but  is  restricted  to  the  regulation  of  public  utili- 
ties.    The  name  is,  therefore,  illogical. 

The  change  of  name  will  permit  evasion  of  civil  service 
by  abolishment   of  offices. 

Fifteen  Commissioners  to  Replace  Five  and  to  Have  Less 
Work. — B.  Composition:  The  commission  is  to  consist  of 
seven  commissioners  with  annual  salaries  of  $7,000  each, 
and  eight  assistant  commissioners  at  $5,000  yearly  each 
(total  $89,000)  to  be  appointed  by  the  governor  for  a  periofe' 
of  tour  years,  without  restriction   as   to  political  party. 

The  present  commission  consists  of  five  commissioners 
with  annual  salaries  of  $7,000  (total  $3.5,000).  Thirty-seven 
states  have  commissions  consisting  of  three  commissioners; 
six  have  five  commissioners  and  only  one  other  has  seven 
commissioners.  Inasmuch  as  further  provision  is  included 
in  this  bill,  so  that  by  means  of  so-called  "Home  Rule."  the 
jurisdiction  of  this  commission  over  cities  adopting  the 
Home  Rule  will  be  removed,  the  enlargement  of  the  com- 
mission is  not  justified. 

The  1913  Illinois  law  provided  a  term  of  six  years,  and 
that  not  more  than  three  of  the  five  commissioners  should 
be  members  of  the  same  political  party,  and  also  provided 
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tor  the  progressive  appointment  of  the  commissioners,  so 
that  there  would  be  a  continuous,  non-partisan,  non-political 
commission. 

In  29  states  the  term  is  6  years;  in  2  states  the  term  is  T 
years;  1  state  has  10  years,  and  only  8  states  have  4-year 
terms. 

The  1917  amendment  to  the  Public  Utilities  Bill  was  in 
itself  a  backward  step,  as  it  permitted  the  complete  ap- 
pointment of  the  commission  by  the  incoming  governor,  and 
removed  the  restriction  as  to  political  parties. 

Civil  Service  Evasion. — C.  Appointments:  The  bill  pro- 
vides that  employes  shall  not  be  included  in  the  classified 
civil  service  of  the  state. 

The  present  law  puts  all  accountants,  engineers,  experts, 
clerks  and  employes  (except  only  heads  of  departments  and 
others  who  may  be  exempted  by  the  Civil  Service  Commis- 
sion) under  the  classified  civil  service  of  the  state,  and 
subject  to  the  civil  service  act  in  force  .July  1,  1905. 

Exemption  from  civil  service  would  permit  the  Governor 
to  make  a  complete  change  in  the  personnel  employed  under 
the  commission  at  any  time  and  for  any  reason. 

Furthermore,  the  bill  permits  the  commission  to  designate 
any  person  to  make  investigations  and  to  conduct  the  same 
as  prosecutor  without  restriction  as  to  salary.  This  would 
permit  a  special  prosecutor  in  each  county  or  city  to  act  as 
an   additional   "assistant   commissioner." 

Exemption  of  Municipalities  and  Districts. — D.  Transpor- 
tation District:  The  bill  provides  that  any  utility  operated 
by  any  "transportation  district"  or  other  municipality  is 
taken  from  under  the  regulation  of  the  commission,  and, 
further,  "the  powers  conferred  by  this  act  upon  cities  shall 
not  apply  to  nor  control  transactions  by  or  with  any  trans- 
portation district  organized  under  the  laws  of  the  state. 

This  means  that  if  this  is  put  into  effect  in  Chicago,  the. 
transportation  district  will  not  be  subject  to  state,  public 
regulaion  in  any  way,  and  would  be  also  free  from  city 
council  control. 

Poorer  Service  at  Lower  Cost. — E.  Standards  of  Service: 
The  bill  provides  that  rates  shall  be  based  upon  standards 
of  service,  but  also  provides  that,  if  these  standards  are 
not  met  "the  rate  shall  be  adjusted  to  the  service  actually 
rendered." 

When  the  state  establishes  a  standard  of  service,  if  rea- 
sonable (and  in  order  to  be  legal  it  must  be  reasonable) 
this  standard  should  be  maintained,  and  the  utility  should 
not  be  permitted  to  maintain  a  degraded  service  at  a  lower 
price. 

This  change  is  a  radical  departure  from  the  theory  of  all 
utility  regulation  laws  existing.  It  is  untried  and  fraught 
with  possibilities  of  favoritism  of  the  worst  kind. 

Monopony  and  Competition. — F.  Convenience  and  Neces- 
sity: A  certificate  of  Convenience  and  Necessity  is  required 
before  a  new  utility  can  begin  operations,  but  the  bill  pro- 
vides that  it  shall  be  the  duty  of  the  commission  to  grant 
a  certificate  of  Convenience  and  Necessity  to  a  competing 
company  if  the  service  of  the  operating  company  is  found 
to  be  inadequate.  The  commission  is  also  authorized  to 
revoke  certificates  previously  granted.  The  bill  provides 
that.  "No  certificate  of  public  Convenience  and  Necessity 
shall  be  construed  as  meaning  a  monopoly  or  exclusive  priv- 
ilege, immunity  or  franchise." 

Under  these  provisions,  where  the  commission  for  any  rea- 
son, satisfactory  or  ulterior,  desires  to  recognize  a  monopoly 
in  utility  service,  it  may  do  so;  if,  on  the  other  hand,  they 
do  permit  competition,  the  condition  reverts  to  the  old 
chaotic  state  which  was  so  distastrous  to  utility  service  in 
former  years,  prior  to  commission  regulations. 

G.  Home  Rule.— Article  VI  provides,  "Any  city  exercising 
powers  under  this  act  shall  have  authority  to  exercise  such 
powers  by  municipal  ordinance,  or  otherwise,  as  such  cities 
shall  determine. 

This  permits  a  return  to  obsolete,  discarded  and  unsatis- 
factory direct  rule  by  the  city  council.  It  does  not  provide 
for  expert  or  special  regulatory  authority  other  than  the 
city  council,  and  no  provision  is  made  for  uniformity  of  stand- 
ard rate  of  service  or  rate  of  compensation.  If  any  city 
should  appoint  an  expert  supervisions  body,  there  would  be 
a  duplication  of  service  provided  for  by  the  State  Public 
Utility  Commission.  In  all  probability,  there  would  be  in- 
efficiency and  incompetency  permitted  in  such  local  appoint- 
ments. 

The  elements  of  good  and  adequate  service  and  the  estah- 
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lisliment  of  Just  and  reasonable  rates  are  matters  of  engi- 
neering study  and  calculation,  and  tliey  can  never  be  deter- 
mined satisfactorily  by  argument  or  by  popular  vote. 

A  study  of  the  accumulated  records  of  the  commissions 
of  various  states  shows  that  the  fundamentals  and  the  gen- 
eral solutions  of  the  problems  of  one  city  are  the  same  as 
those  of  another  city.  Public  utilities  are  essential  to  the 
growth  of  American  cities.  A  utility,  to  prosper  sufficiently, 
must  be  permitted  to  create  credit  which  will  enable  it  to 
add  yearly  sums  necessary  for  the  expansion  of  plant  and 
other  investment  of   public   service. 

H.  Passes.— The  act  provides  that  "any  common  carrier 
engaged  in  the  transportation  of  persons  between  points 
within  the  state,  on  demand,  shall  furnish  transportation  free 
of  charge  to  the  Governor,  Lieutenant  Governor,  Secretary  of 
State,  Auditor  of  Public  Accounts,  State  Treasurer,  Super- 
intendent of  Public  Construction,  Attorney  General  and  mem- 
bers of  the  General  Assembly  while  traveling  to  and  return- 
ing from  the  seat  of  Government,  and  while  necessarily 
traveling  on  official  business." 

A  more  revolting  return  to  the  old  abuses  which  were 
abolished  many   years  ago   is  hardly  possible. 

The  Committee's  Objection.— "The  engineer  is  endowed  by 
his  profession  and  the  state  with  specialized  knowledge  for 
peculiar  and   special  service,   involving  the  life,  safety,  com- 


chairman.  National  Research  Council,  at  the  annual  banquet 
of  the  Western  Society  of  Engineers. 


A  New  Rotary  Mechanical  Shovel 
for  Mucking  and  Loading  Work 

A  new  mechanical  mucking  and  loading  shovel,  which 
utilizes  a  rotary  motion  in  delivering  its  material  to  the  car, 
has  been  developed  during  the  past  year  by  the  Milwaukee 
Coke  &  Gas  Co.  of  Milwaukee,  Wis.  The  machine  was  de- 
signed by  Mr.  S.  H.  Hunt,  chief  engineer  of  the  company, 
and  is  described  in  a  recent  issue  of  the  Coal  Age  from 
which  the  accompanying  illustration  and  notes  are  taken. 

Digging  is  accomplished  by  four  revolving  buckets  which 
thrust  themselves  forward  into  the  pile  of  material  to  be 
loaded  in  such  a  manner  as  to  be  readily  tilled,  dump  their 
load  upon  a  belt  and  then  recede  into  the  cylinder  to  which 
they  are  attached.  The  action  of  these  buckets  is  positive; 
they  are  actuated  by  a  cam  of  high  wear-resisting  quality. 
The  process  of  loading  is  practically  continuous  instead  of 
intermittent. 

A  conspicuous  detail  in  the  design  of  this  machine  is  the 
complete   housing   and   protection   of   its   mechanism   against 


Pivotal  conveyor 


fe4^ 


Elccfric  confrouer      ^0^%,'%%.'"^         coTo'l'lZrs     ..BuM^conf^^jJe^^r 

.:V4UI    i      "ill 


Pl.in   ,>nd    Elevation   of   Shovel   and   Conveyor,   Showing    Various     Points   of   Control. 


fort  and  convenience  of  his  own  and  coming  generations." 
Having  special  knowledge  of  and  experience  in  the  regula- 
tion and  conduct  of  public  utilities,  and  in  full  realization 
of  civic  responsibilty,  we  condemn  the  proposed  enactment 
of  house  bill  No.  741.  It  is  misleading  in  its  provisions.  It 
1b  a  return  to  the  various  unsatisfactory  former  utility  reg- 
ulation, or  lack  of  regulation,  and  practice.  It  places  in  the 
hands  of  the  administration  a  large  appointive  power  with- 
out civil   service   restrictions. 

The  change  in  name  would  permit  the  wholesale  discharge 
of  the  present  technical  staff  of  the  commission,  under  the 
guise  of  abolishing  the  office  and  the  substitution  therefor 
of  untrained,  inexperienced  employes  tor  political  purposes. 
It  would  disrupt  any  standard  of  service  or  rate,  and  would 
render  of  little  value  the  investments  of  thousands  of  citi- 
zens in  the  present  utility  corporations.  In  place  of  safe- 
guarding these  investments  and  increasing  the  state-wide 
regulation,  it  would  permit  It  to  disintegrate  into  uneven 
and  chaotic  conditions.  The  pretense  of  abolishing  the  Util- 
ity Commission  is  not  borne  out  by  the  proposed  law. 

If  abuses  outlined  above  are  permissible,  it  is  folly  to 
close  our  eyes  to  the  obvious. 


Moral  vs.  Material  Progress. — "Belief  in  the  possibilities  of 
scientific  progress  is  only  the  second  most  important  thing  in 
the  world.  The  most  important  thing  is  tlie  belief  in  moral 
and  spiritual  progress.  Because  one  people  forgot  this  we 
had  four  years  of  horror." — From  an  address,  'The  Organi- 
zation of  Research  in  a  Democracy"  on  ,Tune  8  by  Dr.  R.  A. 
Millikan,   professor   of   physics,   University   of   Chicago,   vice 


dirt  and  water  as  well  as  the  extremely  rough  usage  to  which 
such  equipment  is  subjected  in  a  mine.  The  working  range 
is  10  ft.  in  width,  all  movements  being  controlled  by  three 
hand  levers  and  one  foot  lever.  The  end  of  the  belt  which 
delivers  material  to  the  car  has  a  fixed  central  point  of  dis- 
charge regardless  of  the  angle  with  the  track  at  which  the 
scoop  shovel  may  be  working.  Because  of  the  low  center  of 
gravity  of  the  machine,  its  stability  in  any  working  position 
is  such  that  rail  clamps  and  outriggers  are  unnecessary. 
This  loader  is  driven  by  a  single  15  hp.  motor. 

This  machine  was  given  its  first  test  in  loading  coal  cars 
at  the  face  at  the  Weeksbury  mine  of  the  Steel  &  Tube  Co. 
of  America.  The  roof  of  the  working  place  in  which  it  oper- 
ated was  39  to  42  in.  about  the  track.  Under  these  conditions 
the  average  loading  time  per  car  of  1%  tons  capacity  was 
45  seconds.  During  the  three  consecutive  days  that  time  and 
tonnage  were  observed  in  loading  by  mechanical  means  the 
rotary  shovel  averaged  2G0  long  tons  per  shift  of  eight  hours, 
showing  a  reduction  in  comparison  with  hand  labor  cost?  of 
74.2  per  cent. 

The  new  machine  has  a  three-point  suspension,  causing 
the  two  driving  wheels  to  be  in  contact  with  the  floor  at  all 
times,  no  matter  how  irregular  the  floor  may  be.  Steering  is 
accomplished  by  power.  The  wheelbase  is  sufficiently  short 
to  permit  the  machine  when  moving  from  one  part  of  the 
mine  to  another  to  follow  the  track  curvature  without  steer- 
ing. The  pivotal  belt  can  be  raised  or  lowered"  and  swung 
through  an  arc  of  180  degrees.  The  length  of  the  machine 
proper  is  S  ft.  10  in.,  the  over-all  width  is  4  ft.  2%  in.,  and 
the  height,  measured  from  the  rail,  is  Sfi  in. 
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Breakage  and   Heat  Treatment  of 
Rock-Drill  Steel* 

By  BENJAMIN   TILLSON. 

Tho  development  of  rock  drills  to  tho  hammer-diill  type  in 
I.iaoe  of  the  old  reciprocating  piston  drill  probably  is  one 
important  cause  for  the  greater  steel  breakage.  Perhaps  the 
manufacturers  of  drill  steel  have  failed  to  realize  what  alloys 
are  needed  for  this  new^  service  or  have  overlooked  the 
changes  in  the  art  of  rock  drilling.  The  mine  operator  may 
be  at  fault  in  desiring  to  use  the  smallest  possible  drill-steel 
section  in  order  that  the  gage  of  the  drill  bits  may  be  corre- 
spondingly small  and  the  amount  of  footage  drilled  per  unit 
of  labor  may  be  gi-eater;  or  the  blacksmithshop  practice  at 
the  mines  may  need  improvement.  The  miner  who  uses  the 
drill  steel  may  also  require  more  intensive  supervision  and 
education.  Again,  the  manufacturer  of  rock  drills  may  have 
failed  to  study  the  types  of  blows  the  steel  alloys  will  with- 
stand satisfactorily  and  which  their  tools  are  delivering  and 
so  he  may  not  know  whether  or  not  a  different  design  of 
rock  drill  would  equal  or  excel  their  present  drilling  speeds 
without  treating  the  drill  steel  so  severely.  All  of  these 
hypotheses  probably  have  their  supporters. 

On  the  other  hand,  perhaps  we  are  seeking  too  much 
service  from  drill  steel  and  we  need  a  fuller  realization  of 
the  fatigue  strains  developed  and  should  prepare  to  relieve 
these  by  a  periodic  heat  treatment  of  the  steels.  However, 
we  do  not  find  any  proof  that  any  of  these  suppositions  may 
be  held  responsible  for  the  drill-steel-breakage  attendant  to 
mining. 

U.  S.  Bureau  of  Mines  Investigation  of  Drill  Steel. — The 
proposed  investigation  of  this  matter  by  the  U.  S.  Bureau  of 
Mines  is  fully  warranted  in  the  promotion  of  the  conserva- 
tion of  labor  and  material,  and  the  safety  of  the  workmen. 
The  great  range  of  field  conditions,  as  well  as  the  scope  of 
the  research,  requires  the  energetic  co-operative  support  of 
many  interests. 

In  order  to  direct  our  attention  to  what  are  thought  to  be 
some  of  the  salient  features  of  this  research,  the  following 
preliminary  outline  has  been  prepared: 

1.  Study  of  steels  that  give  the  greatest  service  before 
failure  by  breakage  of  drill  steel:  (a)  Nature  of  sections; 
(b)  composition:    (c)  methods  of  manufacture. 

2.  Maximum  service  that  might  be  expected:  (a)  Life  of 
steel;  (b)  methods  of  heat  treatment;  (c)  standard  methods 
for  recording  service. 

3.  Mechanics  of  failure:  (a)  micro-analysis;  (b)  nature 
of  stresses;  (c)  detection  of  incipient  failure;  (1)  magnetic 
nnalysis,  (2)  other  methods  not  destructive  of  bar  of  steel, 
(d)  is  failure  due  to  fatigue  of  metal? 

4.  Methods  and  machine  development  for  accelerated 
tests:  (a)  Nature  of  forces  involved:  (1)  impact:  (2)  vibra- 
tory compressional  waves;  (3)  combined  bending,  vibratory, 
shearing,  and  torsional. 

5.  Correlation  of  field  tests  with  accelerated  laboratory 
tests. 

6.  Reclammation  of  depreciated  drill  steels:  (a)  Before 
failure;  (b)  after-failure;  (c)  methods  of  heating:  (1)  oil- 
fired  furnaces.  (2)  electric  furnaces:  resistance  (carbon  or 
nichrome)  induction  (high-frequency  or  low-frequency),  (3) 
ohmic  resistance  methods;  (d)  welding  of  fractured  steel: 
(1)  electric;    (2)  forge. 

Mechanics  of  Failure. — It  is  not  necessary  to  mention  the 
various  reasons  why  the  microscope  is  invaluable  In  consid- 
ering the  metallurgy  of  steel  nor  the  methods  involved  in 
determining  the  unusual  conditions  in  composition,  grain 
structure,  and  impurities  that  may  occur  in  the  drill  steels. 
For  the  detection  of  the  stresses  that  cause  incipient  failure, 
it  Is  necessary  to  prepare  a  polished  face  along  the  length 
of  the  entire  bar  of  drill  steel,  to  protect  this  face  from 
oxidation  with  a  coating  such  as  amylacetate,  and  to  use 
every  care  when  testing  this  steel  to  destruction.  Such  a 
procedure  permits  the  detection  of  the  local  development  of 
slip  planes  that  occur  at  the  surface  of  the  steel,  but  it 
seems  difficult  to  detect  those  originating  within  the  bar. 


The  belief  that  the  breakage  of  drill  steel  is  largely  due  to 
the  so-called  "fatigue"  of  the  metal  has  many  proponents, 
but  others  contend  that  the  problem  of  fatigue  is  of  no 
importance  and  that  the  steel  fails  through  lack  of  homo- 
geneous suitable  structure  and  that  faulty  manufacture  or 
subsequent  abuse  are  responsible. 

Forces  Acting  Upon  Drill  Steel. — In  order  to  get  an  idea 
of  the  magnitude  of  the  forces  acting  on  a  drill  steel,  assume 
that  a  piston  weighing  4  lb.  makes  1,500  strokes  per  minute 
and  travels  4  in.  before  it  strikes  the  end  of  the  drill  steel; 
a  drilling  speed  of  10  in.  per  minute  advance  of  the  drill 
steel  in  the  rock,  and  a  cross  bit  of  1%  in.  gage  formed  on 
the  drill  steel  to  cut  the  rock  and  rotated  halfway  around 
In  an  oscillating  motion  50  times  per  minute,  the  cutting 
edges  of  the  drill  bit  are  formed  by  planes  meeting  at  90 
degrees  and  presenting  a  surface  0.005  in.  wide  when  sharp. 
Then  the  penetration  of  the  drill  steel  in  the  rock  will  be 
.ibout  0.1  in.  per  blow.  The  kinetic  energy  of  the  piston  is 
about  69  ft. -lb.  and  the  total  average  pressure  on  the  rock 
will  be  about  8,300  lb.  if  the  compressibility  of  the  piston, 
the  drill  steel,  and  the  rock  are  ignored  as  relatively  small 
factors  when  compared  with  the  depth  of  penetration  in  the 
rock.  The  crushing  strength  of  granite  is  estimated  from 
12,000  to  20.000  lb.  per  square  inch,  we  will  use  14,300  lb. 
per  square  inch.  If  the  initial  pressure  of  contact  of  the 
steel  against  the  rock  equals  this  value,  the  final  pressure 
would  be  16,350  lb.  of  22.S00  lb.  per  square  inch  of  drill  bit 
in  contact  with  the  rock  at  the  end  of  the  penetration.  This 
is  about  fiO  per  cent,  more  than  the  pressure  required  to 
crush  the  rock,  so  a  corresponding  portion  of  the  force  of 
the  blows  does  no  useful  work  but  would  be  returned  as  a 
reaction  through  the  drill  steel  if  both  bodies  were  perfectly 
elastic.  The  coefficient  of  restoration  of  steel,  however,  is 
ordinarily  given  as  about  56  per  cent.,  so  that  the  rock  could 
not  return  quite  all  of  this  excess  force  as  a  reaction  on  the 
steel. 

If  it  is  assumed  that  this  steel  has  a  modulus  of  elasticity 
equal  to  29,000,000  lb.  per  square  inch  and  a  density  of  489.6 
lb.  per  cubic  foot,  the  velocity  of  propagation  of  sound  waves 
thiough  it  will  be  16,550  ft.  per  second  and  as  the  time  in 
which  the  piston  is  delivering  its  energy  to  the  steel  is 
0.0005  second,  the  wave  lengths  will  be  about  S.275  ft. 

Principles  Governing  Transmission  of  Compressional 
Waves. — Among  the  principles  that  govern  the  transmission 
of  compressional  waves  are  the  following; 

1.  When  a  longitudinal  or  compressional  wave  passes  from 
one  medium  to  another,  a  part  of  the  energy  is  reflected  and 
a  part  transmitted.  The  phase  of  that  part  reflected  is 
changed  one-half  of  a  wave  length  when  the  reflection  occurs 
In  the  denser  medium.  When  the  reflection  occurs  in  the 
lighter  medium  the  phase  of  the  wave  is  unaltered. 

2.  Two  waves  of  the  same  length,  but  differing  in  phase, 
combine  to  produce  a  wave  of  the  same  length  but  different 
amplitude  and  phase  than  either  of  the  initial  waves. 

3.  Two  waves  of  the  same  period  and  amplitude,  but  differ- 
ing in  phase  by  a  wave  length,  combine  to  produce  a  wave 
of  the  same  length  but  double  amplitude. 

4.  Two  waves  of  the  same  period  and  amplitude  but  differ- 
ing in  phase  by  a  half  wave  length  mutually  annul  each  other. 

5.  Two  wavee  that  differ  slightly  in  length  combine  to 
produce  a  wave  of  varying  amplitude.  Its  frequency  is  one- 
halt  the  sum  of  its  component  frequencies.  If  both  initial 
waves  were  of  the  same  amplitude,  the  amplitude  of  the 
resultant  wave  will  vary  from  zero  to  twice  the  original 
amplitude  as  many  times  per  second  as  the  difference  of  their 
frequencies. 

6.  When  two  equal  waves  traverse  in  opposite  directions, 
the  resulting  wave  remains  stationary.  The  node  in  the 
resultant  wave  occurs  half  way  between  the  similar  zero 
points  of  the  original  waves:  and  the  points  of  greatest 
amplitude  occur  one-quarter  of  a  wave  length  away.  There- 
fore nodes  occur  at  distances  that  are  multiples  of  half  wave 
lengths. 


•Abstract  of  a  paper  presented  before   the   technical  session   of 
the  American  Institute  of  MInln.e  Entrineers. 


Special  Enqineering  Bo^rd  to  Study  Needs  of  Railways.— 
The  National  Association  of  Owners  of  Railroad  Securities 
has  appointed  a  board  of  economics  and  engineering  to  study 
the  transportation  system  of  the  country  and  suggest  econo- 
mies and  ways  for  bettering  the  earning  power  of  the  com- 
panies. The  board  will  consist  of  six  head  engineers,  with 
John  F.  Stevens  as  chairman. 
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Classification  System  of  Liberty  of 
American  Electric  Railway  Ass'n 

The  library  ot  the  American  tClectric  Railway  Association's 
Bureau  of  Information  and  Service  has  for  its  function  the 
collecting  and  classifying,  in  a  way  to  make  instantly  avail- 
able, every  scrap  of  information  bearing  on  the  electric 
railway  business.  How  this  mass  of  data,  statistics  and 
information  is  quickly  sifted  and  classified  is  described  in 
Aera  by  Julia  R.  Kelley,  librarian  of  the  association. 

Although  the  system  ot  classifying  and  manner  of  filing 
are  very  similar  to  that  used  in  the  general  library,  it  has 
not  the  passive  attitude  of  the  latter  but  is  active  and  ag- 
gressive. 

System  of  Classifying. — All  data  is  indexed  or  filed  accord- 
ing to  its  subject,  using  a  decimal  system  of  classification. 
This  system  is  a  modification  of  W.  H.  Williams'  "Railroad 
Correspondence  File"  and  is  developed  in  the  same  way  as 
universally  in  the  libraries  throughout  the  country. 

Using  the  railroad  departments  as  a  basis,  the  entire  rail- 
road field  has  been  divided  into  seven  major  divisions,  which 
can  be  subdivided  into  relative  subjects  giving  the  system  a 
very  wide  scope. 

To  illustrate  this,  the  following  are  the  primary  classes  of 
the  "Dewey  Decimal  System  of  Classification"; 

0 — General  works 

1 — Philosophy 

2 — Reljgion 

3 — Sociology 

•1 — rhilologrj- 

5 — Natural*  science 

C — Useiul  arts 

7 — Fine  arts 

S — Literature 

9 — History 

The  seven  divisions  of  Mr.  Williams'  "Railroad  Correspon- 
dence File"  are: 

0 — General 

1 — Executive  and  legal  department 

2 — Finance  and  accounts 

3 — Roadway  and  structures 

4 — Equipinent  and  shops 

5 — Transportation  and  storage 

6— Traffic 

9 — Ivocal  facilities  and  affairs 

To  show  the  working  of  the  system,  the  divisions  ot  class 

•5  (Traffic)  are: 

GO — Traffic — general 

CI — Passenger  traffic 

112 — Freight  traffic 

G3 — Baggage,  handling  and  transportation  ot 

ii4 — Mail,  transportation  of 

65 — Express,  transportation  of 

No.  62  is  subdivided  as  follows: 

620— Freight  traffic—general 

621 — Products  of  agriculture 

622 — Animals  and  animal  products 

623 — Products  of  mines 

G24 — Products  of  the  forest 

625 — Manufacturing- 

The  naught  is  used  in  all  cases  to  represent  general  sub- 

iect;  therefore  620   (Freight  Traffic)  is  subdivided  into: 

620.1 — Fi-eight  rates 

620.2 — Weighing  and  inspection 

620.3— Routing  and  Billing 

620.4— Soliciting  freight  traffic 

620.5 — I-oruling  and  handling 

620.6— Milling  ir    transit 

620.7 — Fioight  bills,  collection  and  credit 

S20.S— IVeight  claims 

A  subject  card  index  alphabetically  arranged,  on  which  is 
indicated  the  numerical  classification,  is  kept  readily  avail- 
able for  any  one  not  familiar  with  the  files. 

IVIaterlal  Collected. — Much  time  is  given  to  discrimination 
in  the  selection  and  rejection  of  the  great  mass  of  material 
which  collects  daily  in  the  library  baskets.  This  is  necessary 
in  order  to  permit  the  library  to  contract  itself  into  the 
smallest  possible  space,  so  that  only  ma  iters  of  vital  interest 
are  kept.  The  material  retained  is  reieesented  by  clippings 
from  the  technical  press,  statistical  inbulations,  indexes, 
periodicals,  state  commission  reports,  ';.  £;islative  acts,  Eng- 
lish tramway  reports,  annual  reports  of  street  railways, 
special  reports  of  engineers  on  transportation  problems. 
United  States  Census  Reports,  government  publications, 
finance  journals,  municipal  reference  lilirary  notes,  rate  re- 
search bulletins,  and  proceedings  of  eii.eineering  societies. 

How  Material  is  Shaped  for  Use. —  State  commission  re- 
ports, proceedings  of  the  engineering  societies  and  the  Eng- 
lish tramway  reports  are  arranged  alphabetically  in  sectional 
bookcases  and  are  the  only  reports  of  which  an  accession 
record   is  kept.     These   reports   are   read   carefully   and   the 
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subjects  in  them  are  indexed  on  small  cards.  These  cards 
are  filed  numerically  and  not  only  give  the  page  of  each 
reference  on  a  subject  but  also  a  short  summary.  All  cross- 
references  are  placed  in  this  file,  thus  we  have  come  to  call 
it  our  "Table  of  Contents  Card  Index."  All  special  reports 
are  handled  in  the  same  manner. 

("lippings  from  newspapers,  periodicals,  pamphlets,  etc., 
are  classified  and  filed  numerically  in  large  statistical  filing 
cabinets.  In  these  cabinets  also  are  filed  the  special  tabula- 
tions compiled  by  the  association's  statistical  department. 

Indexes  Chief  Reliance. — The  "Industrial  Arts  Index"  and 
the  "Engineering  Index"  are  frequently  made  use  of.  The 
indexes  of  Aera  and  the  Electric  Railway  Journal  are  bound 
together  in  a  loose-leaf  binder.  In  a  word,  these  various 
Indexes  are  the  main  line  of  attack  in  making  an  investiga- 
tion. 

In  order  to  handle  a  request  from  a  member  company, 
therefore,  it  is  necessary  to  take  the  following  steps: 

1.  Find  the  subject's  numerical  classification  in  the  subject 
card  index. 

2.  The  numerical  classification  leads  to  the  statistical 
cabinets.  Here  are  filed  the  standard  tabulations,  clippings, 
issociation's  committee  reports  and  all  other  loose  matter. 

"..  The  cross  references  from  the  "Table  of  Contents  Card 
Index"  are  then  looked  up. 

4.  The  special  periodical  and  technical  indexes  are  the 
next  source  of  information. 

5.  All  previous  correspondence  regarding  a  request  for 
information  on  a  subject  is  looked  up.  This  correspondence 
is  kept  in  a  separate  cabinet  and  filed  by  subject  in  the  same 
manner  as  the  statistical  material. 

This  method  of  procedure  is  followed  in  all  cases  where 
necessary.  Thus  it  is  assured  that  all  available  data  has. 
been  brought  together  for  use  in  answer  to  an  inquiry. 


Device  for  Washing  Gravel  in  Bins 

An  arrangement  for  washing  gravel  both  in  the  bin  and  as 
it  leaves  the  bin  for  loading  into  cars  is  employed  at  the 
Libertyville,  111.,  plant  of  the  Interstate  Sand  &  Gravel  Co. 
The  device  is  described  in  Rock  Products,  to  which  we  are 
indebted  for  the  matter  in  this  note: 

The  bin  floor  is  made  of  2x4-in.  timbers  with  a  perforated 


.-)iw- 


'///,\\ 


Spray  Pipes 


-^' 


Half    Section    of    Bin. 

Steel  plato  on  top  and  boards  on  the  bottom,  the  whole- 
resting  on  an  earth  fill.  The  gravel  is  sprayed  with  water 
from  the  spray  pipes  "A"  (see  sketch).  This  water  passes 
through  the  perforations  in  the  steel  plate  to  the  board  bot- 
tom which  conveys  it  to  the  trough  outside  the  bins.  The 
spray  pipe  "B"  washes  the  gravel  as  it  leaves  the  bin  for 
loading  mto  cars.  The  housing  "C"  is  made  of  wood  with 
the  ends  boarded  up  so  that  there  is  only  one  opening  "D" 
througii  which  the  gravel  may  pass.  The  housing  is  only 
as  wide  as  the  chute  and  there  is  one  of  these  housings  over 
each  chute.  The  opening  "D"  is  about  10x24-in.  The  arrange- 
ment was  devised  by  Burton  H.  Atwood,  President  ot  the 
Interstate   Sand   <S-.  Gravel  Co. 

) 
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Functions   of  a   Railway  Employ- 
ment Service* 

The  functions  of  an  employment  service  may  be  stated 
as  follows: 

First,  finding  the  labor  supply;  second,  selecting  from  the 
available  supply  the  right  man  for  the  right  job;  third,  in- 
troducing each  new  employe  to  his  foreman,  his  fellow  em- 
ployes, and  to  his  work;  and  fourth,  following  up  each  new- 
employe  to  see  that  he  is  engaged  in  the  work  for  which 
he  is  best  suited,  with  a  view  to  making  desirable  changes 
and  transfers,  and  also  as  a  check  on  the  selection  made 
by  the  employment  office. 

Advertising  at  once  suggests  itself  as  a  means  of  getting 
in  touch  with  labor  and  it  will  produce  good  results  if  prop- 
erly directed.  As  a  rule,  employers  do  not  resort  to  adver- 
tising until  the  labor  shortage  becomes  acute.  Advertising, 
however,  should  be  carried  on  with  a  view  of  getting  in 
touch  with  the  most  desirable  class  of  labor  and  inducing  this 
class  to  enter  railroad  service.  To  accomplish  this,  the  ad- 
vertisement should  state  in  effect  that  the  railroad  employs 
a  large  amount  of  labor  and  give  a  list  of  all  the  most  im- 
portant classified  jobs.  It  should  state  the  opportunities  for 
advancement  and  should  appeal  to  those  interested  to  write 
direct  to  the  superintendent  of  employment  or  apply  to  the 
nearest  agent  for  an  application  blank. 

Every  agent  or  office  of  the  railroad  should  be  supplied 
with  these  application  blanks.  The  blank  should  contain  a 
fairly  complete  list  of  the  most  important  jobs  and  the  appli- 
cant should  be  required  to  check  off  at  least  three  of  the 
jobs  which  he  would  prefer.  There  should  also  be  space 
on  this  blank  for  the  applicant  to  state  his  age,  nationality, 
previous  experience  and  give  references.  This  application 
blank  shoiild  be  mailed  direct  to  the  superintendent  of  em- 
ployment, either  by  the  applicant  himself  or  by  the  agent. . 
When  an  application  of  this  kind  is  received,  it  should  be 
acknowledged  at  once  and  if  no  position  is  open  in  the  class 
as  checked  off  by  the  applicant,  he  should  be  so  advised.  It 
there  are  other  jobs  open  that  would  seem  to  be  suited  to 
him,  the  applicant  should  be  advised  of  that  fact.  If  no  job 
at  all  is  open,  the  applicant  should  be  requested  to  com- 
municate further  at  a  stated  time,  one  month,  two  months 
or  three  months,  in  the  future.  If  the  applicant  does  com- 
municate further  at  the  time  stated,  it  is  an  indication  that 
he  is  desirous  of  getting  into  the  railroad  service  and  if  there 
is  still  no  position  open,  he  should  be  placed  on  the  pre- 
ferred list  and  also  be  put  on  the  mailing  list  for  any  rail- 
road magazines  or  any  other  literature  sent  out  by  the  rail- 
road that  would  maintain  his  interest  in  railroad  work.  By 
consistently  following  up  a  system  of  this  kind,  a  very  much 
better  class  of  labor  can  be  secured. 

There  is  another  part  of  this  work  that  should  not  be  over- 
looked. Representatives  of  the  employment  service  should 
visit  high  schools,  academies,  and  colleges  along  the  line 
and  give  talks  to  interest  students  in  railroad  work.  These 
talks  should  be  given  with  the  idea  of  explaining  various 
features  of  railroad  organization  and  operation  and  in  such 
a  way  as  to  interest  not  only  the  students,  but  the  general 
public.  Such  talks  will  create  a  better  understanding  be- 
tween the  public  and  the  railroads  and  also  draw  a  consid- 
erable amount  of  very  desirable  material  into  railroad 
service. 

Selecting  the  Best  Men. — The  next  feature  of  the  employ- 
ment service  is  the  selection  of  the  best  men  from  the  avail- 
able supply  and  placing  each  applicant  where  he  is  most 
likely  to  suoceed  or  "make  good."  The  process  of  selec- 
tion in  the  first  place  is  one  of  elimination.  The  first  step 
is  to  have  each  applicant  interviewed  by  a  representative 
of  the  employment  service  at  the  point  most  convenient  for 
the  applicant.  After  the  interview,  the  employment  repre- 
sentative should  investigate  the  references  given  by  the 
applicant.  This  will  eliminate  the  obviously  undesirable 
without  the  necessity  of  the  applicant  appearing  in  person 
at  the  nearest  employment  office.  It  goes  without  saying 
that  the  employment  representative  should  be  a  man  of 
wide  railroad  experience  and  he  should  not  summarily  reject 
any  applicant  without  some  very  good  reasons  and  these 
reasons  should  be  stated  in  his  report  to  his  chief. 

The  next  step  is  the  physical  examination.  In  the  interest 
of  public  safety  all  applicants  having  contagious  or  venereal 


•From  an   article    in   Railway    Ape    b:,-  .T.   C.    Clark.    Assistant    to 
;  "1  •■  -1  Mnnagcr,  Oregon  Short  Line  R.  R. 


diseases  must  be  eliminated  at  once.  However,  such  physical 
examinations  are  well  understood  and  no  comment  is  neces- 
sary here. 

If  the  applicant  is  recommended  by  the  traveling  repre- 
sentative of  the  employment  service,  and  is  physically  fit, 
he  should  be  sent  to  the  nearest  employment  office,  where 
he  should  be  given  an  interview  by  men  trained  tor  that 
purpose.  Instead  of  being  given  an  application  blank  and 
told  to  go  and  fill  it  out  and  bring  it  back  again,  he  is  taken 
into  a  private  room  and  seated  comfortably  with  the  inter- 
viewer. The  interviewer  asks  the  questions  and  fills  out  thf 
application  blank.  During  the  conversation,  which  is  carried 
on  in  a  very  friendly  manner,  the  interviewer  draws  out  as 
much  of  the  family  history  and  experience  of  the  applicant 
as  possible.  He  also  takes  pains  to  explain  the  policies  of 
the  company  with  regard  to  promotions,  pensions,  insurance, 
or  anything  else  that  directly  affects  the  welfare  or  content- 
ment of  the  employe.  He  also  explains  the  necessity  for 
safety,  and  service  to  the  public. 

At  the  end  of  the  interview,  the  interviewer  should  make 
a  brief  but  lucid  statement  of  his  estimate  of  the  applicant's 
qualifications  and  abilities.  It  may  Ve  difficult  to  secure 
competent  interviewers  in  the  beginning,  but,  by  systematic 
effort,  a  sufficient  number  of  interviewers  can  be  developed 
and  of  course  the  employment  office  should  always  contain 
men  who  are  in  the  process  of  training  tor  this  very  im- 
portant work. 

Psychologists,  phrenologists,  and  other  types  of  character 
analysts  have  devised  a  large  number  of  tests  for  which  they 
make  various  claims.  There  is  no  doubt  that  some  of  these 
may  be  a  distinct  aid  in  selecting  employes,  but  they  wili 
have  to  be  developed  very  slowly  and  it  will  be  impossible  to 
make  practical  application  of  these  tests  at  the  present  time. 
I  would  favor,  however,  the  placing  of  expert  psychologists 
on  the  staff  of  the  employment  superintendent  for  the  pur- 
pose of  assisting  in  the  training  of  interviewers,  who  must 
be  practical  men.  and  in  suggesting  methods  of  selection. 
After  all,  the  chief  object  to  be  attained  is  to  place  the  appli- 
cant where  he  will  do  the  best  work  and  where  he  will  be 
happy  in  his  employment.  The  best  guide  in  doing  this  is 
the  applicant's  preferences.  It  is  impossible  to  build  up  a 
periect  organization  if  any  considerable  number  of  the  in- 
dividual employes  are  discontented.  A  great  many  appli- 
cants may  not  know  what  kind  of  work  they  want;  others 
may  think  they  know,  but  because  of  lack  of  experience 
find  that  they  did  not  know  their  own  preferences.  For  this 
reason,  it  is  necessary  to  follow  the  man  up  after  he  has 
entered  the  service,  and  see  that  he  is  placed  w-here  he  can 
do  the  best  work  and  where  he  is  contented. 

Following  Up  New  Employes. — First  impressions  are  too  im- 
portant to  be  left  to  hit-or-miss  methods.  When  the  new  em- 
ploye is  ready  to  go  to  work,  he  should  be  introduced  to  his 
immediate  superior  officer  by  a  representative  of  the  em- 
ployment service.  He  also  should  be  introduced  to  some  of 
his  fellow  workmen  if  possible.  He  should  be  told  what 
equipment  he  will  need  and  where  he  can  get  it.  the  prac- 
tice with  regard  to  pay  days,  and  any  other  items  of  infor- 
mation that  will  help  in  the  first  few  days  of  his  employ- 
ment. 

The  following  up  of  employes  by  the  employment  service 
after  they  have  actually  entered  the  service  is  very  impor- 
tant, and  should  be  handled  systematically.  There  should 
be  enough  representatives  of  the  employment  service  so  that 
every  new  employe  can  be  interviewed  by  one  of  them 
within  a  week.  A  second  interview  should  take  place  within 
three  weeks  of  the  date  of  entering  the  service.  These  in- 
terviews should  develop  any  misunderstanding  the  employe 
may  have  and  will  impress  upon  him  the  fact  that  the 
coinpany  is  vitally  interested  in  his  success  and  welfare. 
These  interviews  should  also  develop  whether  or  not  the 
employe  is  satisfied  with  his  work  and  whether  the  fore- 
man or  supervising  officer  is  satisfied  wath  the  new  employe. 
If  dissatisfaction  does  exist,  the  employment  service  should 
take  the  necessary  steps  to  investigate  further  and  make 
transfers,  or  take  any  other  steps  to  promote  harmony  and 
satisfaction. 

When  it  comes  to  promotions,  vacancies  can  often  best  he 
filled  by  men  already  employed  in  some  other  department. 
Heads  of  departments  at  present  are  not  in  a  position  to 
know  the  abilities  and  qualifications  of  men  in  other  depart- 
ments, but  a  centralized  employment  service  could  and  should 
keep  a  list  of  likely  men  in  all  departments,  with  a  view  to 
filling  anv  vacancy  that   may   occur. 
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The  Ideal  Drill  Steel* 

By  FRANK  H.  KINUDON. 

The  essential  qualities  of  a  drill  steel  are;  First,  it  must 
lie  easily  forged;  second,  the  forged  bit  end  must  be  such 
•  hat  it  can  be  easily  heat  treated  to  obtain  hardness  to  re- 
j?ist  chipping;  third,  the  bar  or  body  must  be  stiff  to  resist 
bending  or  twisting  and  yet  tough  to  resist  shocli  and  vi- 
bration, with  resulting  breakage,  and  fourth,  the  forged 
shanl£  end  must  be  such  that  it  can  be  easily  heat  treated 
■to  obtain  some  hardness  with  great  toughness. 

Requirements  Ideal  of  Drill  Steel. — Drill  steel  must  be  prop- 
erly forged  either  by  hand  or  machine,  and  this  operation 
requires  pyrometric  control.  I  believe  two  causes  of  grief 
■can  be  eliminated  at  this  point,  as  there  is  no  doubt  that 
drill  steels  as  a  rule  are  forged  at  too  high  temperatures, 
and  the  forging  operation  is  continued  after  the  temperature 
iias  dropped  below  tlie  critical.  Furthermore,  little  if  any  an- 
nealing is  done  on  drill  steel  after  forging;  hence  the  forging 
operation  must  be  conducted  with  great  care. 

AssuUiing  the  forging  temperature  is  correct,  the  other 
minor  requirements  are  that  the  bit  and  the  shank  be  in 
alignment  with  the  body;  that  the  shank  shall  be  of  the 
proper  shape  and  length  and  the  shank  collar  or  lugs  be  of 
the  proper  diameter  and  length;  that  the  hole,  if  any,  be  free 
from  obstruction;  that  the  striking  end  of  the  shank  be  flat 
and  square;  that  the  bit  be  of  the  proper  shape,  with  the 
'Uitting  and  reaming  edges  formed  full  and  to  the  required 
size;  that  the  reaming  edges  are  concentric  with  the  axis  of 
the  steel,  and  that  there  are  no  sharp  corners  at  the  shoulder 
where  the   bit   blends   into   the   body. 

It  is  obvious  that  the  above  requirements  can  best  be  ob- 
tained day  in  and  day  out  by  means  of  a  drill  steel  sharp- 
ening machine.  The  efficiency  of  such  a  machine  will  ac- 
cordingly depend,  first,  on  the  initial  forging  temperature  re- 
quired, for  the  lower  the  initial  forging  temperature  the  bet- 
ter the  steel  structure;  second,  on  the  accuracy  of  the  forged 
bit  and  shank;  third,  on  the  speed  of  operation;  fourth,  on 
restriction  of  the  hole  in  the  shank  and  bit  when  using  hol- 
low drill  steel;  fifth,  on  the  number  of  heats  or  times  re- 
•rmired  to  heat  the  steel  before  securing  the  finished  bit  or 
shank,  and  sixth,  on  the  air  consumption  or  power  required. 
The  means  of  heating  for  forging  will  be  considered  later. 

The  drill  steel  must  have  an  ideal  bit  and  shank.  The 
essealial  qualities  of  such  a  bit,  regardless  of  the  condi- 
tions under  which  it  is  operated,  are  that  its  shape  be  such 
that  maximum  cutting  speed  can  be  maintained  for  as  great 
a  distance  as  possible  before  wear  of  the  gage  and  cutting 
edge  reduces  the  speed  of  penetration  to  a  point  where  a 
change  of  steel  is  made  necessary,  and  that  the  size  or  diam- 
eter of  the  drill  hole  corresponding  to  the  gage  of  the  bit 
can  be  maintained  with  the  least  possible  reduction  as  the 
depth  of  the  hole  increases,  and  also  that  the  shape  of  the 
bit  is  such  that  it  can  be  correctly  and  readily  formed  and 
heat  treated. 

Features  of  Bit  Design  that  Require  Attention.— It  is  doubt 
ful  whether  a  standard  bit  can  or  will  be  developed  that  will 
ruit  Ell  conditions,  such  as  the  force  and  frequency  of  the 
How  transmitted  to  the  bit,  the  speed  and  strength  of  the 
rotation  imparted  to  the  drill  steel,  the  character  of  the 
reck  as  regards  hardness,  abrasion  and  other  factors,  and 
the  method  for  ejection  of  sludge  or  rock  cuttings.  Accord- 
ingly, the  following  features  of  bit  design  require  attention: 
Shape,  total  length,  and  angle  of  cutting  edge;  length  and 
area  of  the  reaming  edges  or  surfaces:  size  and  shape  of 
clearance  grooves  for  ejection  of  cuttings,  and  length  and 
angle  of  the  wings  and  the  manner  in  wliirli  they  are  blended 
into  the  body  of  the  steel. 

Cutting  Edge  and  Its  Application. — The  combined  length 
of  the  cutting  edge  and  the  manner  in  which  it  is  applied 
is  a  big  factor  in  the  drilling  operation  regarding  the  speed 
and  the  life  of  the  drill  steel  and  the  dWll.  The  longer  the 
cutting  edge  the  greater  the  amount  of  rock  cuttings  per 
blow,  assuming  that  the  cutting  edge  is  and  remains  sharp 
or  sharp  enough  for  the  conditions.  Furthermore,  the  drilled 
or  blunt  edge,  besides  decreasing  the  jienetration  per  blow. 
lessens  the  cushioning  effect,  and  this  causes  the  drill  steel 
to  rebound  from  the  rock,  which  may  cause  breakage  of  the 
drill  steel  or  parts  of  the  drill.  In  a  radial  cutting  edge  bit 
the  work  done  is  greatest  at  the  extreme  cutting  and  ream- 
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ing  eiiges,  which  accounts  for  the  unequal  wear  along  the 
cutting  edge.  Therefore  it  is  apparent  that  the  only 
way  to  improve  this  condition  is  so  to  shape  the 
cutting  edge  that  the  work  is  evenly  distributed  throughout  its 
length,  and  so  that  the  extremities  of  the  cutting  edge  have 
suitable  reaming  surfaces  properly  tapered  back  to  improve 
the  wearing  qualities  of  the  gage. 

A  good  deal  has  been  written  about  the  angle  and  shape 
of  the  cutting  edge,  and  many  kinds  of  bits  have  been  brought 
out.  such  as  the  bull  bit,  rose  bit,  double  cross  bit,  chisel 
and  double  chisel  bit,  and  other  types,  but  so  tar  as  I  know 
the  onl;,  bit  that  approaches  the  ideal  bit  is  the  double-arc, 
double-taper  bit.  As  to  the  ideal  shank,  there  is  no  doubt  that 
the  so-called  shankless  steel  approaches  the  ideal,  and  it  is 
regrettable  that  this  type  is  not  suitable  for  all  conditions. 
Us  advantages  and  disadvantages  are  evident. 

Proper  Heat  Treatment  Most  Essential  Operation. — The  third 
and  last  requirement  of  the  drill  steel  which  has  ideal  quali- 
ties is  that  it  must  be  properly  heat  treated.  This  without 
doubt  is  the  most  essential  operation  in  securing  best  re- 
sults, and  yet  it  is  safe  to  say  it  receives  the  least  atten- 
tion. The  good  results  which  are  expected  from  all  previous 
operations  can  be  obtained  only  through  proper  heat  treat- 
ment. Theoretically,  this  operation  of  heat  treating  should 
be  simple;  practically  it  is  not,  for  all  too  much  depends 
on  the  equipment. 

1  desire  to  call  attention  to  a  few  essentials.  First  of  all, 
the  pyrometric  equipment,  which  is  in  a  way  the  most  im- 
portant piece  of  apparatus  for  obtaining  best  results.  It 
should  be  sturdy  and  accurate,  and  the  cold  junction  should 
be  automatically  taken  care  of  or  compensated  for.  This 
function  I  believe  is  best  accomplished  by  using  lead  wire 
of  the  same  composition  as  the  thermo-couple,  thus  bringing 
the  cold  junction  to  the  indicator  or  galvanometer,  where 
it  can  be  compensated  for  by  means  of  a  coil.  Of  the  dif- 
ferent systems  of  reading  the  temperature  I  believe  the  po- 
tentiometer system  is  the  most  reliable  for  the  drill  steel 
hardening  shop. 

Of  equal  importance  is  the  furuace,  which  should  be  so  con- 
structed that  it  can  be  used  in  heating  for  forging  and  temper- 
ing, that  it  can  be  adapted  to  heat  any  size  or  shape  of  drill 
steel,  that  the  burner  be  placed  so  the  flame  does  not  hit 
directly  on  to  the  metal,  that  for  continuous  work  the  heat- 
ing chamber  have  its  maximum  heat  zone  at  the  end  from 
which  the  drill  steel  is  withdrawn,  and  that  the  pyrometer 
or  thermo-couple  be  installed  in  this  end. 

Some  Points  on  Heat  Treatment. — Without  giving  further 
description  of  the  e(|uipment.  1  will  assume  it  is  such  that 
the  following  treatments  can  be  accurately  controlled  and 
performed.  In  forging  do  not  heat  higher  than  1,700°  F. 
(with  steels  containing  about  0.45  to  0.55  carbon,  somewhat 
higher  temperatures  may  be  used  I,  and  use  that  lower  initial 
temperature  which  will  leave  the  temperature  of  the  steel 
just  above  its  critical  as  the  forging  operation  is  finished; 
anneal  after  forging  to  secure  uniform  results  by  heating 
just  through  the  critical;  heat  from  50°  to  75°  F.  above  the 
critical,  and  quench  for  hardening  (with  high-carbon,  hyper- 
eutectoid  steels  it  may  be  advisable  to  use  somewhat  higher 
temperttures  to  get  the  excess  cementite  into  solution);  draw 
the  temper  when  necessary,  depending  on  rock  conditions. 

In  heating  maintain  a  neutral  or  reducing  atmosphere  to 
prevent  scaling  and  decarbonizing.  Do  not  heat  too  rapidly 
or  too  slowly,  but  evenly  and  uniformly,  as  too  rapid  heating 
may  develop  checks  or  cracks,  and  too  slow  heating 
may  cause  soaking,  which  tends  to  large  grain  growth.  For 
hardening,  heat  just  above  the  critical  temperature,  as  a 
properly  forged  steel  quenched  from  this  heat  has  in  combi- 
nation qualities  of  some  toughness,  with  maximum  hai'dness 
and  maximum  density.  The  quenching  bath  should  be  kept 
■'.t  a  uniform  and  approximately  constant  temperature.  In 
drawing  or  tempering,  longer  time  periods  at  lower  tempera- 
tures are  better  than  the  shorter  time  periods  at  higher  tem- 
peratures. 

To  improve  further  the  ideal  drill  steel  it  seems  necessary 
to  consider  the  steel  itself.  Is  everything  being  done  by  the 
steel  manufacturer  that  possibly  can  be  done?  I  think  not. 
But  it  would  be  useless  for  the  manufacturer  to  bring  out 
better  steel  and  alloy  steels  when  mine  conditions  are  such 
that  the  present  steel  is  not  heat  treated  properly  to  obtain 
Its  maximum  efficiency. 

Best  Type  of  Bit  and  Causes  of  Resharpening. — It  is  inter- 
esting to  note  that  answers  to  a  recent  questionnaire  brought 
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oui  I.';;.'  lollowlng  facts  and  are  representative  of  all  fields  and 
conditions  of  mining. 

To  tlie  (juostion,  what  type  of  bit  was  giving  the  best  serv- 
ice, returns  showed  that  the  double  arc,  double-taper  bit  and 
cross  bit  were  far  in  the  lead. 

To  the  question  as  to  what  necessitates  the  resharpening  of 
the  drill  steels  most  frequently,  wear  of  gage  was  unani- 
mously first  choice;  chipping  of  bit  was  unanimously,  with 
one  exception,  second  choice;  breakage  of  shank  was  unani- 
mously, with  one  exception,  third  choice;  upsetting  of  bit, 
upsetting  of  shank  and  breakage  of  body  were  about  on  a  par 
for  fourth  choice. 

To  the  question  as  to  what  was  the  direct  cause  of  the 
necessity  of  resharpening,  poor  heat  treatment  was  unani- 
mously first  choice,  and  faulty  steel  and  severe  rock  con- 
riitions  were  about  on  a  par  for  second  choice. 

The  information  set  forth  brings  out  two  distinct  facts 
which  can  be  considered  with  equal  advantage  by  the  steel 
manufacturer  as  well  as  by  those  interested  in  this  subject. 
There  is  no  doubt  that  "wear  of  gage"  depends  on  heat  treat- 
ment, but,  assuming  proper  heat  treatment,  could  not  a  steel 
be  developed  v.'lnch  would  improve  this  fault?  For  instance, 
chromium  imparts  to  steel  a  quality  of  tough  hardness  with 
great  resistance  to  wear  and  abrasion.  Would  such  a  steel 
improve  our  ideal  drill  steel? 

With  this  in  mind  future  experiments  can  be  conducted  so 
as  to  bring  out  the  difference  between  high  and  low-carbon 
steels,  straight-carbon  and  alloy  steels,  high  and  low-forging 
temperature,  annealing  and  not  annealing  after  forging,  and 
as  regards  the  body  of  the  drill  steel,  the  difference  between 
steel  as  rolled  and  steel  heat  treated  to  obtain  a  refined 
s.orbitic  structure.  Particular  attention  should  be  given  to 
the  temperatures,  for  little  if  any  data  in  this  particular  have 
been  given  on  such  experiments  as  have  been  conducted. 


Erie   Shovel's   Caterpillar  Type  Mounting 
Is  Completely  Lubricated 

After  three  years  of  experiment  and  test  the  Ball  Engine 
Co.,  Erie.  Pa.,  has  brought  out  a  fully  lubricated  caterpillar 
type  mounting  for  its  Ei'ie  shovels  and  cranes.  Tests  of 
this  new  mounting  are  stated  to  have  shown  that  after 
40  or  50  miles  of  travel,  there  is  no  appreciable  wear,  and 
practically  no  maintenance  cost  whatever.  On  this  new 
Erie  mounting,  every  bearing  is  fully  protected  against  undue 
wear  by  a  film  of  special  heavy  oil,  a  lubricant  which  works 
equally  well  in  hot  weather  or  below  zero.  The  link  bearings 
are  not  allowed  to  run  dry  and  "cut,"  but  are  protected  like 
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Other  Important  bearings  on  the  Erie  shovel.  Not  only 
greater  endurance,  but  far  more  traveling  speed  and  climbing 
power  are  claimed  to  result  from  the  reduction  of  friction  in 
the  new  Erie  mounting.  A  caterpillar-type  Erie  is  stated  to 
travel  at  a  speed  of  more  than  a  mile  an  hour  on  high  gear 
and  to  climb  grades  up  to  25  per  cent  on  its  own  pow'er.  The 
lubrication  of  the  Erie  caterpillar-type  mounting  is  easily 
taken  care  of.  One  filling  of  the  oil  reservoir  provides  for 
at  least  a  month's  steady  service.  Once  a  month  the  operator 
spends  about  an  hour  in  going  all  over  the  mounting  with  a 
sfiuirt   gun.     Another   very   important   feature   of   the   Erie's 


continuous-tread  mounting  is  the  perfect  steering,  controlled 
entirely  by  the  operator  from  his  regular  position  in  the  cab. 
The  operator  can  turn  sharply  either  to  right  or  left,  or  when 
desired  can  turn  right  about  in  one  spot.  The  Erie  caterpillar- 
type  mounting  is  easily  interchangeable  with  ordinary  trac- 
tion wheels  or  standard  gauge  car  wheels,  on  the  same  truck 
frame.  The  result  is  that  any  Erie  on  traction  wheels  can 
easily  be  changed  over  to  caterpillar-type,  and  then  later 
changed  to  car  wheels  if  desired,  without  any  alteration  to 
the  truck  frame. 


New  Compressed  Air  Hoist 

A  portable  hoist  having  a  new  design  of  rotary  type  com- 
pressed air  engine  has  Been  brought  out  by  The  Denver  Rock 
Drill    Manufacturing    Co..    Denver,    Colo.      In    this    hoist    the 
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whole  engine  revolves  within  the  motor-housing,  an  oil  and! 
air-tight  casting  which  protects  the  engine  from  the  atmos- 
phere and  also  serves  as  an  oil  reservoir.  The  distributor, 
through  which  the  air  is  supplied  to  the  cylinders,  is  a 
hardened  and  ground  stationary  steel  shaft  which  serves 
not  only  as  a  distributor  of  power,  but  as  a  support  for  the 
cylinder  block  as  well.  Fixed  to  the  spider  shaft  is  the 
spider,  a  drum-shaped  casting,  which  revolves  within  the 
motor-housing  and  within  which  the  cylinder  block  also 
revolves.  Around  the  inner  side  of  the  spider  four  hardened 
and  ground  steel  tracks  are  mounted,  on  which  the  piston 
rollers  run.  The  spider  hub  is  mounted  on  a  ball  bearing. 
The  spider-shaft  is  a  carefully  heat-treated  a<loy  steel  .siiaft 
upon  which  the  cable  drum  revolves.  A  clutch  pinion  is 
mounted  on  the  small  end  of  the  spider  shaft  so  that  the 
cable  drum  gearing  can  be  disconnected  from  the  engine  and 
the  drum  permitted  to  run  free  when  desired.  The  hoisting 
capacity  is  500  to  2,000  lb.,  at  100  lb.  air  pressure,  hoisted 
vertically  at  the  rate  of  OS  to  143  ft.  per  minute,  depending 
upon  the  weight  of  the  load;  loads  of  500  lb.  or  less  at 
pressures  as  low  as  20  lb.  The  drum  capacity  is  755  cu.  in. 
of  rope  space  which  will  accommodate  the  following  lengths 
of  various  rope  sizes:  1,000  ft.  of  14-in.  rope;  465  ft.  of  %-in. 
rope;  225  ft.  of  %-in.  rope.  The  dimensions  of  the  hoist  are; 
Length  over  all,  24%  in.;  height,  19%  in.;  width,  17%  in. 
The  weight  complete  without  rope  is  335  lbs. 

Labor  Wage  Decision  a  Signal  for  Opening  up  of  Business. 
— In  a  letter  sent  out  to  all  officers  and  employees  of  the- 
Illinois  Central  R.  R.,  C.  H.  Markham,  President  of  the  road, 
states  the  decision  of  the  labor  board  in  regard  to  the  reduc- 
tion of  wages,  will  result  in  a  substantial  decrease  in  the 
operating  expenses  of  the  Illinois  Central  system,  and  that 
it  is  intended  to  invest  that  money  in  maintenance  which  has- 
been  deferred — in  the  employment  of  additional  men,  and  in 
the  purchase  of  materials  and  supplies.  He  states  that  this 
railway  has  not  waited  for  the  money  to  come  in,  but  has 
already  entered  upon  a  program  and  that  he  believes  other 
railways  will  do  likewise.  The  action  of  the  labor  board, 
therefore,  he  says,  operates  as  first  signal  for  the  opening 
up  of  business,  which  will  be  bound  to  benefit  the  public  at 
large.  The  crop  prospects  are  favorable.  This  railway 
recognizes  its  pressing  duty  to  place  its  roadway  and  equip- 
ment in  condition  to  serve  them  this  fall.  The  labor  board) 
decision  will  help  to  enable  it  to  meet  that  duty. 
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New  Svillivan  Portable  Column  Hoist 

A  hoist  having  several  novel  features  has  been  placed  on 
the  market  by  the  Sullivan  Machinery  Co.,  Chicago,  111.  The 
engine  in  this  hoist  is  a  modification  of  the  compressed  air 
motor  used  in  the  company's  Turbinair  coal  cutters.  The 
hoist,  in  brief,  consists  of  a  cylindrical  drum,  mounted  on  a 
steel  frame,  and  completely  enclosing  the  operating  me- 
chanism. This  comprises  a  Sullivan  Turbinair  motor,  and  a 
reduction  gearing  which  drives  the  drum  shell.  The  hoist  is 
provided  with  traction  clutch  and  brake.  When  both  of  these 
are  released  the  rope  may  be  pulled  freely  from  the  drum. 
The  friction  clutch  may  be  locked  in  position  and  the  load 
raised  or  lowered,  controlled  entirely  by  the  throttle  valve. 
The  brake  is  of  the  band  type  and  is  of  sufficient  strength 
to  hold  any  load  within  the  capacity  of  the  hoist.     The  air 
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is  admitted  at  the  axis  of  the  drum  througl^  a  hollow  shaft, 
and  the  motor  revolves  with  the  drum.  Ball  bearings  are 
employed,  and  all  mechanism  is  totally  enclosed  and  well 
lubricated.  The  rotors  are  lubr'cated  by  an  automatic  oiler. 
The  hoist  may  be  mounted  on  a  cross  bar  or  column  in  a 
shaft,  winze  or  raise,  for  handling  drills,  steel  or  timbers; 
it  may  be  bolted  to  a  timber  or  girder  or  to  a  wall  or  floor, 
for  pulling  cars,  piling  lumber,  and  any  odd  jobs  of  hoisting 
or  hauling.  Its  capacity  is  1,500  lb.  dead  load  lifted  vertically 
at  100  ft.  per  minute,  under  SO  lb.  air  pressure.  The  hoist 
w-eighs  2S5  lb.  and  its  drum  will  accommodate  a  maximum  of 
500  ft.  of  5/16  in.  wire  rope.  The  overall  length  is  22  in.; 
width  13%  in.,  and  height  15%  in.  The  net  weight  (less 
rope)  is  285  lb. 


Re-Painting  Old  Street  Cars 

Mr.  Leon  W.  Wolf,  The  Johnston  Paint  Company,  Cincin- 
nati, Ohio,  writing  in  "Aera,"  has  the  following  to  say  in 
regard  to  repainting  old  equipment: 

"More  than  200  street  railways  in  the  United  States,  Can- 
ada, the  Philippine  Islands,  England  and  France  are  follow- 
ing my  formula  today  for  the  repainting  of  street  cars.  By 
Ibis  formula  we  remove  the  necessity  of  burning  off  or  re- 
moving the  old  paint,  no  matter  how  badly  cracked  or  checked 
a  street  car  may  be.  This  means  a  saving  of  from  $30  to  $50 
per  car  before  ever  you  start  to  paint.  Under  this  method 
of  car  painting  old  cars  are  repainted  in  from  "Y^  to  iVz 
days,  and  cars  are  running  in  many  cities  in  the  United 
States  that  have  gone  for  over  a  period  of  5  years,  none  of 
these  old  paint  cracks  have  show-n,  and  all  that  is  done  to 
these  cars  is  to  bring  them  in  and  ri-varnish  them  every  12 
to  15  months.    This  is  accomplished  in  the  following  manner; 

Bring  the  car  into  the  shop  and  sand  off  (do  not  v/ash  off 
or  scrub);  remove  all  grease  spots  with  gasoline  or  benzine; 
glaze  up  all  side  swipes,  holes  or  indentations  with  glazing 
krakno;  then  apply  one  coat  of  krakno;  allow  the  car  to 
stand  four  hours  and  apply  second  co;if  of  krakno;  allow  car 
to  stand  over  night. 

Second  day,  sand  off  car  with  No.  1  sand  paper  and  smooth 
off  with  No.  f;0  sand  paper;  then  apply  a  coat  of  smooth 
coat;  allow  this  to  stand  two  and  a  half  hours  and  apply 
one  coat  of  enamel;  allow  this  to  stand  over  night. 

Third  day,  letter,  stripe  and  varnish.  This  gives  you 
your  car  for  service  the  following  morning   (3^^   days). 


Railroad  Technical  Engineers  Before  U.  S. 
Labor  Board 

The  Southern  Pacific  R.  R.  cited  the  Southern  Pacific  Sec- 
tion of  the  American  Association  of  Engineers  to  appear 
before  the  T.Tnited  States  Labor  Board  on  June  6,  for  the 
adjustment  of  railroad  compensation  and  working  conditions. 
This  appearance,  brought  about  by  the  Southern  Pacific  R.  R., 
was  iu  connection  with  an  effort  by  the  railroad  to  reduce 
salaries  of  engineers  employed  on  its  lines  and  at  the  same 
time  a  request  by  the.  Southern  Pacific  Section  of  the  Asso- 
ciation for  an  increase  in  pay.  The  American  Association 
of  Engineers  was  represented  by  C.  E.  Drayer,  national  sec- 
retary, and  R.  C.  Bailey  in  charge  of  chapter  activities,  in- 
cluding railroad  work.  In  summing  up  before  the  Board,  the 
Association  presented  the  following  facts: 

For  many  year.s  a  discouraging  differential  in  compensation  paid 
has  operated  on  the  railroads  against  the  technically  trained  pro- 
fessional men.  This  differential  was  accentuated  by  the  appli- 
cation on  the  part  of  the  roads  of  Decision  No.  2  (last  year's  wage 
increase)  of  the  U.  S.  Labor  Board,  which  did  not  specifically 
mention  the  professional  engineer.  They  did  not  appear  before 
the  board  and  were  apparently  not  in  its  mind  when  the  decision 
was  drafted. 

We  will  show  in  the  exhibits  submitted  that  not  only  should 
no  decrease  he  put  into  effect,  but  that  an  increase  should  be 
,q"ranted  to  bring  the  s.alaries  of  these  men  to  the  minimum  sched- 
ule proposed  for  those  positions  by  the  American  Association  of 
Engineers.  Southern  Pacific  Section,  thus  removing  the  discrimina- 
tion which  now  exists. 

The  technically  trained  men  perform  services  comparable  to 
that  rendered  by  medicine  and  law — professional  services.  The 
engineer  is  a  staff  man'  and  performs  service  essentially  executive 
in  character. 

We  are  brought  into  this  hearing  by  the  management.  We  had 
hoped  because  of  the  staff  character  of  the  service  of  the  t.chnical 
men  that  it  would  not  be  necessary  to  pppear  here  for  adjudication 
of  ihe  dispute  and  that  the  question  could  be  settled  amicably  by 
management  and  representatives  of  technical  men. 

It  is  expected  a  decision  will  be  reached  by  the  Labor 
Board  sometime  before  July  1. 


French  Rail  Sections 

Four  new  standard  rail  sections  have  been  adopted  by  six 
:.>f  the  principal  railroads  in  France  after  an  extendsd  inves- 


S.Z3- 
46-kg.  (92.8  lb.)  Rail,  5S-kg.-(110.9  lb.)  Kail  for  Tunnels 

tigation  which  included  a  stiuly  of  American  sections.  The 
accompanying  illustrations  are  reproduced  from  the  Rail- 
way Age. 
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An  Investigation  of  Excessive  Fees 
Paid  to  Appraisal  Experts  in  Chi- 
cago, and  a  Recommendation 
for  New  Plans  of  Employ- 
ment and  Payment 

PollowinK  an  editorial  on  the  subject  of  excessive  tees, 
printed  in  the  May  4  issue  of  Kngineering  and  Contracting, 
the  editor-in-chief,  Mr.  Halbert  P.  Gillette,  was  requested 
to  appear  before  the  Finance  Committee  of  the  Chicago 
City  Council  to  explain  his  criticisms  in  detail  and  to  pre- 
sent suggestions  for  the  betterment  of  an  admittedly  bad 
situation.  In  his  discussion  before  the  committee  Mr.  Gil- 
lette stated  that  of  the  many  appraisals  conducted  by  him 
and  aggregating  about  three  quarters  of  a  billion  dollars, 
none  had  cost  more  than  one-half  of  1  per  cent  of  the  ap- 
praised value  of  the  property,  and  most  had  cost  consid- 
erably less. 

Four  Per  Cent  Appraisal  Fees. — The  city  of  Chicago  is  pay- 
ing each  of  its  two  building  appraisers  at  the  rate  of  1% 
per  cent  of  the  appraised  value  of  the  property,  where  a 
bare  appraisal  is  involved,  and  an  additional  %  of  1  per 
cent  is  added  where  drawings  are  furnished.  So  far  as  is 
now  known  drawings  have  been  submitted  by  both  ap- 
praisers in  every  case,  thus  making  the  appraisal  cost  2  per 
cent  for  each  expert,  or  a  total  of  4  per  cent  to  the  city. 
About  $70,000,000  worth  of  buildings  is  being  appraised  at 
this  rate  in  connection  with  various  projects  of  street  open- 
ing and  wi()oning  in  accordance  with  the  city  plan. 

Fees  on  Other  Work.— Mr.  Gillette  stated  that  percent- 
age payments  for  appraisal  work  were  very  unusual,  that 
he  believed  such  a  basis  to  be  unsuitable,  and  that  he  him- 
self had  never  appraised  property  at  other  than  a  per  diem 
rate.  He  also  stated  that  in  his  experience  the  cost  of  build- 
ing appraisals  had  not  exceeded  the  rate  of  %  per  cent  on 
mixed  properties  as  a  whole,  and  he  quoted  from  Prof.  Ho- 
ratio A.  Foster's  book  on  valuations  that,  "A  sate  estimate 
for  the  cost  of  valuing  large  properties  is  from  three-tenths 
to  five-tenths  per  cent  of  the  total  value  found." 

Confusion  Over  Architects'  Fees. — The  statement  had  been 
freply  anri  emphatically  made  by  city  officials  who  were 
primaril\  responsible  for  the  2  per  cent  rates  and  the  em- 
ployment of  experts  under  them,  that  the  established  rates 
of  the  Illinois  Society  of  Architects  and  the  American  Asso- 
ciation of  Architects  for  such  work  were  SVz  per  cent,  and 
that  the  city  was  accordingly  getting  its  work  done  tor  one- 
quarter  of  what  it  would  have  cost  private  individuals.  To 
show  that  this  statement  was  completely  in  error,  Mr.  Gil- 
lette presented  the  latest,  and  very  recent,  schedule  of 
charges  of  the  Illinois  society,  and  read  the  following  there 
from : 

"The  architect's  professional  services  consist  of  the  neces- 
sary conferences,  the  preparation  of  preliminary  studies, 
woi-king  drawings,  specifications,  large  scale  and  full-size 
detail  drawings,  and  of  the  general  direction  and  supervision 
of  the  work,  for  which,  except  as  hereinafter  mentioned,  the 
minimum  charge  is  6  per  cent,  based  upon  the  total  cost  of 
the  work  complete." 

From  a  succeeding  section  of  the  schedule  he  showed  that 
the  analyses  of  the  6  per  cent  lee  is  as  follows: 

^     ,.     .  Percent. 

Preliniinnry   stutlif s 12 

floni  ral    drawings .'.'..'.*.".'.'.",*'  l.'s 

Sperilk-ations '.    q'g 

.Scale  and   Full   Size   Detail 0  6 

General  Supervision  of  the  Work 1.8 

Total    (5  0 

none  of  which  relates  to  valuation.  As  a  matter  of  fact,  the 
schedule  contains  no  provision  whatever  for  the  valuation 
of  property,  and  neither  does  the  schedule  of  the  Chicago 
Chapter  of  the  American  Institute  of  Architects.  At  the 
close  of  the  meeting  Mr.  Gillette  offered  to  investigate  the 
subject  further  without  expense  to  the  city,  and  to  report 
at  the  next  meeting  of  the  Finance  Committee.  This  offer 
was  accepted. 

The  Investigation.— The  investigation  was  in  part  blocked 
by  ihe  refusal  of  the  appraisal  experts  to  allow  access  to 
any  of  their  work  except  the  very  limited  number  of  blue 
prints  which  had  already  been  partially  examined.  This  pre- 
vented any  analysis  of  the  appraiser's  methods  or  costs  of 


estimating,  but  lett  a  limiti'd  opportunity  for  the  investiga- 
tion of  drawings  for  wliicli  the  city  had  paid  %  per  cent 
to  each  appraiser. 

There  were  available  three  volumes  of  blue  prints  con- 
taining a  total  of  34(1  sheets  mostly  about  21/2  ft.  by  4  ft. 
in  size.  By  far  the  greater  part  of  the  prints  were  for  resi- 
dence buildings — several  residences  usually  being  shown 
on  a  ;•  ingle  standard  size  sheet.  The  prints  had  been  made 
from  pencil  drawings  on  tracing  paper — nearly  all  to  a  scale 
of  %  in.  to  the  foot.  They  consisted  of  simple  floor  plans 
showing  over  all  dimensions  but  very  few  details  or  interior 
(limcnsions,  and  sometimes  a  section  of  one  wall.  A  true 
i|uanfity  survey  could  not  be  made  from  them.  The  amount 
which  the  city  had  paid  for  these  drawings  was  not  obtain- 
able because  the  bills  for  services  had  for  the  most  part 
been  rendered  in  lump  sums  for  large  groups  of  structures, 
without  any  itemized  statement  of  the  amount  of  each. 

Actual  Test  Made. — Fortunately  for  the  investigators  some 
of  the  earlier  of  the  appraiser.-j'  bills  were  itemized,  and  one 
of  those — an  old  brick  residence  appraised  at  $9,440  present 
value — was  selected  for  a  test.  One  of  Mr.  Gillette's  assist- 
ants unaided  made  very  thorough  measurements  of  this 
building  in  3  hours'  time,  and  a  draughtsman  made  floor  plan 
dr.nwinss  to  the  scale  of  %  in.  in  2%  hours.  From  this  work, 
the  actual  cost  of  the  plan  of  this  building  was  estimated 
as  follows: 

Field  nittsurement:-.   3  lirs.  -^t  $1.50 $4.50 

Drausrhting-.    2^    hrs.    at  $1 ; 2.50 

Blue  prints,  4  sets.  10  ki|.  ft.  at  $0.04 40 

Overhead    charges,    10% 0.70 

Total     ■ $8.10 

r'''or  their  plans  of  this  building,  each  of  the  two  appraisers 
for  the  city  received  3i  of  1  per  cent  of  $9,440,  or  $70.80— a 
total  of  $141.60  for  plans  which  cost  Mr.  Gillette  only  $8.10. 
The  comparison  is  made  in  this  manner,  for  whatever  the 
necessity  of  two  or  more  than  two  appraisers  of  value  there 
is  no  reasonable  necessity  of  independent  plans  by  each. 
But  the  cost  of  the  plans  to  Mr.  Gillette  was  at  a  rate  which 
would  have  bepn  excessive  for  that  with  which  he  was  com- 
paring; for  the  field  man,  w-hile  a  competent  engineer,  was 
not  a  praticed  building  surveyor:  the  field  measurements 
were  in  very  much  greater  detail  than  appeared  on  the  city 
appraiser's  plans;  the  draughtsman  was  not  accustomed  to 
working  from  the  field  man's  notes;  and  the  finished  draw- 
ings were  in  more  detail  and  of  generally  better  character 
than    were    the    appraiser's. 

As  the  cost  of  expert  appraisal  services  was  covered  by 
the  1%  per  cent  portion  of  the  fee,  while  the  %  per  cent 
was  distinctly  specified  as  being  for  plans,  the  excessive 
character  of  the  charge  for  plans  appeared  obvious — at  least 
as  respecting  that  class  of  buildings  which  constituted  the 
great  majority  of  all  involved. 

Reconstruction  Plans. — The  plans  of  large  buildings  varied 
in  character,  but  none  were  in  great  detail;  and  the  "recon- 
struction plans."  of  which  much  had  been  said  as  explaining 
the  high  cost  of  the  work,  appeared  only  as  sketches  show- 
ing possible  arrangements,  and  not  in  any  way  approaching 
working  plans.  Furthermore,  of  the  ?A0  sheets  examined, 
only  12  showed  even  this  meager  treatment  of  reconstruc- 
tion. 

Experts  Copy  Original  Building  Plans. — The  character  of 
m.'iny  of  the  plans  of  large  buildings  indicated  that  they  were 
copies  of  architects'  construction  plans.  This  appeared  from 
the  occasional  introduction  of  ornamental  details  which 
would  have  been  difficult  to  sketch  in  the  field  and  were  of 
little  si.enificance  in  the  matter  of  appraised  value;  and  from 
the  frequent  showing  of  concealed  details  such  as  footings 
buried  in  the  ground,  floor  and  girder  construction  and  the 
position  of  reinforcement  in  concrete.  The  plans  of  a  small 
bank  were  selected  as  the  first  case  for  investigation:  and 
examination  of  the  construction  plans  showed  beyond  ques- 
tion that  the  appraiser's  drawings  were  mere  tracings  of 
portions  of  the  originals.  It  was  also  learned  from  the  bank 
president  that  a  representative  of  one  of  the  appraisers  had 
called  upon  him  some  months  previously  and  asked  for  a 
set  of  the  plans.  Not  having  them  in  his  possession  at  that 
time,  the  banker  had  referred  the  man  to  the  architects  of 
the  building.  So  far  as  the  president  knew,  no  measurements 
of  the  bank  building  bad  ever  been  made  by  any  of  the  ap- 
praiser's  employes. 

The  second  set  of  architects'  drawings  to  be  investigated 
were  the  plans  of  a  local  telephone  building.     Prints  of  these 
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were   secured   and   taken   to   the  next   following   meeting   of  In   selecting   the   two    chief   appraisers   I   believe   the   city 

the  Finance  Coramittee,  and  when  laid  beside  the  drawings  should  secure  the  advice  of  the  local  societies  of  engineers 

of  the  appraisers  there  remained  no  doubt  in  the  minds  of  and    architects,   for   it   requires   experts   to    select   the    best 

any  present  that  the  one  set  was  copied  from  the  other.    Mr.  experts.     The  Western  Society  of  Engineers  and  the  Illinois 

Gillette  stated  that  these  two  cases   were   sufficient   prelim-  Society  of  Architects  should  be  asked  to  recommend  six  ex- 

inary   evidence   of  the  character   of   much    of   the   work   for  perienced    appraisers,    three    being    named    by    each    society, 

which  the  appraisers  were  each  paid   %  of  1  per  cent;   and  From  the  list  of  three  appraisal  engineers  one  should  be  se- 

that  should  a  complete  investigation  of  the  subject  be  under-  lected  by  the  city,  and  from  the  list  of  three  appraisal  archi- 

taken,  it  would   be   a   routine  matter  to   compare  the   plans  tects  one  also  should  be  selected  by  the  city,  these  two  be- 

for  each  of  the  many  other  cases  where  it  appears  that  trac-  ing   appointed    as    chief   appraisers. 

ings  were  made  from  architects'  originals.     The  case  of  the  These  chief  appraisers  should  be  permitted  to  select  their 

telephone   building   was   striking  in  the  amount  of  the   pay-  entire  staff  of  assistants  and  clerks;  tor  theirs  is  the  respon- 

ments  and  the  cost  of  work  done.     A  rough  estimate  of  the  sibility  for  the  appraisals.     Included  in  their  staff  of  assist- 

value  of  this  building  was  $167,000,   %   per  cent  of  which  is  ants  there  will  necessarily  be  men  of  very  high  professional 

?1,250.     Taking  twice   this  as   the   amount   paid   to   the   two  and  technical  ability. 

experts  gives  $2,500  as  the  approximate  cost  to  the  city  of  I  believe  that  these  two  chief  appraisers  should  direct  the 
Chicago  of  plans  which  might  just  as  well  have  been  blue  appraisal  of  the  lands  as  well  as  of  the  buildings,  and  that 
printed  from  the  originals  at  a  cost  of  $12  at  the  ordinary  they  should  be  empowered  to  select  expert  real  estate  men 
commercial  blue  print  rate  of  4  ct.  per  square  foot.  Even  familiar  with  land  values  in  Chicago.  This  method  of  pro- 
allowing  for  tracing,  which  was  really  useless  under  the  cir-  cedure  is  the  one  that  I  have  long  used  in  my  own  appraisal 
cumstances,  the  cost  appears  out  of  all  reason,  for  a  work,  and  it  is  in  general  use  by  other  appraisal  engineers, 
draughtsman  experienced  in  estimating  the  cost  of  such  The  city  should  agree  with  the  chief  appraisers  upon  a 
work  estimated  that  the  entire  set  submitted  by  the  ap-  time  limit  within  which  their  appraisals  shall  be  ready  to 
praisers  could  be  traced  in  140  hours.  Allowing  for  tracing  submit  to  the  court.  Since  most  of  the  work  of  making  an 
at  the  liberal  rate  of  $1  per  hour,  the  following  estimated  appraisal  consists  in  making  the  inventory  of  quantities 
cost  was  worked  out:  and  since  many  subordinates  can  be  employed  on  the  gath- 

Tracing    1140  ering  of  such  data,  the  time  required  to  make  an  extensive 

Ov.?rhea(l  cost,   10% ■ 14  appraisal   is  almost  inversely  proportional  to  the  number  of 

Blue   prints    ^^  ,          ,    .            ..       .         ,,        ,    ^ 

: men  employed  m  gathermg  the  data. 

■i'otal  $166  rpj-jg  ^^g   chief  appraisers   should   be   paid   on   a   per  dieni 

Architects    Testify. — The    committee   also    listened   to    evi-  basis,   and   their   subordinates   on   a   \VeekIy   basis,   the   pay- 

dence  from  Richard  E.  Schmidt  and  W.  W.  Wheelock,  both  ments  for  their  subordinates  being   made  by  the  city  itsell 

architects  of  standing  in  the  community  and  with  extensive  instead  of  by  them.     Similarly   all  rentals,   stationery,  office 

experience  in  the  appraisal  of  buildings.     Both  testified  that  materials,   etc.,   should   be   paid   by   the  city, 

the  fee  paid  by  the  city  was  on  its  face  grossly  excessive.  The  chief  appraisers  should  be  instructed  to  make  no  un- 

The  Charge  of  Politics. — Request  was  made  of  the  Presi-  necessary  drawings.  Where  tracings  of  architect's  plans 
den  of  the  Board  of  Local  Improvements  that  he  secure  the  of  buildings  are  available,  blue  prints  of  those  tracings 
full  set  of  appraisers'  drawings  and  some  of  their  bills  of  should  be  secured  even  though  this  results  in  lack  of  uni- 
materials  and  detailed  estimates  so  that  the  committee's  in-  formity  of  scale  or  size  of  blue  print  sheets.  These  blue 
vestigation  could  be  made  complete;  but  the  request  was  prints  can  be  checked  against  the  buildings,  so  that  the 
denied  on  the  ground  that  the  investigation  was  a  political  chief  appraisers  will  be  able  to  testify  as  to  their  accuracy, 
move  intended  to  influence  the  election  of  County  Judges  Whether  a  detailed  quantity  survey  should  be  made  of  any 
to  be  held  six  days  later.  It  was.  however,  promised  that  building  or  whether  cubic  foot  contents  will  suffice  is  a  mat- 
all  of  the  appraisers'  records  should  be  submitted  to  the  ter  of  judgment.  Hence  this  decision  should  be  left  to  the 
Finance  Committee  for  full  investigation  after  the  election.  chief  appraisers.     It   should   be   remembered,   however,   that 

Considerable    acrimony    developed    at    certain    stages    of  the  cost  of  making  an  appraisal  by  the  cubic  foot  method  is 

the  meeting,  and  was  particularly  noticeable  when  reference  usually   nut  one-third  to   one-fourth  as  great  as   when   made 

was  made  to  responsibility  for  the  original  establishment  of  by   the   detailed   quantity   survey   method. 

the  fees.  It  was  stated  that  the  Finance  Committee  had  at  a  chief  appraiser  can  not  possiby  be  acquainted  with 
all  times  consistently  opposed  them,  and  that  the  council  every  detail  of  a  large  appraisal.  Where  this  acquaintance 
itself,  after  having  passed  an  ordinance  authorizing  the  feeS;  with  a  given  detail  is  challenged  in  court,  one  or  more  of 
changed  its  mind  and  repealed  the  ordinance,  but  that  the  his  assistants  must  take  the  witness  stand.  Also  it  occasion- 
Mayor  vetoed  the  repeal.  ally  happens  in  a  hard   fought  case  that   a   chief  appraiser 

Recommendation  for  Improved    Proceure. — The    committee  will  need  the  support  of  witnesses  other  than  his  own  assist- 

asked    Mr.   Gillette   to    recommend   a   proper   system   of   em-  ants.     The    city,    therefore,    should    be    prepared    to    employ 

ployment  and   pay  for  such  experts,  and  in  response  to  the  such   expert   witnesses   as   the   chief  appraisers   may   desire, 

request  Mr.  Gillette  submitted  a  recommendation  in  writing  These  special  expert   witnesses   need  be   employed   only  for 

at  the  next  meeting  as  follows:  a  tew  days.     In  this  way  a  great  weight  of  testimony  can  be 

Mr.    John    A.    Richert,    Chairman    Fin.ince    Committee,    City  secured  at  much  less  expense  than  where  complete  appraisals 

Hall.  Chicago.  are  made  by  several  independent  appraisers. 

Dear  Sir:  Yours  truly. 

Pursuant    to     your     request     I   submit    the   following   sug-  (Signed)         HALBERT  P.  GILLETTE, 

gestions  relative  to  future  appraisals  of  real  estate  for  the 

Where    the    property    values    are    large,    two    independent  Road    Form    Department    of    Heltzel    Steel 

chief  appraisers   should   be  employed   by  the   city   to   super-  Fotm  &  ItOn  Co      Not  Damaged 

yise  the  appraisals.  ''          . 

In  gathering  the  data   of  quantities   these  two  appraisers  By  Recent  Fire 

should  not  use  separate  corps  of  assistants,  but  should  em-  The  plant  of  the  Heltzel   Steel  Form   &  Iron  Co.,  Warren, 
ploy  a  jointly  supervised  organization.     Disputes  among  ex-  q.,   was  partly  destroyed  by  fire  on  June  2.     The  company, 
perts  seldom  occur  as  to  inventories  lU   quantities,  or  as  to  in  addition   to  being  manufacturers   of   steel  forms   for   con- 
the    accuracy    of   drawings,   maps   ami    ihe   like.      Hence   an  crete    road,    sidewalk,    curb    and    gutter   and    other   concrete 
economic    waste    usually    occurs    whfr.>    independent    inven-  construction,   are    fabricators   of   general   plate    construction, 
tories   and   drawings  are  made.     The   disagreements   among  The    steel    fabricating    department    suffered    most    from    the 
appraisers  are  usually  of  the  following  nature:  damage.     The   steel    form   department   has   continued    opera- 
First,  as  to  unit  prices  to  be  applied  to  the  quantities.  tion    almost    uninterruptedly    since    the    fire,    shipments    of 
Second,  as  to  the  per  cent  of  depreciation  of  the  property.  steel  forms  being  made  a  short  time  after  the  fire.     Because 
Third,   as   to   severance    damage   winTe    only   a   part   of   a  of  the  present  road  building  campaign  throughout  the  coun- 
given  property  is  condemned.  try,   the   steel   form   department    of   this   company   was    very 
Neither  of  these   three  major  matters  of  disagreement  is  busy  at  the  time  of  the  fire,  and  they  are  indeed   fortunate 
of  such  a  nature  as  to  require  that  independent  inventories  that   this    department  was   not   damaged    to   a   great   extent, 
and  drawings  be  made  by  the  two  chief  appraisers.  Immediate  steps  have  been  taken  to  get  the  steel  plate  fab- 

(143) 


cm 


Enij'meering   and  Contracting  for  June  15,  l'J21. 


rlcating  department  back  Into  operation,  and  it  is  expected 
within  a  few  days,  wheels  will  be  turning  in  this  depart- 
ment. 


New  Track  Laying  Machine 

A  new  track  laying  and  lifting  machine  brought  out  re- 
cently by  the  Clyde  Iron  Works,  Duluth,  Minn.,  consists  of 
a  structural  steel  frame  for  placing  on  a  standard  flat  or 
logging  ear,  and  carrying  upon  an  upper  deck  a  two-drum 
engine  to  operate  a  load  line  and  a  "traffic"  line.  An  open 
space  is  provided  in  this  structure  under  the  upper  deck  or 
platform  for  carrying  the  rails  and  passing  bundles  of  ties 
through  to  and  from  the  tie  car  in  the  rear.  Two  cars  hooked 
up  with  a  locomotive,  the  machine  car  ahead  and  tie  car 
next  to  the  locomotive,  comprise  the  equipment  in  readiness 
for  operation.  Steam  for  operating  is  taken  from  the  loco- 
motive through  pipe  and  standard  steam  connections  fur- 
nished with  the  machine.  A  reducing  valve  is  furnished 
with  the  machine  for  mounting  on  the  steam  connection  to 
the  locomotive  for  carrying  a  uniform  pressure  of  80  to  100 
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Clyde   Track    Machine   Placing    Rail. 

lb.,  although  the  engine  on  the  machine  is  amply  strong  and 
heavy  to  carry  the  usual  boiler  pressure. 

The  frame  structure  is  solidly  built  throughout  and  prop- 
erly braced  to  produce  a  maximum  of  rigidity.  The  mem- 
bers are  all  thoroughly  riveted  except  the  four  legs  which 
form  the  top  or  peak  structure.  These  are  bolted  to  the  top 
of  the  main  frame  to  detach  readily  if  necessary.  The  three 
lower  cross  beams  provide  skids  or  supports  for  the  rails 
and  the  machine  is  clamped  to  the  car  platform  at  each  cor- 
ner. The  trolley  track  is  constructed  of  two  channels 
thoroughly  braced  and  hot  riveted  to  form  a  strong  and  dura- 
ble girder  with  the  flanges  forming  a  track  for  the  trolley 
carriage  to  traverse,  and  permitting  a  construction  of  car- 
riage with  the  wheels  outside  so  as  to  be  easy  of  access  and 
lubrication.  The  trolley  track  is  constructed  in  three  sec- 
tions and  attached  under  the  upper  deck  or  platform,  so  as 
to  provide  clear  passage  for  the  carriage  throughout  its 
length.  The  trolley  track  or  boom  extending  from  the  ma- 
chine to  the  front  is  high  enough  over  the  road  bed  to  afford 
ample  facility  for  easily  and  readily  swinging  the  suspended 
ties  or  rails  to  the  proper  location  on  the  right  of  way  when 
operating  on  the  sharpest  curves. 

The  main  frame  at  the  base  is  26  ft.  8  in.  long  overall  and 
11  ft.  3  in.  wide.  Height  of  trolley  track  over  road  bed  15 
ft.  Height  of  machine  from  road  bed  to  top  of  peak  27  ft. 
6  in.  These  heights  are  based  on  standard  flat  cars  about 
4  ft.  high  to  top  of  car  platform.  Length  of  trolley  track  90 
ft,,  pro.iecting  45  ft.  each  way  from  center  of  machine.  The 
machine  is  built  for  lifting  a  maximum  load  of  4,000  lb.  at 
either  extreme  end  of  the  boom  and  to  carry  the  load  either 
way  the  full  length  of  the  boom. 

The  normal  hoisting  speed  of  the  load  is  approximately  100 
ft.  per  minute,  and  the  normal  speed  of  the  carriage  travers- 
ing the  boom  is  approximately  200  ft.  per  minute.  The  ca- 
cacitv  of  the  equipment  for  the  load  of  rails  and  ties  depends 


upon  the  carrying  capacity  of  the  cars  used  and  upon  the 
railroad  track.  There  is  ample  space  in  the  machine  for 
carrying  150  60-lb.  rails,  still  leaving  sufficient  room  to  pass 
a  bundle  of  15  ties  through  the  machine. 

The  number  of  men  required  to  operate  this  machine 
would  vary  somewhat  under  differing  conditions.  A  normal 
crew,  however,  under  ordinary  and  average  circumstances 
would  consist  of  13  men  arranged  or  classified  when  laying 
track  as  follows:  one  foreman,  one  engine  operator,  one  rail 
man  on  the  car,  one  tie  man  on  the  car,  four  spikers,  two 
nippers,  two  bolters,  one  spike  peddler.  This  crew  and  the 
arrangement  contemplate  spiking  every  alternate  tie  ahead 
of  the  machine.  The  two  men  on  the  cars  designated  as  rail 
man  and  tie  man  work  together  on  both  cars  as  the  work  re- 
quires. The  distribution  of  this  crew  when  taking  up  track 
would  be  about  as  follows;  One  foreman,  one  engine  opera- 
tor, two  rail  men  on  the  car,  two  tie  men  on  the  car,  two 
bolters  detaching  angle  bars  or  splice  plates,  four  spike 
pullers,  one  spike  peddler.  With  a  crew  as  outlined  above 
it  is  stated  that  the  machine  will  lay  from  225  to  300  or  more 
lineal  feet  of  track  per  hour.  Taking  up  track  usually  pro- 
ceeds  somewhat   faster  than   laying. 


Unique  Exporting  of  Construction 
Equipment 

On  March  19th  the  Austin  Machinery  Corporation  of  Chi- 
cago received  an  urgent  Mexican  shipment  order  from  the 
New  England  Fuel  Company.  This  called  for  an  Austin 
Model  6-T  crane  rigged  for  clamshell  bucket  operation. 

This  machine  was  loaded  at  Toledo  immediately  and  on 
arrival  at  ship's  side  at  Port  Arthur,  was  met  by  a  big 
tanker  aw-aiting  the  crane's  arrival  with  steam  up.  A  little 
gasoline  and  oil  were  put  into  the  engine, — it  was  cranked 
up  once, — the  engine  turned  over,  and  the  machine  walked 
off  the  freight  car  under  its  own  power,  across  the  dock, 
across  two  12x12  timbers  laid  between  the  dock  and  the 
boat,  crawling  directly  onto  the  deck  of  the  tanker,  which 
was  all  ready  to  put  to  sea.  The  tanker's  derrick  picked  up 
the  boom  of  the  crane  from  the  flat  car,  set  it  on  the  deck, 
and  the  machine  and  boom  were  lashed  down  on  the  deck 
I  he  same  afternoon  and  the  tanker  immediately  got  under 
vay.  The  run  to  Tampico  was  made  in  a  few  days,  the 
lashings  were  cast  oft,  and  again  the  machine  walked  oU  the 
deck  of  the  tanker  under  its  own  power  onto  the  private 
dock  of  the  oil  company.  The  tanker's  derrick  again  picked 
up  the  boom,  loaded  it  on  the  dock,  the  boom  was  fitted  to 
the  crane  and  it  immediately  walked  to  its  working  location 
and  started  doing  its  job  just  26  days  from  the  day  order  was 
placed. 


Classification  of  Costs  in  Sand  and  Gravel 
Operations 

At  the  recent  couvpnlion  of  the  National  Association 
of  Sand  and  Gravel  Producers  at  Louisville,  Ky.,  Mr.  C.  L. 
Ruffin,  president  and  general  manager  of  the  Massaponax 
Sand  &  Gravel  Co.,  Fredericksburg,  Va.,  submitted  an  inter- 
esting analysis  of  the  cost  of  a  sand  and  gravel  operation. 
The  outline  below,  reprinted  from  Rock  Products,  gives  the 
essentials  of  his  cost-keeping  system: 

TESTING. 

Repairs. 

Depreciation. 
LO.'VDIXG— 

Car  preparation. 

Car  loading. 
ROYALTY  AND  DEPLETION'. 
SALES. 
GENER.\L   (to  be   distributed   to 

the  pr&per  account  at  end  of 

period) — 
SHOP     MACHINERY     AND 

TOOLS— 
ADJnNISTRATrV'E;— 
anSCELLANEOU.S— 

Rental, 

Insurance, 

Tax  reserve, 

.\utomobile. 

Stores. 


EXC.WATION— 

Watres.   crew, 

'V\'ases.  groundmen. 

Fuel. 

Water. 

Lubricants. 

Repairs. 

Depreciation. 
HAULING— 

Laying  and  surfacing. 

Train,   crew, 

Tr.iin,   fuel. 

Train,  water. 

Lubricants, 

Tjocomotive  repairs. 

Car  repairs. 

Depreciation. 
\V.\SHING— 

Power, 

Wages. 

The  overhead  and  administration  expenses  are  carried  out 
to  the  end  of  the  operating  season,  and  then  to  obtain  the 
final  unit  costs  of  each  step  in  the  operation,  these  expenses 
are  distributed  under  each  of  the  main  eight  headings  as  the 
judgment  of  the  man  on  the  job  dictates. 
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A  Permissible  Blasting  Machine 

The  Davis  No.  0  Blaster,  manufactured  exclusively  for  the 
Atlas  Powder  Co.,  Wilmington,  Del.,  has  just  been  put  on  the 
market.  It  bears  the  approval  plate  of  the  U.  S.  Bureau  of 
Mines  for  use  in  gassy  and  dusty  coal  mines.  Before  the 
machine  could  be  approved  it  had  to  pass  strict  tests  which 
prove  these  qualifications: 

(1)  The  Davis  No .  0 
Blaster  develops  enough 
current  to  fire  one  electric 
blasting  cap  used  with  rub- 
ber covered  wire  of  lengths 
not  exceeding  600  ft.  for 
No.  14,  350  ft.  for  No.  16  or 
200  ft.  for  No.  18  wire. 

(2)  No  spark  can  be  gen- 
erated that  will  ignite  coal 
dust  or  gas. 

(3)  The  machine  is  solid- 
ly built  and  durable. 

(4)  The  key  by  which 
the  Davis  No.  0  Blaster  is 
operated  is  a  separate  part 
of  the  machine  and  may  be 
kept  in  the  possession  of 
the  shot-firer,  preventing 
the  operation  of  the  ma- 
chine by  any  other  person. 

The  Davis  No.  0  Blaster 
is  small,  compact,  light- 
weight    and     substantially 

built  to  stand  hard  service.     Its  dimensions  are  2x4x4i,4   in. 

It  weighs  but  3  1/16  lb.     The  outer  case  is  a  seamless  brass 

tube,  heavily  nickeled,  with  aluminum  top  and  bottom  plates. 

A  leather  strap   (removable)   makes  carrying  easy. 


Davis  No.  0  Blaster. 


News  Letter 

ST.    LOUtS    ITEMS. 
By  A.   B.   Koenlg. 

W.  A.  Gierke  is  finishing  a  small  job  of  grading  for  the  Bur- 
lington  R    R.  at  Hamburg,  la. 

Mulvill  Bros..  Alton,  111.,  have  40.000  vards  ot  waste  and  borrow 
svork  to  let  in  S.OOO  to  20,000  yard  quantities. 

Ij.  I.  Viall  of  K.ansas  City  was  here  the  other  day  looking  up 
a  steam  shovel  job  for  his  outfit,   which   is   idle. 

T.  J  Morris  has  finished  his  road  work  at  Carbondale,  111.  Is  irr 
the-  market  for  work  suitable  for  a  20-team   outfit. 

R.  T.  A.mis,  3932  Euclid  Ave..  Kansas  Citv.  Mo.,  has  two  good 
machines  and  one  shovel  outfit  idle  that  he  would  like  to  place  on 
-vvork    immediately. 

Columbus  S.  Jones,  the  boss  stationman,  has  60,000  yards  ot 
team  work  near  Benton,  111.,  to  sublet.  5156  Gates  Ave.,  St. 
I-X)ui.s.    will    catch    him. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig  I^abor  Apency,  612  Walnut  St.,  St.  Louis,  Mo.,  or 
oOl   Delaware  St..  Kansas  City,  Mo. 

The  J.  W.  McMurray  Contracting  Co.  has  finished  its  ma- 
sonry and  concrete  work  for  the  M.,  K.  &  T.  R.  R.  at  Sedalia, 
Mo.:  moved  this  outfit  up  the  line  onto  a  similar  lob. 

Ed.  Petersen  of  Petersen,  Shirley  cS;  Gunther  left  the  States 
with  a  numljcr  of  foremen  and  experiencpd  trackmen  for  their 
railroad  wcrk  in  Cuba.     They  have  over  ir.dO  men  at  work   there. 

P.  .T.  McGraw  expects  to  be  through  \Yith  his  work  at  Mason- 
viUe,  la.,  in  a  few  days.  Will  have  9  teams  idle  that  he  would 
like  to  place  on  some  grading  in  this  part  of  the  country.  His 
address    is    2232    McCausland,    Ave.,    St.    Louis,.  Mo. 

Tom  Walsh  and  Dan  Terry  were  here  the  other  day  looking 
over  this  part  of  the  country.  Walsh  just  had  an  operation  per- 
formed on  his  nose  to  remove  a  growth  that  had  formed  in  his 
nose.  O.  K.  now.  Kothing  new,  but  will  probably  have  some- 
thing to  report  in  next  issue. 

The  contract  for  tlie  construction  ot  26  miles  of  hard  surfaced 
road  in  Howell  County,  from  the  Texas  County  line,  near  Willow 
Springs,  to  the  Oregon  Countv  line,  at  Thaver.  will  be  awarded 
soon  by  the  Missouri  Highwav  Board  at  .Tefferson  City.  Bids 
wer^  opened  recently  and  the  two  lowest  were  those  of  M.  E. 
Oillio-',  of  Mcnett  at  $134,151  and  Allhands  &  Davis  of  Springfield. 
Sint.r.riT.  The  third  lowest  bid  was  that  of  the  General  Construc- 
tion  Co.   ot  St.   Ixmis. 

The  C.  R.  Cummins  Co..  1961  Railway  l^xchange  Bldg..  St. 
Louis,  Mo.,  were  awarded  about  2V4  miles  of  Illinois  State  Higb- 
va.y  work  rear  New  Memphis,  111.  "They  hrive  about  45.800  yards 
uf  splendid  team  work  to  sublet  on  this  iob,  Paul  Grafe.  their 
local  manager,  will  be  pleased  to  show  contractors  over  it.  Are 
going  to  do  the  balance  of  this  work  themselves  with  a  drag  line. 

Bids  for  the  construction  of  the  Rutger  St.  dock  of  the  Gov- 
ernment River  Service,  which  is  the  bars.-  line  upon  the  Mis- 
sissippi River  between  St.  I>ouis  and  New  Orleans,  were  opened 
June  4  in  the  office  of  Maj.  DeWitt  C.  Jones.  Tnited  States  Engi- 
neer for  this  district.  The  lowest  bid  wa.<!  that  of  the  Frazier- 
Davis  Corstruction  Co.  ot  .St.  Louis.  $2n4..S".o  Other  bids  were: 
James  Stewart  &  Co..  St.  Louis.  $245,575:  i::itermann  Building  & 
Construction  Co..  5267.101.  and  the  Fruin-Colnon  Construction  Co.. 
?333  490.  The  bids  will  be  forwarded  to  'Washington  with  recom- 
mendation by  Major  Jones  and  the  award  wiH  be  made  by  the 
^Va^  Department.  The  contract  will  call  for  completion  in  six 
months.  The  dock  will  be  a  combination  local  terminal  and  termi- 
nal for  the  exchange  r.f  freight  between  railroad  and  barge.  The 
dock  itself  will  be  4S0  feet  long  and  will  be  backed  by  a  local 
t'night  house  240x5S   feet. 


Personals 

L.   L.    Harper  has  been  appointed  City  Engineer  of  Quincv,   111. 

Albert  Givan  bas  been  appointed  City  Engineer  of  Sacramen- 
tj,  Calif. 

A.  W.  Wilson  has  been  appointed  City  Manager  of  Colorado 
-Springs,  Colo. 

W.  D.  Staytoin,  formerly  Assistant  Construction  Manager  of 
The  J.  B.  McCrary  Engineering  Corp.,  severed  his  connection  with 
that  com.pany  on  June  1  to  become  associated  with  the  Wood- 
Ituck.-.-r  Construction  Co.   502  Walton   Bldg.,   Atlanta,   Ga. 

L.  n.  Davenport,  formerly  Chief  Engineer  for  the  Oliver  Mining 
Co.,  at  Hibbing.  Minn.,  has  sailed  from  Seattle  for  Manchuria  to 
make  a  geological  survey  for  the  Soutia  Manchurian  Ry.  Co.  W.  H. 
Crago  and  Frank  .Hutchinson,  Duluth  engineers,  are  also  mem- 
bers of  the  party.  W  E.  Emmons,  Wisconsin  State  Geologist,  and 
Warren  Mtade  of  Madison,  Wis.,  are  also  incltuled.  Dean  Apple- 
by of  the  School  of  Mines  of  the  llnii'ersity  of  Minnesota  is  head- 
ing  the   party. 

Elvin  J.  Becker  has  joined  with  James  M.  Gagen  in  the  estab- 
lishing of  the  firm  of  Gagen  Becker,  Electrical  Contractors  and 
Engineers,  750  W.  ISlst  St.,  New  York,  N.  T.  Mr.  Becker  has 
bee,!  engaged  for  15  years  on  large  engineering  and  construction 
operation.s  throughout  the  South  and  Middle  West  of  the  United 
States.  Mr.  Gagen  has  been  identified  with  the  electrical  contract- 
ing business  in  New  York  City  for  the  past  15  years,  being  the 
founder  and  president  of  Gagen  and  Butler,  Inc.,  from  which  office 
he  has  recently  resigr.ed. 

Obituaries 

IVjajor  Frank  R.  Jones,  a  consulting  engineer  of  Kansas  City, 
.Mo..    A\as   drowned   recently   in    the   Missouri   River. 

W.  H.  Moseley,  74  years  old.  died  June  2  at  Waco,  Tex.  He 
was  well  known  thi'oughout  the  South  .as  a  railroad  contractor 
,ind  lumberman,  the  greater  portion  of  his  life  having  been 
devoted  to  these  two  enterprises. 

Michael  J.  Dady,  contractor  and  political  leader,  died  June  2 
at  Brooklyn.  N.  Y.  In  1893  he  organized  the  Micheal  J.  Dady 
Contracting  Co.  At  the  nead  of  that  concern  Mr.  Dady  was 
identified  with  some  of  the  most  important  municipal  and  Federal 
building  and  engineering  coristruction  in  this  country.  In  the 
early  nineties  he  received  from  the  Spanish  -Government  a  con- 
tra ?t  to  inst.all  an  elaborate  drainage  system  for  the  city  of 
H-ivana.  The  pipes  and  their  tributaries  were  to  have  cost 
$14,000,000. 

William  B.  Cogsw,'ell,  founder  of  the  Solvay  Process  Co..  at 
Syracuse,  died  June  7  at  his  home  in  Syracuse.  N.  \ ..  aged  S6. 
:\fr.  Cogswell  was  a  graduate  of  Rennsselaer  Polytechnic  Institute, 
Troy.  Prior  to  his  organization  of  the  Solvay  companies,  ho 
was  succeb.sively  a  railroad  engineer  engaged  in  the  construction 
of  the  Syracuse  &  Oswego  railroad  and  in  relaying  tire  tracks 
of  the  Syracuse  &  Utica  R.  R. ;  an  apprentice  mechanic  in  Law- 
rence, Mass..  machine  shops,  superintendent  of  the  Mari- 
etta, Cincinnati  R.  R..  with  headquarters  at  Chillicothe.  O.: 
superintendent  of  the  Broadway  foimdries.  St.  Louis,  Mo.:  me- 
chanical engineer  with  the  navy  during  the  Civil  War.  outfitting 
a  naval  repair  shop  at  Port  Royal.  S.  C.  which  effectually  aided 
the  blockade  of  southern  ports;  builder  of  the  Franklin  Iron  Works, 
Oneida  County,  and  manager  of  lead  mines  at  Mine  La  Motte.  Mo. 


Trade  Publications 

The  following  trade  publications  of  interest  to  engineers  and 
contr.ictors   have  been   issued   recently: 

Locomotive  Cranes. — The  Browning  Co..  Cleveland,  O..  48-page 
catalog  of  the  Browning  locomotive  crane.  Contains  detailed  de- 
.icription  and  drawings  of  the  crane,  together  with  tables  of 
capacities  of  standard  locomotive  cranes  with  different  length 
booms  at  various  radii.  Construction  views  show  many  appli- 
cations   of    the    crane. 

Cement  Mill  and  Coal  Tipple  Equipment.— Webster  Mfg.  Co., 
4500  Cortland  St..  Chicago,  June  i-ssue  of  Webster  Method,  con- 
tains descriptions  of  Perkins  pivoted  bucket  carrier  in  a  mod- 
ern cement  plant:  of  the  Conover-McHenry  grain  elevator,  and  a 
.'-track    :-'teel    coal   tipple. 

Air  Holster,  Motors  and  Winches. — Chicago  Pneumatic  Tool  Co., 
6  VI  44th  St.,  New  York  City,  13-page  bulletin  devoted  to  hoist- 
ing and  hauling  by  compressed  air  by  means  of  Little  Giant  geared 
air  iToists.  motors  and  winches.  Shows  application  views  of  this 
hoist  in  various  industries  and  for  many  operations. 

Drill  Sharpener. — Sullivan  Machinery  Co.,  130  S.  Michigan  Ave., 
Chicago,  111.  32-page  bulletin  illustrating  and  describing  the  Sul- 
;iv-xn  drill  sharpeners — a  compressed-air  machine  for  making  rock 
drill  and  hammer  drill  bits  ijy  hammering- 
Transits  and  Levels.— W^arren-Knight  Co-.  136  N.  12th  St.. 
Philadelphia.  Pa.  32-page  pamphlet  on  "Sterling"  transits  and 
levels,  engineering  field  equipment,  etc-  Contains  description  of 
new  Model  No-  1-c  "Sterling"  precision  transit  and  new  Model 
No  15M  "Sterling'"  engineers'  wve  level  with  reflecting  mirror- 
Locomotive  Cranes.— Industrial  Works.  Bay  City.  Mich.  64-page 
catalo"  illustrating  and  describing  the  locomotive  cranes  made  by 
this  company.  Contains  numerous  illustrations  of  various  appli- 
cations of  the  cranes  tables  of  capacity  and  diagrams  showmg 
clearance    and    boom    radius.  .     ,  ,  ^        ,,., 

Ladder  Type  Excavators.— Pawling  S:  Harnischfeger  Co..  Mil- 
waukee Wis  16-nage  bulletin  describing  P.  &  H.  ladder  type 
excavrtors  Specifications  and  descriptions  of  all  parts  of  these 
trench  digging  machines  are  inchided.  as  well  as  many  illu-stra- 
Mons  cf  -work  done  and  excavators  in  action  on  various  jobs. 
Brief  refence  is  alFO  made  to  the  new  P.  H.  "206"  excavator- 
crane   with    full    corduroy   traction. 

Industrial  Notes 

Actuated  bv  a  desire  to  assist  flood-stricken  Pueblo,  the  Paw- 
'ing  *t  Harnischfeger  Co.  has  shipped,  by  special  through  train, 
a  No.  206  Corduroy  Traction  Type  Excavator-Crane,  to  the  Mayor 
of  Pueblo.  This,  thev  believe,  will  be  of  service  in  clearing  up 
the  debris,   handling  materials  and   for  many  other  purposes. 

The  Hercules  Powder  Co..  Wilmington.  Del.,  has  acquired  the 
\ctni  Explosives  Co..  Inc.  By  this  purchase  the  Hercules  Co. 
obtains  high  explosives  of  dynamite  plants  near  Birmingham. 
Ala  Emjiorium.  Pn..  Sinnamahoning.  Pa.,  l.shpeming.  Mich.,  and 
Fayville.  111.-  two  black  blasting  powder  plants,  one  at  Goes  Sta- 
tion Ohio  and  the  other  near  Birmingham.  Ala.:  a  plant  for  the 
manufacture  of  blnstinc  caps  and  electric  blasting  caps  at  Port 
Ewen  N  Y  and  a  niant  for  the  manufacture  of  fulminate  of 
m"rcurv    for  use   in   blasting  caps,   at  Prescott.   Ontario.   Canada. 
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Roads-Streets 


Calif..  Berkeley. — Until  t  ]>.  in..  ■Uinp 
21st,  by  Ihf  Hoard  of  Edufatimi.  Berkeley 
School  District.  County  o(  Alameda,  for 
gradinB.  curbing,  RUttering  and  macadam- 
izing the  western  one-half  of  Grant  street. 
Clyde  Blanchard,  Secretary,  2133  AUston 
Way,  Berkeley,   Calif. 

Calif.,  Los  Angeles.— Until  10  a.  m.. 
.June  L'Oth.  by  Board  of  Public  Works,  for 
improvemt-nt  on  Fawn  .ivenue.  Reservoir 
street  and  Blk  avenue,  consisting  of  con- 
structing curbs,  sidewalks,  gutters  grad- 
ed and  oiled  roadways  and  pavements,  for 
storm  sewers  and  appurtenances,  and  for 
reinforced  concrete  culvert  and  catch  ba- 
sins. 

Calif.,  Sacramento — Tntil  2  p.  m..  .lune 
20th.  by  Calif.  Highway  Comm..  51.')  Forum 
Bldg.,  for  construction  of  .t.7  miles  in 
Butte  Countv  and  19.4  miles  in  Merced 
County.  Autin  B.  Fletcher,  Highway  En- 
gineer. 

Ga.,  Homer — Until  noon,  June  2Sth,  by 
the  Board  of  Roads  and  Revenues  of  Banks 
County,  at  Court  House,  for  furnishing 
labor,  material  and  equipment  necessary 
for  the  construction  of  approximately  7.25 
miles  of  topsoil  road  from  Maysville  to 
Homer.  Ga.,  known  as  the  Georgia  Fed- 
eral Aid  Project  No.  132.  and  4. 82  miles 
of  topsoil  road  from  Baldwin  to  Hollings- 
worth.  known  as  the  Georgia  Federal  Aid 
Project  No.  215.  W.  R.  Neel,  State  High- 
way Kngr. 

U!.,  Benton — Until  2  p.  m.,  .Tune  20th,  by 
City  of  Benton,  for  construction  of  im- 
provement known  as  "Paving  District  No. 
II."  total  estimated  cost  $37,900.  C.  B. 
Mautz.  Engineer. 

III.,  Elain— Until  3  p.  m..  .lune  22nd,  by 
City  of  Elgin  for  construction  of  5,880  lin. 
ft.  cement  concrete  combined  sidewalk. 
curb  and  g\itter.  3.840  lin.  ft.  cement  con- 
crete combined  sidewalk  and  curb,  and 
l.OBS  lin.  ft.  cement  concrete  combined 
curb  and  gutter. 

M.  H.  Brightman,  Commr.  of  Public 
Works.      (Advertisement   in    this   issue.) 

III.,  Watseka— Until  June  23rd  by  Coun- 
ty Clerk,  for  the  construction  of  four  sec- 
tions of  concrete  or  bituminous  macadam 
and  one  section  of  gravel  road.  Benj.  Jor- 
dan   Co.    Supt.    of   Highways. 

Ind.,  Danville— Until  10  A.  M..  July  5th, 
hy  Commrs.  of  Hendricks  County,  State  of 
Indiana,  for  fiirnishing  all  material  and 
for  the  construction  of  the  improvement  of 
the  Marion  Bailey  et  al.  Highway  in  Union 
Twn..  and  the  John  Flinn  et  al.  Highway 
In  Union  Twp. 


inri.,  Fort  Wayne — Until  10  a.  m.,  June 
Ji'th.  by  County  Commissioners  of  Allen 
County,  at  Court  House,  for  improvement 
of  highway  13.822  feet  in  length,  by  grad- 
ing, draining  and  paving  with  stone.  Es- 
timated cost  $27,100.  Road  is  located  in 
l.,;ifayette  Township,  and  is  known  as 
Sheldon  Road. 

Ind.,  Hammond — Until  2  p.  m.,  June 
2!)th.  by  Board  of  Ptiblic  Works,  for  the 
construction  of  cement  sidewalk,  on  Tor- 
rance avenue. 

Ind.,  Lafayette — Until  10  a.  m.,  July  5th, 
by  ojhn  C.  Doyle.  Auditor  of  Tippecanoe 
County,  for  furnishing  10  barrels  or  more 
emulsified  asphalt. 

Ind.,  Richmond — Until  OiSn  a.  m..  June 
20th,  by  the  Board  of  Public  Works,  for 
the  improvem&nt  of  North  "A"  Street  and 
North  2nd  Street,  hy  constructing  cement 
sidewalks,  n  feet  wide,  cement  driveway, 
curb  and  gutter  and  paving  roadway. 

la.,  Sibley — Until  11  a.  m.,  June  23rd. 
by  IMclvin  F.  Taylor,  County  Auditor,  for 
approximately  22  miles  of  permanent  grad- 
ing on  the  Secondary  Road  System  of  Os- 
ceola County. 

Kansas,  Chanute — Until  .Tune  24th,  by 
the  City  of  Chanute,  for  the  paving  of 
streets.      F,   W.   Austin,    City   Engineer. 

Ky.,  Corbin— Until  June  28th  by  Board 
of  Common  Council,  for  the  construction 
of  Gordon   street  with   reinforced   concrete. 

La..  Shreveport — Until  10  a.  m..  July 
5th.  by  J.  C.  Flanagan.  Secretary-Treas- 
urer. Shreveport.  for  approximately  48.520 
sq.  yds.  of  paving  and  6,000  sq.  yds.  of 
brick  paving  along  the  car  track.  H.  E. 
Barnes,  City  E'ngineer. 

Md.,  Baltimore — Bids  being  received  by 
J.  B.  H.  .Tefferson.  State  Bank  Bldg..  Bal- 
timore, Md.,  for  quarrying  and  crushing 
stone  by  the  ton. 

Mich.,  Allegan — TTntil  1  p.  m..  June  16th, 
by  Board  of  County  Road  Commrs,  of  Al- 
legan County.  Court  House,  for  improving 
4.108  miles  in  Casco  Township,  Allegan 
County. 

IVIIch.,  Cedar — Until  1:30  p.  m..  June 
17th.  by  Board  of  County  Road  Commrs., 
Ijcelanau  County.  Court  House,  for  im- 
proving 1.094  miles  of  road  in  Bingliam 
Township. 

Mich.,  Detroit— The  Detroit  Asphalt  Pav- 
ing Co.  was  low  bidder  for  paving  as  fol- 
lows:    Lyon  Ave.  at  $21,162. 

Mich.,  Ludington— lentil  1:30.  June  17th. 
hy  T3oard  of  County  Road  Commrs.  of 
Mason  County,  Court  Tlouse.  for  improv- 
ing 3.157  miles  of  road  in  IjUdington  Town- 
ship. 

Mich.,  Sandusky — Until  2:30  p.  m..  June 
21st.  by  Board  of  County  Road  Commrs.. 
at  Court   House,   for  improving  5.027  miles 


of  road  in  Austin  Townsliip.  Sanilac  Coun- 
ty. 

Mich.,  West  Branch — Until  9  a.  m..  June 
17th.  by  Board  of  Cotmty  Road  Commrs., 
for  improving  2.998  miles  of  road  in  Oge- 
maw County.    Ogemaw   Township. 

Minn,,  Duluth — Until  11  a.  m.,  June  20th, 
by  the  Board  of  Public  Works  at  office  of 
F.  D.  Asli.  City  Clerk,  for  improving 
Marks  or  Twelfth  alley,  also  for  improve- 
ment of   Michigan   Avenue, 

Minn.,  Duluth — Until  11  a.  m..  June  18th. 
by  the  Board  of  Public  Works,  F.  D.  Ash, 
Clerk,   for  improving  Fifth  alley. 

Minn.,  St.  James — Until  7:30  p.  m..  June 
20th.  by  Christ  I^arson.  City  Clerk,  for  im- 
proving Armstrong  Boulevard  South.  Lo- 
cal Improvement   No.    5. 

Minn.,  St.  James — Until  7:30  p.  m.,  June 
20th,  by  City  Council,  for  improving  First 
Avenue  South  by  laying  of  paving,  gutters 
and  curbs  of  concrete,  known  as  Local 
Improvement  No.   6. 

Minn.,  St.  James — LTntil  7:30  p.  m..  June 
20th.  by  City  Clerk,  for  improvement  of 
First  Avenue  South,  project  known  as  Lo- 
cal Improvement  No.  7. 

Minn.,  St.  Paul— Until  10:30  a.  m.,  June 
20th,  by  H.  W.  Austin,  purchasing  agent. 
City  Hall,  for  grading  and  improvement  of 
alley  in  Block  7.  Sylvan  Park  Addition,  tor 
grading  and  improvement  of  East  and 
West  Allev  in  Block  1,  G.  G.  Whitney's 
Addition,  and  Blocks  3  and  4.  J.  J.  Ken- 
na's  Addition. 

Minn.,  St.  Paul— Until  10:30  a.  m..  June 
20th.  by  TT.  W.  Austin,  purchasing  agent, 
for  grading  and  improvement  of  Lake 
Como   and    Phalcn    avenue    by    grading. 

Mo.,  Kansas  City— Until  2  p.  m.,  .Tune 
21st,  by  the  Board  of  Public  Works,  for 
constructing  brick  block  pavement  on  For- 
est Avenue,  constructing  plain  concrete  on 
roadway   of  Troost   Avenue. 

Mo.,  Kansas  City — LTntil  2  p.  m..  June 
21sf.  hy  the  Board  of  Public  Works,  for 
constructing  concrete  curbing  and  concrete 
sidewalli  as  follows:  Curbing  on  Lexing- 
ton, curbing  on  Park  Avenue,  on  Wabash 
Aventie:  sidewalks  on  Chestnut,  Indiana, 
70th  Street,  South  Benton,  22nd  Street  and 
31st  Street. 

Mo.,  Kansas  City— Until  10  A.  M.,  July 
1st.  at  office  of  Leo  E.  Koehler,  County 
Surveyor  and  Ex-offlcio  County  Highway 
Engineer,  for  the  construction  of  revet- 
ment for  the  proposed  reclamation  of  road 
on  Wornall  Road,  south  of  Blue  River,  and 
for  construction  of  road  approximately  2.000 
feet  long  and  30  feet  wide,  known  as  the 
Bannister  Road,  located  in  Section  34, 
Twp,  48.   Range   32,   Jackson   County,    Miss. 

N.  J.,  Newark— Until  10:15  a.  m..  June 
20th.  by  the  Department  of  Streets  and 
Public    Improvements,    for    paving    on    Os- 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street   Cleaning 

(d)  Municipal  Miscellanies 


<e)    Management    and    OfTice 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani 

tation 

(e)    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power  and  Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and   Pits 

(b)  Management    and         (d)    Steam    Railways,   Con- 
Offlce    System  struction   and   Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures— 4th  Wednesday 

(a)  Buildings  (d)    Miscellaneous    Structures 

(b)  Bridges  (e)    Properties     of     Materials 

(c)  Harbor    Structures       it)    Management    and     Office 

System 
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The  Cabinet's  Opportunity, 
the  Engineers  Duty 

William  Howard  Tatt  might,  we  believe,  have  performed  a 
service  which  would  have  brought  his  name  and  the  names  of 
his  cabinet  into  the  foremost  rank  of  constructive  national 
administrators.  One  great  achievement  lay  almost  within 
grasp,  and  was  lost.  We  refer  to  the  establishment  of  govern- 
ment on  an  etficient  basis.  Reforms  under  Mr.  Roosevelt  had 
made  government  and  business  cleaner  than  for  many  years. 
The  opportunity  was  ripe  for  a  striking  improvement  in  efti- 
•ciency,  and  such  a  movement  instead  of  interfering  with  fur- 
ther purification  would  have  stimulated  and  accelerated  it. 
For  governmental  inefficiency  and  corruption  too  often  are 
Tiedfellows.  Mr.  Taft  received  the  report  of  the  Commission 
on  Efficiency  and  Economy  and  sought  its  adoption.  He 
failed;  but  with  full  recognition  of  the  huge  weight  of  oppo- 
•sition,  we  still  contend  that  "it  could  have  been  done,"  and 
that  the  administration  lost  its  greatest  opportunity.  Presi- 
dent Wilson's  failure  to  reorganize  scarcely  could  have  been 
avoided. 

Today  again — It  can  be  done.  Further  still,  we  have  better 
prospects  for  improved  governmental  efficiency  than  have 
ever  existed  before;  but  they  are  only  prospects,  and  we  can- 
not escape  the  lesson  that  they  can  be  realized  only  after  a 
bitter  fight.  The  situation  is  this:  a  committee  headed  by 
Walter  Brown  of  Ohio  is  at  work  with  the  definite  support  of 
President  Harding  and  the  cabinet  to  rearrange  and  reorgan- 
ize the  bureaus  and  the  work  of  the  various  departments  on 
an  efficiency  basis.  If,  as  dispatches  indicate,  the  cabinet  is 
sincere  and  unanimous  in  its  support  of  the  work,  it  means 
that  every  ultimate  head  in  the  executive  branch  of  the  gov- 
ernment is  working  for  cooperation  and  I'fficiency.  If  success 
rewards  their  efforts  they  will  have  accomplished  probably 
the  greatest  benefit  that  any  administration  could  accomplish 
for  the  American  people  of  today  and  tomorrow;  for  waste, 
if  a  lesser  sin,  is  a  greater  expense  than  graft.  It  is  needless 
to  enumerate  or  to  discuss  particular  wastes  and  inefficien- 


cies. Any  person  interested  in  a  recent  statement  can  find 
one  in  an  article  by  George  Creel  in  Collier's  Weekly  for 
June  11. 

Nor  shall  we  attempt  to  detail  the  opposition  which  must 
he  met.  Bureau  heads,  subheads,  and  employees  by  the  thous- 
and are  threatened  with  loss  of  position;  and  though  not  on 
the  whole  an  energetic  lot,  they  will  not  mildly  submit  to  the 
ax.  Already  it  has  been  necessary  for  President  Harding  to 
issue  a  warning  through  tlie  cabinet  that  bureau  heads  and 
employees  must  cease  interference  with  and  propaganda 
against  the  reorganization  committee  and  its  work.  These 
people  are  not  bad:  they  are  merely  defending  their  personal 
interests  as  other  people  do.  But  the  plain  fact  is  that  the 
rest  of  the  country  suffers  for  their  benefit. 

Representatives  and  Senators  have  heretofore  assisted  bu- 
reau employees  in  maintaining  their  jobs.  This  has  been  a 
more  or  less  necessary  political  expedient,  but  with  a  Presi- 
dent and  cabinet  energetically  united  against  such  policies 
the  political  value  becomes  less  certain.  It  may  even  be  that 
Congressmen  will  be  called  upon  to  explain  such  a  course  to 
their  supporters  at  home.  If  a  substantial  public  sentiment 
energetically  favors  eflBcieney,  it  cannot  well  be  thrust  aside; 
and  engineers  as  apostles  of  efficiency  should  be  in  the  fore 
front  of  the  movement. 

The  reorganization  committee  will  not  he  ready  to  make 
its  recommendations  before  the  regular  session  of  Congress 
beginning  in  December.  The  support  of  Congress  is  indis- 
pensable, for  the  rearrangement  of  departments  and  bureaus: 
the  assignment  of  functions  to  them,  and  the  provision  of 
funds  are  all  in  its  keeping.  A  single  cabinet  officer  would 
be  helpless  to  effect  any  important  improvement  in  the  face 
of  Congressional  opposition.  An  entire  cabinet  can  do  more, 
only  liy  reason  of  the  political  and  moral  force  of  its  union. 

For  these  reasons  we  urge  our  brother  engineers  to  under- 
take active  support  of  the  efficiency  movement,  and  to  begin 
at  once.  Public  sentiment  already  favors  efficiency,  but  it  is 
lethargic.  It  will  arou.^e  but  slowly,  and  the  entire  time  from 
now  to  December  is  not  more  than  enough  for  it  to  make 
itself  felt  by  its  representative. 
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Nothing  stands  slill.  If  (•llkiencv  does  not  rise  it  will  fall. 
iind  the  depth  to  which  It  may  go  is  siiggestpd  in  a  recent 
addreGs  of  ex-Governor  Franl<  O.  Lnwdcn  of  Illinois,  as  fol- 
lows : 

One  prolific  cause  of  raiiltlly  Incr.n.-iiin  .ust  of  government  is  to 
bi>  iDund  In  the  nun-U  r  of  pulilli-  iincnclcs  that  have  authority  to 
levy  taxes. 

We  htivo  the  federal  Rovemment,  the  state  Kovernnient.  the 
municipal  Kovernment  and  the  school  districts,  all  of  which  can 
levy  tii.veii  Inaependently.  And  when  the  limit  of  the  bonding 
power  hav  been  reached  the  tendency  is  to  create  some  other 
body  with  authority  to  levy  taxes. 

This  means  that  the  number  of  persons  who  are  obtaining  their 
livings  from  the  public  treasury  Is  continually  growing  and  If 
the  proportion  of  public  employes  eoniinue  to  increase  as  rapidly 
as  ihey  have  in  lata  years  we  will,  within  a  reasonable  time 
witn  'ss  this  phenomenon:  our  population  divided  into  two  classes, 
those  holding  public  oHlce,  still  a  minority,  it  is  true,  and  all 
others  working  to  support  the  minority  In  otflce. 


The  Development  of  National  Park 
Resources 

As  a  proniotor  of  the  welfare  of  engineers  and  contractors 
this  paper  might  be  expected  to  favor  all  projects  giving  fair 
promise  of  economic  success;  but  there  is  one  class  of  such 
proposals  which  we  cannot  favor.  We  refer  to  the  commer- 
cial tise  of  the  resources  of  our  national  parks.  We  believe 
that  it  would  be  an  irreparable  luistake  to  permit  the  erec- 
tion of  dams  or  other  works  within  the  areas  now  held  ex- 
clusively  for   public  enjoyment,  and  our  reasons  are  these: 

The  love  of  nature  is  inherent  in  all  men:  with  many  it 
is  a  very  deep  love.  Such  men  have  a  right  to  a^  that  there 
be  preserved  for  them  and  their  successors  some  portion  of 
the  nation's  natural  beauties  unmarked  by  works  of  Man. 
Oiiginally  North  America  w'as  as  rich  in  natural  beauty  as 
in  material  resources.  The  development  of  the  latter  neces- 
sarily destroyed  much  of  the  former,  and  we  think  there 
can  be  no  reasonable  complaint  with  this  fundamental  fact. 
To  have  preserved  a  vast  wilderness  would  have  been  to 
deprive  mankind  of  benefits  to  which  it  was  entitled,  but  to 
pursue  the  opposite  policy  of  making  every  possible  "devel- 
opment" and  leaving  nothing  for  beauty  would  also  be  to 
deprive  mankind  of  rightful  benefits.  The  difference  between 
complete  utilization  of  resources  and  moderate  conservation 
of  natural  beauty  is  as  great  as  the  difference  between  miser- 
liness and  thrift;  ,is  between  perpetual  toil  and  a  cheerful 
industry. 

We  do  not  believe  that  those  seeking  to  utilize  our  park 
resources  will  dare  to  claim  that  beauties  are  unworthy  oi' 
preservation  because  they  are  for  pleasure.  Rather,  their 
moral  contention  seems  to  be  that  present  park  uses  do  not 
furnish  the  greatest  possible  good  to  the  greatest  number. 
But  what  is  this  good  which  is  claimed?  That  some  in  Amer- 
ica are  inadequately  clothed  and  fed  is  not  due  to  insufficient 
production;  and  this  leaves  only  some  form  of  luxury  as 
the  "good"  to  which  it  is  proposed  to  convert  park  resources. 
Will  the  proponents  of  "development"  claim  that  more  phono- 
graphs, fancy  wearing  apparel,  children's  toys,  tobacco,  col- 
ored pictures,  or  %l.'ih  novels  are  greater  "goods"  than  the 
pleasures  of  escaping  from  all  man-made  surroundings,  to 
tiaverse  and  to  live  for  a  little  while  in  a  lieautiful  and  truly 
natural  country? 

Some,  seeking  the  opening  of  the  parks,  may  think  like 
this,  hut  we  believe  that  their  thoughts  are  fathered  by  com- 
mercial motives.  A  man  can  usually  bring  himself  to  believe 
anything  which  is  for  his  apparent  personal  benefit.  Frankly 
it  is  our  opinion  that  the  movement  to  open  these  tracts  to 
industrial  and  agricultural  development  is  promoted  entirely 
by  the  selli.-ih  desires  of  individuals  for  personal  gain.  We 
call  attention  to  this  tact,  not  because  selfish  promotion  is  in- 
herently reprehensible  or  against  public  interest,  but  be- 
cause the  unusual  need  for  an  api)earauce  of  public  benefit 
in  this  case  will  arouse  special  efforts  to  present  such  an 
appearance  and  to  obscure  as  far  as  possible  the  private 
m<>tlve. 

As  to  the  claim  that  the  commercial  welfare  of  the  nation 
actually  is  to  be  furthered,  the  use  of  every  stream  and  every 
''tick  of  limber  in  every  park  would  affect  the  nation's  busi- 
ness by  so  tiny  a  fraction  of  1  per  cent  that  the  nation's  life 
wculd  be  no  whit  easier  or  richer. 

It  is  claimed  for  soine  of  the  proposed  works  that  instead 
of  being  disfigurements,  they  will  add  a  picturesque  beauty 


to  the  scene.  These  claims  are  sophistries:  such  beauty 
(and  we  willinuly  admit  that  there  is  such)  is  already  to  be 
found  in  Kl.ooo  places;  what  is  w'anted  in  the  parks  is  nature 
as  much  as  possible  unaltered. 

It  is  further  claimed  thaf  encroachiueuls  in  the  parks 
would  be  limited  to  a  tew  of  the  most  useful  and  least  dis- 
figuring developments.  This.  too.  may  be  believed  by  some, 
but  in  the  main  it  is  simply  misrepresentation,  for  an  enter- 
ing wedge  will  make  other  like  entrances  the  easier.  Prece- 
dents will  be  followed,  as  proved  by  the  history  of  every 
grant  of  privilege  or  of  opportunity. 

Let  us  keep  the  parks  for  the  purpose  for  which  they  were 
originally  set  aside.  Let  any  who  doubt  that  they  are  appre- 
ciated consult  the  records  of  the  number  of  visitors  each 
year,  and  note  not  merely  the  large  numbers  of  a  single 
year,  but  the  rapid  rate  of  increase  in  use.  We  most  sin- 
cerely hope  for  the  success  of  Secreary  I'''all  and  others  in 
their  opposition   to  the  park  development  bills  now   in  Con- 


The  Demand  for  Industrial  Freedom 

"Co-opeiatiun  of  the  farmers  wnth  the  organized  indu-strial 
workei-s  of  the  country  to  'achieve  the  ideals  of  economic,  in- 
dustrial and  agricultural  as  well  as  political  freedom."  was  pledged 
by  the  Fai  users'  National  Council  in  a  telegram  received  today 
.It  the  convention." — Current  news  item  from  the  convention  of 
the  iVmerican  F'ederation  of  Labor  now  in  session  at  Denver. 

Recognizing  that  the  desire  for  freedom  is  both  natural  and 
good,  we  nevertheless  wonder  if  the  farmers  who  sent  this 
message,  ai.d  others  who  most  often  raise  such  cries,  really 
understand  what  they  are  talking  about.  They  tell  us  that 
manual  workers  and  certain  classes  of  brain  workers  are 
enslaved;  that  the  whip  of  starvation  holds  them  to  their  jobs 
often  in  the  face  of  inadequate  pay  and  bad  working  condi- 
tions. That  the  whip  strikes  less  frequently  than  such  state- 
ments indicate,  and  that  its  menace  is  not  greatly  feared  is, 
we  believe,  a  fair  conclusion  from  the  data  of  innumerable 
strikes.  Still  this  editorial  is  not  a  contention  that  industrial 
freedom  exists:  in  fact  it  is  quite  the  opposite. 

In  the  present  organization  of  society  there  is  no  complete 
industrial  freedom,  nor  can  there  be  complete  freedom  in  any 
society  except  the  primitive  one  where  every  family  supplies 
all  its  own  needs.  The  worker,  it  is  true,  may  usually  give 
up  his  job  or  change  it  without  actual  starvation;  but  not 
w  ithout  injury  to  his  welfare.  For  any  degree  of  prosperity 
whatever  'ne  is  dependent  upon  his  employer  as  much  as  he  is 
upon  his  own  efforts.    Escape  of  starvation  is  not  freedom. 

But  the  worker  is  not  alone  in  his  dependence.  The  em- 
ployer is  equally  dependent  on  his  employees,  and  there  are 
records  of  strikes  which'  have  brought  complete  ruin  on  sub- 
stantial enterprises.  And  outside  the  industry  immediately 
concerned  there  is  the  vast  dependent  public  that  uses  the 
product. 

Few  indeed  of  those  crying  for  freedom  would  return  to  the 
primitive.  l>nt  many  talk  of  becoming  their  own  employers  in 
some  advanced  form  of  socialism  or  of  communism.  Such  a 
thing  is  conceivable:  the  government  might  own  and  operate 
all  property.  But  let  us  not  be  deceived  as  to  freedom.  In 
such  a  state  nfen's  acts  would  of  necessity  be  most  fully  con- 
trolled; instead  of  more  freedom  there  would  be  less.  The 
worker  could  not  quit  nor  change  his  job  except  with  the 
approval  of  some  board  or  commissioner.  The  strongest 
leader  would  secure  the  best  pay  or  the  best  conditions  for 
his  own  preferred  classes  of  workers.  The  struggle  for  su- 
premacy would  continue.  Human  nature  is  improving,  but 
not  so  fast  that  a  change  in  form  of  government  will  make 
all  strong  men  just. 

We  are  not  pessimists.  The  history  of  the  world  is  a  his- 
tory of  progress.  Better  things  are  attained  daily,  and  they 
are  attainable  the  faster  for  being  intelligently  sought.  There 
are  underpaid  workers  who  should  receive  more,  and  also 
there  are  some  who  are  over  paid.  There  are  bad  conditions 
to  be  remedied,  and  good  things  now  missed  which  can  he 
had.  These  things,  we  believe,  are  better  sought  without 
appeals  for  a  freedom  which  can  not  exist. 


"A  Day's  Wage."— The  good  old  slogan  of  fifteen  years 
ago — "Eight  hours'  sleep,  eight  hours'  play,  eight  hours'  work, 
and  eight  dollars  a  day,"  now^  seems  more  popular  with 
employers  than  with  the  employees.  Perhaps  Judge  Landis 
of  Chicago  will  decide  which  party  is  entitled  to  its  use. 


(122) 


EHcihii't-rnifi    a  ltd    i'ont  nictiinj    fur    .J  inie    2'i,    1921. 


6«J5 


Book  Reviews 


Enijinetring  Construction.   Part   I.   In   Steel  and   Timber.— By  W.  H. 

Warren,  L,L.S)..  Ijean  of  the  faculty  of  Engineering.    University 

of  Sydney,  Australia.     3rd  Edition.  486  pages.  12  plates.  453  Fig. 

IvDngmans.  Green  &  Co..  Xew  Yorli.  1021.     Price.  $in.OO. 

This  new  edition  is  called  Part  I:  Part  II  will  be  rlevoted 
TO  Masonry  and  Concrete  Structures.  In  this  edition  tiie 
text  has  been  revised  and  two  appendices  added,  one  on 
Australian  timbers  and  the  other  on  recent  tests  on  steel 
columns. 


Reinforced    Concrete    Design,    Vol.    II,    Practice. — By    Oscar    Faljer. 

1).  Sc.   A    il.  Insl.  f.   E.     246  pages,  89  Fig.     Longmans.  Green 

&  Co..   New  Yorl<.     $6.50. 

This  volume  of  Reinforced  Concrete  Design  is  called  Prac- 
tice, to  distinguish  it  from  Volume  1.  called  Theory.  The  dif- 
ference as  seen  by  the  author  is  that  Volume  1  gives  a  mathe- 
matical treatment  of  rigidly  connected  beams  and  columns 
reriiiiring  much  time  and  ability  on  the  part  of  the  average 
designer  to  follow.  The  average  designer  can  figure  resist- 
ing moments  very  accurately;  this  accuracy,  however,  is  only 
apparent  as  he  is  liable  to  err  (even  up  to  100  per  cent)  in 
his  determination  of  the  bending  moments.  In  the  second 
volume  the  author  is  giving  methods  of  obtaining  bending 
moments  quickly  and  accurately. 

"To  this  end,  actual  bending  moment  diagrams  for  beams 
are  given  for  any  number  of  spans,  any  ratio  of  live  load  to 
dead,  any  conditions  of  loading,  any  fixity  with  monolithic 
columns  of  diflerent  relative  stiffnesses,  and  in  any  practical 
case,  the  designer  will  find  the  appropriate  curve,  from  which 
he  has  simply  to  read  off  the  maximum  positive  and  nega- 
tive moment  to  provide  against,  at  any  distance  along  the 
span". 

The  problem  of  simplifying  the  design  of  continuous  beams 
with  unequal  spans  has  interested  many  engineers.  The 
author  has  an  original  solution  of  this  problem,  which  is  ap- 
proximate but  accurate  enough  tor  practical  purposes.  Dia- 
grams give  factors  which  are  to  be  multiplied  by  the  ordi- 
nary bending  moment  formulas:  these  factors  depending 
upon  the  ratios  of  ad.iacent  spans. 

Bending  moments  in  exterior  and  interior  columns  due  to 
rigidity  of  connections  and  to  uneven  loading  can  be  obtained 
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A  chapter  is  devoted  to  standard  beams  and  columns.  Prop- 
erties of  these  are  tabulated  for  assumed  sizes  of  members 
and  amounts  of  reinforcing  steel.  Th-'se  tables  are  intended 
(o  help  in  quickly  finding  the  relative  rigidity  of  beams  and 
columns  when  obtaining  bending  moments  on  columns  due 
to  rigid  connections.  Another  chapter  gives  the  results  of 
the  author's  researches  in  shearing  aition  of  concrete  beams. 

In  the  appendix  are  placed  the  London  County  Council  Reg- 
ulations for  Reinforced  Concrete.  These  regulations  are 
more  liberal  than  current  American  practice  in  some  respects. 
but  are  quite  conservative  in  others.  F"or  instance,  the  maxi- 
mum unit  shear  on  the  .id  section  of  a  properly  reinforced 
beam  is  ISO  lb.  as  against  our  120  to  i:::;.  (Note:  Mr.  Faber 
considers  the  maximum  stress  of  ISO  lb.  as  too  conservative 
and  "unnecessarily  onerous.")  On  the  other  hand,  the  maxi- 
mum compressive  stress  in  bending  is"  taken  to  be  the  same 
as  the  maximum  direct  compressive  stress,  whereas  American 
practice  allows  an  increase  of  about   'M  per  cent. 


Secondary  Stresses  in  Bridge  Trusses.— By  T.  E.  Mas.  D.  of  Eng.. 
Prof,  of  Bridge  Engineering,  Chinese  (lovernment  Engineering 
College.   Tang.shan.   Chin.-i. 

The  paper  is  an  abstract  of  a  thesis  presented  to  the  Car, 
negie  Institute  of  Technology  for  the  degree  of  Doctor  of 
Engineering.  It  gives  an  analysis  for  secondary  stresses  by 
an  entirely  graphic  method  based  on  deformation  equations. 
The  n;ethod  possesses  the  advantage  of  several  checks  dur- 
ing the  procedure. 

A  partly  analytic  method  with  simply  arranged  compensa- 
tions is  also  given.  Several  sections  are  devoted  to  citing 
authorities  on  the  influence  of  secondary  stresses  on  the 
design  of  bridges. 

The  paper  may  be  had  upon  application  to  the  author. 


Community  Service  by  Professional 
Engineering  Societies 

Engineering  is  scarcely  likely  to  command  the  place  in 
th?  public  esteem  which  its  importance  warrants  until  the 
public  is  brought  to  realize  the  far-reaching  effect  of  the 
services  rendered  by  iechnical  men.  Such  conviction  cannot 
be  brought  about  by  academic  discussion  in  the  professional 
engineering  so(7ieties.  However  important  these  deliberations 
may  be,  they  do  not  reach  the  layman  and  carry  no  weight 
with  bin;.  He  must  be  addressed  in  the  language  he  under- 
stands, and  the  tale  that  the  engineer  has  to  tell,  or  should 
tell  should  be  often  repeated.  Other  professions  and  voca- 
tions are,  unfortunately  for  the  engineer,  much  liiore  ar- 
ticulate and  receive  a  meed  of  public  acclaim  in  direct  pro- 
portion to  the  publicity  with  which  their  work  is  surrounded. 

It  is  not  to  be  expected  that  the  deliberate  introduction  of 
topics  of  an  engineering  tenor  into  conversation  on  all  pos- 
sible and  impossible  occasions  will  yield  the  result  sought. 
However  n\uch  immediate  success  the  classical  personage 
who  sells  leather  may  have  in  persistently  turning  the  con 
versation  leatherwards,  the  engineer  cannot  much  profit  by 
his  example.  There  are  methods  that  are  not  only  more 
subtle  and  more  effective,  but  also  more  consonant  with 
what  we  have  been  pleased  to  call  professional  dignity. 

An  instance  of  legitimate  publicity  work  for  the  profession 
is  brought  to  notice  by  D.  B.  Rushmore  and  R.  F.  Emerson 
in  a  recent  number  of  the  "Journal  of  the  American  Insti- 
tute of  Electrical  Engineers."  It  is  based  on  a  real  service 
to  the  community,  and  for  that  reason  cannot  fail  to  meet 
with  succes-s.  The  plan,  which  was  worked  out  in  Schenec- 
tady, consisted  in  giving  a  series  of  public  lectures  on 
science  and  engineering  in  simple,  non-technical  language 
under  the  auspices  of  the  Schenectady  Board  of  Education, 
the  speakers  being  furnished  from  the  local  sections  of  the 
American  Chemical  Society.  Illuminating  Engineering  So- 
ciety. American  Society  of  Mechanical  Engineers  and  the 
American  Institute  of  Electrical  Engineers.  Lectures  on  the 
following  topics  were  given:  Chemistry  and  Some  Common 
Things:  Light— Its  Use  and  Abuse,  in  the  Home,  in  the 
Street,  and  in  the  Place  of  Business:  Forty  Years  of  Rail- 
roading; The  X-Ray;  Submarine  Detector  Devices;  The 
Wonders  of  Electricity.  The  first  year's  program  has  been 
brought  to  a  very  successful  end,  the  attendance  of  the  pub- 
lic showing  that  the  opportunity  to  inform  itself  on  the 
various    subjects    presented,   was   appreciated. 

Some  work  of  this  kind  is  being  done  in  the  larger  cities 
of  Canada,  but,  for  the  most  part  by  non-professional  socie- 
ties. In  Toronto,  the  Royal  Canadian  Institute  has  done 
much  to  popularize  science,  of  the  "pure"  rather  than  the 
"applied''  type,  and  the  same  has  been  done  in  Hamilton, 
for  very  many  years,  by  the  Hamilton  Scientific  Association. 
Commendable  though  this  work  is,  and  however  much  it 
merits  continuance,  the  professional  engineering  societies 
should  not  entrust  the  presentation  of  the  brief  for  the 
scientist  and  the  technician  wholly  to  societies  oflicially  un- 
familiar with  the  problems  of  engineering  and  the  relation 
of  the  engineer  to  the  public.  The  engineer  should  plead 
his  own  case  and,  preferably,  it  should  be  done  through 
the  existing  professional  organizations. — Editorial  in  The 
Canadian   Engineer. 


Labor  Unions  and  Industrial  Decay 

If  from  the  total  of  labor  unionism  in  the  United  States 
there  be  subtracted  the  unions  on  the  railroads,  in  the  build- 
ing trades  and  in  the  coal  mines  there  is  very  little  left.  Of 
all  the  workers  in  the  country  only  between  10  and  1.5  per 
cent  belong  to  unions,  and  if  the  three  monopolies  are  sub- 
tracted only  a  very  small  per  cent  is  left. 

Those  three  classes  of  unionism  must  be  taken  as  repre- 
senting what  unionism  means.  They  represent  conditions 
where  unionism  is  successful.  If  now  we  should  estimate  all 
the  work  that  should  normally  be  done  in  the  United  States 
and  allot  it  by  percentages  to  crafts,  the  proportion  allotted 
to  coal  mining,  building  and  operation  of  the  railroads  would 
be  far  less  than'  the  percentage  of  wage  drawers  that  are 
now  in  these  lines  of  activity. 

What  does  this  mean  but  that  these  men  are  not  doing 
their  share  of  the  work  of  society?  They  are  drones,  rela- 
tively speaking,  supported  in  part  by  the  rest  of  the  work- 
ers.    It  is  not   so  much  that  they  receive  too  much   money 
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for  a  clay's  work  as  It  is  that  they  do  not  remler  a  full  day's  English  who  nowadays  have  fallen  into  such  lamentable  neg- 

woik.     In  this  respecl   they   may  not   differ  from   their  non-  left,  have  sucreeded  in  informing  the  books  and  papers  they 

union  associates,  except  that  they  have  the  power  of  organiza-  have  written  with   an   interest   more   widespread    than    that 

tion  to  enforce  their  ideas.    But  suppose  that  unionism  should  merely   which  inhcies   in   the  subject   matter,  just   as  a   few 

spread  and  the  attempt  be  made  to  fasten  the  principle  upon  lawyers  have  made  arguments  and  a  few  judges  have  handed 

all  lines  of  work.     Who  would  be  left  to  pay  the  bill?    M'hat  down  decisions  so  lucid  in  theii-  language,  so  limpid  in  their 

would  be  the  result  of  the  effort?  construction,  and  so  shot  through  with  eloquence  suppressed 

The  answer  to  the  tjuestion   was  given  by  Judge  Gary  at  or   soaring,   that    intricate    causes   have   taken   on   a   general 

the  recent  annual  meeting  of  the  stockholders  of  the  United  interest  which  the  routine  verbiage  of  the  courts  could  never 

States    Steel    Corporation.      It    being   the    20th    anniversary,  have  bestowed.     Such  lawyers  are  rare,  and  such  engineers 

Judge  (!ary  reviewed  the  "principles  and  policies"  of  the  cor-  unfortunately  are  rarer  still.     It  would  doubtless  be  demaud- 

poration.     He  dwelt   upon   Its   attitude   in   being  so   strongly  jng  too  much  from  human  talents  to  expect  otherwise.     Yet 

committed  to  the  "open  shop,"  saying:    "The  natural  and  cer-  the  wish  may  be  pardoned  that  our  technical  colleges  would 

tain  effects  of  labor  unionism  are  expressed  by  three  words:  so  train  their  students  in  the  practice  of  writing  that  no  grad- 

Inetllciency;  high  costs."    And  again:     "I  firmly  bel'ieve  com-  uate  could   compose  the  paragraphs,   crude  or   redundant  in 

plete  unionism  of  the  industry  of  this  country,  as  attempted,  form,  ambiguous  or  obscure  in  meaning,  and  freely  sprinkled 

would  be  the  beginning  of  industrial  decay."    Perhaps;   and  with  solecisms,  that  in  some  minds  have  come  to  be  meant 

yet  maybe  no  more  so  than  would  be  true  of  complete  domina-  by  Engineering  English.— Editorial  in  Electrical  World. 

tion  by  capital.    However,  Judge  Gary  has  given  the  answer 

to  the  question  what  would  occur  if  the  principles  and  prac 

tice.''  of  the  railroad  unions,  the  building  trades  unions  and  The    Engineer    and    the    English    Language 
the  Union  Mine  Workers  were  forced   upon  the  entire  body  ..^^  engineer  who  is  inarticulate,"  said  a  well-known  New 

of  workers.     There  would  be  no  one  left  to  pay    the    bill.-  York  engineer  in  speaking  of  the  value  to  members  of  his 

From  an  editorial  in  Chemical  and  Metallurgical  Engineering.  profession  of  a  thorough  knowledge  of  English,  "is  quite  as 

useless    as    one    who    is    professionally    incompetent."      This, 

"Engineering  English"  Should  Mean  Good  ^''"^^^   Prof.   Homer  a.   Waltt   in   composition    of   Technical 

FnjSlish  Papers,  is  a  terse  and  vigorous  expression  of  a  truth  which 

»  all   experienced  engineers  recognize,   that   the  man  who  has 

References  to  "enjiinfcring  English  '  are  found  in  the  edi-  not  the  power  to  give  his   ideas  clearly   to  others,  the  man 

torial  columns   of  both   the  technical  and  the  lay   press,   the  whose  thoughts  are  locked  in  his  brain  simply  because  he  has 

term  being  sometimes  used  in  derision  and  sometimes  seri-  not  the  ability  to  communicate  them,  suffers  under  a  handicap 

ously  as  if  to  denote  a  kind  of  writing  with  rules  and  usages  which    no    amount    of    professional    knowledge    can    possibly 

of  its  own   differing  from   those  that  apply   to  the  composi-  overcome.     The  engineer  is  not  a  hermit  in   his   profession, 

tion    of    men    not    engineers.      The    best   way    for    technical  shut   off   from   all   intercourse   with   others;    his   work   is   in-' 

writers    to   escape   the   derision   is   to   disabuse   their   minds  dissolubly   bound   up   with  that   of   other  men.   and   he   finds 

of  any  idea  that   they  should  or  properly   may  adopt  a  dis-  himself  constantly  obliged  to  communicate  with  them.     The 

tinctive  phraseology   or  method   of  construction.     Apart,   of  men  employed  by  an  electric-light  company,  from  the  presl- 

course,  from  t)ie  inevitable  use  of  the  established  technical  dent  down  to  the  humblest  clerk,  are  individuals  each  busied 

terms  of  their  profession,  they  should   employ,   with   proper  with  his  own  particular  task,  to  be  sure,  but  each  contribut- 

discrimination,    the   ordinary    words   of   the    dictionary,    and  ing   towards   a   common   end — the   success    of    the   company, 

observe,  without  pedantry,  the   accepted   rules   of   English —  and  because  of  this  common  aim  they  are  in  constant  com- 

not  of  foreign— grammar.     A  specialized   vocabulary  has  by  munication  with  one  another,   by  word  of  mouth,   by  letter, 

long  prescription  come  to  be  considered  appropriate  for  base-  by   written   report.     It  can,   then,   be  readily   perceived   that 

ball  reports  and  stories  of  seafaring  life,  but  the  engineering  the  failure  on  the  part  of  any  individual  employee  to  make 

writer  has  no  need  of  one.    In  committing  his  ideas  to  paper  himself   clearly    understood    by    other    employees    will    often 

he  should  shun  the  conversational  idioms  of  his  professional  affect  very  seriously  the  efficiency  of  the  whole  machine.    An 

pursuits  equally  with  the  jargon  of  commerce,  the  slang  of  incomplete,   indefinite,  or  ambiguous  report  from  a   foreman, 

the  workshop  and  the  stark  uniformity  of  the  hardware  cata-  foi"  example,  may  temporarily  delay  the  progress  of  an  im- 

log.    As  to  catalogs,  there  are,  of  course,  useful  compositions  portant  piece  of  work.    The  more  clearly  and  effectively  the 

that  must  necessarily  partake  of  the  character  of  an  inven-  communication  of  ideas  is  carried  on.  the  more  efficiently  will 

tory.  but  even  in  these  cases  skillful  handling  and  the  relega-  ^^^  common  work  of  all  be  accomplished.     And  the  employee 

tion  of  details  to  tables  and  to  the  legends  under  illustrations  ^^'^o  '^  best  able  to  express  himself  clearly  and  exactly  is  the 

can  do  much  to  dispel  the  curse  of  dullness.  one  who  will  stand  the  best  chance,  other  things  being  equal. 

Good  English  is  good  English,  whether  the  topic  be  litera-  °f  advancement.   The  young  engineer  who  writes  the  clearest, 

ture,  history,  politics  or  engineering.     The  laws  of  syntax  do  ™°^^  accurate  report,  the  foreman  who  can  explain  exactly 

not  vary  with  a  change  of  profession.     The  rules  of  rhetoric  ^°''  *"  ^  ^^'^^^  '«'ords  just  what  he  wants  done,  are  the  men 

remain  the  same.     Debasement  of  the  noble  currency  of  our  ^hom  the  superintendent  is  bound  to  notice.     There  is  more 

mother   tongue   is  much   to  be   deplored.     It  is   true   that  a  ^^^^  o"®  instance  on  record  of  promotions  which  have  come 

mathematical    thesis    does    not    lend    itself    to    pathos    or    a  ^°'®'>'  ^^  ^^^^  '"*^'*"'*  °f  ability  to  write  a  good  report, 
treatise  on  technology  to  the  play  of  wit.     That  only  makes  ' 

it  the  more  necessary  that  the  principle  of  order,   which  is  Building  Trades   Labor  and  Building  Material  Prices. — The 

the  first  law  of  composition  as  well  as  of  Heaven,  and  the  Southern  Pine  Association  recently  sent  out  a  questionnaire 

principle  of  clarity,  which  is  the  second,  should  pervade  them.  to  150  building  material  dealers  in  the  largest  citites  and  most 

Descriptive  engineering  articles,   on  the  other  hand,   permit  thickly  populated  communities  of  the  country.     Some  of  the 

a  forcefulness  of  presentation,  a  vividness  of  statement,  even  results  of  the  inquiry  as  gven  out  by  the  Association  under 

an  occasional  flash  of  imagination  or  touch  of  fancy,  that  they  ''^te  ^^  May  ■'I  follow:     A  preliminary  summary  of  the  first 

all  too  seldom  display.     Frenchmen,  to  whom  the  art  of  ex-  ^'^  replies  shows  there  Is  an  ample  supply  of  building  trades 

pression  seems  a  native  gift,  have  probably  best  exemplified  labor.    Only  2  cities  out  of  80  report  a  shortage;  67  have  suffi- 

Ihe   possibilities    that   inhere   in    engineering   as   a   field    for  cient  labor  to  carry  out  their  building  programs,  and  11  report 

literary  skill.    To  most  Englishmen  engaged  in  technical  pur-  unemploym.ent  in  this  class  of  labor.     There  had  been  reduc- 

suits,  and  in  still  greater  degree  perhaps  to  most  Americans,  tions  in  wages  in  only  about  half  of  the  cities  heard  from.  The 

their   work  itself  is  so  absorbing,   the  pressure  to  excel   in  average  reduction  in  wages  of  carpenters  and  bricklayers  in 

action   so   compelling,   that   they   have  no   time  to    learn  to  those  cities  which  have  reported  decreases  is  from  15  to  20 

write.    Graceful  historians  of  the  engineering  arts  are  there-  P^r  cent.    Wages  of  common  labor  have  been  reduced  more; 

fore  in  the  English-speaking  nations  neither  born,  like  poets,  26  cities  reporting  reductions  ranging  from  25  to  55  per  cent, 

nor  made,  like  the  purveyors  of  popular  fiction.     Hence  the  Nearly  all  report  a  marked  increase  in  the  efficiency.    Light 

records  of  invention  and  material  achievement   seldom  rise  'S  thrown  on  the  subject  of  reductions  in  the  retail  price  of 

above  the  threadbare  phraseology  and  commonplace  method  staple  building  materials,  as  compared  with  a  year  ago. 

of  a  memorandum  book,  although  the  facts  related  mav  be  as  ,„    ,  .  Percent. 

fTv  ot:  n/^foihiQ   f,.«™  »v,«  <i,,„„,ii, .1  _        ™  ."  43  Cities  report  average  reduction  on  all  items  of 35 

lai  as  po.<.sible  from  the  threadbare  or  the  commonplace.  37  citi-a  report  average  reduction  en  lumber  of 47 

A   few  engineering  writers    of   rounded   intellectual    devel-  12  cities  report  averajre  reduction  on  brick  of 29 

nnmonf    ta^   iii   *-ht.t^  „»..>!.   «».!,»«« .1,  »  .  •  1^  Cities  report  average  reduction  on  all  items,  excluding  lum- 

opnient,  tea  in  tneir  youth  perhaps  on  the  great  masters  of  ber T. 7 19 
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Economic  Proportions  of  Plate 
Girder  Viaducts 

By   H.   J.    KESNER, 
Aswcia.e  Professor  of  Structural  Engineering:,  Purdue  University. 

In  the  remarkably  complete  and  Illuminating  paper  on 
"The  Hell  Gate  Arch  Bridge  and  Approaches,"  by  O.  H. 
Amman.  M.  Am.  See.  C.  E.,  published  in  the  1917  Transac- 
tions of  the  American  Society  of  Civil  Engineers,  appears 
a  comparison  of  three  types  of  approach  viaducts  which 
were  given  preliminary  consideration.  Type  (a)  (see  Fig. 
])  is  the  customary  steel  tower  and  girder  construction: 
type  (h)  a  design  employing  plate  girders  resting  on  isolated 
cents  pin  connected  top  and  bottom  and  allowing  the  longi- 
tudinal tractive  forces  to  accumulate  over  several  span 
lengths    before    being   resisted   by    masonry    piers;    and    type 


The    notation    refers    to    Fig.    2    which    represents   a    typical 
unit  of  a  viaduct  of  total  length  L. 

Referring  to  this   figure  let  ■:-. 

Accost  of  both  end  abutments. 

B  =  cost  of  floor  and  that  part  of  steel  which  remains  constant 
(corresponding  to  the  y  term  in  the  expre.ssion  w  =  al  -)-  y 
above). 
C=cost  of  one  pier. 
D  =  cost  of  one   intermediate  steel  bent  with    its  pedestals. 
L,  ;=  total   length    of   viaduct, 
x  =  number  of  pier  spans. 
I  ■---  length  of  span  between  bents, 
ml  .=  length  of  span  between  piers, 
q  =;  (m  —  1)  =  number  of  bents  between  piers, 
p  =  unit  price  of  steel, 
p^  ^  unit  price  of  concrete. 
T  =■  total  cost  of  viaduct. 

Y,  =  [y  —  (A  -1-  B  —  O]  =  comparative  cost  of  viaduct, 
at  ^  weight  per  ft.  of  variable  portion  of  girders. 

An  expression  for  the  total  cost  of  the  viaduct  may  then 
be  written  in  the  form 

Y  =  A-fB  +  C(x  — 1)+  Dqx  -f  Lalp 


Fig.  1. — Comparison  of  Three 

(c)    a    series    of    plate    girder    spans    simply    supported    on 
masonry  piers. 

The  economic  proportions  governing  a  type  (a)  design 
have  been  very  completely  stated  in  Kunz's  "Design  of  Steel 
Bridges."  From  the  tables  there  deduced  the  economic 
lengths  of  both  tower  and  intermediate  spans  corresponding 
to  a  given  height  of  tower  may  be  readily  extracted.  The 
economic  proportions  governing  a  type  (c)  design  follow 
the  general  law  developed  for  simple  spans  in  most  stand- 


I 


.i___^ 


^^'^'^WA^^^ 


'7>,>M^.W/X>l>y 


^^^5="'''?^'^^^ 


Fig.  2. 


Designs  of  Plate  Girder  Viaducts. 

L 

But  x= 

ml 
And  tlierefore 

Y  =  A  +  B-fc( 1    1   +  Dq \-  Lalp 

\    ml  /  ml 

The   term   D,   being   the   cost   of   one   bent   with   pedestals 
riiust  he  expressed  as  a  function  of  1.     It  may  better  be  rep- 
resented   in    the    form    D  =  K1  +  C,1,    expressing    separately 
the  costs  of  steel  bents  and  their  concrete  pedestals. 
Then 

]     qL 
-f 

L  J     ml 

dY  CL 

Differentiating  =  0  -f  0 0  +  0  +  Lap. 

dl  mP 

Equating  the  first  derivative  to  zero  to  give  the  condition 

CL 

of  minimum  cost  and  solving: Lap  =: 

ml= 


Y  =  A  +  B  +  C 


^-1 

ml  J 


Lalp 


ard   text  books  on   bridge  design,  and   may   be  expressed   by 
the  formula 


=  316  J— 
1  ap 


But  1 


where  I  =:  economic  span  length  in  feet. 

C  =  cost  of  one  pier  in  thou.siuids  of  dollars, 
p  =:  cost  of  steel  work  in  cent.*  per  pound, 
a  =  coefficient   in   the  empirical   formula  (w  =  al -)- y)    for 
weight  of  steel  work  in  pound  per  lin.  ft.  of  crossing. 

The  writer  has   undertaken   to   derive   an   expression   gov- 
erning  the    economic    proportions    of   a   type    (b)    structure. 


^   ap 


'  map  '      m      '     ap. 


is  the  expression  for  economic  length  in  the 


type  (c)  viaduct  (the  change  in  units  of  C  and  p  can  be  taken 
up  by  the  coefficient  of  the  expression),  and  m  is  the  num- 
ber of  intermediate  spans  into  which  the  steel  bents  divide 
the  spr.ce  between  masonry  piers.  When  m  =  l  the  type 
(b)   becomes  the  same  as  type   (c). 
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Kor  piirposes  of  conipariaon  of  relativo  coats  when  m  —  1, 
2,  o.  etc..  we  may  uho  the  value 

Y,  =  |Y—  (A+  H  — C)l 
or,  in  terms  of  comparative  costs  per  lineal  toot  ot  viaduct 

Y,       G  q 

—  = |-^(K  +  C,)  H-alp     <A> 

L        ml       m 
The  uae  of  this  eciuation  may  l;e  illusiialed  by  pulling  the 
results  in  tabular  form.     We  may  assume  a  case  as  illustrat- 
ed  by   Fig.  -'   in   which  the  total   lioiglit  of  piers  is  Co  ft.,  of 
bents  50  ft.,  and  of  pedestals  15  ft.     A  pier  for  this  case  will 
be  considered  as  containing  SO"  cm.  yd.  ot  concrete  and  cost- 
ing  $(!,n(lO.      Using   a   load   equivalent   to   Cooper's   K50   on   a 
single   track  span   40   ft.   in   length   the  load   (dead,  live  and 
impact)    on   a   steel    bent    would    be   52(i.00n   lb.   and    the   sec- 
tional  area   of   steel    required    in    the   columns    (at   9.000    lb. 
per  square  inch)   57.S  sq.  in.  or  0.4  sq.  ft.     The  cost  of  one 
steel  bent  would  then  be  approximately  at  fi  ct.  per  pound. 
490  X  50  X  .06  X  0.4  =  $588  =  Kl 
588 

or  K  = =  14.7   (dollars  per  liufal  foot  of  viaduct). 

40 
Giving  the  pedestals  120  sq.  ft.  of  bearing  area  on  the  soil 
and  using  a  unit  cost  of  concrete  of  $12  per  cubic  yard  or 
$0,445  per  cubic  foot,  the  cost  of  the  pedestals  corresponding 
tt  one  bent  becomes: 

120X  15  X  0.445  =  $S00=CM 
C,  =  20. 
Tabl(>  I  may  now  be  built  up  .'^howing  the  comparative  val- 
Y, 
ues  of  —  for  different  values  of  m,   by  successive  substitn- 

L 
lions  in  equation   (Al. 


T,\BLi: 

1 

/     1 

Yi 

ni 

\1     m 

, 

ml 

a 

C 

C, 

1< 

T. 

1 

l.imo 

S9.5 

89^ 

12.5 

6000 

20 

14.7 

134.00 

*> 

.707 

63.3 

126. G 

112.30 

5 

.577 
.500 

51.fi 

44.7 

154. S 
178.8 

100.50 
93.00 

•S 

.44S 

40.1 

200.5 

87.70 

r> 

.408 

36.5 

219.0 

83.70 

10 

.37S 
.316 

33.8 
28.3 

236.0 
283.0 

80.40 
73.60 

15 

.258 

23.1 

346.5 

66.80 

15 


26.6 


400.0 


SO  00 


As  m  increases  the  first  and  third  terms  of  equation  (A) 
decrease.  Apparently  the  cost  decreases  continuously  as 
larger  values  of  m  are  employed.  Practically,  ot  course,  as 
the  distance  ml  grows  larger  the  piers  must  be  increased  in 
size  to  take  up  the  larger  tractive  forces  and  C  c;.nnot  re- 
main ccr.stant.  Also,  as  m  increases,  1  decreases  and  smaller 
steel  bents  are  used;  but  there  is  a  limit  below  which  the 
size  of  the   bents   may  not   be  carried   since  a  certain   mini- 

1 
mum  amount  of  metal  is  necessary  to  maintain  a  suitable  — 

r 
f.ictor  in  the  columns  regardless  of  the  load.  In  the  pres- 
cnt  numerical  example,  with  steel  columns  50  ft.  high  the 
minimum  section  would  be  approximately  25  sq.  in.  in  each 
column. 

If  we  recompute  the  tabular  quantities  for  m  =  15,  with 
levised  values  of  C  and  K  the  comparative  cost  per  lineal 
foot  of  viaduct  rises  to  a  figure  comparable  to  that  for 
m  =  10. 

It  is  interesting  to  note  that  in  the  type  (b)  viaduct  as 
developed  in  the  preliminary  design  for  the  Hell  Gate  Arch 
approaches  it  was  proposed  to  resist  the  longitudinal  forces 
from  braking  and  traction  '"about  every  tenth  span."  The 
final  column  of  our  table  giving  comparative  cost  per  lineal 
foot  of  viaduct  shows  that  a  value  of  m  =  10  places  the  cost 
In  the  region  of  the  minimum,  although  it  is  hardly  practica- 
ble from  the  nature  ot  the  variables  involved  to  arrive  at  an 
absolute  minimum  figure. 

The  -writer  presents  the  general  formula 


^     m       '    ap 


as  an  extension  ot  the  common  formula  1  ;= 


^ 


for  simple 


ap 


spans  in   the  belief  that   it   otters  a   method  of  approaching 
the  problem  of  economic  proportions  ot  a  type   (b)    viaduct. 


A   Plan   for  Reducing    Unemploy- 
ment in  the  Building  Industry 

In  the  April  Bulletin  of  the  .Master  Builders'  P^xchange  of 
Philadelphia,  -Mr.  D.  Knickerbocker  Boyd,  an  architect  of  that 
city,  offers  the  following  suggestions  for  lengthening  the 
period  of  employment  in  the  building  trades  in  Philadelphia: 
A  group  congress  or  tribunal  should  be  organized  to  consider 
all  problems  connected  with  building  and  related  construction. 
The  group  would  include  realtors,  architects,  engineers,  build- 
ers, sub-contractors,  material  men,  working  men.  and  the 
final  owners  or  tenants.  This  group  should  act  as  a  central 
bureau  through  which,  voluntarily,  all  construction  programs 
should  be  cleared  including  national,  state,  municipal  and 
private  work  in  this  territory.  Suggestions  could  be  made  for 
co-ordination  ot  activities,  alhx-ation  of  materials,  and  re- 
duction of  estimating  costs.  Local  production  could  be  en- 
couraged, rail  hauls  shortened,  traffic  congestion  lessened,  a 
constant  labor  survey  could  be  maintained  to  the  advantage 
of  employer  as  well  as  employe,  good  management  promoted, 
efficiency  encouraged,  apprentices  attracted  to  the  trades, 
educated  and  properly  trained  and  increased  production  would 
result  all   around. 

In  such  a  program  the  vital  necessity  is  also  to  educate  the 
public  to  a  sensible  distribution  throughout  the  year,  of  its 
construction  demands  and  requirements.  This  applies  equally 
to  city  work,  industrial  construction,  semi-public  buildings, 
residences  and   household   repairs   and   maintenance. 

Instead  of  crowding  the  main  construction  work  into  seven 
or  eight  months  that  which  could  possibly  be  deferred  and 
done  during  the  remaining  five  months  should  be  so  scheduled. 
Owenrs  making  inferior  alterations  or  slight  additions  to 
buildings  should  be  encouraged  to  have  such  work  done  in 
the  "oft'-peak"  season.  Old  buildings  demolished  to  make 
way  tor  new  ones  should  be  torn  down  in  cold  weather  in 
advance  of  the  new  construction  without  being  done  as  is  so 
often  the  case  at  the  time  when  the  new  building  itself  ought 
to  be   under   way. 

Existing  office  buildings,  commercial  establishments  and 
similar  structures  should  be  painted  outside  and  reflnished 
inside  at  times  when  painters  are  least  busy  on  new  work. 

The  same  argument  applies  to  the  paper  hanging  and  re- 
finishing  of  apartment  houses  where  another  element  enters, 
namely  the  termination  of  leases.  It  has  even  been  sug- 
gested to  realtors  that  the  leases  be  staggered  in  dates  in- 
stead of  falling  with  such  unanimity  on  Oct.  1st  of  each  year. 
Householders,  insteading  of  having  spring  housecleanings 
or  fall  housecleanings.  would  find  it  advantageous  to  be  more 
constantly  and  less  periodically  •cleaned"  so  that  paper  hang- 
ing, painting,  plastering  and  other  needful  work  could  fall  on 
the  workers  like  the  gentle,  steady  rain  instead  of  in  down- 
pours with  subsequent  dry  spells.  Wiring  of  old  residences 
for  electricity  might  well  be  done  in  January.  February  and 
March  when  electricians  are  r.suully  out  of  work  on  new 
construction. 

Surveys  should  be  made  of  all  structural  requirements  of 
Philadelphia  and  vicinity  and  of  all  trade  conditions  of  un- 
employment and  the  two  fitted  together  in  the  very  best 
manner  possible.  It  will  be  necessary  to  educate  and  inform 
the  public  as  to  the  needs  and  advantages  of  its  co-operation 
in  such  a  program.  Civic  clubs  and  others  will  aftord  good 
forums  and  it  may  be  advisable  to  advertise.  Certainly  the 
necessities  of  the  occasion  must  be  forcibly  and  frequently 
presented.     The  public  will  surely  respond. 

After  it  overcomes  some  prejudices  and  breaks  some  habits 

it  will  place  orders  with  the  heating  contractors  in  the  spring 

to   have    its    apparatus   and    flues   attended    to    "some    time" 

during  the  summer  instead  of  waiting  until  the  last  moment 

.  in  the  fall. 

The  public  will  appreciate  having  its  attention  forcibly 
called  to  the  fact  that  by  complying  with  common-sense  re- 
quirements, if  not  with  ordinances,  and  having  covered  metal 
containers  tor  the  ashes  from  every  household  it  will  afford 
employment  to  the  metal  workers  in  their  off  building  season, 
while  at  the  same  time  lessening  fire  and  life  losses,  street 
litter  and  disease. 

Other  instances  might  be  cited  applicable  to  the  carpenter. 
the  slate-roofer,  the  stone  cutter  and  other  trades,  the  most 
difticult  to  provide  with  off-peak  employment  being  the  brick- 
layer. But  through  proper  coordination  of  public  and  private 
COTistruction.  scheduling  ot  interior  work,  sewer  construction, 
boiler  setting  and  other  vocational  opportunities  his,  with  all 
the  other  trades,  can  be  greatly  benefited. 
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Systems  for   Indexing   and    Filing 
Drawings 

The  indexing  and  Hling  ol  drawings  is  one  of  the  most 
complex  problems  of  the  drafting  room.  The  systems  for 
handling  this  work  used  by  five  prominent  engineering  and 
manutacMiring  enterprises  were  described  by  Mr.  L.  H.  Pari?, 
chief  draftsman,  Arthur  G.  McKee  &  Co.,  Cleveland,  O,  in 
a  paper  read  March  8  before  the  Cleveland  Engineering  So- 
ciety.    The  matter  following  is  taken  from  the  paper. 

Five  large  engineering  enterprises:  The  Wellman-Seaver- 
Morgan  Co.,  the  Grasselli  Chemical  Co..  the  Koppers  Co.,  the 
Austin  Co.,  and  Arthur  G.  McKee  &  Co.,  have  what  to  their 
minds  are  nearly  perfected  systems,  adapted  to  their  individ- 
ual lines  of  work.  All  use  their  tracings  for  reference,  except 
the  Austin  Co.  and  the  Koppers  Co.,   who  use  both  tracings 


number  of  drawings  is  not  required,  one  folder  is  sufficient. 
For  a  large  plant  or  works  where  there  are  a  number  of  dif- 
ferent departments  manufacturing  different  products,  files 
arc  provided  for  each  department.  When  the  number  of 
.Irawings  in  any  department  becomes  too  great  lor  one  file, 
subdivisions  are  made  under  subtitles  of  "buildings,"  "equip- 
ment," etc.  A  record  is  kept  of  the  drawing  numbers  as  al- 
lotted. One  main  number  is  given  for  each  file  and  then 
the  sheets  are  numbered  numerically  as  allotted.  For  in- 
stance: The  file  may  be  given  No.  5000,  and  as  drawings 
are  made  they  are  numbered  .5000-1,  5000-2,  etc.  In  group- 
ing the  drawings  after  completion,  all  drawings  numbered 
5000  would  be  grouped  in  the  one  file. 

The  Graselli  company's  custom  is  to  file  the  tracings  in 
folders  for  reference  use.  This  is  not  a  common  practice, 
but  its  experience  has  been  that  the  tracings  stand  this  kind 
of   service    very    satisfactorily,    eliminating   the    necessity    of 


index   Cards   for    Keeping    Track   of    Drawings   and    Tracings.       (A)    and    (B)    Cards    Used    by    Weliman-Seaver-IVlorgan    Co,; 

'O  and   (D)  Cards  Used  by  Arthur  G.  IVlcKee  &  Co. 


and  blue  prints.  In  all  cases  the  drawing  sizes  are  approxi- 
mately the  same,  each  having  the  full  half  and  quarter  sizes. 
The  Wellman-Seaver-Morgan  Co.  has  one  size  smaller,  which 
is  about  one-eighth  size,  this  being  used  for  drawing  room 
standards  or  details  of  parts  which  can  be  used  variably. 

System  of  Manufacturer  of  Heavier  Chemicals. — The  sys- 
tem of  the  Grasselli  Cliemical  Co.,  manulacturer  of  the  heav- 
ier chemicals,  has  been  developed  tn  sail  its  particular  re- 
fiuirements.  Its  drawing  records  cov.r  biiildings  and  equip- 
ment for  chemical  manufacture  in  imhisliial  plants  and  also 
the  drawin.2:s  of  warehouses  and  othi^i  ciiuipment.  This  is 
what  may  be  called  a  direct  system,  wliere  chief  reliance  is 
placed  upon  the  drawing  files  thenis.lvts  rather  than  upon 
going  through  the  regular  channel  ol  lonking  up  a  drawing, 
topically  or  numerically,  in  a  card,  or  similar,  index  and 
then  going  to  the  drawing  file. 

When  a  drawing  is  wanted  the  lilo  clerk  needs  only  to 
Itnow  what  works  or  warehouses  and  what  departments  are 
called  for.  Then  he  goes  directly  to  the  drawing  file  where 
this  vvTork's  drawings  are  filed  and  lio  is  able  without  delay 
to  find  the  particular  folder  in  which  fliis  drawing  is  located. 
It  is  then  a  matter  of  a  few  seconds  to  find  the  di-aw-ings. 
Briefly,  the  plan  is  as  follows: 

The  files  are  first  subdivided  into  works,  warehouses,  lab- 
oratories,   etc.     In   the   case   of   warehouses,   where  a   large 


having  an  extra  set  of  blue  prints  and  doubling  up  the  file 
capacity.  In  addition  to  the  tracings,  study  drawings  and 
blue  prints  of  outside  manufacturers,  who  supply  machinery 
and  other  equipment,  are  included  in  these  folders  so  that 
the  folder  for  a  department  becomes  a  complete  record.  No 
topical  record  is  kept  of  the  drawings  in  books,  cards  or 
otherwise — the  only  record  kept  outside  of  the  drawing  files 
themselves  being  a  numerical  record  on  which  the  titles  of 
drawings  are  kept  and  the  dates  when  made  as  the  numbers 
are  arsigned  to  the  drawings  and  files.  It  is  the  practice,  in 
addition  to  general  reference  files  which  are  kept  in  the 
drawing  room,  to  keep  a  complete  set  of  all  blue  prints  in  a 
vault.  These  blue  prints  are  filed  in  a  manner  similar  to 
the  regular  drawing  files,  although  lack  of  space  at  the  pres- 
ent time  prevents  this.  Vault  records  are  kept  at  the  Cleve- 
land plant,  which  is  about  three  miles  from  the  downtown 
olflce,  and  this  makes  it  impossible  to  use  the  vault  blue  prints 
for  reference.  Altogether  they  have  about  1,300  drawing 
files  and  45,000  drawings. 

System  of  Builder  of  Heavy  Machinery. — The  Wellman- 
Seaver-Morgan  Co.,  builder  of  a  widely  varied  class  of  heavy 
machinery,   uses   the   following   system: 

One  man  has  charge  of  the  filing  and  indexing  on  account 
of  the  great  number  of  tracings  and  the  limited  amount  of 
filing  space.     The  large  tracings  are  filed  in  draw-ers  which 
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will  Mcx'onimT)date  20i)  sheets.  Drawers  for  half  size  tracings 
arc  partitioned  to  loiituin  two  sheets,  and  cross  partitioned 
lor  (|iiartpr  size  to  contain  800  sheets.  All  sheets  are  filed 
niiinerically,  which  necessitates  considerable  care  in  remov- 
ing and  liling  those  tracings  which  are  near  the  bottom  of 
the  drawer.  Thoy  have  adopted  a  plan  for  filing  the  eighth 
size  sheets  which  is  very  good.  These  small  sheets  are 
placed  in  folders  and  filed  vertically  in  long,  deep  drawers 
which  make  it  very  easy  to  remove  .Tnd  file.  The  wear  and 
tear  on  the  tracings  Is  reduced  to  a  minimum. 

The  indexing  is  by  the  card  system.  In  the  lower  right- 
hand  cornel  of  the  drawing  is  the  title  bloclc  containing  the 
contract  number,  title  of  drawing  and  drawing  number.  A 
card  (A,  see  illustration)  is  filled  in  with  the  same  informa- 
tion as  appears  in  the  title  block  and  is  filed  under  the  con- 
liact  number.  Entrance  is  also  made  in  a  drawing  record 
book  in  which  the  numbers  run  consecutively  regardless  of 
contract.  Opposite  the  number  which  corresponds  to  the 
number  on  the  drawing  is  entered  the  title  of  the  drawing, 
the  date  the  drawing  is  made  and  the  contract  on  which  it 
applies. 

The  system  is  carried  further  by  indexing  the  parts  on  a 
drawing.  For  example,  suppose  there  is  a  3x6-in.  bearing 
bracket  detailed  on  the  drawing,  the  clerk  in  charge  of  this 
card  index  would  sketch  the  bracket  on  a  card  and  file  it 
under  the  head  of  "bearing  bracket"  and  in  a  subdivision 
under  ":?  in.  dla."  This  card  is  HxS  in.  and  has  recorded 
thereon  the  drawing  and  pattern  numbers.  This  index  is 
used  to  prevent  duplication  of  patterns. 

After  ascertaining  the  drawing  nuuibfr  from  the  card  index, 
a  slip  is  made  out  by  the  party  desirhig  the  tracing  (B)  hav- 
ing thereon  the  drawing  number,  the  party's  name  and  the 
date.  This  slip  is  filed  in  the  va\ilt  when  the  tracing  is  given 
out.  These  slips  are  filed  numerically  in  a  rack.  When  a 
tracing  is  not  in  the  file  the  file  clerk  can  tell  immediately 
where  it  is. 

System  of  Engineer  and  Contractor  for  Coke  Oven  Plants. 
— The  system  adopted  by  the  Koppers  Co.,  Pittsburgh,  en- 
gineer and  contractor  for  complete  byproduct  coke  oven 
plants,  during  the  war  and  still  in  use,  is  well  worthy  of 
note.  This  company,  employing  between  300  and  400  drafts- 
men and  making  several  hundred  drawings  per  week,  needed 
the  most  eflicient  system  that  could  be  worked  out. 

All  tracings  are  filed  numerically  in  a  central  vault.  A 
complete  buzzer  system  is  provided,  buttons  being  located 
on  every  third  or  fourth  drawing  table  with  the  indicator  in- 
side the  vault.  Ofiice  girls  act  as  carriers.  When  any  party 
in  the  drawing  room  desires  a  tracing  he  maizes  out  a  slip, 
similar  to  that  used  by  the  Wellman-SeaverMorgan  Co.,  and 
presses  the  nearest  buzzer  button.  A  carrier  calls  for  the 
slip  and  delivers  the  tracing.  Should  the  tracing  be  in  use, 
the  possessor  either  allows  it  to  be  taken  or  advises  about 
when  it  can  be  obtained.  If  the  time  is  too  long  for  the  other 
party  to  wait  he  is  given  a  blue  print,  several  of  which  are 
always  kept  on  file.  His  requisition  slip  is  then  changed 
to  read  "blue  print"  instead  of  "tracing."  A  complete  and 
reliable  check  is  kept  as  to  the  location  of  tracings  and  prints 
at  all  times.  When  a  change  or  revision  is  being  made  on 
a  tracing,  the  vault  is  informed  and  immediately  all  prints 
from  that  particular  tracing  are  destroyed.  All  tracings  are 
collected  nightly,  placed  in  the  vault  in  bundles  having  at- 
tached thereto  a  tag  bearing  the  party's  name.  These  are 
delivered  to  the  respecti\e  parties  the  next  morning. 

System  of  an  Engineer  and  Contractor  for  Industrial  Build- 
ings.-The  system  adopted  by  the  Austin  Co.  has  been  de- 
veloped to  meet  the  needs  of  the  main  office  and  each 
of  its  branch  offices.  In  some  cases  the  branch  offi- 
ces are  primarily  sales  offices  while  others  have  their 
own  engineering  departments.  As  each  of  these  depart- 
ments operates  under  the  general  engineering  department, 
it  is  necessary  that  the  engineering  and  filing  of  drawings 
be  well  systematized.  For  other  reasons,  such  as  standardi- 
zation of  buildings  together  with  their  many  details,  it  is 
proper  that  the  reference  drawings  be  in  blue  print  form. 

For  work  that  is  primarily  standard,  special  filing  cases 
are  used  for  containing  standard  prints  tor  individual  draft- 
ing room  requirements.  Similar  prints  are  placed  in  special 
folding  cabinets  in  the  sales  offices;  all  of  these  prints  are 
filed  flat  and  in  gi'oups  of  about  one  dozen  and  hung  in  a  ver- 
tical position  in  racks.  No  card  system  is  used  for  indexing 
these  drawings  as  they  are  filed  numerically  according  to  the 
standard  building  to  which  they  pertain.     Should  any  drafts- 


man require  the  use  of  these  drawings  it  is  his  privilege  to 
remove  them  from  the  rack  without  inserting  a  card  show- 
ing their  removal.  This  is  not  true,  however,  for  other  than 
standard  drawings.  For  these  a  general  card  index  system 
is  used.  All  drawings  are  numbered  and  indexed  according 
to  contract  number  and  the  serial  number  according  to  the 
classification  of  the  work  involved— for  example,  general 
drawings,  structural  details,  heating,  lighting  and  equipment 
drawings  of  certain  numerical  numbers  which  immediately 
indicate  the  purpose  of  the  drawing  in  queston. 

For  the  large  contracts  which  require  a  number  of  draw- 
ings and  the  likelihood  of  furnishing  blue  prints  to  various 
departments,  as  in  a  case  of  revision,  a  complete  record  is 
made  on  a  form  sheet  on  which  is  shown  the  record  of  draw- 
ings, their  numbers,  date  of  approval,  record  of  prints  fur- 
nished, revisif.ns  and  other  necessary  information  for  each 
job. 

Because  nf  the  great  variety  of  work  performed  in  the 
various  drafting  rooms  the  preparations  of  drawings  are 
made  according  to  which  department  they  are  to  serve. 

The  development  department  takes  complete  charge  of  any 
new  standards  or  other  drawings  to  be  used  by  all  depart- 
ments such  as  engineering  instructions  as  they  pertain  to 
design,  estimating,  construction,  sales,  etc.  The  indexing 
and  filing  of  all  drawings  included  in  this  department  are 
maintained  and  controlled  exclusively  by  this  department. 
Blue  prints  of  drawings  thus  prepared  are  sent  to  the  various 
depaiiments  for  their  files.  Obsolete  drawings,  if  any,  are 
replaced  correspondingly. 

The  material  sales  department  controls  the  engineering 
pertaining  to  buildings  sold  for  shipment  and  not  for  con- 
struction. This  department  maintains  the  indexing  and  filing 
system  somewhat  along  the  lines  of  the  other  departments 
mentioned,  but  is  different  in  many  respects,  particularly 
as  to  the  lettering  and  numbering  of  drawings.  Like  other 
departments,  information  serviceable  for  district  offices  is 
supplied  to  the  general  department  for  the  proper  filing  and 
relay  according  to  their  instructions. 

The  sales  offices  are  supplied  with  vertical  cabinets  for 
filing  blue  prints  according  to  contract  or  job  numbers  as 
well  .n.s  the  standard  drawings  which  are  supplied  by  the  gen- 
eral department.  These  drawings  are  numbered  numerically 
for  each  contract  and,  except  for  very  large  jobs,  it  is  not 
necessary  to  maintain  the  card  index  system.  The  cabinets 
are  so  arranged  that  the  iront  part  is  a  folding  drawing  table 
and  when  entirely  closed  can  be  used  for  a  side  table  as  office 
furnitire:   too  small,  however,  tor  a  reference  table. 

The  engineering  departments  in  the  various  cities  have 
separate  filing  systems  for  their  own  jobs  as  well  as  for 
drawings  received  from  the  general  department  and  stand- 
ard drawings  furnished  by  the  development  department,  the 
card  index  system,  mentioned  before,  being  used  for  the  rec- 
ords. 

In  each  of  the  engineering  offices  there  is  a  vault  with 
cabinets  of  the  drawer  type  for  filing  current  drawings,  in- 
cluding those  up  to  one  year  old.  since  the  buildings  are 
guaranteed  for  one  year.  Ample  filing  space  is  allowed  for 
drawings  until  this  period  expires. 

fn  additioft  to  these  filing  cabinets,  there  is  a  reference 
room  of  suflicient  size  and  with  proper  reference  tables  for 
general  use.  This  eliminates  the  removal  of  many  drawings 
from  the  drawing  room.  After  drawings  are  returned  for 
filing  they  are  placed  in  a  drawer  specially  designated  for 
this  purpose  from  which  the  filing  clerk  takes  them  to  their 
proper  file. 

A  separate  card  index  system  and  other  records  are  kept 
for  drawings  of  finished  jobs  or  others  which  are  to  be  filed 
in  the  permanent  storage  in  the  vault.  These  drawings  like- 
wise are  placed  in  cabinets  of  the  drawer  type,  the  folders 
in  each  drawer  containing  not  more  than  20  tracings.  Blue 
prints  are  filed  in  separate  filing  cabinets  in  a  similar  man- 
ner. 

In  case  a  tracing  or  blue  print  is  removed  from  the  vault, 
a  special  card  which  records  tlie  removal  is  placed  in  the 
filing  cabinet.  The  placing  and  removal  of  these  drawings  is 
bandied  by  a  special  filin.g  clerk.  Foreign  drawings  are 
handled  anfl  recorded  similarly  except  that  the  drawings  are 
filed  according  to  the  job  unless  they  are  standard  or  gen- 
eral drawings  serviceable  for  other  jobs,  in  which  case  they 
are  filed  in  special  cabinets  for  the  purpose,  cross  index 
filing  system  being  used.     The  work  of  supervising  the  issu- 
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ance  and  maintenance  of  the  indexing  and  filing  systems 
comes  under  the  jurisdiction  of  the  chief  draftsman. 

System  of  an  Engineer  and  Contractor  for  Blast  Furnace 
Plants,  Steel  Mills,  Etc.— The  system  in  vogue  with  Arthur  G. 
McKee  &  Co.,  engineers  and  contractors  for  complete  blast 
furnace  plants,  steel  plants,  sintering  plants,  etc.,  is  prac- 
tically the  same  as  that  used  by  the  Wellman-Seaver-Morgan 
Co.  as  regards  the  filing  of  tracings  except  that  only  half 
the  number  is  filed  in  each  drawer.  At  one  time  McKee  & 
Co.  were  cramped  for  filing  space;  tried  filing  tracings  the 
same  as  the  Wellman-Seaver-Morgan  Co.,  that  is,  200  full- 
sized  tracings  per  drawer,  etc.  They  found,  however,  that 
the  tracings  were  depreciating  so  rapidly  that  steps  were  im- 
mediately taken  to  double  the  file  capacity. 

They  use  three  colors  of  cards  for  the  tracing  index;  all 
cards  being  of  the  same  form  (C,  see  illustration),  yellor.- 
cards  for  the  contract  index,  white  cards  for  the  subject,  or 
title,  index  and  blue  cards  for  the  client  index.  When  work 
on  a  new  contract  is  started  in  the  drawing  room,  a  blue 
card  is  filled  in,  giving  name  and  location  of  the  client  and 
a  description  in  general  of  the  work. 

When  a  draftsman  begins  work  on  a  drawing,  he  will  go 
to  the  card  index  and  take  out  two  blank  cards,  one  yellow 
and  one  white,  each  of  which  has  the  drawing  number 
stamped  thereon,  fill  in  the  client's  name  and  location  or 
where  work  is  to  be  done  and  the  title  of  the  drawing.  These 
two  cards  travel  with  the  drawing  until  the  check  print  is 
made,  at  which  time  they  are  filed  under  contract  number 
in  the  unfinished  index.  When  the  checker  has  signed  the 
drawing  he  takes  the  two  cards  from  the  unfinished  index, 
signs  both,  attaches  them  to  the  tracings,  where  they  remam 
until  detached  by  the  chief  draftsman  when  ordering  prints 
tor  the  purchasing  department.  Cards  are  then  filed  in  the 
finished  drawing  file   by  the  file  clerk. 

All  who  use  the  title  or  topic  index  nave  undoubtedly  hadi 
more  or  less  trouble  at  times  in  locating  drawings  by  title. 
McKce  &  Co.  have  an  iron-clad  rule  that  all  titles  must  be 
edited  by  the  chief  draftsman,  the  idea  being  to  make  them 
as  concise  and  descriptive  as  possible,  in  order  to  reduce  to 
a  minimum  the  possipility  of  misHling  index  cards.  When 
an  existing  drawing  is  reused,  a  yellow  card,  not  having  a 
drawing  number  thereon,  is  filled  in  complete,  including  the 
number  on  the  drawing.  The  new  contract  number  is  then 
added  to  the  existing  white  or  title  card.  A  drawing  record 
book,  similar  to  that  of  the  Wellman-Seaver-Morgan  Co.,  is 
also  used — as  a  numerical  index  only. 

Foreign  prints,  or  clients'  and  manufacturers'  prints  per 
taining  to  a  contract,  are  filed  in  individual  drawers  while 
the  contract  is  alive.  When  the  contract  is  finished  they  are 
cross  indexed  for  subjects  and  client  or  manufacturer  and 
placed  in  a  permanent  file.  Plain  ruled  white  index  cards 
are  used  for  these  prints,     (D,  see  illustration.) 

For  ready  reference  to  standard  parts  McKee  &  Co.  use 
the  scrap  book  system.  The  scrap  book  is  a  large  paste- 
board binder  having  at  the  hinge  a  number  of  gummed  edges 
to  which  blue  prints  are  attached  and  will  accommodate 
about  50  large  size  prints.  These  books  are  filed  in  a  hori- 
zontal compartment  case,  each  compartment  holding  four 
books.     Contents  of  books  are  plainly  marked  on  the  hinge. 

Because  the  vault  is  located  centmlly  in  the  drawing  room, 
the  draftsman,  after  ascertaining  tlie  drawing  number,  will 
go  there  and  help  himself.  If,  however,  the  number  is  un- 
known, he  will  write  on  a  slip  of  paper  the  information  neces- 
saiy  to  find  the  number  from  the  card  index;  give  this  slip 
to  the  file  clerk,   who  will  deliver  the  drawing. 


National  Building  Exposition  to  be  Held  at  Cleveland. — A 
national  building  expostion,  conducted  by  the  men  of  the 
construction  industry,  will  be  held  at  Cleveland,  O.,  the  com- 
ing fall.  The  management  of  the  show  is  in  the  hands  of  a 
special  corporation  formed  by  men  i^f  this  industry — lumber- 
men, brick  manufacturers,  building  sipp'y  men,  contractors, 
architects,  electrical,  heating  and  fixmie  men,  realtors,  bank- 
ers and  others  who  are  active  in  the  construction  industry. 
Ralph  P.  Stoddard  secretary-manager  of  the  Common  Brick 
Manufacturers  Association  of  America,  who  managed  the 
first  Cleveland  Complete  Building  Show  of  1916.  is  director 
general.  The  exposition  will  be  the  first  in  Cleveland's  new 
$5,000,000  public  hall.  Edward  A.  Roberts,  Secretary  Builders 
Exchange  of  Cleveland,  Rose  Bldg..  Cleveland,  is  secretary  of 
the  exposition. 


Some  Union  Labor  Abuses  in  the 
Building  Industry 

Herewith  we  quote  in  full  a  paper  presented  by  Mr.  Charles 
R.  Gow  at  the  March  24  meeting  of  the  Boston  Society  of 
Engineers  under  the  title.  "The  Responsibility  of  Organized 
Lahor  for  the  Stagnation  in  the  Building  Industry." 

The  remarks  which  I  shall  make  to  you  upon  this  subject 
are  not  directed  against  the  fundamental  principles  of  labor 
unionism,  but  rather  are  intended  to  be  in  the  nature  of  a 
somewhat  frank  criticisms  of  certain  unsound  practices  on 
the  part  of  many  unions  which  have  resulted  in  very  serious 
economic    consequences   to   the   building  industry   of   Boston. 

Intolerance  Hampers  Labor's  Friends. — I  am  aware  that 
one  may  not  in  these  days  raise  his  voice  in  protest  against 
any  act  or  motive  of  union  labor  without  being  promptly 
classified  by  the  labor  group  as  an  avowed  opponent  of  the 
entire  labor  movement. 

Intolerance  on  the  part  of  labor  spokesmen  toward  the 
opinion  of  others  and  their  heated  and  often  bitter  resent- 
ment of  all  criticism  have  rendered  it  extremely  difficult  for 
true  friends  of  labcr  to  counsel  moderation  or  to  urge  mea- 
sures for  labor's  ultimate  welfare. 

Advantages,  Disadvantages  and  Morals. — It  is  my  judgment 
that  there  may  be  several  advantages  both  to  the  employer 
and  to  the  public  in  dealing  with  labor  unions  which  are  in- 
telligent and  responsible  in  their  conduct  and  practices. 
When,  however,  the  obvious  disadvantages  of  such  dealings 
oul  weigh  the  benefits  to  be  derived  therefrom,  there  is  no 
compunction,  either  legal  or  moral,  which  requires  the  com- 
munity at  large  to  subordinate  its  interests  to  those  of  organ- 
ized labcr. 

If  an  act  is  wrong  at  all.  it  Is  just  as  wrong  when  commti- 
ted  by  a  labor  union  as  it  would  be  if  done  by  a  highwayman 
or  any  other  evil  person. 

The  Author's  Experience. — During  the  war  I  served  as  an 
army  officer  in  charge  of  constructing  the  Army  Supply 
Base  at  South  Boston.  This  project  entailed  an  expenditure 
of,  approximately,  $24,000,000  and  the  employment  of  a  max- 
imum of  7,500  workmen.  Under  the  terms  of  the  so-called 
Baker-Gompers  agreement,  this  work  was  carried  on  as  a 
closed  shop  job  and  in  conformity  with  the  working  rules 
and  agreements  of  the  several  trades  unions  employed  in 
its  construction.  As  a  consequence,  I  received  a  very  liberal 
education  in  the  aims  and  policies  of  the  unions  as  applied 
to  the  building  industry.  This  experience,  somewhat  ampli- 
fied by  later  contact  and  study  along  similar  lines,  has  rather 
alarmed  me  as  to  the  future  welfare  of  the  building  industry 
in  this  locality,  provided  some  of  the  present  tendencies  are 
not  checked,  and  I  shall  try  to  present  to  you,  as  briefly  as 
possible,  an  outline  of  the  situation  as  it  appeals  to  me. 

Labor,  Material,  and  Restraint  of  Trade. — It  is  customary 
to  consider  the  cost  of  a  building  as  being  made  up  of  the 
cost  of  the  materials  delivered  at  the  site  and  the  cost  of 
labor  used  in  assembling  these  materials  in  the  completed 
building.  Strictly  speaking,  however,  there  is  no  such  thing 
as  materials,  unless  we  refer  to  the  raw  products  in  their 
natural  state  in  the  ground  or  in  the  forest.  That  which  we 
speak  of  as  material  is  merely  the  result  of  the  combined 
labor  which  has  gone  into  the  production,  manufacture  and 
transportation  of  these  raw  products.  True,  a  portion  of  the 
labor  is  contributed  by  the  owners  of  the  mine,  of  the  mill 
or  factory,  of  the  railroad  or  by  the  distributor,  and  it  may 
also  sometimes  be  true  that  the  wages  paid  to  these  owners 
in  the  form  of  so-called  profits  are  in  excess  of  a  reasonable 
return  for  the  amount  and  character  of  service  rendered. 

However,  numerous  laws  have  been  established  which  pro- 
hibit employers  such  as  those  referred  to  from  combining 
into  unions  for  the  purpose  of  fixing  their  wage  or  profit,  or 
of  agreeing  upon  conditions  under  which  they  will  render 
service.  These  laws,  like  all  other  laws,  are  sometimes  evad- 
ed; but  in  the  last  analysis,  by  and  large,  the  wages  of  this 
employing  class  are  absolutely  regulated  by  the  immutable 
natural  laws  of  supply  and  demand. 

With  respect  to  direct  labor,  however,  the  laws  are  much 
more  generous.  The  right  of  paid  employes  to  form  unions 
for  the  purpose  of  fixing  profits  in  the  form  of  wages  and  of 
regulating  conditions  of  employment  is  legally  established 
and  recognized. 

This  distinction  between  the  two  groups  is  of  passing  im- 
portance.    We   prohibit   combinations  by  employers   because 
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wt'  ifMi-  ilMt  such  action  might  prove  inimical  to  the  public 
wolfaie  through  the  increase  and  standardization  of  profits 
and  llie  consetiuent  advance  in  cost  of  the  commodities  which 
they  handl'-'.  On  the  other  hand,  we  permit  and  even  en- 
oournge  the  waiie-earning  class  to  do  the  self-same  thing 
and  in  many  respects  they  have  taken  full  advantage  of  their 
op'portunitius.  The  economic  effect  upon  the  general  public 
is  I  he  same  in  cither  case,  whether  costs  be  increased  by 
combinations  of  employers  or  of  employes. 

There  would  seem  to  be  no  good  reason  why  both  groups 
.should  not  be  permitt-^d  to  organize  for  their  mutual  protec- 
tion and  interest,  but  there  is  no  moral  right,  and  there 
should  be  no  legal  right,  which  would  permit  either  group 
to  combine  for  purposes  which  are  detrimental  to  the  inter- 
ests of  the  community  at  large. 

Labor  the  Great  Item. — Statisticians  have  estimated  that. 
on  the  average,  at  least  75  per  cent  of  the  cost  of  materials 
delivered  on  the  site  is  on  account  of  direct  labor.  Assum- 
ing this  to  be  true,  then  at  least  80  per  cent  of  the  cost  of 
the  completed  building  is  represented  by  the  direct  labor 
item.  Any  general  influence  which  increases  labor  costs 
must  necessarily  be  reflected  in  a  corresponding  increase  of 
the  proportion  in  the  cost  of  the  completed  building.  On 
the  other  hand,  it  any  substantial  reduction  is  to  be  made 
in  the  cost  of  building  construction,  it  must  come  chiefly 
through  .1  readjustment  of  the  So  per  cent  item. 

There  has  been  a  tremendous  increase  in  labor  cost  during 
the  past  si.\  or  seven  years.  This  increase  has  resulted  from 
two  principal  causes,  namely,  increased  rates  of  pay  and  de- 
creased efficiency  on  the  pan  of  the  individual  worker.  Such 
pay  increases  as  have  occurred  have  probably  been  justified 
in  a  large  measure  by  the  depreciated  value  of  the  dollar. 
Just  why  the  same  logic  does  not  apply  in  the  reverse  order 
of  things  is  one  of  the  puzzling  problems  of  the  present  sit- 
uation  uliicli   as  yet  remains  unanswered. 

The  Reduction  and  the  Rise  in  Efficiency.  -The  decrease  of 
efliciency  which  has  been  especially  marked  during  the  past 
two  or  three  years  is  likewise  the  result  of  two  separate 
causes.  First,  the  excessive  demand  for  labor  during  the 
period  of  its  maximum  shortage  produced  a  certain  feeling 
of  independence  among  the  workers  which  was  bound  to 
result  in  more  or  less  disregard  for  the  wishes  and  welfare 
of  the  employer.  It  might  also  be  said  in  passing  that  this 
attitude  was  not  characteristic  of  any  one  class  of  employes 
but  was  noticeable  generally  wherever  help  was  employed. 

However,  the  inefTiciency  which  resulted  from  this  cause 
very  largely  disappeared  some  months  ago  with  the  advent 
of  the  present  industrial  depression  and  as  unemployment  be- 
came more  general.  It  is  safe  to  assume  that  no  further 
trouble  may  be  expected  from  this  particular  cause  until 
the  law  of  supply  and  demand  again  enthrones  labor  on  its 
former  pinnacle  of  prominent  industrial  importance. 

The  second  and  more  serious  cause  of  inefficiency  is  artifi- 
cial, union  made,  and  is  in  defiance  of  all  economic  laws  and 
public  welfare  as  well.  It  is  with  regard  to  this  feature  that 
I  wish  to  devote  my  principal  attention. 

Closed  and  Open  Shop. — Until  within  a  comparatively  few 
years  the  building  industry  of  this  vicinity  was  represented 
by  both  closed  and  open  shop  contractors,  so  that  there  ex- 
isted a  certain  degree  of  competition  which  prevented  ex- 
cesses by  either  group. 

The  superior  organizing  ability  of  the  union  leaders, 
backed  by  a  strong  public  sentiment  in  their  favor,  led  to  the 
gradual  elimination  of  the  open  shop  contractor  with  the  re- 
sult that  organized  labor  througli  the  closed  shop  now  holds 
practically  a  monopoly  over  the  entire  industry. 

As  a  result  of  this  situation,  a  non-member  of  a  union  can- 
not today  find  employment  in  a  building  trade  in  Boston  ex- 
cept to  a  very  limited  extent.  Consequently,  practically  all 
such  men  as  a  matter  of  necessity  have  joined  the  union  per- 
taining to  their  trade  because  the  closed  shop  jobs  constitute 
their  only  sources  of  employment. 

A  non-union  or  open  shop  contractor  from  another  city  can- 
net  work  in  Boston  because  he  is  unable  to  secure  his  supply 
of  labor  here,  such  labor  having  been  absorbed  by  the  unions 
as  already  stated. 

Tndivi''ual  contractors  who  mi.ijht  be  inclined  to  change  from 
closed  \t-  open  shop  conditions  may  not  do  so  because,  unless 
they  couUI  offer  their  men  permanent  employment  (and  this 
is  not  practicable),  it  would  be  unwise  tor  their  employes  to 
leave  the  union  and  thereby  restrict  their  opportunity  for 
■obtaining  work  to   but  one  employer. 


Also,  general  contractors  are  dependent  upon  sub-contrac- 
tors, such  as  the  plumber,  electrician,  steam-fitter,  etc.,  for 
work  pertaining  to  those  trades  and  union  subcontractors 
would  not  be  permitted  to  do  work  on  an  open  shop  job. 

As  a  consequence  of  the  monopoly  thus  established  by 
organized  labor  in  the  building  industry  in  this  locality,  there 
have  been  developed  many  practices  of  an  arbitrary  and  au- 
tocratic nature  which  have  seriously  affected  the  interests 
of  employers  and  public  alike,  and  which  if  continued  will 
tend  to  destroy  the  idustry  itself. 

Making  More  Jobs. — It  has  long  been  held  by  leaders  of 
or«anized  labor  that  whatever  makes  for  the  emj)loymeut  of 
a  greater  number  of  men  is  of  direct  benefit  to  the  union, 
regardless  of  the  method  employed  to  secure  the  result,  be- 
cause it  reduces  the  available  supply  of  men  and  thereby 
produces  a  shortage  for  subsequent  jobs,  which  in  turn  en- 
ables the  union  to  dictate  to  a  greater  extent  the  terms  under 
which  their  men  will   work. 

One  of  the  most  common  means  adopted  by  the  unions  to 
force  the  employment  of  more  men  is  the  restriction  of  out- 
r.ut  by  agreement.  Thus,  it  was  testified  to  by  a  number 
of  reputable  builders  at  the  recent  Chamber  of  Commerce 
hearings  that  although  brick  masons  formerly  laid  from 
1.500  to  2,000  bricks  per  day  it  has  now  become  the  custom 
in  that  trade  to  limit  each  man  to  not  more  than  500  bricks 
per  day.  This  greatly  reduced  output  per  man  has  so  af- 
fected the  available  supply  ot  brick  masons,  that  during  the 
past  year  contractors  have  been  obliged  to  bid  as  high  as 
$1.25  to  $1.35  per  hour  to  obtain  their  services  at  all,  even 
though  the  established  union  rate  was  but  $1.00  per  hour. 

At  a  rate  of  $1.35  per  hour  and  a  daily  output  of  only  500 
brick;;  laid,  it  will  be  readily  apparent  that  it  cost  $21.fi0  per 
1.000  bricks  laid  for  the  mason's  time  alone,  exclusive  of 
helpers  or  material.  It  is  interesting  to  note  that  this  price 
is  substantially  the  same  as  the  cost  of  brick  at  the  kiln.  In 
other  words,  the  union  brick  mason  receives  as  much  money 
for  the  simple  act  of  picking  up  a  brick  and  placing  it  in 
the  wall  as  does  the  manufacturer  of  the  brick  for  the  entire 
expense  of  excavating  the  clay,  moulding  and  burning,  han- 
dling 'jnd  storing,  including  all  overhead  expense,  interest 
and  depreciation  charges,  bad  debts,  business  risks,  etc. 
Still,  labor  leaders  have  been  loud  In  their  condemnation  of 
the  brick  manufacturer  as  an  alleged  profiteer. 

All  Lose  but  the  Extra  Man. — As  a  net  result  of  this  cam- 
ppign  by  the  union  for  a  reduction  in  output,  the  cost  of 
the  mason's  time  in  laying  brick  has  increased  from  about 
*2  per  1,000  to  over  $20,  although  the  individual  mason  re- 
ceived but  slightly  more  than  double  his  former  wages  per 
hour. 

A  recent  demand  ot  the  wood  lathers  specifies  that  12 
bundles  of  laths  shall  constitute  a  day's  work.  For  the  past 
few  years  16  bundles  have  been  the  average  output  and  for- 
merly 30  bundles  per  day  was  not  an  unusual  output. 

It  was  fcrmerly  the  custom  .uuong  many  contractors  to 
sublet  various  portions  of  the  work  to  the  workmen  direct. 
Thus,  the  laying  ot  brick,  the  applying  of  lathing,  plaster, 
paint,  etc..  was  frequently  done  upon  a  piecework  basis.  The 
men  who  undertook  this  work  competed  tor  it  on  a  price 
basis  and  naturally  exerted  themselves  to  the  utmost  to  pro- 
duce the  maximum  of  output  and  therefore  of  remuneration. 
This  practice  has  long  since  been  prohibited  by  the  several 
unions  under  penalty  of  a  heavy  fine  for  violation  the  theory 
being  that  the  increased  production  which  resulted  under 
this  system  deprived  other  union  men  of  an  opportunity  for 
employment. 

Another  method  which  has  been  found  by  the  unions  to 
be  efficacious  in  creating  additional  jobs  for  their  members, 
hns  been  the  simple  expedient  of  insisting  that  high  priced 
skilled  mechanics  must  be  employed  to  do  certain  work 
which  otherwise  would  naturally  be  done  by  unskilled  labor 
and  in  some  cases  even  might  require  no  labor  whatever. 

Union  Dictation. — Having  secured  complete  mastery  over 
the  employers  through  this  strategic  position  it  has  been 
a  simple  matter  for  the  unions  to  dictate  the  entire  labor 
conduct  of  the  industry.  Each  union  today  has  its  so-called 
working  rules  which  form  an  integral  part  of  the  written 
agreements  which  employers  are  obliged  to  accept  if  they 
expect  to  obtain  the  services  of  members  ot  that  union. 
These  rules  prescribe  in  more  or  less  detail  the  requirements 
which  must  be  observed  by  the  employer  and  limit  to  a  con- 
siderable extent  the  amount  of  service  which  a  member  may 
render. 
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The  Foreman's  Authority  Taken. — While  each  union  has  its 
own  puiticiilar  nilos.  many  of  the  provisions  are  more  or  less 
common  to  the  great  majority.  Thus,  substantially  all  such 
rules  require  that  foremen  shall  be  members  of  the  unions 
in  question.  The  effect  of  this  provision  is  to  subject  the 
foreman  to  two  conflicting  influences.  If  lie  is  loyal  to  his 
employer,  he  may  be  deemed  offensive  to  his  union;  and  if 
he  satisfies  the  union,  it  very  often  is  because  he  has  been 
disloyal  to  his  employer. 

Formerly,  a  foreman  was  the  recognized  mouthpiece  of  the 
employer  and  assumed  all  the  responsibilities  and  functions 
of  the  latter  during  his  absence.  He  was  charged  with  the 
duty  of  obtaining  a  satisfactory  degree  of  service  from  all  of 
the  employes  under  his  direction.  The  employer  looked  to 
the  foreman  alone  for  results  and  the  foreman  in  turn  exer- 
cised full  authority  over  his  men. 

The  relationship  has  been  greatly  altered  in  recent  years 
by  this  requirement  that  foremen  must  themselves  be  mem- 
bers of  the  unions  pertaining  to  their  craft  and  have,  there- 
fore, to  be  acceptable  to  the  other  members  of  the  unions 
who  are  to  work  under  them.  In  case  a  foreman  for  any 
reason  becomes  obnoxious  to  the  men,  a  complaint  is  tiled 
against  him  with  the  union  officials  and  he  is  tried,  not  by  a 
group  of  fellow'  foremen,  but  by  members  selected  from  tiie 
rank  and  tile  who  have  authority  to  recommend  his  suspen- 
sion or  expulsion  from  the  union. 

During  the  construction  of  the  Army  Base  work  a  fore- 
man's union  card  was  ta!<en  from  him  and  he  was  debarred 
by  the  union  from  further  connection  with  the  work.  Upon 
inquiring  of  the  union  officials  I  was  informed  that  the  charge 
heard  against  him  was  that  he  used  profanity  lo  the  men.  It 
appeared  that  his  case  had  been  considered  by  a  secret  tri- 
bunal which  had  recommended  his  expulsion  and  the  find- 
ings ^\ere  approved  by  the  union  membership.  The  records 
showed  that  he  was  one  of  the  most  efficient  foremen  on  the 
work  in  the  matter  of  low  production  cost  and  satisfactory 
workmanship.  It  seemed  clear  to  me  .<)t  the  time  that  he  had 
been  thus  disciplined  because  of  too  much  insistence  upon 
results  from  his  men. 

The  Trade  rules  of  the  Carpenters'  District  Council  pro- 
vide as  follows: 

"While  all  foremen  should  prove  their  efficiency  as  such, 
they  shall  not  rush,  use  abusive  language  or  otherwise  abuse 
workmen  under  their  direction.  A  violation  of  this  rule  is 
punishable  by  a  fine,  expulsion  from  the  job.  or  both." 

A  Union  Foreman's  Opinion. — A  prominent  Boston  con- 
tracting concern  wrote  to  one  of  its  foremen  requesting  a  re- 
port as  to  why  his  work  was  costing  so  much  and  proceed- 
ing so  slowly.  The  foreman's  reply,  in  part,  in  his  own  words, 
was  as  follows: 

In  regards  to  a  foreman  in  any  trade  l.elonKing  to  a  Trade  t'nion 
it  lias  a  tendency  to  take  away  his  authority,  and  he  has  not 
the  control  over  the  men  that  he  would  liave.  if  he  did  not  have 
to   be   one  of   them. 

He  should  be  allowed  to  pick  out  and  discharge  his  poorest 
rnen  at  ar.y  time,  even  when  he  is  takin.g  on  more  men,  and 
should  not  always  be  afraid  of  getting-  in  wrong  with  his  "I^ocal." 
and  having  a  fine  rut  on  him.  which  under  the  present  condi- 
tions, they  can  do.  That  is  one  of  the  rea.sons  that  workmen  of 
today  are  not  doing-  a  day's  work,  simply  because  they  do  not 
have  to,  and  under  the  present  conditions  it  is  impossible  to 
speed  up  the  work  with  a  Union   Foreman   in    charge. 

On  about  all  work,  there  has  always  lieen  a  feeling  of  dissatis- 
faction among  some  of  the  men,  that  they  were  not  being  used 
the  same  as  the  others. 

As  there  is  always  .some  undesiratile  work  to  perform,  and 
you  would  naturally  pick  out  your  peon  st  men  to  do  such  work, 
the  consequences  are.  complaints  are  taken  to  the  "Ixical"  and 
then  your  foreman  is  called  down  again,  then  again,  when  your 
poorer  men  are  put  to  work  with  the  r.tlii  rs  in  almost  all  ca.ses 
your  work  slows  down  to  your  slowest  men.  and  until  you  can 
control  such  men,  to  grading  them  with  :i  sliding  scale,  this 
trouble  will  always  exist. 

A  Few  Unreasonable  Requirements. -The  rules  of  the 
Plumbers'  Union  provide  that  — 

It  shall  he  the  duty  of  all  foremen  to  report  any  man  late 
on  the  job  to  his  employer  at  the  time   it  occurs. 

This  rule  appears  to  be  commendable  in  its  nature  until  it 
i«  explained  that  the  union  insists  that,  inasmuch  as  this  is 
the  only  express  stipulation  of  its  kind  in  the  rules,  it  there- 
lore  follows  that  the  foreman  can  rejiort  only  this  infraction 
and  no  other  to  his  employer. 

A  foreman  in  the  Painters'  Union   is   prohibited  from  com- 


menting as  to  whether  a  man  is  doing  a  proper  or  impropei' 
amount  of  work. 

The  Plumbers'  Union  rules  provide  that  no  man  may  be 
employed  as  a  superintendent  who  for  any  reason  is  in  bad 
standing  with  the  union,  although  the  superintendent  is  not 
necessarily   required  to  be  a  union  man. 

The  electricians  and  the  lathers  both  submitted  demands 
Jan.  1,  last,  requiring  that  on  jobs  employing  three  or  more 
men  a  foreman  shall  be  employed  or  at  least  one  of  the  men 
should   receive  a   foreman's  pay. 

Another  matter  which  has  been  taken  from  the  employers' 
control  by  the  unions  is  that  of  selecting  and  employing  ap- 
prentices in  the  several  trades.  Young  men  desiring  to  learn 
a  trade  in  former  years  were  accustomed  to  apprentice  them- 
selves to  an  employer  who  undertook  to  train  them  and  event- 
ually fit  them  to  serve  as  finished  journeymen.  This  system 
some  years  ago  became  offensive  to  the  unions  because  it 
was  believed  that  too  many  journeymen  were  being  educated 
for  the  welfare  of  the  union.  Also  apprentices  were  used  for 
many  of  the  simpler  duties  to  the  exclusion  of  union  journey- 
men. Therefore  the  unions  ultimately  insisted  that  appren- 
tices  should   be  furnished   only   through   the   unions. 

Since  this  time  many  rules  have  been  established  by  the 
unions  regulating  the  selection,  employment  and  work  of 
apprentices.  The  general  tendency  has  been  to  restrict 
greatly  the  allowable  number  of  such  apprentices  and  to 
select  them  with  regard  to  their  union  proclivities  and  affilia- 
tions. 

A  tendency  of  recent  years  on  the  part  of  the  unions  has 
been  to  prescribe  rules  governing  payment  for  all  expense  of 
travel  when  men  are  sent  out  of  town  and,  in  addition,  all 
hoard  and  expenses.  The  time  of  reporting  tor  and  leaving 
work  is  also  covered  by  a  great  variety  of  rules. 

Prohibiting  Efficiency. — There  are  several  rules  which  pro- 
hibit  work  being  done  in  the  most  economical  manner. 

Thus,  it  is  provided  by  the  Plumbers'  and  Steamfitters' 
linions  that  all  piping  up  to  21/2  in.  in  diameter  must  be  cut 
on  the  job  by  hand.  It  would,  of  course,  be  very  much 
cheaper  to  have  all  of  the  piping  cut  to  exact  measure  in  the 
shop,  using  power  machines  for  the  purpose,  or  even  to  cut  it 
on  the  job  using  power,  but  this  is  absolutely  prohibited  by 
the  rules  of  these  unions. 

The  ornamental  work  in  plastering  was  once  cast  in 
moulds  at  the  shop  and  erected  as  units  by  the  plasterers. 
Now  the  union  requires  that  all  of  this  work  must  be  run  in 
place  by  hand  work 

Paint  spraying  machines  have  recently  been  invented  which 
may  be  effectively  used  for  painting  flat  surfaces.  Govern- 
ment tests  have  demonstrated  their  efficiency  and  cheapness 
as  compared  with  hand  painting.  The  rules  of  the  Painters' 
Union,   however,   prohibit   their  use. 

The  Painters'  TTnion  also  prohibits  the  use  of  a  brush  more 
than  41/2   in.  wide  in  applying  paint   by  hand. 

The  Plasterers'  Tenders'  ITnion  specifies  the  particular  size 
of  hod  it  will  use  and  also  requires  that  no  bag  material  shall 
weigh   more   than   100   lb. 

The  evident  intention  of  the  rules  just  referred  to  is  to 
make  work  for  more  men  regardless  of  economic  considera- 
tions. 

Skilleo  Men  for  Low  Grade  Work. — Another  group  of  rules 
is  aimed  to  compel  the  use  of  high-priced  skilled  mechanics 
to  do  unskilled  work  which  any  intelligent  laborer  might  do. 

For  example,  plumbers  musl  handle  all  plumbing  materials 
after  they  have  been  delivered  on  the  first  floor.  An  em- 
l>loyer  might  prefer  to  lift  the  bath  tubs  for  the  upper  stories 
by  means  of  a  derrick,  but  the  rules  i)rovide  that  they  must 
i)e  handled  by  plumbers. 

-Automatic  electric  pumps  are  freiiuently  installed  for  per- 
manent drainage  of  subways  and  deep  basements,  and  are 
found  to  require  only  occasional  inspection  for  oiling.  On  a 
construction  job,  however,  such  a  pump  requires  the  constant 
attention  of  a  union  engineer  at  .fl  per  hour. 

.Similarly,  a  small  gasoline  dri\en  diaphragm  pump  of  the 
type  formerly  operated  by  hand  now  requires  a  union  en- 
gineer, although  any  intelligent  water  boy  is  competent  to  do 
the  actual  work  required  of  him  in  addition  to  his  other  du- 
ties. 

Pay  for  Work  Not  Done. — A  steam  operated  derrick  engine 
on  a  certain  job  projierly  required  a  hoisting  engineer.  An 
elettrically  driven  concrete  mixer  on  the  same  job  did  not 
neressarily  re(inire  a  skilled  engineer,  but  employed  one 
nevertheless.   On  the  same  job  there  were  two  other  machines. 
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Installed,  a  cable  drum  elpctrically  operated  for  hauling 
charginK  cars  and  a  small  all-  compressor  also  electrically 
driven  to  riirnish  air  for  some  jack  hammers. 

Tlie  union  temporarily  could  not  supply  engineers  for  the 
two  latter  machines,  but  provided  that  the  wages  which 
would  have  been  paid  to  an  t-nKineer  on  the  compressor 
should  be  divided  between  the  two  members  of  the  union 
who  were  employed.  Also  it  was  directed  that  upon  any  day 
on  which  the  cable  drum  was  operated  an  additional  two 
hours'  pay  should  be  allowed  one  of  these  men.  Xo  service 
was  rendered  by  these  men  in  connection  with  the  operation 
of  either  machine  but  each  man  received  12  hours'  pay 
for  8  hours'  work,  and  if  the  second  machine  was  operated, 
one  man  was  allowed  14  hours'  pay  for  his  8  hours'  work. 

On  one  occasion  the  engineer  employed  to  operate  the  con- 
crete mixer  wished  to  attend  a  meeting  of  his  union  on  an 
evening  when  it  was  desired  to  run  his  machine.  He  arranged 
with  the  foreman  of  the  concrete  gang  to  look  after  his  work 
in  his  absence.  The  mixer  was  operated  until  9  p.  m.  and  the 
following  day  this  engineer  claimed  and  subsequently  re- 
ceived double  time  pay  for  the  period  during  which  the  ma- 
chane  was  operated  while  he  was  absent. 

On  another/ job  two  pile  driver  engines  were  employed, 
each  operated  by  a  union  engineer.  Two  small  electrically 
driven  concrete  mi.xers  were  in  use  at  the  same  time  and  the 
only  labor  required  to  be  done  upon  them  was  that  of  throw- 
ing in  the  switch  to  admit  the  electric  current.  This  work 
was  done  by  the  concrete  foreman.  The  union  required  that 
each  engineer  on  the  pile  drivers  be  paid  two  hours  extra 
each  day,  although  neither  engineer  ever  tended  the  appara- 
tus iu  question. 

Unnecessary  Carpenters  and  ironworkers. — The  Carpen- 
ters' I'nion  r(y|uires  that  all  temporary  work,  such  as  erect- 
ins  working  stagings  and  the  like,  shall  be  done  by  union 
carpenters:  also  that  the  stripping  of  forms  from  concrete 
surfaces  must  be  done  by  carpenters,  although  It  has  until 
very  recently  been  done  in  a  perfectly  satisfactory  manner  by 
laborers. 

All  men  employed  on  or  around  pile  drivers  and  lighters 
which  are  engaged  upon  wharf  l)uilding,  except  the  engineers, 
must  be  union  wharf  builders,  a  branch  of  the  Carpenters' 
Union.  Many  of  these  men  do  purely  laboring  work,  but  be; 
cause  of  their  rating  draw  skilled   men's  pay. 

For  several  years  after  reinforced  concrete  work  was  intro- 
duced into  this  locality,  the  steel  reinforcing  bars  used  to 
strengthen  the  concrete  were  handled  and  placed  by  common 
labor.  I.iater  it  was  provided  in  the  rules  of  the  Iron  Work- 
ers' Union  that  ail  of  this  work  should  be  done  by  members 
of  that  organization.  A  recent  job  in  this  locality  was  done 
by  a  non-union  contractor  using  laborers  to  handle  and  place 
the  reinforcing  steel  at  a  cost  of  ?7  per  ton.  A  similar  union 
job  going  on  at  the  same  time  required  union  iron  workers 
for  this  purpose  at  a  cost  of  $37  per  ton. 

Union  iron  workers  must  also  be  used  to  do  any  work  in 
the  nature  of  ricging,  that  is,  the  erecting,  dismantling  or 
operating  of  derricks  (other  than  operating  the  engine) ; 
loading  or  unloading  of  machinery;  erecting,  moving  or  dis- 
mantling towers,  chutes,  etc.  At  the  Army  Base  job  there 
were  used  a  large  number  of  very  light  derricks  hoisting 
small  buckets  out  of  the  foundation  excavations.  The  men 
actually  used  for  signaling  the  engineer  when  to  start  and  to 
stop  were  recruited  from  various  walks  in  life,  some  being 
former  street  sweepers,  some  retired  bartenders,  others  hav- 
ing served  as  janitors,  but  all  at  that  time  rated  under  a 
union  permit  card  as  skilled  union  iron  workers. 

Stoves  used  at  night  for  the  drying  out  of  plastering  may 
not  be  looked  after  by  the  ordinary  watchman  but  must  be 
ateended  by  a  member  of  the  Plasterers'  Tenders'  Union. 
Similarly,  all  dirt  or  debris  made  by  a  plasterer  must  be 
cleaned  up  by  a  union  tender  and  not  by  unskilled  labor. 

Union  plumbers  must  be  used  to  lay  even  temporary  piping 
used  for  construction  purposes  only,  as  well  as  the  suction 
and  discharge  piping  of  pumps. 

Union  sprinkler  titters  must  be  employed  to  lay  under- 
ground cast  iron  pipes  which  conduct  water  to  the  sprinkler 
system;  and  union  plumbers  similarly  must  lay  cast  iron 
water  pipes  connecting  with  the  building  plumbing.  Neither 
of  these  trades  Is  as  efficient  as  a  trained  laboring  gang  ex- 
perienced In  this  class  of  work. 

It  must  be  apparent  that  the  sole  object  of  rules  such  aa 
these  is  to  provide  work  for  the  maximum  number  of  mem- 


bers of   the   union   in   question,    regardless   of   the   economic 
etTect  upon  the  cost  of  the  work. 

Interference  with  Business. — There  are  numerous  rules  of  a 
purely  dictatorial  character  which  serve  to  restrict  the  em- 
ployer in  the  exercise  of  his  natural  functions. 

As  an  illustration,  the  plumbers'  rules  provide  that  the 
employing  plumber,  or  one  of  them  if  it  is  a  firm,  may  do  so- 
called  jobbing  work  in  the  shop  provided  he  does  not  do 
more  than  .^0  per  cent  of  all  the  jobbing  to  be  done. 

The  Plasterers'  Union  rules  provide  as  follows: 

"The  employer  shall  be  allowed  the  privilege  of  closing  his 
weekly  payroll  on  Thursday  night  in  the  Greater  Boston  dis- 
trict." 

A  revised  constitution  of  the  Lathers'  International  Union 
adopted  at  the  annual  convention  at  Toledo  in  September  of 
last  year  provides  that  "All  locals  shall  have  power  to  regu- 
late the  granting  of  permits  to  contracting  lathers,  provided: 

"First.  That  the  fee  charged  contractor  or  solicitor,  shall 
be  left  to  the  discretion  of  each  local,  but  not  to  exceed  $100 
and  the  resident  limit  cannot  exceed  one  year." 

Tiie  effect  of  tiiis  rule  is  actually  to  prohibit  any  contract- 
ing lather  from  doing  business  unless  he  first  secures  a  per- 
mit from  the  union  at  not  exceeding  the  sum  of  $100,  which 
permit  must  be  renewed  yearly. 

The  Lathers'  Union  also  contains  a  provision  that  men 
working  less  than  four  hours  shall  be  entitled  to  at  least 
four  hor.rs'  pay  and  if  more  than  four  hours  is  worked  the 
men  must  be  paid  at  least  eight  hours'  pay. 

The  Painters'  Union  requires  that  men  shall  not  go  to  the 
shop  for  tools  or  material  during  tiie  noon  hour  but  may  only 
do  so  during  the  working  time.  Similarly,  the  Lathers'  Union 
provides  that  men  shall  not  be  shifted  from  one  job  to  an- 
other during  tlie  noon  hour. 

Both  Lathers'  and  Plasterers'  Unions  insist  that  when  em 
ployers  liave  occasion  to  do  work  within  the  jurisdiction  of 
another  local,  50  per  cent  of  the  men  must  be  hired  from 
that  local. 

The  Lathers'  Union  specifies  the  particular  kind  of  nails 
and  staples  which  the  employer  must  furnish. 

Pay  for  Reporting. — The  Hoisting  Engineers'  Union  directs 
that  men  who  report  for  duty  shall  be  paid  two  hours'  pay 
for  reporting  if  not  put  to  work,  unless  they  have  been  noti- 
fied at  the  end  of  the  previous  shift  not  to  report.  Thus,  If 
it  happens  to  be  stormy  in  the  morning  so  that  no  work  can 
be  done,  the  engineers  must  still  be  paid  12  for  reporting.  If 
an  engineer  is  put  to  work  at  all  on  the  day  shift,  he  is  en- 
titled to  at  least  four  hours'  pay  and  eight  hours'  pay  it  he 
starts  to  work  on  a  night  shift. 

The  engineer  must  be  paid  one  hour's  pay  for  getting  up 
steam,  which  work  he  shall  do  unless  the  night  watchman  is 
also  a  licensed  man,  in  which  case  the  latter  may  get  up 
steam  for  the  engineer. 

Work  Paid  for  Twice. — If  any  work  is  done  on  or  with  an 
engine  during  the  absence  of  the  regular  engineer  he  must 
be  paid  just  as  if  he  had  been  present.  In  one  case  an  engi- 
ne"- was  requested  by  his  employer  to  work  on  Saturday 
af^noon  and  Sunday  in  order  to  make  some  needed  repairs 
on  his  engine  so  that  the  work  would  not  be  tied  up  on  the 
following  Monday.  The  engineer  refused  because  of  another 
engagement.  Thereupon  the  employer  hired  some  machinists 
from  a  nearby  shop  who  siade  the  desired  repairs.  The  engi- 
neer subsequently  made  a  claim  for  and  received  pay  at 
double  time  rates  for  the  period  during  which  the  machinists 
worked. 

Some  steel  reinforcement  was  placed  by  union  iron  work- 
ers on  a  Saturday.  On  the  following  Sunday  a  gang  of  la- 
borers was  used  to  place  concrete  around  the  rods.  The  steel 
was  found  to  be  not  in  its  correct  position  and  so  was  taken 
out  and  replaced  by  the  laborers.  The  iron  workers  subse- 
quently demanded  and  received  pay  for  the  work  as  if  they 
had  been  present. 

A  hoisting  engineer  can  be  used  to  operate  only  a  particu- 
lar machine.  Even  though  his  engine  be  temporarily  idle  he 
cannot  be  shifted  to  another,  but  a  second  man  must  be 
employed  for  this  purpose.  On  one  job  some  repairs  were  to 
be  made  upon  a  large  grab  bucket.  Machinists  were  brought 
out  on  a  Sunday  to  do  the  work.  An  occasional  lift  by  means 
of  a  derrick  was  required  for  a  few  minutes  at  a  time.  An 
engineer  w-ho  was  on  duty  looking  after  a  pump  was  compe- 
tent to  do  the  necessary  work,  but  he  could  not  be  used  be- 
cause the  rules  required  that  the  regular  engineer  on  the  der- 
rick was  the  only  man  who  could  touch  the  machine  at  any 
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time,  i^is  a  result,  the  regular  man  was  used  and  paid  at 
double  time  rate  to  make  about  six  or  eight  lifts,  while  the 
other  engineer  was  an  interested  spectator.  Incidentally,  it 
costs  an  engineer  a  $5  fine  if  he  is  caught  breaking  this  rule. 

A  hoisting  engineer  not  only  must  confine  himself  to  his 
own  machine  but  he  must  not  furnish  steam  to  a  second 
unit  unless  he  received  two  hours'  extra  pay  per  day  for  so 
doing.  Furthermore,  not  more  than  one  extra  machine  can 
be  attached  to  his  boiler. 

No  engineer  is  permitted  to  take  the  place  of  a  discharged 
engineer  without  first  securing  the  permission  of  the  busi- 
ness agent  of  the  union. 

The  hoisting  engineers'  rules  provide: 

In  case  of  any  misunderstanding  between  engineer  and  em- 
ployer in  regard  to  wages  or  conditions,  engineers  shall  refer 
matter  to  Business  Agent,  whose  decision  shall  be  binding 
till  next  meeting  of  this  union. 

Restrictions  on  Employers. — Practically  all  of  the  unions 
have  adopted  a  rule  that  members  must  be  paid  ofT  during 
working  hours  and  are  entitled  to  pay  at  overtime  rates  for 
all  time  while  waiting  for  pay  after  hours. 

The  Cement  Finishers'  Union  insists  that  the  employer 
cannot  hire  his  men  direct  but  only  through  the  union  office. 
In  this  manner  the  men  are  kept  under  strict  discipline,  be- 
cause they  may  be  easily  penalized  by  the  business  agent  for 
any  infraction  of  the  rules  or  understandings  by  not  being 
assigned  to  a  job  for  a  week  or  two.  It  is  also  possible  to 
punish  a  contractor  when  deemed  desirable  by  sending  him 
the  poorest  men  or  by  limiting  the  number  of  men  he  may 
use. 

A  contractor  cannot  choose  which  engineer  he  desires  to 
keep  when  on<r  or  more  machines  are  shut  down.  He  must 
release  the  man  whose  engine  is  dispensed  with  even  though 
this  be  his  best  man. 

More  Limitation  of  Duties. — Engineers  are  not  allowed  to 
operate  the  water  valve  on  a  concrete  machine,  although  the 
valve  is  purposely  placed  within  easy  reach  of  the  operator 
of  the  machine.  As  a  result  the  engineer  must  step  aside 
each  time  the  mixer  is  charged  in  order  to  allow  a  laborer  to 
take  his  place  for  a  few  seconds  and  turn  the  water  valve. 

The  Electricians'  Union  rules  require  that  members  work- 
ing in  the  harbor  shall  be  paid  from  time  of  leaving  to  return 
and  in  no  case  for  less  than  a  full  day. 

The  minimum  period  for  which  an  electrician  may  be  paid 
is  cne-half  day. 

The  1921  demand  of  the  Engineers'  Union  provides  respect- 
ing overtime,  that  "an  engineer  shall  receive  not  less  than 
two  hours'  pay  for  any  fraction  of  an  hour's  work." 

The  Stone  Cutters'  Union,  in  order  to  penalize  any  work 
done  outside  of  its  jurisdiction,  provides  that  its  rate  of  pay 
shall  be  five  cents  an  hour  more  than  the  normal  rate  for 
work  done  on  stone  which  has  been  partially  worked  else- 
where. 

A  certain  wood  carver  paid  his  men  the  union  rate  and  in 
addition  gave  them  a  bonus  for  all  work  over  a  definite 
amount.  The  union  agent  upon  discovering  this  fact  ordered 
the  practice  stopped  upon  the  grounds  that  it  served  as  too 
much  of  a  spur  to  the  men. 

All  rules,  such  as  the  preceding,  are  the  natural  conse- 
quence of  the  absolute  power  vested  in  tlie  unions  by  reason 
of  their  monopoly  of  control  over  the  industry. 

Jurisdictional  Disputes. — One  of  the  annoying  and  expen- 
sive features  of  trades  unionism  in  the  building  industry  is 
that  pertaining  to  jurisdictional  disputes.  There  are  some 
twenty-seven  separate  trades  unions  which  have  to  do  with 
building  work.  Frequent  questions  arise  between  them  as 
to  which  one  is  entitled  to  do  certain  work. 

For  instance,  carpenters  and  iron  workers  quarrel  over  the 
question  of  which  has  the  right  to  set  steel  sash  and  door 
frames. 

The  iron  workers  and  steam  fitters  Im'IIi  claim  the  right  to 
install  pipe  railings. 

Electricians  and  elevator  constructors  disagree  over  the 
placing  of  certain  devices  in  connection  with  electric  controls. 

Iron  workers  and  metal  lathers  both  claim  the  work  of 
placing  steel  reinforcing. 

Cement  finishers  and  bricklayers  each  insist  upon  pointing 
around  steel  sash. 

Stone  cutters  and  cement  finishers  each  claim  the  rubbing 
down  of  concrete  surfaces. 

During  the  construction  of  the  Army  Base  a  number  of 
pumps  known  as  pulsometers  were  used   in  connection  with 


the  foundation  work.  They  required  frequent  relocating  and 
each  time  they  were  moved  it  necessitated  the  use  of  two 
stamfitters  to  disconnect  and  reconnect  the  steam  pipes;  two 
plumbers  to  remove  and  replace  the  suction  and  discharge 
pipes;  then  iron  workers  (riggers)  to  hoist  and  lower  the 
apparatus  in  the  holes  and  an  engineer  to  turn  the  steam 
valve.  The  engineer  and  a  good  laborer  could  have  done  all 
of  the  work  required  in  much  less  time  and  in  an  equally 
satisfactory  manner. 

Electricians  and  the  X-Ray  Machine. — A  certain  hospital  in 
this  city  had  occasion  to  move  its  X-Ray  machine  to  a  new 
building.  A  specialist,  who  for  twenty  years  had  done  nothing 
but  erect  such  machines,  was  engaged  to  do  the  work.  It  so 
happened  that  a  number  of  union  electricians  were  employed 
at  the  time  on  the  new  building  and  they  immediately  de- 
manded that  tlie  specialist  cease  work  upon  the  X-Ray  ma- 
chine and  that  the  work  be  turned  over  to  them  to  do. 

The  specialist  was  thereupon  discharged  and  the  union 
men  were  directed  to  proceed  with  the  installation.  None  of 
the  union  men  was  experienced  with  such  work  and  from 
time  to  time  they  called  upon  the  operator,  a  female  nurse, 
to  explain  to  them  how  the  machine  was  assembled.  Re- 
peatedly work  which  was  found  to  be  wrong  h*d  to  be  undone 
and  changed.  Finally,  being  utterly  unable  to  make  the  ma- 
chine work,  the  union  men  called  upon  the  specialist  to 
advise  them  and  he  refused,  whereupon  the  union  men  gave  up 
the  job,  the  specialist  was  again  called  in  and  the  installa- 
tion finally  completed. 

The  usual  period  required  by  the  specialist  for  such  an 
installation  was  from  three  to  four  days.  Altogether,  between 
two  and  three  weeks  were  required  in  this  case. 

In  addition  to  the  excessive  cost  involved,  all  patients 
requiring  X-Ray  treatment  had  to  be  sent  to  another  hospital 
during  this  period. 

The  Eight  Hour  Day. — Regardless  of  its  merits  or  objec- 
tions, the  eight-hour  work-day  has.  by  more  or  less  common 
consent,  come  to  be  recognized  as  definitely  established.  Such 
a  limitation  has  seemed  especially  desirable  "in  the  case  of 
indoor  employment  involving,  as  is  frequently  the  case,  poor 
light,  bad  ventilation  and  extremely  close  application. 

The  work  of  the  building  trades  laborer  is  conducted,  usu- 
ally, in  the  open  air  under  exceptionally  good  hygienic  condi- 
tions, and  it  might  reasonably  be  presumed  that  the  length  of 
the  working  period  was  a  matter  of  less  importance  in  this 
instance  than  in  the  former  case. 

Furthermore,  the  work  of  the  building  mechanic  is  not 
continuous,  as  is  that  of  the  factory  worker,  but  is  frequently 
interrupted  by  bad  weather  conditions  and  by  lapses  in 
employment,  so  that  employees  in  this  industry  have  many 
opportunities  for  rest  and  recuperation  which  are  not  open 
to  the  indoor  worker.  Nevertheless,  tke  eight-hour  work-day 
has  been  generally  adopted  in  the  building  industry  as  an 
accepted  and  desirable  limit  and  is  universally  insisted  upon 
by  all  trades  unions. 

There  are  some  reasons  for  believing  that  the  labor  leaders 
have  not  always  been  consistent  in  their  attitude  toward  the 
eight-hour  day;  but  however  this  may  be,  it  has  frequently 
been  apparent  that  the  workmen  themselves  have  preferred 
a  longer  work-day,  especially  if  it  involved  bonus  pay  in  the 
form  of  overtime  allowances. 

Overtime  Abuses. — During  the  war,  because  of  the  demand 
for  excessive  production,  overtime  work  was  general  and 
accounted  in  large  measure  for  the  great  increase  of  income 
enjoyed  by  labor  during  that  period.  After  the  signing  of  the 
armistice,  however,  the  eight-hour  day  was  re-established  with 
the  result  that  labor  became  very  much  dissatisfied  and 
strikes  on  government  work  were  frequent  in  protest  against 
what  was  considered  to  be  a  reduction  in  pay. 

It  is  a  requirement  of  all  union  rules  in  the  building  indus- 
try that  work  in  excess  of  eight  hours  per  day  shall  be  paid 
for  at  double  the  standard  rate.  The  philosophy  of  the  labor 
men  on  this  point  is  that  more  than  8  hours'  continuous 
occupation  is  destructive  of  the  physical  and  mental  well- 
being  of  the  men  and  that,  in  order  to  prevent  unscrupulous 
employers  from  exacting  an  excessive  day's  work  from  their 
employees,  a  penalty  must  be  imposed  which  will  deter  them 
from  exceeding  the  S-hour  period. 

The  amount  of  penalty  for  overtime  work  would  be  a 
matter  of  small  concern  to  the  employer  were  it  not  for  the 
fact  that  it  is  practically  impossible  to  avoid  overtime  work 
entirely  without  involving  uneconomic  consequences.  Often- 
times  it  is  necessary   to  carry  the   work  to  a  cert;un  point 
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belorc  stoppInK  for  the  ni^hl.  and  it  this  point  is  not  reached 
at  the  end  of  the  eight-hour  period,  the  work  must  be  com- 
pleted un<ler  penalty  rates.  Sometimes  a  small  amount  of 
prf'paratory  work  Is  required  to  be  done  after  hours  to  permit 
the  balance  of  the  work  going  forward  promptly  the  follow- 
ing day.  Repairs  to  machinery  must  frequently  be  made  after 
hours  to  prevent  the  interruption  to  the  work  which  would 
result  if  they  were  made  within  the  S-hour  period.  For  all 
such  work  the  employer  must  pay  two  hours'  pay  for  each 
hour  actually  worked. 

If  it  were  true  that  the  unions  desired  only  to  discourage 
unnecessary  overtime  work,  the  result  could  be  accomplished 
quite  as  readily  by  a  penalty  of  50  per  cent  additional  pay  as 
by  the  100  per  cent  now  imposed.  No  employer  is  likely  to 
add  .'ill  per  cent  or  even  10  per  cent  to  his  labor  cost  unless  it 
is  an  absolute  necessity.  As  a  matter  of  fact,  the  100  per  cent 
tax  is  really  looked  upon  by  the  labor  men  as  affording  an 
opportunity  for  increased  compensation,  and  hence  the  rate 
Is  deemed  by  them  to  be  of  considerable  importance. 

During  the  construction  of  the  .\rmy  Base,  which  work 
was  carried  on  day  and  night,  the  labor  delegates  frequently 
complained  that  some  men  were  unduly  favored  by  the  su- 
perintendent through  receiving  a  disproportionate  share  of 
overtime  work. 

A  rule  of  the  Electricians'  Union  reads  as  follows:  "When 
a  contractor  Hnds  it  necessary  to  work  men  overtime,  men 
working  on  the  job  must  have  the  preference." 

It  is  the  custom  in  cement  titiishing  work  for  the  men  to 
spread  and  level  off  the  mortar  surfacing  during  the  forenoon 
and  to  wait  for  it  to  set  surticiently  before  giving  it  the  final 
trowelling  later  in  the  day.  The  mortar  last  spread  is  usually 
not  ready  for  trowelling  until  late  in  the  afternoon,  so  that 
overtime  in  a  considerable  amount  is  usually  necessary  to 
complete  the  day's  work. 

To  meet  this  situation,  there  have  been  introduced  certain 
ingre.iients  known  as  accelerators,  which  hasten  the  setting 
of  the  cement  and  permit  the  final  trowelling  to  proceed 
almost  immediately.  The  local  cement  finishers'  union  has 
refused  to  use  these  accelerators  because  such  use  deprives 
its  members  of  their  overtime. 

Some  unions  require  that  their  men  shall  receive  double 
pay  for  all  work  at  night,  even  though  they  be  employed  on 
a  regular  night  shift. 

An  electrician  was  required  to  watch  a  certain  piece  of 
electric  apparatus  which  ran  continuously  on  a  certain  con- 
struction job.  He  w-as  in  attendance  from  h  p.  m.  to  5  a.  m. 
seven  nights  a  week  and  received,  under  the  union  rules. 
168  hours'  pay  per  week.  His  duties  consisted  in  seeing  that 
the  apparatus  was  oiled  occasionally  and  he  sometimes  was 
required  to  throw  a  switch. 

During  the  labor  shortage  of  the  past  two  years,  employ- 
ers discovered  that  a  plentiful  supply  could  usually  be 
obtained  by  increasing  the  daily  working  hours  beyond  that 
customary  in  the  locality  with  the  resultant  increase  of  bonus 
on  the  excess  over  8  hours. 

If  labor  leaders  are  sincere  in  their  expressed  desire  to  keep 
all  jobs  within  the  8-hour  limit,  this  could  best  be  accom- 
plished by  reducing  the  overtime  allowance  to  an  amount 
which  would  look  less  attractive  to  their  workmen  and  at 
the  same  time  would  operate  to  penalize  the  employer  suffi- 
ciently to  prevent  its  too  frequent  adoption. 

A  Five  Day  Week. — The  5-day  week  has  now  been  adopted 
by  five  ot  the  trades  connected  with  the  building  industry. 
As  a  matter  of  fact,  the  5-day  week  means  the  elimination  of 
all  work  on  Saturday,  for  even  though  the  first  five  days  of 
the  week,  or  any  of  them,  be  stormy  so  as  to  prevent  any 
work  being  done,  the  men  are  still  prohibited  from  working 
on  Saturday  except  under  a  special  permit  and  then  only  at 
double  lime  rates. 

As  long  as  the  balance  of  the  building  trades  work  on 
Saturday  forenoon,  it  is  more  or  less  necessary  to  utilize 
some  of  the  men  from  the  5-day  trades  in  order  to  prevent 
interiuption  to  the  work.  All  such  men  must  have  the  per- 
mission of  their  business  agent  and  in  addition  must  receive 
double  time  for  the  period  worked  on  Saturday.  Naturally, 
this  s>i\iation  creates  a  preferred  class  of  workmen  so  far  as 
Saturday  work  is  concerned,  and,  in  addition  to  the  added 
cost  lo  the  employer,  produces  an  atmosphere  of  dissatis- 
faction among  the  men  of  other  trades  who  receive  only 
single  time  for  Saturday  forenoon. 

The  cumulative  result  of  the  almost  innumerable  require- 
n>.ni«  „f  the   unions  as  applied   to  the   building   industry  In 


IJoston  today  is  an  increased  cost  in  construction  of  probably 
at  least  25  per  cent.  In  other  words,  the  man  who  builds 
an  $S,000  house  pays  $2,0(i0  merely  to  satisfy  the  whims  of 
the  trades  unions,  and  the  sad  feature  of  the  matter  is  that 
nc  one  benelits  from  this  expenditure. 

The  Unions'  Great  Mistake. — On  the  face  of  things,  the 
unions  assume  that  they  are  protiting  through  the  payment 
of  additional  wages  and  the  employment  of  a  greater  number 
of  their  members.  As  an  actual  fact,  however,  this  increased 
cost  of  construction  drives  prospective  builders  out  of  the 
market,  with  the  result  that  the  total  volume  of  work  is 
greatly  decreased  and  the  average  yearly  income  of  the  work- 
man is  reduced. 

The  advocates  of  the  present  union  labor  policy  are 
apparently  not  intelligent  enough  to  realize  that  for  every 
owner  who  can  afford  to  pay  $2l»  per  thousand  for  laying 
bricki-,  there  are  five  or  six  other  owners  who  could  afford 
to  pay  $10  and  who  cannot  build  at  all  at  the  current  rate. 
For  each  owner  who  can  afford  to  pay  120,000  for  a  dwelling 
house,  there  are  probably  ten  who  would  be  willing  to  spend 
$10,1100  for  the  same  purpose.  An  hourly  rate  of  $1.50  as 
recently  demanded  by  the  unions  would  make  it  impossible 
foi  anyone  to  build  except  for  the  most  urgent  reasons,  and 
it  is  altogether  probable  that  the  yearly  income  of  the  men 
would  actually  be  less  at  this  rate  than  would  be  received 
by  them  under  a  rate  of  50  ct.  per  hour. 

The  fact  is  that  owners  absolutely  cannot  build  today, 
because  at  present  costs  the  possible  incomes  to  be  obtained 
from  the  completed  building  will  not  pay  the  investment 
and  upkeep  charges.  There  are  only  two  possible  remedies 
for  this  situation:  Lo  increase  rents  materially  or  to  reduce 
buiklii-.g  costs  by  a  substantial  amount. 

There  aio  projects  running  in  value  into  millions  of  dollars 
which  could  and  would  be  under  way  in  this  locality  now  if 
building  costs  were  reduced  sufficiently  to  meet  their  income 
possibilities.  Contrary  to  the  prevailing  notions  of  the  labor 
unions,  these  buildings  will  not  be  built  at  present  or  further 
increased  costs,  and  the  result  must  be  that  millions  of 
dollars  which  otherwise  might  be  distributed  in  labor  pay- 
rolls will  not  go  into  labor's  pocket. 

Building  materials  have  made  substantial  recessions.  Lum- 
ber, steel,  cement,  and  many  other  commodities  have  suffered 
very  material  reductions  in  prices.  It  remains  for  labor  to 
awake  to  its  responsibilities  and  to  eliminate  every  unneces- 
sary and  uneconomic  practice  which  adds  to  cost. 

Competition  vs.  Monopoly. —  But  the  labor  advocate  tells  us 
that  the  real  cause  of  high  costs  is  the  excessive  profit 
charged  by  the  contractor  for  his  service.  The  answer  to 
this  argument  is  very  simple.  By  the  provisions  of  law  the 
contractor  operates  in  open  competition  with  all  comers. 
Anyone,  labor  men  included,  may  enter  the  business  at  any 
time  and  secure  these  excessive  profits  for  themselves  if  they 
exist.  Nor  is  it  absolutely  essential  that  they  possess  any 
great  amount  of  capital.  I  have  known  of  many  contractors 
who  began  business  with  practically  no  money,  but  whose 
credit  was  good  because  of  their  reputation  for  honesty, 
ability  in  their  line,  and  their  general  knowledge  of  their  ; 
trade.  No  union  card  is  required  nor  is  anyone's  permission 
necessary  for  any  person  to  become  a  contractor.  Most  con- 
tractors would  welcome  a  condition  under  which  labor  would 
put  its  services  upon  the  same  basis  and  allow  each  member 
to  derive  his  income  in  unrestricted  competition  with  his 
fellows,  as  must  the  contractor. 

Government  statistics  tell  us  that  75  per  cent  of  the  men 
who  enter  business  in  the  country  fail,  and  the  building  busi- 
ness is  rated  as  one  of  the  most  hazardous  of  business 
callings. 

UndoubtPdly  a  majori'v  of  employers  would  appreciate 
the  o7;portunity  to  combine  and  agree  upon  their  prices  as 
do  tho  members  of  labor  unions.  This,  as  already  stated,  is 
forbidden  them  and  organized  labor  has  always  been  loudest  I 
in  condemnation  of  any  such  suggestion.  It  would  seem.  , 
therefore,  that  no  valid  criticism  can  be  directed  against  the 
occasional  employer  who  succeeds  in  spite  of  these  handicaps. 

Discontent. — It  might  quite  naturally  be  assumed  that  the 
increased  pay,  shorter  hours  and  lessened  unit  production 
which  union  conditions  have  brought  about,  would  be  greatly 
'tpprcciated  by  the  workmen  so  benefitted.  It  has  been  my 
observation,  however,  that  this  is  not  the  case.  Leaders  of 
organized  labor  have  diligently  and  continuously  attempted 
to  educate  their  member-  to  the  bel'ef  that  they  are  being 
denied    their  rightful   share   of  the   profits   of   industry:    that 
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they  arp  dit-ciiniinated  against  in  the  application  of  the  laws 
and  that  society  in  general  is  ungrateful  and  unresponsive 
for  the  superior  beneHts  conferred  upon  it  by  labor. 

As  a  result  of  this  effective  schooling,  labor  is  more  un- 
happy and  more  dissatisfied  with  its  lot  today  than  at  any 
previous  time  in  its  history.  Personal  initiative  and  indi- 
vidual pride  of  accomplishment  have  been  almost  completely 
destroyed  by  placing  all  men  upon  an  equal  basis  of  pay  and 
of  output.  In  addition,  there  has  gradually  come  the  dis- 
agreeable realization  that  with  increased  compensation  and 
reduced  output  there  must  necessarily  also  ensue  higher  cost 
for  commodities  and  a  commensurate  advance  in  the  cost  of 
living,  thereby  leaving  the  workman  no  better  off  and  fre- 
quently in  a  worse  state  than  before.  It  cannot  fairly  be  said 
that  such  a  result  from  the  activities  of  any  organization  Is 
indicative  of  a  beneficent  institution. 

Employer  and  Employee. — Organized  labor  has  always  in- 
sisted that  its  interests  are  naturally  antagonistic  to  those  of 
the  employer  and  this  impression  has  very  largely  prevailed 
in  the  minds  of  the  general  public.  .lust  why  this  assumption 
has  been  so  readily  adopted  it  is  difficult  for  me  to  under- 
stand. Unless  the  employer  is  prosperous,  it  must  be  evident 
that  his  employees  cannot  prosper.  That  which  makes  for  an 
increased  volume  of  work  benefits  both  classes,  and  that 
which  restricts  the  amount  of  work  which  can  be  undertaken 
similarly  does  injury  to  both.  It  would  seem  to  follow  that 
the  true  interests  of  both  groups  lie  along  parallel  lines. 

If  membership  in  a  trades  union  could  be  made  a  guarantee 
to  the  employer  and  public  alike  of  superior  skill,  efficiency, 
fidelity  and  co-operation  on  the  part  of  each  of  its  members, 
no  intelligent  employer  could  afford  to  deal  with  any  other 
body  of  workmen  even  though  the  rates  of  pay  were  corre- 
spondingly greater  for  union  employees. 

When  an  employer  resists  demands  of  the  union  which 
tend  to  lower  efficiency  and  to  increase  costs,  he  is  working 
for  the  union's  interest  quite  as  much  as  for  his  own,  tor 
such  practices  inevitably  reduce  the  volume  of  work  and  thus 
penalize  both. 

The  Living  Wage  Must  be  Produced. — It  has  recently  be 
come  popular  on  the  part  of  labor  unions  to  demand  what  is 
referred  to  as  a  living  wage.  As  I  understand  the  term,  it  is 
intended  to  represent  the  amount  of  inc<mie  which  will  allow 
the  recipient  at  current  prices  to  enjoy  the  standard  of  living 
which  he  has  established  as  desirable  for  his  comfort.  At  the 
present  time  this  so-called  living  wage  is  variously  estimated 
at  from  $2,000  to  $3,000  per  year. 

Apparently  in  the  establishment  of  these  figures  no  con- 
sideration has  been  given  to  the  gross  amount  of  wealth 
which  is  available  for  distribution  as  income.  Obviously,  if 
nothing  was  produced  in  the  world,  there  could  be  no  income 
tor  anybody.  The  greater  the  total  production,  the  greater 
the  average  income  becomes.  Let  us  see  what  the  actual 
figures  are. 

The  report  of  the  Internal  Revenue  Collector's  Department 
for  the  year  1918  indicates  that  there  were  l,8:!2,Ono  person.-^ 
in  this  country  whose  incomes  tor  that  year  were  in  excess 
of  12,000,  and  the  total  income  received  by  this  class  was 
?11, 191,000,0(10.  Assuming  five  members  to  the  average 
family,  there  would  be  approximately  22,000.000  families  to  be 
supported.  If  all  of  the  excess  incomes  over  $2,000  were  to 
be  confiscated  and  divided  among  the  remaining  families, 
each  family  would  receive  about  $374.  Furthermore,  the 
returns  indicate  that  there  were  some  IS.OOO.OOO  families 
receiving  less  than  $i,OiiO.  This  leaves  2,108,000  families 
with  incomes  between  $1,000  and  $2,000.  Assume  that  the 
18,000,000  families  all  received  as  much  as  $1,000  and  that 
the  2,l(i8,000  families  averaged  to  receive  $1,500.  we  would 
then  have  a  total  income  for  the  entire  country  of  $:!2,44.3, 
000,000.  Divide  this  figure  by  22,000,000  and  we  find  the 
average  income  to  be  approximately  $l,."'iOi)  per  family  per 
year.  These  figures  indicate  conclusively  that  present  pro- 
duction would  have  to  be  doubled  to  permit  an  average 
income  of  $.'5,000  per  family  in  this  country. 

The  labor  leader  or  sympathizer  who  demands  an  in- 
creased wage  combined  with  a  decreased  production  is 
advocating  an  economic  paradox. 

The  World  Situation. — During  the  past  four  or  five  years 
we  have  experienced  in  this  country  an  era  apparently  of 
exceptional  prosperity.  So  great  has  the  demand  for  all 
classes  nf  labor  and  commodities  been  that  wages  and  busi- 
ness profits  generally  advanced  to  unprecedented  high  level. 


The  money  which  we  paid  for  this  labor  and  for  the  com- 
modities was  in  part  the  accumulated  surplus  wealth  of  the 
countries  of  the  world  but  was  principally  derived  from  the 
hundreds  of  billions  of  borrowed  wealth  which  still  requires 
to  be  repaid.  By  far  the  greater  proportion  of  this  money 
was  not  paid  out  for  commodities  or  labor  which  permanently 
enriched  the  world's  resources,  but  rather  was  contributed  to 
the  waste  of  war  or  for  extravagances  and  luxuries  which 
were  of  only  passing  value.  As  a  result,  the  world's  wealth 
has  been  greatly  decreased  and  an  enormous  debt  accumu- 
lated. It  is  as  if  the  individual  had  squandered  his  personal 
savings  and  in  addition  had  exhausted  his  borrowing  credit, 
with  no  resulting  assets  with  which  to  discharge  his  debts. 

This  great  world  debt  has  to  be  paid.  It  can  be  paid  only 
by  the  individuals  who  people  the  earth.  Each  of  us  in  the 
last  analysis  must  pay  our  share.  Those  who  possess  money 
may  contribute  in  the  form  of  taxes.  Those  who  have  no  money 
will  contribute  either  in  the  form  of  additional  labor  or  of  a 
reduced  standard  of  living.  But  no  one  can  possibly  escape 
his  share.  For  any  person  or  any  group  to  argue  that  they 
are  permanently  entitled  to  the  same  (or  a  better)  net  in- 
come as  they  received  before  the  war,  is  to  argue  that  they 
should  be  relieved  from  payment  of  their  share  of  this  world 
debt. 

Organized  labor  has  shown  no  disposition  to  recognize 
these  economic  truths  or  to  admit  its  responsibility  for  assist- 
ing in  the  rehabilitation  of  normal  conditions. 

Thinking  people  in  all  walks  of  life  are  awakening  to  a 
realization  that  the  days  of  luxury  and  easy  incomes  which 
have  prevailed  for  the  last  few  years  are  now  a  thing  of  the 
past,  and  that  unless  woild  bankruptcy  and  economic  chaos 
are  to  follow  we  must  buckle  down  as  never  before  to  produce 
cheaply  by  eliminating  all  waste  in  industry  and  to  avoid  all 
unnecessar.v  extravagances  in  living  until  such  time  as  our 
enormous  debts  have  been  discharged.  By  this  means  only 
can  normal  conditions  again  be  established.  . 

If  organized  labor  refuses  to  co-operate  with  the  balance 
of  society  in  bringing  these  conditions  about,  then  we  must 
go  along  without  it. 


Construction  Operations  in  May 

Construction  activity  In  May,  according  to  figures  pub- 
lished by  the  F.  W.  Dodge  Co.,  was  Sti  per  cent  greater  than 
in  April.  Contracts  awarded  in  the  27  Northeastern  States  of 
the  country  during  May  amounted  to  $242,093,000,  compared 
with   $22O,8S.B.00O  in  April. 

The  increase  in  activity  should  have  been  greater  except 
for  widespread  labor  troubles.  In  New  Fngland  and  through- 
out the  Middle  West,  where  wage  disputes  have  been  pretty 
general,  building  activity  kept  up  during  May  at  about  the 
same  rate  as  in  April.  Substantial  increases  in  activity  were 
reported  in  the  territory  along  the  Atlantic  Coast  from  New 
York  to  South  Carolina. 

Residential  building  continues  to  lead  all  other  classes. 
In  May  contracts  for  this  class  of  construction  amounted  to 
$,S2,982,000,  or  34  per  cent  of  the  total.  Public  works  and 
utilities  amounted  to  $64,999,000,  or  27  per  cent  of  the  total; 
business  buildings.  $29,494,000,  or  12  per  cent  of  the  total; 
educational  buildings,  $24,4o2,000,  or  10  per  cent  of  the  total; 
industrial  buildings,  $20,404,000,  or  8  per  cent  of  the  total. 

Building  activity  of  the  first  five  months  of  the  year  com- 
pares very  favorably  with  the  same  period  of  previous  years. 
The  total  investment  represented  by  building  contracts  let 
from  .Ian.  1  to  ,Iune  1  has  amounted  to  $839,357,000.  At  the 
end  of  January,  activity  from  the  first  of  the  year  to  date 
was  (j  per  cent  behind  the  average  for  the  preceding  five 
years:  at  the  end  of  February.  11  per  cent  behind;  at  the 
end  of  March,  4  per  cent  behind;  at  the  end  of  April,  .5  per 
cent  ahead;  at  the  end  of  May.  11  per  cent  ahead. 

The  demand  for  new  construction  still  continues  strong. 
Contemplated  new  work  was  reported  in  May  to  the  amount 
of  $4<;2.78.i.n(io,  which  is  18  per  cent  greater  than  the  amount 
reported  in  April. 

During  the  first  five  months  of  the  year  more  than  two  bil- 
lion dollars  in  contemplated  new  work  has  been  reported. 
This  is  considerabl.v  more  than  double  the  amount  of  con- 
tracts awarded,  and  indicates  the  pressure  of  the  demand 
for  construction.  It  is  to  be  hoped  that  the  labor  disputes 
now'  In  evidence  will  be  rapidly  settled  so  that  the  summer 
months  may  witness  a  substantial  Increase  in  activity. 
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House  Erection  on  Quantity  Pro- 
duction Basis 

To  oveiconip  ;i  luiusliig  shoit.iKc  in  Walkerville,  Ontario, 
which  materially  allected  the  elllciency  or  factory  production, 
and  in  order  to  place  within  the  reach  of  the  employes  an 
opportunity  to  secure  desirable  homes  which  could  be  pur- 
chased by  payment  of  a  small  amount  down,  with  fixed 
montlily  payments  afterwards,  which  monthly  payments 
would  be  less  than  the  current  rents  charged,  the  principal 
industries  of  Wall<erville  formed  the  Border  Housing  Co.  This 
company  undertook  the  erection  of  100  houses  in  the  town 
of  Walkerville  and  secured  the  maximum  amount  of  money 
allowable  under  the  HcusinR  Act  of  1920.  The  "balance  of  the 
money  required  was  furnished  by  the  company. 

It  was  desirable,  for  the  sake  of  economy,  to  standardize 
the  houses  as  far  as  practicable  and  still  do  away  with  the 


Floor    Plan    of    Border    Housing    Co.'s    Houses   at    Walkerville,    Ont. 

monotonous  and  undesirable  appearance  of  group  construc- 
tion so  common  to  projects  of  this  kind  where  the  same  archi- 
tectural features  of  exterior  construction  are  used  through- 
out. 

The  plans  finally  decided  upon  called  for  a  story  and  a 
half  house  2fi  ft.  6  in.  by  30  ft.  !)  in.  with  full  basement  and 
mass  concrete  foundation  walls  to  ground  elevation,  integrally 
waterproofed.  From  grade  to  first  floor  and  in  some  in- 
stances to  first  iloor  windows  the  exterior  walls  are  either 
of  Drick  or  hollow  concrete  blocks,  four  different  finishes  to 
the  concrete  blocks  being  used,  viz.,  rock  faced  cement, 
smooth  cement,  rock  faced  granite  and  smooth  faced  granite. 
The  foundations  in  all  cases  have  a  watertable  course  at 
grade.  From  foundation  to  roof-plates,  all  walls  are  of  solla 
construction,  either  brick  or  stucco  on  hollow  terra  cotta  tile. 
The  gables,  where  these  occur,  are  studded,  sheeted  with  1 
in.  matched  lumber,  lathed  and  stuccoed  in  all  cases.  All 
roofs,  excepting  dormer  roofs,  are  shingled  with  cedar  shin- 
gles, l!-lb.  asbestos  paper  being  used  under  the  shingles. 
The  dormers  are  covered  with  three-ply  prepared  roofing. 

The  interiors  are  as  shown  by  the  plan,  the  same  layout 
being  common  to  the  100  houses,  which  are  plastered  through- 
out and  finished  in  clear  fir.  Ten  different  color  schemes 
were  used  for  interior  painting  and  staining.  Single  pine 
floors  were  used  for  the  .giound  floor  and  a  rough  floor  only 
Itt  the  attic.  The  stair  shown  on  the  plan  leads  to  an  un- 
linished  attic  which  has  two  and  in  some  cases  three  win- 
dows. It  is  the  intention  of  the  company  to  let  the  purchaser 
convert  the  attic  into  one  or  two  rooms  if  he  so  desires. 

Ten  different  types  of  exterior  elevations  were  used  (10 
of  each  type)  and  to  further  do  away  with  too  much  uniform- 
ity even  in  each  type  seven  different  kinds  of  face  brick 
were  used,   four  different  kinds   of  stucco,   and   15  different 


color  schemes  for  exterior  woodwork.  By  using  different  face 
brick,  stucco,  and  color  schemes  and  varying  the  appearance- 
of  the  foundations  as  before  mentioned,  tlie  10  houses  in  each 
type  were  each  subjected  to  a  different  architectural  treat- 
ment and  helped  to  impart  to  (>ach  liouse  a  certain  individ- 
uality not  possible,  without  making  the  cost  prohibitive,  if 
any  other  method  had  been  used. 

The  contract  was  awarded  to  the  Russell-Navin  Construc- 
tioa  Co.  of  Toronto,  Ont. 

The  work  was  well  organized  and  the  whole  100  houses 
completed,  with  the  exception  of  a  little  painting  and  grad- 
ing which  could  not  be  done  until  the  frost  was  out  of  the 
ground,  in  150  working  days  of  8  hours  each,  or  at  the  rate 
of  one  house  every  12  working  hours.  No  overtime  whatever 
was  put  in  by  the  field  mi'chanics  and  very  little  by  the  mill- 
men  and  unskilled  workmen. 

The  above  notes  and  sketch  are  taken  from  the  Contract 
Record  of  April  27. 


Test  for  Organic  Impurities  in  Sand  for 
Concrete 

An  approximate  test  tor  the  presence  of  injurious  organic 
compounds  in  natural  sands,  intended  for  use  in  cement 
mortar  or  concrete,  was  given  by  the  Committee  on  Con- 
crete and  Concrete  Aggregates  of  the  American  Society  for 
Testing  Materials,  in  its  report  submitted  at  the  24th  annual 
meeting  of  the  society,  Asbury  Park,  N.  J.,  June  21-24.  1921. 

The  principal  value  of  the  test  is  to  furnish  a  warning 
that  lurther  tests  of  the  sand  are  necessary  before  they  be 
used  in  concrete.  Sands  which  produce  a  color  in  the  sodi- 
um hydroxide  solution  darker  than  the  standard  color  should 
be  subjected  to  strength  tests  in  mortar  or  concrete  before 
use.  The  test,  which  was  submitted  as  a  "proposed  tenta- 
tive method."  follows: 

(a)  A  representative  test  sample  of  sand  of  about  1  lb. 
shall  be  obtained  by  quartering  or  by  the  use  of  a  sampler. 

(b)  A  12-oz.  graduated  glass  prescription  bottle  shall  be 
filled  to  the  4iA-oz.  mark  with  (he  sand  to  be  tested. 

(c)  A  ?,  per  cent  solution  of  sodium  hydroxide  (NaOH) 
in  water  shall  be  added  until  the  volume  of  sand  and  liquid 
after  shaking  gives  a  total  volume  of  7  liquid  ounces. 

(d)  The  bottle  shall  be  stoppered  and  shaken  thoroughly 
and  then  allowed  to  stand  tor  24  hours. 

(e)  A  standard  color  solution  shall  be  prepared  by  adding 
2.5  cc.  of  a  2  per  cent  solution  of  tannic  acid  in  10  per  cent 
alcohol  to  22.5  cc.  of  a  3  per  cent  sodium  hydroxide  solu- 
tion. This  shall  be  placed  in  a  12-oz.  prescription  bottle, 
stoppered  and  allowed  to  stand  for  24  hours,  then  25  cc.  of 
water  added. 

(f)  The  color  of  the  clear  liquid  above  the  sand  shall  be 
compared  with  the  standard  color  solution  prepared  as  in 
Paragraph    (e). 

3.  Solutions  darker  in  color  than  the  standard  color  have 
a  "color  value"  higher  than  2."i0  parts  per  million  in  terms 
of  tannic   acid. 


Standardization  of  Building  Materials  to  Lower  Cost  cf  Con- 
struction.—  Creation  of  a  permaneilT  division  of  construction 
and  hoL'.^ing  in  the  U.  S.  Bureau  of  Standards  is  now  before 
the  Senate.  Possibilites  of  the  proposed  work  of  the  division 
are  described  in  a  statement  prepared  in  the  department  of 
commerce  as  follows: 

.St.Tndarciization  of  structural  units  and  material  nas  already 
been  undertaken  in  Bnsrland.  but  is  in  its  infancy  in  this  country. 
Standardization  does  not  contemplate  the  greater  uniforrr  ity  in 
the  exterior  or  in  the  interior  arrangement  of  buildings,  but 
rather  the  adoption  of  uniform  methods  and  the  elimination  of 
useless  types  and  sizes  of  parts,  the  adoption  of  interchangeability 
of  parts,  as  well  as  the  adoption  of  clear  and  uniform  definitions 
of  terminologry.  Standardization  should  be  considered  as  an  aim 
or  disposition"  of  the  industries  to  co-ordinate  their  work  rather 
than   .(s  a  definition'of  perfection. 

It  is  urged  that  econoiii\-  in  material  may  be  effected  at  an 
earlv  date  tbrouKh  the  revision  of  building-  codes  of  many  mu- 
nicipc^lities.  and  that  such  a  revision  toward  uniformity  may  be 
brought  alxiut  without  imiiairing-  the  usefulness,  safety  or  dura- 
bility of  thi  striK'tures.  Flagrant  variations  now  existing  as  to 
thioxnesses  of  walH.  floor  loads,  allowable  stresses  on  timber,  con- 
crete and  steel,  if  eliminated,  might  save,  according  to  some 
.luthorities.  from  ^  to  20  per  cent  in  the  use  of  .some  of  tho 
materials,  and  inight  save,  according  to  ♦ther  authorities,  from  5 
to  20  per  cent  in  the  total  cost  of  certain  types  of  construction. 

The  subject  cf  economy  in  methods  of  manufacturing  and  dis- 
tribution involvfs  not  only  more  scientitic  plan  operation  but  also 
more  cor  tinuous  operation.  Identification  of  the  causes  of  the 
irregularity  and  inf^'rmittency  of  operation  particularly  inherent 
in  the  construction  industry  tna>-  bring  about,  it  is  hoped,  elimina- 
tion of  some  of  these  causes  and  the  elimination  of  loss  through 
the  frequent  plant  idleness  and   unemployment. 


< 
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Conservation  of  Corrosion  Weak- 
ened Steel  Stacks  by  Encasing 
With  Concrete 

By   JOHN   V.   SC'HAEFER, 
resident,  ('emcnt  Gun   Construction  Co..  Chicago. 

Rather  than  tear  down  a  steel  stack,  which  wns  in  con- 
oitioii  requiring  renewal,  causing  shut  down  of  the  pumping 
station  at  South  Works  of  the  Illinois  Steel  Co.,  ;jt  South 
Chicago,  in  1919,  It  was  decided  to  use  the  cement-gun  in 
leconstructing  tho  star-k,     P.y   coating   the -outside   with  rein- 


lllinois   Steel   Co, 


Fig.   1, — Concrete   Encased   Stack  at  South   " 

iorced  cement-gun  concrete,  a  new  sell  sujjporting  stack  has 
been  Innlt  upon  the  existing  foundation. 

This  steel  stack  was  17.5  ft.  high  l)y  !i  ft,  diameter,  A 
reinforcing  network  of  sufflcient  strength  to  make  the  new 
stack  self-supporting  without  any  help  from  the  existing 
stack  was  built  up  of  rods  and  wire  mesh  and  Sficured  to 
the  existing  foundation  bolts.  A  cement-gun  was  then  used 
to  shoot  "Guncrete"  or  Gunite,  as  it  is  variously  called, 
through  the  reinforcing  mesh  against  the  existing  steel  shell 
!o   the  required   thickness,     A  mixture   of  sand   and   cement 


hydrated  in  the  nozzle  was  applied  with  an  air  pressure  of 
about   .35   lb.     The  guncrete  is   l.S  in,   thick  at  the   base,  ta- 
licred  rjipidly  to  6  in,  just  above  tlip  bell  base  and  then  grad- 
ually deci eased  to  4  in,  at  the  top. 
The  cement-gun   remained   on   the   ground.     The   dry   mix- 


Fig.    2. —  Reinforcement    in    Place    and    'Shooting" 
Stack   at    Lorain,   O, 


Just    Begun    on 


ture  of  sand  and  cement  was  blown  through  the  hose  by  air 
from  a  compressor  working  at  about  50  lb.  pressure.  Water 
was  forced  through  the  water  hose,  at  a  pressure  great 
enough  to  give  a  pressure  at  the  nozzle  in  excess  of  the  air 


Fiy.    3. — Cement    Gun    Work    on    Stack    of    Illinois    Steel    Co. 
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pressure.  The  operator  worked  upward  from  the  bottom, 
finishing  as  he  went,  bo  that  at  the  end  he  wns  175  ft.  above 
ihe  gun  and  material  was  forced  up  to  him  at  the  nozzle 
ut  that  point. 

All  the  work  was  done  without  Interrupting  the  use  of  the 
Htack.  The  guncrete  was  applied  when  the  stack  was  too 
hot  to  permit  holding  the  hand  against  it.  The  breeching 
extending  from  the  side  of  the  boiler  house  to  the  stack  was 
also  encased  with  3  in.  of  guncreto  while  it  was  so  hot  that 
water  thrown  against  it  boiled.  The  guncrete  was  kept 
thoroughly  sprinkled  until  set.  The  effect  of  the  hot  stack 
seemed  to  be  that  of  .steam  curing  and  after  being  in  use 
for  nearly  3  years  the  guncrete  is  everywhere  sound  and 
Hhows   nc  cracks. 

Figure  1  shows  this  stack  as  it  appeared  when  completed. 
So  successful  was  the  work  that  others  have  taken  advan- 
tage of  this  method  of  saving  stacks  that  were  otherwise 
serviceable.  A  list  of  such  stacks,  for  which  data  have  been 
available  to  the  writer,  is  given  below;  doubtless  there  are 
others: 


-size 
No.  of  DIam.  Height. ' 


.No    .stacks.  In. 
1         1         116 


BS 


60 


68 


Ft. 

175 


125 


100 


110 


150 


Year. 
191S 


1918 


!!»1S 


1920 


1920 


1921 


Remarks. 

Thi-M  was  at  a  pumpinj;  plant  which 
could  not  be  .shut  down.  Work  was 
done  without  interrupting  service. 
Work  was  done  in  July  during  very 
hot  weather. 

Two  of  these  were  out  of  commis- 
mission  when  encased  and  hence 
cold.  The  other  three  were  in  reg- 
ular ser\'ice  and  hence  at  normal 
temperature. 

These  were  done  in  December  with 
weather  so  cold  that  work  had  to 
be  protected  against  freezing.  Both 
stacks  were  in  regular  service. 
Work  done  in  .July.  One  was  In 
service,  the  other  out  of  commis- 
sion. This  was  a  repeat  order  from 
same  people  who  have  No.  1.  These 
st.'^.cks  sometimes  have  tempera- 
tures running  up  to  1200". 
Repeat  order  same  as  No.  3.  Work 
done  in  December.  Weather  cold. 
Work  had  to  be  protected  agamst 
freezing.  One  stack  cold,  the  otner 
two  in  service. 

These  are  now  imder  construction, 
four  being  finished.  The  first  one 
was  done  in  .January.  Vv'eather 
was  cold.  Stack  was  out  of  com- 
mission. Sufficient  fire  was  made 
in  stack  to  bring  steel  niatr  above 
freezing  point  and  work  was  nro- 
tocted  ao-ainst  freezing.  The  other 
three  were  in  commission  and  the 
reniainire  two  will  be  done  while 
in  commission. 
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uve  iisi  t-,u...()rises  Ifl  stacks  including  two  not  yet 
Seventeen  of  these  are  in  daily  use.  Eight  of  them 
have  gone  through  two  winters.  None  of  them  show  any 
cracks,  except  a  few  surface  craze  cracks,  which  do  not 
penetrate  perhaps  more  than  y^  in.  Some  were  encased 
while  cold,  some  while  hot.  and  all  of  them  are  in  daily 
strvice  and  are  perfectly  sound. 

Figure  2  shows  one  of  the  two  stacks  noted  in  the  table 
No.  3.  This  shows  reinforcement  in  place  and  shouting  just 
begun.  Figure  ?.  shows  stack  of  Illinois  Steel  Co.  with  cement 
gun  work  completed  to  a  height  of  about  2.5  ft.  The  large 
hose  shown  in  the  illustration  carries  the  material  and  the 
small  hose  conveys  the  water. 


Strength  of  rvietals  and  Alloys. — Useful  information  on  the 
strength  and  related  properties  of  metals  and  alloys  is  given 
in  Circular  No.  101  issued  recently  by  the  TJ.  g.  Bureau  of 
Standards.  Washington.  D.  C.  The  data  are  given  on  the 
tensile  strength,  proportional  limit,  percentage  of  elongation 
in  2  in.,  percentage  of  reduction  of  area,  Brinell  and  sclero- 
scope  hardness  of  such  materials  as  iron,  carbon  steel,  alloy 
steels,  wire  and  wire  rope,  semi-steel,  aluminum,  copper,  etc. 
In  addition,  figures  are  given  in  some  cases  for  the  compres- 
sive and  shearing  strengths  and  moduli  of  rupture. 


Suburban  Development  of  Rcnan  Seashore. — X  new  elec- 
tric rapid  transit  line  between  Rome  and  Anzio,  where  Nero 
had  his  seashore  palace,  is  to  be  put  into  operation  soon.  The 
journey  is  expected  to  take  but  forty-five  minutes,  while 
trains  will  be  run  every  half  hour.  The  project  will  be 
ettpctsd  by  electrifying  the  present  state  railroad  which  runs 
lo  Anislo.  and  it  Is  expected  that  many  Romans  will  now  live 
at  the  shora  and  "commute"  to  business  in  American  fashion. 


Plastic  Gypsum 

Plastic  gypsum  is  the  name  given  to  a  new  product,  more 
plastic  and  hence  more  economical  than  ordinary  gypsum. 
It  is  described  in  an  article  by  Mr.  W.  E.  Emley  in  a  recent 
issue  of  Chemical  and  Metallurgical  Engineering,  from  which 
we  have  taken  the  matter  as  follows: 

Wall  plaster  is  composed  of  three  coats,  known  as  "scratch," 
■  brown"  and  "finish."  The  scratch  coat  is  next  to  the  lath, 
the  brown  coat  in  the  middle,  and  the  finish  coat  is  applied 
to  the  exposed  surface  to  give  the  plaster  a  pleasing-  ap- 
pearance. 

The  quality  requirements  put  upon  material  for  the  finish 
coat  are  peculiar:  It  must  be  very  plastic  in  order  that  it  can 
be  spread  in  a  thin  layer  (1/16  in.)  over  the  brown  coat, 
which  has  set  and  is  partially  dry;  and  it  must  set  in  20  or 
:jO  minutes,  in  order  that  the  plasterer  may  finish  troweling 
it  without  moving  his  scaffold. 

The  scratch  and  brown  coats  may  be  made  with  either 
plaster  of  paris  and  sand  or  of  lime  and  sand,  but  the  finish 
coat  must  consist  of  both  lime  and  gypsum  plaster.  The 
addition  oi  lime  is  necessary  to  give  the  proper  degree  of 
plasticity.  As  the  weight  of  the  finish  coat  is  very  small  in 
comparison  with  the  weights  of  the  two  other  coats,  the  con- 
tractor must  provide  enough  for  all  three  coats  and  a  small 
amount  of  lime  for  the  finish  coat  mixture  when  gypsum  plas- 
ter is  used.  It  seems  impossible  to  get  good  results  with  a 
ready  mixed  lime  gypsum  plaster.  The  lime  must  be  soaked 
with  water  for  at  least  24  hours  in  order  to  develop  its  plas- 
ticity, and  the  gypsum  cannot  be  soaked,  because  it  sets  upon 
the  absorption  of  1%  mols  of  water  of  crystallization.  This 
means  that  the  materials  must  be  prepared  separately  and 
mixed  just  before  being  used,  thereby  requiring  extra  labor 
and  equipment. 

The  higher  plasticity  of  lime  makes  it  more  economical 
in  material  and  labor.  Lime  can  carry  three  parts  sand  for 
scratch  and  brown  coats,  while  gypsum  plaster  carries  only 
two.  If  lime  and  gypsum  are  sold  at  about  the  same  price, 
lime  plaster  will  be  cheaper  than  gypsum.  Also  the  labor 
of  applying  the  plaster  is  reduced  in  the  case  of  lime. 

It  a  form  of  gypsum  plaster  could  be  prepared  as  plastic 
as  hydrated  lime  it  would  not  be  necessary  for  the  gypsum 
manufacturer  to  add  lime  or  any  other  foreign  material  (ex- 
cept retarder)  in  the  preparation  of  neat  g>psum  plaster. 
These  results  are  greatly  to  be  desired,  not  only  by  the 
gypsum  industry,  but  also  by  the  general  public,  because  they 
would  tend  to  decrease  the  cost  of  an  Important  building 
material. 

Accordingly,  work  was  started  on  an  attempt  to  make 
t,ypsum  plaster  as  plastic  as  lime.  The  first  successful  ex- 
periment was  completed  on  Sept.  13,  1920.  and  since  that  date 
sufficient  work  has  been  done  to  make  sure  of  the  prac- 
ticability of  the  method.  The  problem  may  therefore  be  con- 
sidered solved,  in  so  far  as  it  can  be  solved  with  laboratory 
equipment. 

At  first  fine  grinding  was  tried  to  increase  the  plasticity. 
Fine  grinding  in  Itself  is  not  new  in  the  industry,  and  it 
would  seem  strange  that  any  increase  of  plasticity  due  to  it 
could  have  passed  unobserved.  Investigation  has  shown, 
however,  that  all  attempts  at  fine  grinding  on  a  practical 
scale  had  been  conducted  in  a  buhr  or  tube  mill.  It  has  long 
been  known  that  the  half  mol  of  water  of  crystallization  can 
be  "gi'ound  out"  of  gypsum  plaster.  When  it  is  reduced  in 
either  of  the  above  types  of  mills,  the  volume  of  air  passing 
through  the  mill  carries  off  the  water  vapor  as  fast  as  it  is 
formed  by  the  frictional  heat.  If  the  grinding  is  sufficient  to 
liberate  all  of  the  water,  the  resultant  product  is  soluble  anhy- 
drite. This  is  a  peculiar  form  of  anhydrous  calcium  sulphate 
and  differs  from  the  mineral  anhydrite  in  its  great  affinity 
for  water.  So  great  is  this  affinity  that  a  very  short  ex- 
posure to  moist  air  is  sufficient  to  change  it  back  to  the  hemi- 
hydrate.  When  ground  in  the  usual  type  of  equipment  and 
the  frictional  heat  is  not  sufficient  to  liberate  the  wafer  of 
crystallization,  the  size  of  the  grains  is  not  greatly  reduced. 
If  the  anhydrite  is  formed,  the  final  product  soon  absorbs 
water  from  the  air  and  the  crystals  cake  into  larger  aggre- 
gates that  do  not  give  a  plastic  plaster. 

A  new  product  results  from  the  grinding  of  calcined  gyp- 
.sum  under  circumstances  not  permitting  the  escape  of  water. 
The  product  then  is  plastic  and  the  degree  of  plasticity  de- 
pends to  a  certain  limit  upon  the  duration  and  speed  of 
grinding. 
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ThP  plasticimeter  destribed  in  Bureau  of  Standards 
Technologic  Paper  169  is  not  yet  adapted  to  measure  the 
plasticity  of  unretarded  calcined  gypsum;  the  material  begins 
to  set  before  the  experiment  can  be  completed.  Use  has 
therefore  been  made  of  the  Carson  blotter  test,  as  described 
in  the  Transactions  of  the  National  Lime  Manufacturers'  As- 
sociation for  1916.  This  has  proved  quite  satisfactory  as  a 
means  of  differentiating  between  the  plasticities  of  finishing 
hydrate  and  masons'  hydrate.  When  tested  by  this  method, 
this  "plastic  gypsum"  proves  to  be  more  plastic  than  the  best 
lime  F'J'-ty. 

Besides  improving  the  plasticity,  the  process  also  causes 
certain  changes  in  other  properties  of  the  material.  The  in- 
creased fineness  of  the  plastic  gypsum  naturally  necessitates 
the  use  of  more  water  to  bring  the  paste  to  a  given  con- 
sistency. Yet,  in  spite  of  this  excess  water,  the  set  material 
will  average  about  20  per  cent  stronger  than  that  made  from 
ordinary  calcined  gypsum.  The  process  slows  down  the  set- 
ting reaction  somewhat.  The  time  of  set  of  one  sample  was 
changed  from  twelve  to  seventeen  minutes  by  this  kind  of 
fine  grinding.  Commercial  calcined  gypsum  usually  deterio- 
rates somewhat  on  storing.  It  tends  to  work  "lean"  and 
carry  less  sand.  Samples  of  this  plastic  gypsum  have  been 
exposed  to  the  air  for  four  months  without  apparent  deteriora- 
tion ot  their  plasticity. 

The  process  has  been  applied  with  equal  success  to  cal- 
cined gypsums  from  Nova  Scotia,  New  York  and  Virginia. 
It  would  seem,  therefore,  that  the  original  quality  of  the  mate- 
rial is  of  little  importance. 

The  material  was  ground  in  a  Call  mill,  so  constructed  that 
the  water  vapor  cannot  escape. 

Commercial  calcined  gypsum  is  always  ground  during  the 
course  of  manufacture,  either  before  or  after  calcination,  so 
that  the  grinding  required  to  make  plastic  gypsum  does  not 
entail  the  installation  of  an  extra  process.  It  would  seem, 
however,  that  the  grinding  should  be  done  after  calcination 
rather  than  before  to  prevent  the  powder  balling  up  in  the 
mill. 

It  i.<!  probably  not  essential  that  a  ball  mil!  be  used;  a  buhr 
mill  or  tube  mill  may  be  satisfactory  if  there  is  no  loss  of 
water  by  evaporation  during  the  grinding.  It  is  essential  that 
the  product  as  it  leaves  the  mill  shall  contain  approximately 
the  same  quantity  of  fixed  water  as  commercial  calcined  gyp- 
sum does:   about  6.2  per  cent  water. 

The  duration  of  .grinding  required  to  make  plastic  gypsum 
depends  upon  the  kind  of  equipment  used,  the  fineness  and 
hardness  ot  the  material,  and  the  degree  of  plasticity  desired. 
This  problem  must  be  worked  out  individually  by  each  manu- 
facturer for  his  particular  equipment  and  material.  It  is  a 
simple  matter  to  regulate  the  grinding  until  the  Carson  blot- 
ter test  shows  the  material  to  have  the  desired  degree  of 
plasticity.  Laboratory  experiments  indicate  that  the  output 
will  be  considerably  reduced,  perhaps  cut  in  half,  if  the  same 
equipment  is  used  to  make  plastic  gypsum. 

The  nev.'  product,  "plastic  gypsum."  was  demonstrated  at 
the  annual  meeting  of  the  Gypsum  Industries  Association  on 
Dec.  1,1,  1920,  but  the  process  of  manufacture  was  not  divulged. 
A  patent,  covering  both  the  process  and  the  product,  has  been 
applied  for.  and,  if  granted,  will  be  given  to  the  public  for  the 
free  use  of  anyone  in  the  United  States.  This  description  of 
the  process  is  being  released  at  this  time  in  order  to  give 
additional  protection  to  the  public  interest. 


Lumber  Production  in  1909  and  1919.— A  preliminary  com- 
parative report  on  the  production  of  lumber  by  species  for 
1919  and  1909,  has  been  issued  by  the  Bureau  of  the  Census. 
The  data  shown  for  the  two  years  are  comparable  and  include 
the  cut  of  merchant  and  custom  sawmills  for  both  years.  The 
total  number  of  mills  reporting  in  1919  was  30,2.35  as  com- 
pared with  46,584  in  1909: 

1019         Per  opnt       1909       Per  cent 
quantitv     distri-     quantity      dlstrl- 

Kind  ot  wood.  (Mtt.BM).  butinn.  (Mft.  BM).  bution. 

Yellow  pine   13,062.900       37.8       16.277,200       36.6 

Douglas   nr    5.902,200       17.1         4.856,400       10.9 

Oak      2,708,300         7.S         4.414,500         9.9 

Western  yellow  pine  1,755,000         5.1         1.500,000         3.4 

Hemlock    1,755,000         5.1         3,051,400         6.9 

White  pine  1,723.700         5.0         3,900.000         8.S 

Spruce    980.000         28         1.74S.0O0         3  9 

Maple    857,500         2.5         1,106,600         2.5 

Red   Gum 851. 40C         2.5  706,900         2.1 

Cypress    656,200         1.9  955,600         2.1 

Chestnut     545,700         1.6  663,900         1.5 

All  other  species   3,754,200       10.8        5,328.700      11.9 


A  Visual  Method  of  Distinguishing 

Longleaf  from  Shortleaf 

and  Loblolly  Pine 

In  the  examination  of  specimens  of  wood  from  the  southern 
pines  at  the  U.  S.  Forest  Products  Laboratory,  a  distinct  dif- 
ference was  noted  in  the  size  of  the  pith  of  longleaf  pine  and 
that  of  shortleaf  and  loblolly  pine.  This  difference  suggested 
an  easy  method  of  distinguishing  the  pines,  which  would  be 
particularly  useful  to  the  lumberman  because  it  did  not  re- 
quire a  microscope.  Obviously,  this  method  can  be  used  only 
on  ties  and  timbers  cut  from  the  center  of  the  tree;  but  it  is, 
as  a  rule,  only  regarding  large  pieces  that  the  lumberman  or 
contractor  desires  to  know  the  exact  species. 

The  pith,  or  small,  dark,  soft  core  at  the  center  of  the  tree, 
averages  larger  in  longleaf  than  in  shortleaf  or  loblolly  pine. 
In  longleaf  the  pith  is  over  0.1  in.  in  diameter;  in  the  other 
two  species  it  is  smaller,  usually  about  the  size  of  the  lead  in 
a  pencil,  except  in  trees  of  very  vigorous  growth,  in  which  it 
may  be  as  large  as  in  longleaf.  The  vigor  of  a  tree  at  the 
time  the  pith  was  formed  is  indicated  by  the  diameter  ot  the 
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Total     34,552.100     100.0       44.509,800     100.0 


Relation  of  Diameter  of  Pith  to   Diameter  of  Second   Annual    Ring. 

second  annual  ring.  Therefore,  where  the  pith  in  loblolly 
and  shortleaf  is  over  0.1  in.  in  diameter,  the  diameter  of  the 
second  annual  ring  is  comparatively  large;  in  fact,  it  is  larger 
than  in  longleaf  having  the  same  sized  pith. 

How  to  Use  the  Pith  and  Second  Annual  Ring  for  Identi- 
fication.— With  a  sharp  knife  carefully  smooth  the  end  surface 
of  the  pith  and  surrounding  wood.  If  the  pith  or  second  an- 
nual ring  is  not  clear,  moisten  the  smoothed  surface.  If 
knots  are  present  near  the  pith,  satisfactory  measurements 
can  not  be  made,  and  the  other  end  of  the  timber  should  be 
inspected. 

If  the  pith  is  about  the  size  of  the  lead  in  the  ordinary  lead 
pencil  or  smaller,  the  specimen  is  not  longleaf,  and  no  further 
measurement  is  necessary. 

If  the  pith  is  plainly  over  0.1  in.  in  diameter  and  the  growth 
rings  surrounding  it  very  narrow,  the  specimen  is  longleaf. 

If  in  doubt  as  to  the  species,  carefully  measure  the  average 
diameter  of  the  pith,  not  including  small  projections,  using 
a  rule  graduated  in  twenty  fifths  or  fiftieths  of  an  inch.  A 
reading  glass  or  other  small  lens  is  helpful  but  not  essential 
in  making  these  measurements.  Then  measure  the  diameter 
of  the  second  annual  ring  in  tenths  of  an  inch.  The  first  and 
second  rings  are  usually  very  distinct,  but  in  some  pieces  the 
first  annual  ring  is  rather  faint,  and  care  must  be  taken  not 
to  mistake  the  third  annual  ring  for  the  second.  Sometimes 
false  rings  are  present,  but  the.se  can  always  be  recognized 
by  the  fact  that  they  are  not  prominent  all  the  way  around, 
and  their  outer  limit  is  not  defined  by  a  sharp  line. 

On  the  diagram  find  the  point  where  the  vertical  line  which 
indicates  the  diameter  of  the  pith  intersects  the  horizontal 
line  which  indicates  the  diameter  of  the  second  annual  ring. 

If  the  point  of  intersection  falls  above  the  diagonal  line  hi 
the  diagram,  the  specimen  is  longleaf,  or  in  rare  instances, 
slash,  or  pond  pine.  If  it  falls  below  the  line,  the  specimen 
is  not  longleaf,  but  is  shortleaf,  loblolly,  or  some  other  of 
the  minor  southern  pines. 
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J  .           .                   f  The  third  li^:t  includes  those  cities  which  require  the  walls 

The     Need     for     StilllUarOlZatlOn     Ot  of  each  Ptoiy  in  every  small  hou-ie  two  stories  in  height  to  be 

B.|   ..      ^    C     A      ^  12  in.  or  13  in.  thick     There  are  lit  cities  on  this  list,  namely; 

Ullding    I^OaeS  Albany.    N.    y.;     Atlanta,    (ia.;     Augusta,    Ga.;    Bridgeport, 

At  the  present   time  there  i.s  a  great  cry   lor  )noro  homes  Conn.;  Unffalo.  N.  Y.;  Chattanooga,  Tenn.;  Des  Moines,  Iowa; 

.  „      .,      ,                 .     .•  I                I..  „.,  off^.i-t  tr.  on/.nnrnfi'p  .lersev  City,  N.  .!.;   Louisville,  Ky.;   Lowell,  Mass.;  Nashville, 

'ind  for  the  lower  cost  ol  homea.     In  au  efloit  to  encourage  »t          i     m    t      k-        ti            /-,             n  .              i^t    t 

Tenn.;   Newark,  N.  J.;   New  Haven,  Conn.;    Paterson,  N.  J.; 

building  and  stimulate  interest  In  house  construction,  an  im-  pg^g,.g„ur^    Va  .    ghreveport,  La.;    St.  Louis,  Mo.;    St.   Paul, 

portant  and  practical  suggestion,  nol   alone  in  its  present  in-  Minn.;  Wichita,  Kan. 

Iluence  but  in  its  efl'ect  on  future  building,  is  to  revise  build-  Con.«ultiug  these  lists  it  is  plain  that  in  some  cities  it  is 

Ing  codes  and  to  make  their  requirements  as  nearly  uniform  possible  to  construct  a  2-story  dwelling  with  8  in.  walls  for 

,, ,     .,          ,          .,              .          ,     „i.,.,.„,   i,,,„,i,.Q,i.^  r.f  bot'i    Stories   above   basement,   while   in   a   neighboring   city. 
as  poss  ble  throughout  the  country.     In  almost  hundreds  ol  ,„  „.,      j.  ,      .    ,  i  .          ,■                   •     ,  .^         L 
'                         "  perhaps  not  10  miles  distant,  12  m.  walls  are  required  through- 
cities,  building  codes  are  now  in  operation  which  were  pre-  ^^^^      ^^,^^^,  ^^,,„,^,  ^^^  thicker  wall   be  required  if  the  8  in. 

pared  or  approved  a  decade  or  more  ago  and  have  not  been  ^.^w  jg  equally  sale  and  is  approved  by  28  cities,  among  them 

revised   or   amended   since   that   time.     These   codes   fail   to  some  of  the  largest  in  the  country? 

take  /nto  consideration  the  advances  made  in  the  scientific  Effect  of  Wall  Thickness  on  Cost.— Of  especial  interest  to 

™   .                    ....         .     ■  ,          1    ,-„    „. ,,„„,„„„  ''If'  home    imiUler.  is   thf>  tact   that  the  use  of  an  8  in.  wall 

and   efllcient   use   of  structural   materials   and,  in   numerous  •       .     u-      ■                        .                  i     .  ,,               u 

means  a  saving  to  him  in  money  and  space.     Just  how  much 

cases,  changes  might  be  made  which  would  reduce  building  ,„■  ^  ^a^ing  in  money  can  be  visualized  by  a  specific  example; 

costs  while  still   retaining  safe  structural   requirements.     In  -phe  following  figures  are  based  on  two  storied  walls,  not 

a  paper  presented  at  the  recent  olth  annual  convention  of  the  allowing  for  half  stories,  gables  or  for  openings,  and  disre- 

American    Institute    of    Architects,    Mr.    D.    Knickerbocker  garding  whether  the  foundations  are  of  stone,  concrete,  brick 

Boyd  brings  out  some  interesting  information  regarding  the  or  xither   solid    material.     In   a   house   20x30   ft.— using   that 

thickness  ol  wall  requirements  in  the  various  building  codes  merely  as  a  convenient  standard  ot  size  for  the  purpose  of 

and  their  effect  on  cost  and  plans  of  small  houses.     .4n  ab-  calculating — there  will  be  a  saving  between  an  8  in.  wall  and 

stract  ot  the  paper  follows:  a  12   in.  wall,  of  12,500   bricks    (in  round  numbers).     Those 

Code    Provisions    for    Brick    Exterior    Walls.— One    of    the  extra  bricks  would  mean,  at  the  average  current  price,  that 

most  obvious  of   these  necessary   revisions,  relating  to  wal'  from  $2.50  to  $.!00  has  been  added  to  the  cost  of  the  house  for 

thicknesses,  was  brought  to  light  recently  in  an  investigation  the  brick  alone,  to  which  a  like  sum  must  be  added  tor  the 

by  the  Structural  Service  Bureau  of  some  100  building  codes  cost  of  the  mortar  and  the  time  of  the  bricklayers  and  helpers 

throughout  the  country.     These  results  thus  far  verified  are  necessary    in    laying   of   the    extra    12,500    bricks.      In   other 

tabulated  as  follows:  words,  a  house  of  the  same  outside  dimensions   would  cost 

roDE    PROVISIONS    FOR    BRICK     KXTBRIOR     WALJ.S     IN  fro™  ^'^'^  to  ^^'^^  more  in  Albany  or  St.  Louis  than  it  would 

DWEI..LINGS.                                     .  .  in  Pittsburgh  or  Seattle. 

One-  uory  dwellings.  8  in.  walls  ."^'Vl ^'  I"  addition  to  safe  structural  requirements  and  money  sav- 

One  Morv  dwellinss,  over  s  in.  walls  14  ings  there  are   other  important  features.     The  difference  in 

'^^^^S::!^^^%^^^^rV■^V^■.■.■.■. :.-.:.    II  thickness   ot  the  waHs   increases   the  area  on  each  floor  by 

Two  story  ilwfllings.  over  8  in.  walls,  both  stories  19  aboiit  30  sq.  ft.,  or  in  other  words,  the  8  in.  wall  means  about 

Thrll  s'to'rj;  dwolHnS  o^4"r  s'fn' Valls!*firlrsiory- ::;::::;::::     10  the  Size  of  a  small  bathroom  or  several  large  closets  added  to 

Three  ftorv  dwellings,  over  8  in.  walls,  first  and  second  stories    21  each  story. 

Three  story  dwellings,  over  8  in.  walls,  all  stories 3S  ^^^  ^,,^j  required  to  produce  the  additional  material  for  the 

Schedules    have   been    prepared    which    list    the   variations  thicker  wall  would  amount  to  6  tons  tor  each  house.     While 

and  give  the  width,  area  and  height  limit  of  houses  in  rela-  that  means,  in  the  cost  ot  the  coal  at  the  place  where  the 

lion  to  each  thickness  of  wall.     The  lists  are  prepared  on  a  m.'terial  is  burned,  we  will  say  $50 — which  amount  is  included 

generally  comparable  basis  as  to  size  of  house  and  give  the  in  the  money  saving  before  mentioned — think  of  the  conser- 

requirements,  according  to  latest  available  information  for  a  vatioii  ot  coal  and  transportation  which  an  8  in.  wall  effects. 

2-story  house.  Six  tons  and  its  hauling  eliminated  with   each  house  built! 

The  same  city  is  in  some  cases  included  on  two  lists,  ap-  If  we  construct  the  walls  in  the  smaller  or  isolated  houses, 

parently   contradictory.     This   is  due   to   the  code   requiring  hollow,  with   brick  or  hollow  tiles  where  hollow  material  is 

thicker    walls   inside  the    fire   limits,   or   special    regulations  pfnnissible,  there  is  still  a  further  saving  ot  about  2^^  tons 

covering  areas   or  heights.     An   example  of   this   is   Albany.'  of  coal. 

N.   Y.,   where   8-in.  walls  are   permitted  in  the  second  story  The  U.  S.  Housing  Corporation  adopted  for  its  War  Housing 

of  a  2-story  dwelling,  outside  the  fire  limits,  but  when  inside  Developments,  the  S  in.  thickness  as  standard  tor  brick  walls 

the   hre   limits,   a   ]2in.   wall   is   required — w-hereas   in    New  of  houses.     In  all   localities  this  thickness,   which  was  only 

York  City,  or  in  Philadelphia,  the  Sin.  thickness  is  permitted  accepted  after   thorough   investigation  was   used   in   spite  of 

in  both  stories  within  the  fire  limits.  any  prevailing  regulations  to  the  contrary.     That  corporation 

The   hrst   list   includes   some   2!t   municipalities   permitting  and  tb"  Em'^rgpncy  Fleet  Corporation  adopted  the  8  in.  thicks 

8-in.  walls  in  each  story  of  a  small  two-story  house,  as  fol  ness  as  an  amply  safe  and  sound  all-time  standard  for  small 

lows:  houses,  and  not  as  a  war  measure  of  expedient. 

Baltimore,  .Md.;   Birmingham.  .\\a.:    Boston,   Mass.,  Buffalo,  Effect  of  Wall   Construction   on   Plans. — As  an   instance   of 

N.  Y.;   Cambridge,  Mass.;   Cleveland.  O.;   Cincinnati,  O.;   Co-  the  effect  that  wall  construction  may  have  upon  type  of  plan; 

lumbus.  O.;    Camden,  N.  J.;    Dayton.  O.;   Detroit,  Mich.;   Du-  — in  the  City  of  Philadelphia,  0  in.   walls  have  long  been  al- 

luth,  Minn.;    Hartford,  Conn.;    Minneapolis,  Minn.;   New  Bed-  lowed,  but  this  thickness  has  been  limited  to  a  building  not 

ford,  Mass.;    New  Orleans,  La.;   New   York,   N.  Y.;    Philadel-  over    It;    ft.    wide.      The    operative    builders    ot    Philadelphia 

phia,  Pa.;   Portland,  Ore.:  Pittsburgh,  Pa.;  Rochester,  N.  Y.;  found  that  they  could  sell  much  more  readily,  a  house  that 

Seattle,   Wash.;    Syracuse,    N.    Y..;    Tacoma,   Wash.;    Tampa.  had  more  light  and  more  air  than  the  old  conventional  type— 

Kla.;   Trenton,  N.   J.;    Washington.  D.  C;   Wilmington.  Del.;  a  house  with  an  L  at  the  back  and  a  narrow  court. 

Worcster.  Mass.  But  according  to  the  Building  Laws,  they  had  to  make  the 

The  second  list  includes  cities  requiring  the  walls  in  the  better-planned  wider  houses  with  walls  13  in.  thick,  therefore 

lirst  story  of  a  small  house  to  be  12in.  or  13-in.  thick,  but  many  of  them  stuck  to  the  old  type  of  building;  because  being 

providing  tor  an  .S-in.  or  9-in.  wall  in  the  second  story.   There  narrower  it  could   have  9  in.   walls  and  hence  was  cheaper, 

are  31  cities  on  this  list,  as  follows:  So  the  Operative  Builders  called  on  the  Chief  of  the  Bureau 

Albany.    N.    Y.;    .'Mbuquerque.   N.    M.;    Boise.    Ida.;    Butte,  ot  Building   Inspection  and   explained  the  situation;    and  he. 

Mont.;    Chicago.   III.;    Dallas,   Tex.:    Davenport,   la.;    Denver,  thoroughly  convinced  that  a  change  was  desirable  said:    "We 

Colo.:  Grand  Rapids,  Mich.;  Indianp.polls,  Ind.;   .Tacksonville.  will  prepare  and  submit  an  Enabling  Act  to  the  Legislature 

I'Ma.;  Kansas  City,  Kan.;  Kaoxville.  Tenn.;  Lawrence,  Mass.;  ot    Pennsylvania."      And    last    year,    among    them    all.    they 

I.os  Angeles,  Cal.;   Manchester  N.  H.;   Memphis  Tenn.;   Mil-  amended  the  16  ft.  act  so  that  houses  20  ft.  wide  could  be 

w!;iikee.  Wis.:  Norfolk.  Va.;   Oakland,  Calif.;   Omaha,  Nebr.;  built  with  8  in.  walls  and  the  type  ot  plan  tor  dwellings  in 

Pi'Widecce  R.  \.;   Richmond.  Va.;   Salt  Lake  City,  tTtah;   San  Philadelphia   is  now  developing  into  what  is  called  the  "air- 

:''anci?c'.    Cal.;    Savannah,    Ga.;    Spokane.    AVash.:     Spring-  light"  house  without  any  back  extension  and  departing  from 

JieM.    Mas-::    Toledo.    O.:    Worcesfpr.    Mass.  the  old  one  with  a  narrow  court-like  yard. 
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Wages,  Living  Costs  and  Commod- 
ity Prices 

We  present  herewith  a  diagram  showing  the  subjects  of  this 
title  plotted  from  December,  1914.  to  date,  as  percentages  of 
the  average  rates  for  the  initial  date — that  is,  December, 
1!I14,  is  taken  as  100  per  cent  in  each  ca'se.  Averages  are 
shown  tor  the  month  of  December  of  each  year,  and  for  June 
in  the  past  two  years.  We  should  have  preferred  data  for 
more  frequent  intervals,  but  as  the  data  on  cost  of  living  were 
available  only  as  given,  we  have  kept  the  whole  in  the  same 
form. 

Wholesale  commodity  prices  represent  the  average  weighted 
index  prices  of  326  commodities  prepared  by  the  U.  S.  Bureau 
of  Labor  Statistics,  and  printed  each  month  in  Engineering 
and  Contracting.  They  are  for  the  entire  United  States.  The 
curve  of  cost  of  living  is  an  average  from  data  recently  pub- 
lished by  tho  same  Bureau  tor  11  different  cities,  and  the 
wage  diagram  is  taken   from  the  New   York  Evening   Post's 
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DiaDi-am  of  Wages,  Living  Costs  and   Wholesale  Commodity  Prices. 

diagram  prepared  from  data  furnished  by  the  New  York  State 
Department  of  Labor.  While,  as  thus  observed,  the  data  per- 
tain to  somewhat  different  geographical  districts,  they  never- 
theless furnish  a  very  fair  criterion  of  relative  cost  movement 
as  applied  to  our  most  populous  state  and  to  the  country  as  a 
whole. 

The  correspondence  between  wages  and  cost  of  living  is  mo.st 
striking,  and  corroborates  the  frequent  statement  that  the 
wage  earner's  purchasing  power  has  not  fluctuated  greatly. 
Of  course,  this  is  as  an  average  only,  for  certain  trades  have 
experienced    marked    changes. 

It  is  interesting  to  note  that  while  the  wholesale  price 
curve  has  a  form  substantially  like  the  other  two,  and  that  its 
major  variations  are  almost  coincident  in  time  with  the 
others,  its  range  of  variation  is  much  greater.  This  is  at- 
tributable in  part  to  the  speculative  element  in  the  wholesale 
prices.  The  striking  manner  in  which  its  advance  outstripped 
both  wages  and  the  cost  of  living  suggests  but  does  not  prove 
profiteering  in  commodities  other  than  those  classed  as  living 
costs;  and  its  present  position  below  the  other  two  curves 
shows  that  some  of  the  profits  (reasonable  or  otherwise)  are 
now  being  wiped  out. 

The  eleven  cities  represented  on  the  cost  of  living  curve, 
and  their  respective  living  costs  for  Ma.\ ,  1921,  in  terms  of 
100  per  cent  for  December,  1914,  for  eacli  individually  are  as 
follows: 

Per  conl. 

r.o.'iton    174.4 

Portland,    Me 172  1 

ni.ffalo    ,; 180.3 

Ni'W  York   1S1.7 

Philadelphi.'i     179.S 

Savannah     1 77.0 

.lacksonvillc 1S5.8 

Mobile     170. S 

Cleveland 184.7 


Detroit   193  3 

Chicago    178  4 

Average    179.9 

The  items  representing  the  cost  of  living  and  the  average 

percentages  of  the  total  for  these  cities  in  1914  are: 

_      ,  Per  cent. 

Food    .  38 

Clothing 17 

Housing    " ', 14 

Fuel  and  light 5 

Furniture  and  furnishings    ' ' 5 

Miscellaneous    21 

Total     7^ 

Wage  indexes  for  the  period  are  also  furnished  by  the 
Bureau  of  Labor  Statistics.  As  averages  they  are  subject 
to  considerable  uncertainty  because  of  the  rapid  changes 
which  were  taking  place  during  each  of  these  years,  but  they 
afford  the  best  evidence  we  have  for  the  country  as  a  whole. 
The  Bureau's  figures  are  as  follows: 


Year. 
1913 
1914 
1915 
1S16 
1917 
1918    . 
191D    . 
1920    . 


Hourly  wage 
index. 
Per  cent. 

100 

102 

103 

Ill 

128 

162 

184* 

234t 


»For  the  spring  of  1919. 
tFor   the   summer  of  lO^O. 

It  is  to  be  observed  that  the  hourly  wage  index  agrees  quite 
well  with  the  middle  points  for  each  year  on  the  curve  of 
wages  in  New  York  state  factories. 

As  we  so  to  press  returns  on  the  cost  of  living  are  received 

from    six   more   cities,    with    percentages    for    May,    1921,    in 

terms  of  December.  1914.  as  follows: 

Per  cent. 

Washington,  D.   C 167.1 

Baltimore,     Md 177.4 

Houston.     Texas 179.7 

Seattle,    Wash 180.2 

Portland,    Ore 162.2 

San    Francisco    and    Oakland,    Calif 166.7 

Average    of    the    six    cities 172.2 

Average  of  seventeen   cities 177.3 


Properties  of  White  Metal  Bearing  Alloys  at  Elevated  Tem- 
peratures.— The  U.  S.  Bureau  of  Standards,  Washington,  D.  C, 
has  just  issued  Technologie  Paper' No.  ISS,  giving  the  results 
of  investigation  of  the  mechanical  properties  of  white  metal 
bearing  alloys.  The  paper  contains  a  description  of  an  ap- 
paratus for  determining  the  yield  point  and  ultimate  strength 
of  white  metal  bearing  alloys  at  temperatures  up  to  100°  C. 
A  new  design  of  heating  apparatus  for  determining  the  Brinell 
hardness  of  metals  at  temperatures  up  to  lOO'C.  also  is 
described.  The  results  of  compression  tests  and  Brinell 
hardness  tests  at  temperatures  up  to  100°  C  are  given  for  Ave 
typical  white  metal  bearing  alloys,  including  three  tin-base 
alloys,  one  lead-base  alloy,  and  one  intermediate  alloy,  which 
show  that  the  tin-base  alloys  maintain  their  properties  better 
at  elevated  temperatures  than  the  lead-containing  alloys.  Re- 
sults of  tests  are  given  which  indicate  that  up  to  5  per  cent 
of  lead  in  a  high-grade  babbitt  does  not  affect  the  yield  point 
or  ultimate  strength  at  25  or  75°  C.  The  yield  point  of  tin- 
base  alloys  is  not  affected  by  heating  for  six  weeks  at  about 
100°  C,  but  tlie  yield  point  is  lowered  in  the  lead-base  alloy 
by  heating  for  two  weeks  at  about  100°  C. 


Training  School  for  Civic  Executives. — The  Bureau  of 
Municipal  Research  of  New  York  City  has  been  fused  into  a 
new  corporation  known  as  the  National  Institute  of  Public 
Administration.  The  bureau,  which  was  established  in  190G, 
has  been  rendering  service  to  municipal,  county,  state  and 
federal  governments  in  all  phases  of  public  administration. 
In  1911  they  added  to  the  bureau  a  training  school  for  civic 
executives,  and  it  is  this  phase  of  the  bureau's  activities 
which  the  new  organization  will  emphasize.  The  National 
Institute  plans  to  train  men  and  women  in  the  practical  work 
of  public  administration.  Luther  Gulick  heads  the  institute 
as  acting  director,  Clarence  B.  Smith,  Jr.,  as  manager  and 
Raymond  H.  Fosdick  as  counsel.  Men  well-known  in  the  fields 
of  municipal  finance,  engineering,  public  health,  city  planning, 
etc.,  are  listed  as  instructors,  lecturers  and  consultants.  An 
announcement  of  the  courses  for  1921-22  has  just  been  issued 
and  may  be  secured  from  their  offices  at  261  Broadway,  New 
Yoi-k  City. 
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Old  Masonry  Arch  Bridges  of  Paris 

Al  the  present  time  theip  are  32  bridges  over  the  River 
Seine  within  the  city  limits  of  Paris.  Of  these  bridges  20 
are  masonry  arches  and  12  are  metallic  arches.  Until  the 
end  of  the  18th  century  all  masonry  bridges  in  Paris  were 
built  with  semicircular  or  almost,  semicircular  arches;  from 
1787  to  1852  all  had  segmented  arches  and  after  that  time, 
beginning  with  the  new  Pont  Notre  Dame,  all  had  elliptical 
arches.  An  interesting  account  of  those  bridges  of  Paris  is 
given  by  Carl  L.  Rimmele,  formerly  first  lieutenant,  engi- 
neers, U.  S.  Army,  in  the  current  issue  of  The  Military  Engi- 
neer. From  his  article  we  have  abstracted  the  matter  relat- 
ing to  some  of  the  older  masonry  arch  bridges. 

The  Pont  Neuf.— This  is  the  oldest  bridge  in  Paris  and  the 
best  known  bridge.  The  first  stone  was  laid  by  Henry  III  in 
May,  1578,  and  the  work  was  carried  on  until  the  piers  were 
well  above  the  water.  At  that  time,  however,  owing  to  the 
Civil  Wars,  operations  were  suspended  and  were  not  resumed 
until  several  years  later,  when  Henry  IV  (Henry  of  Navarre) 
ascended  the  throne.  The  bridge  was  finally  completed  in 
1604. 

This  bridge  Is  232.88  meters  long  and  divided  into  two 
sections,  one  over  the  main  branch  of  the  Seine  composed  of 
seven  masonry  arches,  the  other  separated  from  the  first  by 
the  extreme  western  end  of  the  He  de  la  Site,  composed  of 
five  arches. 

The  arches  are  very  nearly  semi-circular,  built  of  cut  stone, 
and  are  slightly  skewed.  The  spans  vary  from  14  meters  to 
17.55  meters.  The  depth  of  the  arches  at  the  keystone  is 
0.75  meter.  They  are  20.65  nVeters  long  between  faces  in  the 
northern  or  main  branch  section,  and  20.35  meters  long  in  the 
southern  section.  The  deck  is  20.30  meters  wide  between 
parapets,  accommodating  an  11.30-meter  roadway  and  two 
4.5-meter  sidewalks. 

The  piers  rest  on  timber  platforms,  which,  although  laid 
directly  upon  the  sand,  were,  when  the  bridge  was  con- 
structed, about  3  meters  below  the  river  bed.  These  plat- 
forms consist  of  0.40  by  0.40  by  7.0-meter  sleepers  parallel  to 
the  center  line  of  the  bridge,  spaced  1  meter  center  to  center, 
covered  with  a  floor  of  16  centimeters  (6-in.)  oak  planks. 

This  bridge,  completed  in  1604,  was  in  constant  use  until 
the  middle  of  the  last  century  without  any  repairs  having 
been  made.  In  1848,  however,  the  bridge  was  found  to  be 
badly  in  need  of  repairs;  in  fact,  many  of  the  arch  stones 
had  become  loosened  and  fallen  out.  The  work  started  that 
year  included  the  reconstruction  of  seven  of  the  arches,  low- 
ering the  roadway  and  constructing  galleries  for  water  lines. 
Care  was  taken  that  tlie  original  appearance  of  the  bridge 
should  not  be  altered  and  sculpturing  which  could  not  Be  re- 
stored was  replaced  with  accurate  copies,  for  Paris  has  a 
tender  affection  for  the  old  Pont  Neuf.  This  entire  work  was 
carried  on  under  traflU-.  half  the  roadway  being  kept  open 
at  a  time,  and  covered  a  period  of  four  years. 

In  1885  one  of  the  piers  settled  to  such  an  extent  that  longi- 
tudinal fissures  over  a  half  meter  wide  appeared  in  the  road- 
way. Investigation  showed  that  the  upstream  half  of  the  pier 
had  been  undermined,  and  that,  since  the  construction  of  the 
bridge,  the  bed  of  the  river  had  been  lowered  more  than  3 
meters,  so  that  in  some  places  it  was  below  the  pier  footings. 
The  repairs,  which  were  started  immediately,  included  the 
rebuilding  of  half  the  pier  and  half  the  adjoining  arclies. 

The  new  footing  was  built  in  a  caisson  sunlv  to  a  depth  of 
4  meters  below  the  old  footing'.  Around  the  rest  of  the  pier 
narrow  caissons,  2  meters  wide,  were  sunk  to  the  same  level 
and  filled  with  masonry,  completely  surrounding  that  half  of 
the  pier.  Over  the  new  halves  of  the  reconstructed  arches 
spandrel  walls  were  used  instead  of  the  filling  as  in  the  old 
part. 

After  this  work  had  been  completed,  sheet  piling  was  driven 
around  the  other  piers,  as  well  as  around  the  abutment  foot- 
ings, and  capped  with  masonry.  Cement  grout  was  then 
pumped  in  under  the  old  footings  to  partly  consolidate  the 
sand. 

The  total  expenditures  charged  to  this  famous  bridge  during 
its  more  than  300  years  of  service,  have  been  less  than 
3,000,000  francs. 

Pont  Marie. — Ten  years  after  the  completion  of  Pont  Neuf 
a  bridge  was  started  connecting  the  north  bank  of  the  Seine 
with  the  He  St.  Louis.  This  bridge  was  designed  and  its 
construction  begun  by  Cristophe  Marie,  v.'hose  name  It  bears, 
but  was  later  taken  over  and  completed  by  Delagrange,  in 
li!3.«; 


The  Pont  Marie  Is  92.27  meters  long  between  abutments 
and  consists  of  five  nearly  semi-circular  arches  of  cut  stone. 
The  largest  arch  has  a  span  of  17.65  meters,  and  the  smallest, 
13.76  meters.  The  width  between  faces  is  23.60  meters.  The 
keystone  depth  is  1.75  meters. 

The  foundations  are  masonry  footings  placed  directly  upon 
the  gravel  of  the  river  bed. 

In  1658  two  arches  were  washed  out  and  were  replaced 
six  years  later.  Except  for  this,  there  is  no  record  of  any 
expenditures  during  300  years  of  use. 

Pont  Tournelle. — In  1654  the  Pont  Tournelle  was  con- 
structed over  the  southern  channel,  opposite  the  He  St.  Loui.-,, 
which,  with  the  Pont  Marie,  completed  the  crossing  at  that 
point. 

The  bridge,  as  originally  built,  consisted  of  six  semi-circular 
arches  of  cut  stone;  the  largest  of  these  was  17.58  meters 
between  piers  and  the  smallest  15.57  meters.  The  total  length 
of  the  bridge  between  abutments  was  117.88  meters,  and  its 
width  between  faces  was  13.80  meters.  The  piers  are  3.95 
meters  thick,  and  rest  on  piles. 

In  1845  it  became  necessary  to  widen  the  deck.  This  was 
accomplished  by  utilizing  practically  the  entire  width  of  the 
original  structure  for  the  roadway,  raising  the  pier  heads  to 
the  level  of  the  sidewalks  and  carrying  the  sidewalks  on 
metallic  arches. 

These  arches  are  semi-circular.  Each  rib  consists  of  five 
cast  iron  sections  bolted  together.  In  cross  section  they  are 
channels  450  by  135  by  50  millimeters,  and  are  the  same  depth 
throughout  the  entire  length  of  the  arch.  The  spandrel 
work  was  cast  in  six  sections,  and  is  bolted  to  the  arch  ribs. 

Pont  Royal. — The  Pont  Royal  was  completed  in  1689  and 
is  composed  of  five  semi-circular  masonry  arches;  the  center 
arch  has  a  span  of  23  meters,  the  adjacent  arches  22.60 
meters,  and  the  shore  spans  20.58  meters.  The  arches  are 
17.0  meters  long  between  faces  and  carry  a  roadway  of  10.4 
meters  and  two  3-meter  sidewalks" 

The  entire  bridge  is  constructed  of  cut  stone  and  rests  on 
pile  foundations.  The  depth  of  the  arches  at  the  keystone  is 
1.42  meters.     The  piers  are  4.86  meters  thick. 

Pont  de  la  Concorde. — With  the  construction  of  the  Pont 
de  la  Concorde,  in  1787,  a  new  type  of  bridge  was  inaugurated, 
the  segmental  arch,  which  type  was  employed  exclusively 
until  the  middle  of  the  next  century. 

The  Pont  de  la  Concorde  was  designed  and  constructed  by 
M.  Peronet,  Chief  Engineer  of  Bridges  and  Highways  under 
Louis  XVI.  It  is  composed  of  five  segmental  circular  arches 
of  masonry  resting  on  four  2.92-meter  piers  and  two  15.59- 
meter  abutments.  The  pier  footings  are  stepped  out  to  a 
width  of  6.82  meters  and  rest  on  timber  platforms  on  piles. 

The  bridge  is  15.59  meters  wide  between  faces,  accommo- 
dating a  roadway  8.75  meters  wide  and  two  3-meter  side- 
walks. The  central  arch  has  a  span  of  31.18  meters  with  a 
rise  of  3.97  meters;  the  adjacent  arches  span  28.25  meters 
and  have  a  rise  of  3.69  meters;  the  shore  spans  are  25.33 
meters  long  with  a  rise  of  2.98  meters.  The  keystone  depths 
are,  for  the  middle,  adjacent  and  shore  arches,  1.09.  1.01  and 
0.88  meters,  respectively. 

Pont  Notre  Dame. — The  present  Notre  Dame  bridge  re- 
placed a  6-arch  structure  built  in  1499-1507  by  the  Joconde 
Brothers,  an  Italian  religious  organization.  The  type  of  foun- 
dation used  in  this  bridge  was  the  same  as  that  employed 
later  for  the  Pont  Neuf,  as  heretofore  described. 

They  are  timber  platforms  laid  directly  upon  the  sand,  but, 
unlike  those  of  Pont  Neuf.  they  were  immediately  enclosed 
in  sheet-piling  walls  and  further  protected  by  loose  rock 
dumped  at  the  upstream  ends. 

in  1852  it  became  necessary  to  lower  the  roadway  some 
three  or  four  meters  to  conform  to  the  new  level  of  the  streets 
approaching  it,  so  it  was  decided  to  completely  wreck  the  old 
superstructure  and  rebuild  the  bridge  on  the  old  foundations. 
Accordingly,  the  superstructure  was  demolished  to  a  point 
slightly  above  the  watir  line,  and  the  piers  rebuilt  with  a 
thickness  of  3.5  meter.s.  They  were  connected  with  five 
eliptical  arches,  varying  in  span  from  18.76  meters  for  the 
largest  to  17.40  meters  for  the  smallest.  The  central  arch 
has  a  rise  of  7.5  meters  and  the  shore  spans  7.25  meters.  The 
depth  of  the  arches  at  the  keystone  is  0.88  meter. 

The  sixth  arch  of  the  old  bridge  had  been  built  to  span 
tlie  head  of  a  canal  which  was  no  longer  in  existence. 

The  length  of  the  arches  between  faces  is  21  meters,  and 
the  width  of  the  deck  20  meters  between  parapets.  The 
bridge  has  a  12-meter  roa'lway  and  two  4-meter  sidewalks. 
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For  the  greater  part,  stone  from  the  old  bridge  was  used, 
set  in  natural   (Vassy)  cement  mortar. 

The  reconstruction  required  approximately  one  year  and 
cost  713,000  francs. 

These  were  the  first  elliptical  arches  used,  beginning  an- 
other new  era  in  bridge  construction.  During  the  next  ten 
years,  six  more  bridges  of  this  type  were  built. 


Profitable  Life  of  Fire  Proof  Office  Building 

Some  interesting  information  on  this  subject  is  given  in 
a  recent  Bulletin  of  the  Building  Managers'  Association  of 
Chicago,  from  which  we  quote  the  following: 

No  doubt,  to  the  average  person,  a  modern  office  build- 
mg  with  its  imposing  and  massive  architecture  is  a  structure 
built  to  last  countless  years  which  neither  wear  nor  chang- 
ing conditions  can  harm.  Experience,  however,  shows  this 
to  be  far  from  the  fact,  for  even  despite  every  effort  to 
stay  "old  age"  through  repairs  and  rejuvenation,  the  inevita- 
ble element  of  obsolescence  develops  and  cannot  be  over- 
come. Not  always  a  pronounced  physical  deterioration,  this 
condition  is  usually  best  explained  by  the  term  "old  style." 
"Antique"  is  suggestive  of  increased  values  wlien  applied  to 
certain  art  objects.  It  means  just  the  opposite  when  ap- 
plied to  office  buildings.  Nor  need  a  building  necessarily 
be  old  in  years  to  be  so  regarded,  for  changing  styles  in 
architecture  and  continuous  improvement  in  the  physical 
features  of  newer  buildings  soon  detract  from  the  so-called 
modernity  of  buildings  of  earlier  construction.  Then,  too, 
changing  city  conditions  rellected  oftentimes  in  greatly  in- 
creased ground  values  and  consequent  high  taxes  may  neces- 
sitate a  :?tandard  of  rentals  unobtainable  (or  the  particular 
building  in  competition  with  more  modern  structures,  thus 
making  it  an  inadequate  improvement  for  the  lot.  A  change 
in  neighborhood  conditions  may  also  shorten  the  profitable 
life  of  a  building  well-planned,  and  wliich  when  constructed 
was  considered  in  the  judgment  of  its  builder  to  be  a  perma- 
nent investment.  Or  again,  increased  ground  values  may  be- 
come 30  great  as  to  make  it  necessary  t'j  build  higher  build- 
ings than  have  yet  been  constructed. 

Obsolescence,  therefore,  is  a  vital  factor  in  the  probable 
life  of  the  average  modern  fireproof  office  building  despite 
t]!e  fact  that  occasionally  there  may  be  found  a  building 
where  age  seems  not  to  have  affected  its  prestige  and  rent- 
ing uopsibilities.  Usually,  in  such  cases,  however,  there 
will  he  present  some  special  reason  why  the  investment  con- 
tinues profitable  despite  the  age  or  obsolete  type  of  the 
l:uilding.  Such  cases  cannot  be  used  in  a  fair  consideration 
of  the  general  question. 

What  has  happened  in  downtown  Chicago  in  the  past  3.5 
years  tells  its  own  story  of  how  "permanent"  modern  office 
buildings  are  with  the  passing  of  time.  Look  at  this  list 
of  almost  forgotten  names  of  prominent  office  buildings 
which  were  removed  (with  two  exceptions)  after  lives  of 
less  than  30  years  to  make  way  for  another  crop  of  move 
"modern-permanent"    buildings: 

Champlain  Bldg.,  15  stories,  northwest  corner  Madison  and 
State  Sts.     Krr-cted  1894.     Demolished  ini5  (21  years). 

Continental  Bank  Bldg.,  10  stories.  La  Salle  and  Adams 
Sts.     Erected  1884.     Demolished  1912  (28  years). 

Rand-McNally  Bldg.,  10  stories,  Adams  St.  near  La  Saile 
St.     Erected  ISSI.     Demolished  1912  (2.S  ye.->rs). 

Trude  Bldg.,  14  stories,  southwest  corner  Wabash  Ave 
and  Randolph  St.     Erected  1897.     Demolished  1912  (1.5  years). 

Royal  Insurance  Bldg..  1.5  stories,  KiO  W.  .Tackson  Blvd. 
I'rected   1SS.5.      Demolished    1920    (35   years). 

.Montauk  Bldg.,  9  stories.  Monroe  St.  near  Dearborn  St. 
Krected   1883.     Demolished   1902    (19  years). 

Mailers  Bldg.,  12  stories,  southwest  corner  Quincy  and  La 
Salle  Sts.     Erected  ]88(i.     Demolished  May  1.  1920  (34  years). 

Six  directors  prepared  individual  opinions,  the  consensus 
of  which  was  that  it  is  not  safe  from  an  investment  stand- 
point to  assume  that  the  profitable  lite  of  even  the  best  fire- 
proof ofllce  building  in  Chicago  will  exceed  from  30  to  40 
years  from  the  date  of  its  construction. 


Fabricating  Shop  Contracts  in  May. — The  records  of  the 
Bridge  Builders  &  Structural  Society,  from  reports  collected 
by  its  Secretary,  show  that  during  the  month  of  May,  1921, 
50,800  tons  of  fabricated  structural  steel  were  contracted  for 
throughout  the  United  States,  28  per  cent  of  the  entire  ca- 
pacity of  the  bridge  and  structural  shops  of  the  country. 


Component  Costs  of  Building 
Construction 

Very  little  reliable  information  is  available  as  to  the  proper 
values  to  be  placed  on  the  various  component  parts  of  a  com- 
pleted structure.  At  the  national  conference  of  the  construc- 
tion industries  held  last  February  at  Philadelphia,  Mr. 
Barclay  White,  a  contractor,  of  that  city,  gave  some  informa- 
tion on  this  subject  that  should  be  of  interest.  An  abstract 
of  his  statement  follows: 

The  relative  values  of  the  various  parts  of  the  building 
iiave  not  been  very  carefully  studied  heretofore  but  we  have 
made  an  attempt  to  fix  an  approximate  proportion  covering 
the  whole  building  field  in  this  territory.  We  have  gone  about 
this  by  taking  a  composite  of  building,  wdiich  includes  a  rein- 
forced concrete  factory  building;  slow  burning  or  heavy  con- 
struction warehouse  building  with  brick  walls;  the  typical 
style  of  two-story  dwelling;  detached  brick  and  frame  resi- 
dence; stone  schoolhouse  with  wood  floor  construction;  fire- 
proof institutional  building;  the  apartment  house;  and  the 
sieel  frame  office  building. 

How  the  Costs  Were  Arrived  At. — From  our  own  records 
of  cost  we  have  taken  typical  instance  in  each  of  these  eight 
t.vpes  of  building  and  have  divided  it  up  according  to  the 
actual  cost  figures,  into  labor  and  materials,  and  have  then 
tried  to  proportion  the  various  types  of  building  as  nearly  as 
possible,  in  their  correct  relation  to  the  total  volume  of  busi- 
ness which  is  done  in  this  territory.  Of  course,  right  there 
you  will  realize  that  there  is  bound  to  be  a  great  deal  of 
leeway  which  should  be  brought  out,  for  in  the  course  of  the 
last  few  years  house  building  has  fallen  off  very  largely  in 
proportion  to  the  heavier  types  of  construction.  These 
figures  will  have  to  be  taken  as  the  best  approximation  that 
the  circumstances  permit. 

After  arriving  at  a  makeup  of  the  difterent  types,  and  pro- 
portioning the  various  types  into  their  proper  ratios,  we  have 
summarized,  for  instance,  the  main  item  as  skilled  labor  on 
the  building.  It  is  a  little  difficult  to  say  where  skilled  labor 
stops  and  unskilled  labor  begins,  but  we  have  based  the  cal- 
culation on  the  mechanics  on  one  side  as  against  the  appren- 
tices, helpers,  hod  carriers  and  common  laborers  on  the  other 
side.    The  result  of  our  calculation  is  given  in  Table  I. 

Our  total  for  all  skilled  labor  on  the  building,  and  including 
in  that  also  the  cost  of  all  stonecutting,  the  shop  work  on 
stairs,  mill  work  and  sheet  metal,  aggregates  27.55  per  cent 
on  the  cost  to  the  owner  of  the  average  building.  The  un- 
skilled labor  is  9.44  per  cent,  these  values  are  to  be  taken  of 
course  in  dollars  and  cents,  and  not  in  number  of  men  em- 
ployed. The  general  supervision,  and  general  engineering  and 
estimating,  will  run  5.60  per  cent,  liability  insurance  is  1.41 
per  cent,  bringing  the  total  labor  costs  of  the  completed  build- 
ing, without  including  any  of  the  fabricating  or  manufacturing 
labor,  to  44  per  cent  of  the  total  completed  building. 

Cost  of  Materials. — The  most  important  item  which  we  have 
to  considei  in  studying  the  cost  of  building  is  labor.  The 
materials  have  been  similarly  worked  out,  and  taking  these 
different  types  of  building  we  find  that  S.86  per  cent  is  lum- 
ber; fi.lO  per  cent  is  brick  delivered  to  the  site;  5.93  per  cent 
is  structural  steel  delivered  to  the  site,  including,  of  course, 
the  fabrication  and  so  forth,  which  is  done  in  the  shop.  Then 
we  go  on  down  to  the  boilers,  heating  and  piping  work,  and 
work  of  that  sort;  5.81  per  cent,  cement;  2.60  per  cent,  f.  o.  b. 
cars  Philadelphia;  hardware  and  nails,  1.78  per  cent,  sand 
delivered,  which  includes  the  sand  in  the  concrete,  masonry, 
brick  work  and  plastering,  1.09  per  cent;  electric  fixtures, 
conduit,  wires  and  switches  and  all  sorts  of  things  in  connec- 
tion with  electrical  work,  1.6  per  cent;  stone,  for  concrete 
work,  1.49  per  cent.  There  is  an  item  here  for  sprinklers  and 
fire  protection,  and  that  is  a  rather  .iifticult  thing  to  get  at 
very  accurately,  and  we  have  included  some  minor  items, 
amounting  to  1.04  per  cent.  Coming  down  the  list  of  1  per 
cent  or  less,  we  have  building  stone,  paint,  roofing,  sheet 
metal  materials,  plastering  materials,  not  including  sand, 
roofing  materials,  lime,  glass,  cut-stone  and  terra  cotta.  eleva- 
tors, mechanical  equipment,  tile  and  marble  running  down  to 
1/10  of  1  per  cent.  The  total  for  materials  is  42.88  per  cent, 
or  just  a  little  less  than  the  value  of  the  labor  on  the  job. 

Overhead,  Expenses  and  Profit.— There  is  really  a  duplica- 
tion of  overhead  expenses  and  profit  because  possibly  65  per 
cent  of  the  work  is  sublet,  and  on  that  work  sublet  to  the 
plumber,   the  plasterer,   the   painter,   etc.,   there  is  really  a 
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(l(iiil)l('  i!vm'lic?a(l,  bcciiiiKe  llir  geuciiil  c:ontractor,  as  superin- 
tnndrnt  of  (he  work,  makes  ;irr;iii«cmpnts  with  the  subcon- 
tractor nnd  divides  the  work,  .so  that  we  find  office  rent,  gen- 
oral  expenses  and  overhead — l)iit  not  inolndinK  office  wages — 
to  he  5.8  per  cent.  The  net  conipcnsnlion  of  the  sub-contrac- 
tors, assuming  they  do  f.,")  per  cent  of  (he  work,  3.90  per  cent. 
and  the  net  compensation  of  the  general  contractor,  assuming 
ho  does  Z^  per  cent  of  the  work,  directs  and  supervises  the 
balance,  3.42  per  cent,  bringing  the  total  up  to  100  per  cent. 

TAni>B    r— PERCENTAGES    OF    KI/EMENTS    IN     COMPOSITE 
BUILDING. 

Tlic  ilivl.slon  of  costs  of  an  Imaclnnry  composite  building'  has 
iKM'ii  iirlvod  at  by  taking  tlie  artual  cost  (Ifaiies  on  different  types 
of  bulldinKS.  including  an  ordinary  two-story  brielt  dwelling:  frow 
■ypo),  a  detached  residence,  a  reinforced  concrete  factory  building. 
.1  .slow  burnini;  construction  wareboii.se  biiJIdinf^,  a  steel  frame 
odlce  bulldlnpr.  a  fireproof  ami  wood  door  school  building,  with 
stone  walls,  and  ,i  brick  apartment  house. 

The  relative  Importance  of  these  difterenl  types  of  building  in 
determining  the  figures  for  the  composite  whole,  were  determined 
liy  reference  to  the  published  lists  of  building  permits  and  similar 
:ilatl.^llcs  as  furnished  by  the  F.  W.  Dodge  Co.,  so  that  the  result 
as  gi'v'en  represents  as  nearly  as  possil)le  the  exact  relative  im- 
portance of  the  various  Items  in  the  make-up  of  the  total  volume 
of  building  business  transacted  In  this  territory. 

Analysis  in  percentages  of  cost  of  a  composite  building,  sliow- 
ing  .average  values  of  various  items  for  each  $10(1  worth  of  buildins 
work  normally  done  in   Philadelphia  district: 
I-i!)or — 

All  skilled  labor  and  supervision  on  the  building,  in- 
cluding also  stone  cutting,  and  shop  work  on  sheet 
metal    and    milhvork    only 27.5-5% 

l-'nskilled  labor  as  above   9.44%    ■ 

Dllice.  estimating,  general  supervision  and  engineer- 
ing salaries  .■).60% 

Diability  insurance   1.4l% 

Total  labor  (no  manufacturing  except  as  stated). .  Jl.Ooe;, 

iMaterials — 

Jj\unber  for  milhvoik.   concrete  forms  and  structure 

delivered  at  site $8.8(1 

i!ricks~delivered  at  site   6.10 

siiel— structural,    miscellaneous   and   reinforcement, 

delivered  at  site 5.9:i 

HolUfrs.  heaters,  piping,  etc.,  for  heating 3.05 

Plumbinf,'  fixtures,  piping,  etc 2.7fi 

'^^ement  f.  o.  l».  cars   2.60 

Hardv.are.  nails  and  similar  misc.  materials  1.78 

Sana,  delivered  to  site   1.6!) 

l-^lectric  fixtures,  conduit  wire,  etc l.eO"' 

Stone,  slag  and  pebbles  for  concrete  1.49 

Sprinklers  and   lire  protection  apparatus  and  minor 

unclassified  items  1.04 

Ruilding    stone    90 

faint    76 

Hoorinfc-  and  sheet  metal  materials .70 

Pl.ustering  materials   (no  sand)    65 

l.athin!,'  materials   6.T 

Steel  sash,  etc.,  delivered  to  site 50 

I-ime  (no  plaster)    45 

'Mass     40 

Cut  slcnc  (materials)  and  terra  cotta 38 

Elovutors  (delivered   to  site)    28 

Mechanical  eouipment,  cranes,  etc 21 

Tile  and  marble  (materials  only)    10 

$42.88 

Overhead  Expense  and  Profit — 

Ofilce    rent,    taxes,    interest,    depreciation    of    equipment, 

?reneral  expense  and  overhead  (not  wages)    $  5.80 

Net    compensation    of    all    sub-contiactors    (assumed    as 

doing  65%  of  th  ^  work  direct)    3 .00 

N'et  compensation  of  ireneral  contractor  (assumed  as  doing 

SSTo  of  the  work  direct  and  supervising  the  balance).!       3.42 

$100.00 

Fire  Tests  of  Building  Partitions, — As  a  part  of  the  work 
of  the  fire-resistive  properties  of  building  materials,  a  series 
of  tests  is  being  conducted  on  brick  walls  by  the  U.  S.  Bu- 
reau of  Standards.  Washington,  D.  C.  A  test  specimen  in 
the  shape  of  a  panel  llxlR  ft.  and  8»A  in.  thick  is  built  into 
a  heavy  steel  frame  so  that  the  whole  can  be  swung  into 
place  in  an  oil-fired  furnace  of  which  the  test  panel  then 
forms  one  wall.  The  panels  are  tested  about  one  month  or 
six  weeks  after  completion,  the  test  consisting  in  subject- 
ing the  panel  to  a  severe  fire  during  which  the  tempera- 
ture of  the  furnace  is  increased  in  accordance  with  a  pre- 
determined program.  The  test  is  continued  for  6  hours 
unless  the  panel  fails  in  less  time,  and  the  temperatures 
reached  at  the  end  of  the  test  are  high  enough  to  melt  cer- 
tain kinds  of  brick.  Observations  are  made  of  the  tempera- 
tures obtained  at  various  parts  in  the  brickwork  and  of 
•he  distortion  of  the  panel  caused  by  heating.  Observa- 
tions as  to  whether  temperatures  on  the  cool  side  of  the 
'■■'nel  become  high  enough  to  ignite  inflammable  materials, 
whether  cracks  or  other  openings  develop  through  which 
the  fire  might  penetrate,  etc.,  are  an  Important  feature.  So 
tar  none  of  the  brick  walls  tested  failed  to  remain  in  place 
during  the   fJ-hour  test  although   as   fire   barriers   the  heavy 


walls  naturally  proved  superior.  Several  tests  similar  to 
those  above  described  are  being  conducted  each  month. 
Engineers  and  architects  or  others  interested  in  the  de- 
tails are  welcome  to  visit  the  bureau  to  witness  the  tests; 
the  exact  dates  on  which  the  furnace  will  be  in  operation 
may  be  obtained  by  writing  the  Bureau  of  Standards.  Wash- 
ington. T).  C. 


Durability  of  Wood  Not  Affected  by  Time  of  Cutting. — 
Many  of  the  theories  advanced  regarding  the  durability  of 
wood  attribute  too  much  importance  to  the  time  of  cutting, 
say  specialists  of  the  Forest  Products  Laboratory.  Forest 
Service.  Department  of  Agriculture.  As  a  matter  of  fact,  the 
time  of  cutting  has  very  little  effect  upon  the  durability  or 
other  properties  if  the  timber  is  properly  cared  for  after  if  is 
cut.  The  method  of  handling  logs  at  different  times  of  the 
year,  however,  does  influence  their  durability.  Timber  cut  in 
late  fall  and  winter  seasons  more  slowly  and  with  less  check- 
ing than  during  the  warmer  months,  and  when  proper  storage 
or  handling  is  impracticable,  winter  cutting  is  best.  Fungi 
and  insects  do  not  attack  wood  out  of  doors  in  cold  weather, 
and  by  the  time  warm  weather  arrives  the  wood  is  partly 
seasoned  and  somewhat  less  susceptible  to  attack.  It  is  for 
these  reasons  that  winter  cutting  is  advantageous,  and  not 
on  account  of  a  smaller  amount  of  moisture  or  sap  in  the 
wood  in  winter,  as  the  popular  belief  has  it.  There  is  practi- 
cally no  difference  in  moisture  canient  of  green  wood  in 
winter  and  summer. 


Elds  to  Be  Opened  July  30  for  Bridge  Over  Yellow  River  in 
China. — The  date  of  opening  of  the  tenders  for  the  construc- 
tion of  the  railway  bridge  over  the  Yellow  river  for  the  Pe- 
king-Hankow line,  scheduled  for  June  30.  has  been  extended 
to  July  30.  The  Chinese  government  received  a  telegram 
from  Wei  Chen-chu.  Minister  to  Belgium,  reporting  that  the 
Belgian  adviser  W'ould  not  be  able  to  leave  Belgium  tmtil  the 
middle  of  June  and  requesting  a  postponement  of  the  date 
for  the  opening  of  tenders  for  another  month.  The  Ministry 
of  Communications  complied  with  the  request. 


Personals 

The  Turner  Construction  Co.,  N^w  York  City  has  opened  a 
local  offiee  .it  No.  3  Giddens  P.ldg..  Atlanta,  Ga..  with  H.  B.  Pope  as 
superintendent. 

Dr.  Walter  F.  RIttman  of  Washington.  D.  C.  has  been  selected 
as  he.Td  of  (he  department  of  commercial  engineering  at  Carnegie 
Institute  of  Technology. 

Jacob  L.  Crane,  Jr.,  who  lias  been  studying  town  planning  at 
Harvard  the  past  year,  sailed  on  .Tune  11  for  a  six  months'  trio 
through  all  the  countries  of  Europe  to  study  town  planning  and 
mxmicinal   affairs. 

Louis  Focht,  engineer  of  the  New  Jersey  .state  Board  of  Tixes 
and  Assessments,  has  been  apnointed  by  Governor  Edwa'-ds  a 
member  of  his  Delaware  Ttiver  Commission  for  the  elimination  of 
toll  hridges   across   that   stream. 

William  C.  E.  Becker,  structural  engineer  for  the  Missonri 
Pacific  R.  R..  and  formerly  professor  of  civil  engineering  at  Wash- 
ington Universit.v.  h.as  been  aopointed  Chief  Engineer  of  the  De- 
partment, of  Pnlilie  Safety  of  St.   Tjouis. 

The  firm  of  A.  E.  Ponsford,  Ltd..  contractors.  St.  Thomas.  Ont  . 
has  been  reore-anized  imder  a  Provincial  charter  as  th«  Pnns*"ord 
Construction  Co..  with  a  capital  of  $400,000  A.  E.  Ponsfnnl  is 
President  of  the  new  company;  Herman  Ponsford.  Vice-Presi- 
dent and  Manager;  Harley  Ponsford.  Secretary,  and  Bert  Pons- 
ford. Treasurer. 


Obituaries 


Elias  B.  Bascom,  a  building  contractor  of  I..ansing.  la.,  dieil 
.Time  Ti  m   that   city,  aged  8S. 

Frederick  W.  Collett.  a  cotisidting  enginenr  of  Camhridge.  .Mass.. 
died  sudd»-ril\-  .Tone  17  in  .a  sanitarium   in  Evanstnn.   111. 

Walter  Wookey.  a  civil  engineer  of  the  Anaconda  Copper  Mining 
Co..  at  Butte.  Mont.,  was  killed  .Tune  8.  when  he  was  caught  'n  -^ 
slide  of  tailings  at  the  slime  pond.  He  was  41  years  of  age  ami  haT 
been  a  resident  of  Butte  for  more  than  IS  years,  working  at  the 
Leonard   and    other  mining   properties   there. 

S.  T.  Morse.  City  Enirineer  of  Carlinville.  ill.,  and  form»rlv 
County  Engineer  of  Macoupin  County,  was  instantly  kill'*']  •Tun'' 
3  w-hen  bis  automobile  was  struck  by  a  passenger  tr.-'in  :it  a 
crossing  3  miles  .south  of  Carlinville.  Mr.  IVTors*  was  49  yea'-s 
old  and  was  a  graduate  of  the  ITniversity  of  Illinois.  He  was  well 
known  for  his  work  In  connection  with  the  design  of  concrete 
pavements,  and  was  a  prominent  member  of  the  Illinois  Soeiely 
of  Engineers. 


Industrial   Notes 


The.Antl-Hydro-Waterproofing  Co.,  Newark  N.  J.,  has  onened 
a  local  office  at  Room  1223  l^nnd  Title  Rldg..  Chestnut  and  Broad 
Sts..   Philadelphia. 

Col.  Washington  A.  Roebling  has  been  elected  President  of 
.Tohn  A.  Rocbling's  Sons  Co..  Trenton.  N.  J.,  wire  rope  manufac- 
turer, succeeding  his  nephew.  Karl  G.  Roebling,  who  died  suddenlv 
on   May  29. 

The  Good  Roads  Machinery  Co.  will  move  its  general  sales 
ofTieo  from  S21  Bulletin  Bldg.,  Philadelphia.  Pa.,  to  Kennett  Square. 
Pa.,  on  .Tune  25.  After  that  date  all  correspondence  should  be 
addressed  to  Kennett  Square.  Pa. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street   Cleaning 

(d)  Municipal    Miscellanies 


<e)   Management   and    Office 

System 

Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani- 

tation 

(e)    Management    and    Office 

System 


<c)    Irrigation    and    Drainage 
(d)    Power  and   Pumping 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries    and    Pits 

(b)  Management    and         (d)    Steam    Railwaye,   Con- 
Office    System  struct  ion   and    Maintenance 

(e)    Electric    Railway    Construction 
and    Maintenance 

Buildings  and  Structures — 4th  Wednesday 

(d)  MlscetlaneouB    Structures 

(e)  Properties     of     Materials 

(f)  Management     and     Office 

System 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 
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Invention  and  Labor 

Editorial  in  The  Engineer,  London,  May  5,  1921. 
Mr.  Balfour,  speaking  last  week  of  the  value  of  research, 
and  incidentally  pronouncing  a  blessing  on  the  new  Insti- 
tute of  Physics,  said,  in  elfect,  that  if  labor  would  give  up 
continual  bickering  over  its  present  rate  of  wages  and  do 
its  best  to  help  industry,  then  science,  in  the  course  of  a 
few  years,  would  so  facilitate  and  accelerate  the  rate  of 
production  and  so  harness  new  forces  of  nature  that  all  men 
would  be  able  to  live  in  comfort  with  the  expenditure  of  tar 
less  energy  than  at  present  and  would  have  far  more  leisure 
to  en.ioy — if  they  knew  how  to  enjoy  it.  No  scientist  will 
hesitate  to  accept  Mr.  Balfour's  words.  We  all  believe  that 
the  domains  of  science  which  remain  to  be  conquered  are  as 
extensive  as  those  already  won,  and  though  we  can  see  but 
dimly  into  the  future,  yet  every  now  and  then  some  great 
Imaginative  intellect  points  through  a  rift  in  the  cloud  to  the 
promised  land  beyond.  Even  labor  itself,  paradoxical  as  it 
sounds,  has  this  belief  in  science.  It  does  believe  that  in- 
vention can  reduce  its  toil;  it  does  believe  that  research 
can  show  it  how  to  make  two  blades  ot  grass  grow  where 
hut  one  grew  before;  it  does  believe  that  "the  engineer  can 
do  for  a  shilling  what  any  fool  could  do  for  a  pound."  That 
it  has  the  queerest  way  of  expressing  this  belief  we  admit; 
but  that  it  holds  it  is  shown  by  its  occasional  outbursts 
.against  the  lack  of  progressiveness  in  certain  industries. 

The  influence  of  labor  upon  tha  scientific  developments  of 
industries  is  a  chapter  of  history  that  has  yet  to  be  written; 
and  an  exceedingly  Interesting  chapter  it  will  prove  to  be.  An 
example  that  jumps  to  the  mind  may  b.  i;iven  to  make  plain 
our  meaning.  Let  us  ask  ourselves  to  ^^  hat  condition  Ameri- 
can inventiveness  would  have  now  attained  were  slavery 
in  that  country  still  practiced.  Had  labor  remained  ex- 
tremely cheap  in  North  America,  had  it  been  very  plentiful 
instead  of  scarce,  would  the  labor-saving  appliances  for 
which  the  United  States  are  famous  have  appeared?  It  is 
extremely  doubtful  that  they  would;  it  is  more  than  prob- 
able  that   emancipation    by   increasing     the    cost    of    labor. 


coupled  with  the  rapid  development  of  new  areas  which 
caused  the  exhaustion  ot  the  supply  of  craftsmen,  led  to  the 
multiplication  of  machinery  for  economizing  manual  power. 
If  now  we  turn  our  eyes  from  the  conditions  ot  North  Amer- 
ica and  glance  at  China  we  see  the  opposite  condition  pre- 
vailing, and  find  just  such  results  as  we  should  anticipate. 
There,  with  a  dense  population  and  extremely  cheap  labofl 
which  is  barely  removed  from  a  state  of  slavery,  invention 
has  never  been  encouraged  and  is  not  welcomed,  because  it 
is  not  really  needed.  In  Europe  the  conditions  are  half- 
way between  those  extremes.  Labor  was  not  very  costly,  and 
there  is  neither  a  dearth  nor  an  excess  of  it.  There  is  in 
normal  times  a  small  percentage  greater  than  the  needs, 
but  it  is  sc  small  that  it  does  little  more  than  balance  the 
time  expended  by  work-people  in  moving  from  place  to  place. 
.4nd  what  do  we  find  as  a  consequence?  We  find  divided 
and  uncertain  opinions  upon  the  value  of  labor  saving;  the 
work-people  frequently  opposed  to  it  from  fear  that  unem- 
ployment will  follow  in  its  train;  the  capitalist  desiring  it 
to  just  that  extent  and  no  more  that  will  enable  him  to  com- 
pete in  the  markets  of  the  world  with  other  nations  that 
have  cheaper  labor  or  many  appliances  for  reducing  the 
labor  cost  per  piece.  We  suggest  that  it  is  to  these  actions 
and  reactions  that  we  must  look  for  an  explanation  of  the 
attitude,  on  the  one  hand  of  labor,  and  on  the  other  of  capi- 
tal, towards  industrial  science  in  the  United  Kingdom.  As- 
suming that  this  conclusion  is  right,  what  must  be  the  out- 
come of  the  desire  of  labor  for  higher  wages  and  shorter 
hours?  Were  labor  sympathetic  there  would  be  one  reply. 
Desiring  high  wages  and  short  hours,  but  recognizing  that 
they  would  force  up  the  price  of  commodities  and  so  lead 
to  the  loss  ot  markets  and  the  destruction  of  industries, 
labor  would  encourage  the  introduction  and  discovery  oT 
means  of  economizing  toil.  Hence  the  inventiveness  in  which 
Britons  are  as  rich  as  any  people  in  the  world,  would  be 
freely  exercised  until  the  total  costs  per  piece  could  be 
brought  down  to  a  level  at  which  competing  nations  could 
be  successfully  met.  Unfortunately,  there  is  a  section  of 
labor  that  will  not  or  cannot  take  this  long  view.     In  spite  of 
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the  tact  that  every  page  of  Industrial  history  sliows  that  the 
Introduction  or  rnachiiiery  has  led  to  the  increase  ot  em- 
ployment, in  spite  of  the  daily  experience  of  every  workmafi 
that  he  could  not  be  fed,  nor  clothed,  nor  carried,  nor  housed 
as  he  is  without  machinery,  he  inherits  from  his  forebears  an 
ancient  and  illogical  distrust,  and  whilst  he  desires  all  the 
comforts  and  conveniences  that  machinery  brings,  he  yet 
opposes  it  from  the  fear  that  It  may  do  what  experiences 
show  it  never  has  done — cause  unemployment  and  increase 
poverty.  Could  we  but  convince  him  of  his  error  in  this 
respect,  then,  as  Mr.  Balfour  said,  such  comfort  as  he  now 
dreams  of — and  illogically  fights  for— would  be  his  for  the 
asking.  Every  new  step  in  science,  industrial  or  pure,  leads 
towards  greater  amenities,  greater  well-being,  less  labor, 
aiul   more  leisure. 

Did  the  effect  of  this  attitude  towards  technical  progress 
begin  and  end  at  this  point  it  would  be  bad  enough.  Un- 
fortunately, it  goes  much  further.  Tin-  troubles  in  which 
labor  has  involved  industries  for  many  years  past  has  pre- 
vented the  accumulation  of  riches,  which  is  the  first  step 
towards  great  developments,  and  has  discouraged  employers, 
who  hesitate  to  make  costly  changes  in  their  plant  and  ma- 
chinery from  uncertainty  that  they  will  be  permitted  to 
enjoy  the  fruits  of  their  enterprise.  Mr.  Balfour  appealed 
to  rich  men  to  help  industrial  research;  but  rich  and  poor 
are  alike  in  this  respect,  that  they  will  not  give  money  nor 
lend  money  to  industries  which  are  in  a  continual  state  of 
unrest,  and  in  which  they  cannot  see.  in  the  circumstances, 
profit  to  themselves  or  to  their  country.  A  few  years  of 
complete  freedom  from  serious  strikes  would  lead  to  a  re- 
markable change.  Our  foreign  trade  could  be  recovered,  and 
men,  grasping  the  chance  of  making  money,  would  hasten 
to  invest  in  industries  and  to  encourage  research  of  all  kinds. 
The  great  body  of  labor  would  share  in  the  general  welfare 
and  be  relieved  from  anxiety  about  unemployment,  whilst 
opportunities  would  be  opened  to  the  more  aspiring  spirits 
to  find  their  way  up  the  social  ladder.  There  is  no  greater 
need  than  that  labor  should  be  brought  to  see  that  its  welfare 
is  bound  up  with  the  growth  and  improvements  of  indus- 
tries, and  that  it  can  win  far  more  by  encouraging  inven- 
tion, research,  and  progress  than  it  can  ever  hope  to  attain 
by  methods  that  hamper  them. 


The  New  Institute  of  Physics 

Kditoriiil    in    I,nKinei*rint;.    Ijondon,    April    29,    1921. 

Touchstone  defined  a  natural  philosopher  as  one  who 
knew  that  "the  property  of  rain  was  to  wet,"  a  generaliza- 
tion which  is  daily  confuted  by  the  work  of  the  lithographer. 
Nowadays  this  kind  of  knowledge  is  considered  to  be  rather 
the  mark  of  the  craftsman,  who  often  knows  exceedingly 
well  highly  important  scientific  facts,  but  whose  knowledge 
and  interest  stop  there.  The  natural  philosopher  or  physicist 
differs  from  the  craftsman  in  that  his  province  is  to  ascer- 
tain how  it  happens  that  water  does  not  always  wet,  and  the 
solution  of  such  problems  has  for  the  most  part  been  sought 
by  him  solely  to  satisfy  an  intellectual  curiosity.  Never- 
theless such  studies  in  their  ultimate  outcome  have  in 
augurated  a  new  age  In  the  history  ot  mankind,  the  age  of 
energy  which,  inheriting  the  accumulated  lore  of  the  iron. 
the  bronze,  and  the  stone  ages,  which  preceded  it.  has  added 
a  new  factor  which  directly  or  indirectly  has  largely  trans- 
formed the  face  of  the  globe  and  completely  altered  the 
Intellectual  outlook  of  mankind.  When  Queen  Victoria  as- 
cended the  throne  in  18.37  practically  all  educated  people 
accepted  without  question  the  view  that  the  world  was  only 
some  6.000  years  old.  whilst  today,  the  physicist,  by  a  study 
of  the  "sequeire"  of  past  radioactivity  is  able  to  date  certain 
rocks  as  laid  down  as  least  100,000,000  years  ago. 

On  the  material  side  the  change  has  been  equally  start- 
ling. Intercourse  between  man  and  man  has  been  increased, 
and  the  ultimate  outcome  will  certainly  add  not  merely 
to  the  material  comfort  ot  mankind  but  will  most  certainly 
also  raise  his  ethical  standard,  which  in  one  particular  at 
least  stands  higher  than  ever  before  in  human  history. 
iVanton  cruelty  is  far  less  prevalent  than  at  the  dawn  of  the 
present  age,  and  is  a  direct  outcome  of  the  greater  facilities 
now  available  for  the  Interchange  of  thought. 

It  Is  true,  ot  course,  that  the  changes  in  question  have  for 
the  most  part  been  due  to  the  engineer,  but  if  it  be  his 
province  to  direct  the  great  forces  of  Nature  to  the  use  and 
benefit  of  mankind,  It  Is  the  task  of  the  physicist  to  ascer- 


tain the  nature  of  these  forces  and  the  character  of  the 
mechanism  at  work,  when  the  component  parts  are  too 
minute  to  be  perceived   save  by  tie  scientific  imagination. 

In  this  country,  owing  largely  to  the  narrowly  specialized 
instruction  provided  in  our  schools,  the  value  ot  the  work  of 
the  physicist  was  long  appreciated  by  few.  Up  to  the  out- 
break of  the  war,  the  Treasury  (controlled  in  the  main  by 
the  half-educated  product  ot  Oxford)  were  tar  from  liberal  in 
the  value  they  attached  to  scientific  knowledge.  In  frequent 
instances  the  salary  they  offered  to  expensively-trained  gradu- 
ates In  science  was  of  the  order  of  £3  a  week.  When  the 
Germans  made  their  assault  on  Western  civilization  it  took 
no  little  time  to  convince  the  Departments  ot  State  that 
something  more  than  the  possession  of  a  good  literary  style 
was  necessary  to  defeat  the  raid.  In  the  end.  however,  the 
physicist  and  the  engineer  were  called  In — inadequately  and 
imperfectly,  it  must  be  admitted — but.  nevertheless,  effec- 
tively, and  amongst  the  principal  factors,  in  our  ultimate 
but  hardly-won  success,  must  be  reckoned  the  contributions 
made  by  our  physicists.  As  one  result  the  number  of 
physicists  has  greatly  increased,  and  whilst  twenty  years 
ago,  almost  up  to  the  outbreak  ot  the  war,  few  students  of 
science  could  hope  for  anything  but  a  badly-paid  teaching 
career,  the  demand  for  their  services  now  exceeds  the  supply, 
although  the  number  available  has  enormously  increased  and 
is  estimated  by  Sir  J.  J.  Thomson  to  be  800  to  1,000  today. 
The  time  is  therefore  apt  for  more  completely  organizing  this 
body  ot  workers,  and  in  the  Institute  of  Physics  a  start  Is 
being  made  with  300  members,  the  president  designate  being  | 
Sir  J.  J.  Thomson,  who.  as  Prof.  Bragg  aptly  said  at  the  ' 
meeting,  had  for  years  constituted  in  himself  a  British  In- 
stitute ot  Physics,  his  magnificent  work  at  Cambridge  having 
played  a  large  part  in  bringing  the  study  of  science  Into 
the  esteem  in  which  it  was  held  today.  The  inaugural  meet- 
ing of  the  new  Institute  was  held  on  Wednesday  last  at  the 
Institution    ot   Civil  Engineers. 

In  his  address  to  the  meeting.  Sir  J.  J.  Thomson  recalled 
the  fact  that  when  the  Cavendish  laboratory  was  founded 
at  Cambridge  in  1873,  the  original  estimate  tor  buildings  and 
equipment  complete  was  £0,300.  and  he  further  stated  that 
right  up  to  1914  the  cost  ot  new  apparatus  required  for  re- 
search work  never  exceeded  £400  in  any  year.  This  fact  is 
the  more  striking  In  view  of  the  revolutionary  and  funda- 
mental character  of  the  discoveries  made,  which  are  out 
ot  all  proportion  immensely  more  important  than  the  volum- 
inous investigations  characteristic  of  the  extremely  liberally- 
equipped  and  endowed  laboratories  of  the  Fatherland.  This 
fact  emphasizes  the  truth  ot  an  observation  made  by  Mr. 
Balfour,  who  attended  the  meeting  in  his  capacity  ot  Lord 
President  ot  the  Council  and  official  head  ot  the  Department 
ot  Scientific  and  Industrial  Research.  Mr.  Balfour  made  the 
point,  to  which  we  have  repeatedly  called  attention  in  our 
own  columns,  viz.,  that  you  cannot  ensure  work  of  funda- 
mental importance  by  increasing  the  number  of  your  inves- 
tigators or  the  lavishness  of  your  equipment.  Men  of  genius 
are  born,  and  a  great  scientist  can  no  more  be  created  by 
education  than  can  a  great  poet.  Nevertheless,  as  Sir  J.  J. 
Thomson  pointed  out,  even  the  pioneer  is  helped  by  the  work 
ot  the  mass  of  scientific  hodmen.  The  promulgation  of  any 
new  creative  idea  Is  necessarily  followed  by  a  period  ot  sus- 
pense in  which  its  implications  are  tested  by  comparison 
with  experiment,  and  the  bulk  ot  this  work  requires  little 
but  intelligence,  honesty  and  a  reasonable  amount  ot  in- 
genuity on  the  part  ot  the  observer.  This  work  requires  time, 
and  the  more  workers  that  are  available,  the  less  is  the 
period  which  must  elapse  before  the  new  contribution  to  human 
thought  is  fully  assured,  and  the  ground  cleared  tor  another 
move  forward  by  the  pioneers.  The  gi-eat  difficulty  in  the 
way  ot  Increasing  our  army  of  workers  Is  the  financial  one. 
When  the  Cavendish  laboratory  was  first  inaugurated  the 
equipment  was  small,  but  so  were  the  number  ot  workers, 
and  as  one  consequence  a  student  could  be  sure  of  retaining 
necessary  Instruments  till  the  end  ot  his  studies.  As  the 
number  ot  students  increased,  this  happy  condition  ot  affairs 
terminated,  and  as  Professor  Bragg  said.  Investigators  had 
to  copy  the  example  of  the  temple  builders  described  in 
Nehemiah,  and  conduct  their  work  with  "their  trowel  in 
one  hand  and  their  sword  in  the  other."  Otherwise,  they 
were  likely  to  find  missing  some  essential  part  of  their 
plant. 

Owing  to  our  present  poverty,  the  Treasury  has  had  to  cut 
down    the    grants    appropriated    to    scientific    research,    but 
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Mr.  Balfour  said  that  this  had  been  done  most  reluctantly. 
as  it  was  recognized  that  no  possible  form  of  expenditure 
promises  to  yield  a  richer  return  to  the  nation.  It,  he  said, 
our  industries  expended  half  as  much  energy  in  increasing 
the  natural  productivity  as  they  did  in  quarrelling  over  the 
distribution  of  the  present  relatively  feeble  gains,  there 
would  be  not  merely  an  immense  improvement  in  the  ma- 
terial well-being  of  tne  nation,  but  there  would  also  be  much 
greater  leisure  for  all,  a  condition  which  could  be  nothing 
but  beneficial,  intellectually  and  morally,  provided  always 
that  men  learnt  to  use  it  wisely,  which  as  matters  stand  is 
too  infrequently  the  ci.se.  Education  only  can  supply  a 
remedy. 

The  qualifications  for  members  of  the  new  Institute  oi 
Physics  will  be  high,  but  it  is  hoped  that  some  800  to  l.OdO 
members  may  be  secured  within  the  next  year  or  so.  There 
will  be  two  classes  of  members,  viz.,  associates  and  fellows, 
the  former  will  be  required  to  pass  an  entrance  examina- 
tion, or  some  recognized  equivalent,  and  to  have  haa,  in 
addition,  a  year's  approved  research  or  manufacturing  ex- 
perience. Fellows  will  have  to  show  a  record  of  five  years' 
experience  either  in  research  or  in  a  position  requiring  a 
thorough  knowledge  of  physics.  The  entrance  fee  will  be 
respectively  one  guinea  and  two  guineas  for  the  two  classes. 
and  the  annual  contributions  will  be  the  same  amounts. 
The  secretary  is  Mr.  F.  S.  Spiers,  of  10,  Essex  Street,  Strand, 
London. 


Examination  of  Stresses  in  Struc- 
tural Members  with  Polar- 
ized Light 

Eciilorial   in   The   Enginuer.    London,   .\pril   1,    1921. 

It  was  Professor  Luigi  Luiggi,  of  Rome,  \\rho  found  "le 
mot  juste"  in  the  discussion  on  Professor  Coker's  noteworthy 
paper  at  the  Institution  of  Mechanical  Engineers  two  weeks 
ago.  Professor  Luiggi  is  an  inductive  philosopher.  Bare 
mathematics  and  pure  reasoning  on  the  Greek  model  do  not 
satisfy  him.  He  likes  experiments,  that  appeal  to  the 
senses.  He'  wants  to  see  what  is  happening,  and  it  is  just 
that  that  Professor  Coker's  beautiful  optical  method  of  ex- 
amining stresses  enables  him  to  do.  It  was  because  the 
slides  which  accompanied  the  paper  showed  the  actual 
stresses,  it  was  because  the  physical  facts  were  put  before 
them,  that  he  admired  the  research.  The  slides  were  com- 
plementary to  the  mathematics.  Mathematics  alone  were 
never  quite  convincing.  There  might  be  something  wrong 
with  them,  they  might  start  from  a  wrong  premise,  and 
then  the  conclusion  would  be  wrong,  but  no  one  would  ever 
know.  Professor  Coker  was  able  to  show  that  the  mathe- 
matics were  right:  he  showed  it  by  actual  physical  means 
which  left  no  doubt  in  the  mind  and  gave  a  reality  to  the 
mathematics  which  without  the  optical  proof  they  lacked. 
It  we  may  venture  to  put  Professor  Luiggi's  view  in  a  brief 
form,  it  is  that  the  wedding  of  a  sensible  fact  with  mathe- 
matics is  always  fruitful. 

For  our  own  part  we  are  bold  enough  to  go  even  further 
than  the  Italian  philosopher.  It  seems  to  us  that  in  the  par- 
ticular problems  that  were  under  Professor  Coker's  exami- 
nation— contact  pressure  stresses  and  tension  stresses  in  a 
bar  of  special  form — the  scheme  of  the  distribution  of  the 
stresses  is  so  much  more  important  than  the  precise  mag- 
nitude of  the  stresses  that  the  latter  may  be  neglected  by  the 
engineer  engaged  in  practical  work.  Consider,  tor  example, 
this  case.  It  is  desired  to  support  a  fiat-ended  column  upon 
a  plain  block  of  metal.  Hitherto  it  has  been  assumed  that 
if  the  surfaces  are  flat  the  stress  in  the  base  will  be  equally 
distributed.  Professor  Coker  showed  that  it  was  very  diffi- 
cult to  get  the  surfaces— at  least  those  of  the  celluloid  he 
employs — so  truly  flat  that  this  ideal  condition  is  obtained. 
As  a  rule,  he  found  that  if  two  similar  surfaces  were  pressed 
together  there  were  high  stresses  at  the  corners.  The 
easiest  way  of  removing  these  variations  of  stress  was  to 
Interpose  a  strip  of  rubber  between  the  surfaces.  Engineers, 
and  particularly  bridge  builders,  we  need  hardly  remind  our 
readers,  have  followed  that  plan  for  many,  many  years. 
Where  it  is  necessary  that  the  ends  of  a  girder  should  bed 
accurately  on  a  bolster  or  supporting  piece,  a  sheet  of  lead 
is  frrquentiy  interposed.  Whether  the  introduction  of  lead 
sheet  used  in  this  way  came  about  as  the  result  of  failures 


due  to  local  exaggerated  stresses,  we  cannot  say;  but  it  is 
evident  that  the  effect  must  be  to  cause  equal  distribution  of 
the  stress.  A  fact  cf  that  kind,  we  say,  is  far  more  valuable 
to  practical  people  than  the  ability  to  calculate  the  stresses 
if  they  are  not  equally  distributed.  Now  that  Professor 
Coker  has  shown  us.  by  a  method  there  can  be  no  gainsay- 
ing, that  it  is  not  as  easy  as  we  thought  it  was  to  get  per- 
fectly equal  pressures  all  over  a  surface,  and.  furthermore, 
that  the  interposition  of  a  flexible  layer  will  remove  the 
inequalities,  we  shall  take  more  care  to  get  the  surface  truly 
flat  or  where  need  commands,  and  circumstances  permit 
shall  Introduce  a  soft  layer  between  the  hard  faces.  In  brief, 
we  shall  take  steps  to  avoid  the  higher  stresses,  and,  as  a 
consequence,  the  means  of  measuring  them  will  cease  to 
interest  us.  Again,  when  we  come  to  tension  stresses  in 
test  pieces  on  which  collars  are  turned  to  facilitate  the  use 
of  the  extensometer.  it  is  of  Interest  to  get  visible  demon- 
stration of  the  distribution  of  stresses  in  the  neighborhood 
of  the  collar  and  in  the  collar  itself.  But  these  highly  local- 
ized stresses,  even  when  they  are  intense,  have  little  or  no 
practical  effect.  In  Dalby  test  pieces,  the  high  local  stresses 
which  occur  just  at  the  fillet  of  the  collars  do  not  make  the 
specimens  break  there;  the  majority  break  in  the  central 
region,  like  plain  test  pieces.  Or,  again,  it  may  be  quite 
true,  as  Dr.  Hele  Shaw  indicated,  that  high  stresses  are  set 
up  in  the  region  immediately  surrounding  the  supporting 
surfaces  under  a  beam  and  in  the  region  of  the  load;  but  it 
would  appear  that  such  highly  localized  stresses  are  imma- 
terial— the  common  law  that  the  strength  of  a  beam  is 
measured  by  the  square  of  its  depth  remains  true.  Hence,  it 
may  be  said  that,  whilst  it  's  deeply  interesting  actually  to 
see  the  stresses,  there  is  nothing  in  the  investigation  of  such 
simple  structures  to  disturb  the  engineer,  nothing,  in  fact, 
that  it  is   worth  his  while  to  calculate. 

Much  of  the  work  done  by  Professor  Coker  with  polarized 
light  has  been  devoted  to  the  examination  of  the  stresses, 
in  structures  of  "built-up"  outline — a  lattice  girder,  tor  ex- 
ample— and  in  such  cases  his  method  has  given  and  will  con- 
tinue to  give  information  which  is  of  direct  practical  value, 
but  in  the  case  of  simple  forms,  we  may  say.  without  the 
least  disparagement,  that  its  greatest  value  is  educational. 
On  the  one  hand,  it  provides,  as  Professor  Luigi  Luiggi 
pointed  out,  a  physical  proof  of  mathematical  investigations, 
on  the  other,  it  shows  that  secondary  stresses  of  consider- 
able magnitude  which  escape  mathematical  study  may  be 
set  up.  In  simple  forms  those  stresses  appear  to  have  little 
or  no  effect,  but  in  complex  forms  they  might  have  imme- 
diate importance  or  they  might  have  importance  that  in- 
creased with  time.  Professor  Coker,  to  take  a  simple  ex- 
ample, showed  that  a  little  area  of  high  stress  occurred  at 
the  fillet  in  the  Dalby  test  piece.  Though  that  stress  is  so 
local  that  it  has  no  effect  during  the  breaking  of  a  specimen, 
it  is  at  least  conceivable  that  the  area  would  increase  under 
long  sustained  load,  until  it  assumed  dangerous  proportions. 
Hence,  in  complex  figures  it  is  Important  to  recognize  the 
existence  of  these  little  areas  of  high  stress,  and  an  exami- 
nation of  the  reasons  for  their  occurrence  should  prove  profit- 
able. We  are  glad  to  know  that  it  is  the  intention  of  the 
Institution  of  Mechanical  Engineers  to  reproduce  some  of 
Professor  Coker's  slides  in  their  natural  colors,  for  they 
bring  home  to  the  observer  the  actual  distribution  of  stresses 
with  a  distinctness  and  certainty  that  cannot  be  reached  by 
mathematics   and   geometry. 


Engineers  and  Civilization 

Prom  an  Editorial  in  The  I'^ngineering  Ileview.  l^ondon. 
Engineers  are  among  the  most  appreciative  readers  of 
the  scientific  romances  of  H.  G.  Wells,  and  they  will  prob- 
ably need  little  inducement  to  study  the  series  of  articles  by 
this  writer  in  the  Sunday  Times  on  "The  Salving  of  Civili- 
zation." These  articles  were  originally  prepared  as  lec- 
tures to  be  delivered  in  the  United  States  and  Canada.  They 
reveal  very  clearly  Mr.  Wells'  appreciation  of  the  engineer 
as  a  master  force  in  the  work  of  civilization.  History  is 
usually  written  as  if  the  marriages  and  divorces  of  kings, 
the  passing  of  certain  laws,  the  waging  of  war.  and  the  con- 
flict of  ecclesiastical  institutions  were  the  prime  movers  of 
human  progress.  Mr.  Wells,  however,  goes  beneath  all  these 
superficial  elements.  "The  international  problem  today," 
he  declares,  "is  essentially  dependent  upon  the  question  of 
transport    and    communication — all    others    are    subordinate 
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lo  mill.  iJuring  \i\p  lu.st  hundred  yiai.^  Uiere  has  been  a 
complete  oJteration  In  the  range  and  power  of  human  ac- 
tivities; "men  can  react  upon  men  with  a  rapidity  and  at  a 
distance  that  was  Inconceivable  a  hundred  years  ago." 
America  owes  most  to  the  acceleration  in  locomotion,  but 
has  felt  it  least;  the  railway,  the  river  steamboat,  the  tele- 
graph and  so  forth  were  taken  as  a  natural  part  of  its  growth, 
although  in  point  of  fact  they  came  just  in  time  to  save 
American  unity.  Europe,  on  the  other  hand,  owes  least  to 
the  revolution  in  locomotion,  and  has  felt  it  most.  The 
limits  of  European  states  were  drawn  by  the  horse,  and,  as 
they  had  become  final  and  conclusive,  every  extension  in- 
volved a  war.  "It  is  ns  if,"  writes  Mr.  Wells,  "some  rather 
careless  worker  of  miracles  had  decided  suddenly  to  make 
giants  of  a  score  of  ordinary  men.  and  chose  the  moment 
for  the  miracle  when  they  were  all  with  one  exception  (the 
United  States)  strap-hanging  in  a  street  car." 


Some  Suggestions  for  Prevention  of  Water 
Waste 

Edltorla".   from    Municipal    EnRinccring   and    Sanitary    Record, 
London,   March   31.   1921. 

The  prevention  of  waste  of  water,  which  is  a  matter  of 
paramount  importance  to  the  majority  of  water  undertak- 
ings, is  by  no  means  solely  a  question  of  house-to-house  in- 
spection and  the  re-washering  of  leaky  taps.  The  discharge 
of  water  through  any  oritice  varies  directly  as  the  square 
root  of  the  head,  or  of  the  pressure,  and  it  is  frequently  easy 
to  reduce  the  pressure  during  the  night  hours,  even  if  not 
throughout  the  whole  twenty-four  hours.  A  reduction  of 
pressure  from,  say,  49  lb.  to  .36  lb.  per  square  inch  would 
reduce  the  leakage  by  over  14  per  cent,  and  could  prob- 
ably he  effected  without  .seriously  impairing  the  fire  services 
or  the  efficiency  of  the  penoral  supply.  Again,  if  the  pub- 
lic were  more  fully  informed  upon  the  subject  by  means  of 
circulars  or  Press  notices,  they  could  be  brought  to  realize 
that  water  costs  money,  and  that  the  more  water  they  waste 
individually  the  higher  must  the  cost  be,  A  regular  period- 
ical house-to-house  inspection  will  alway.s  brin.g  to  light 
leakages  in  the  littings  that  can  easily  and  quickly  be  recti- 
hed  but  to  which  the  occupier  pays  little  attention  owing  to 
the  trouble  of  either  procuring  a  washer  and  fixing  it  him- 
self, or  of  arranging  tor  someone  else  to  do  it.  The  trouble 
of  re-washering  taps  could  be  very  materially  reduced  by  the 
insertion  of  a  few  extra  valves  on  the  services  when  they 
are  first  put  in.  The  more  important  leaks  as  regards  the 
quantity  of  water  wasted  occur  in  the  underground  distri- 
bution system  outside  the  buildings,  and  it  will  generally  pay 
to  keep  an  inspection  staff  constantly  at  work.  The  leaks 
are  easily  located  by  those  accustomed  to  the  work  by  the 
use  of  a  stethoscope  or  aquaphone.  At  night,  when  traffic 
has  ceased,  the  sound  of  escaping  water  may  be  detected 
at  a  distance  of  200  ft.  or  300  ft.  A  bad  leak  may  be  traced 
by  sounding  along  the  roadway  directly  over  the  pipe  line, 
although  the  sound  does  not  carry  so  far.  nor  is  it  so  distinct 
as  a  metal-to-metal  sounding.  A  small  leak  from  a  service 
pipe  under  a  pressure  of  .")0  lb.  or  thereabouts  makes  a  sharp 
ringing  sound;  a  broken  main  usually  makes  a  vibrating  or 
rattling  so\ind.  A  bad  break  on  a  low-pressure  pipe  is  diffi- 
cult to  detect  by  sound,  especially  if  the  water  can  readily 
flow  away  through  underground  channels,  as  it  only  gives 
a  low  rumhlin.g  sound  that  can  be  easily  mistaken. 


Chartered  Civil  Engineers 

Edit.'i'ial  in  Pinu'S  KnK'inecrins  Supplt-mt-nt.  London.  April,  1921. 
The  Institution  of  Civil  Engineers  is  now  proposing  to 
seek  a  supplemental  Royal  Charter  to  give  its  members 
the  use  of  the  professional  description,  "Chartered  Civil 
Engineer,"  in  the  belief  that  this  term  would  soon  become 
a  mark  of  professional  civil  engineering  status.  The  council 
of  the  Institution  is  without  doubt  in  a  position  to  be  suit- 
ably advised  on  the  subject,  and  must  necessarily  be  aware 
•of  the  difficulties  with  which  the  application  of  such  a  meas- 
ure will  be  met.  The  purpose  of  the  institution  is  "the 
general  advancement  of  mechanical  science,"  but  the  pro- 
fession of  a  civil  engineer,  while  it  does  not  always  require 
the  full  extent  of  knowledge  that  is  Included  in  this  pur- 
pose, dees  in  some  respects  require  more.  The  knowledge 
■lat  is  actually  necessary  In  a  civil  engineer  is  there- 
.re    wider    and    not    quite    so    readily    defined   as     that 


needed  from  those  who  practice  specific  branches  of  engi- 
neering, and  in  particular  the  extent  of  practical  experience 
that  he  should  have  is  a  matter  in  which  opinions  will  differ 
widely.  If  the  institution  succeeds  in  obtaining  the  charter 
it  seeks  it  will  find  itself  accordingly  bound  to  collect  and 
represent  a  sufficient  consensus  of  opinion  among  qualified 
civil  engineers  to  make  sure  that  its  claims  are  respected 
by  the  profession  generally  and  have  the  intended  result. 
It  will  also  have  to  consider  how  to  reconcile  the  claims  of 
the  proposed  charter  witli  those  of  the  charters  which  for 
the  protection  of  their  members  would  no  doubt  be  sought 
by    other    engineering    institutions. 


Electrolysis  as  Applied    to   the 
Measurement  of  Water 

From  Water  and  Water  Engineering.  London,  March  21.  1921. 
The  following  is  a  brief  description  of  the  electrolytic  water 
meter  invented  by  Mr.  G.  F.  Shelter.  This  instrument  uses 
the  weir,  or  notch,  principles  for  obtaining  the  flow  of  water. 
Instead  of  the  well-known  float,  which  is  generally  used,  a 
fixed  apparatus,  without  moving  parts,  is  placed  in  the  notch 
compartment  in  such  a  position  that  the  true  height  of  the 
water  over  the  notch  is  measured. 

Let  it  be  imagined  that  two  rectangular  plates,  or  grids 
of  copper  gauze,  are  placed  in  the  water  a  definite  distance 
apart,  and  that  an  electrical  battery  is  connected,  in  series 
with  an  ammeter,  to  these  plates.  It  will  be  realized  that  as 
these  plates  are  covered  with  water  (the  water  being  the 
electrolyte),  so  the  electrical  path  is  increased,  and  conse- 
quently the  current  flowing,  as  recorded  by  the  ammeter, 
also  increases.  Now,  If  these  plates  were  of  such  dimensions 
and  located  that,  at  no  flow  over  the  weir,  they  were  just 
touching  the  surface  of  the  water,  and  that  at  full  flow  they 
were  submerged,  it  is  obvious  that  the  current  flowing  would 
be  directly  proportioned  to  the  height  of  water  passing  over 
the  weir. 

As  is  known,  the  flow  over  a  weir  is  not  directly  propor- 
tional to  the  height  of  water,  and  therefore  the  readings,  as 
indicated  by  the  ammeter,  would  be  of  very  irregular  ordi- 
nates.  Moreover,  any  variation  in  electrical  conductivity  of 
the  water  would  give  a  wrong  indication  of  the  height.  To 
overcome  these  disadvantages,  a  specially  cut  trough  is  made, 
into  which  a  positive  plate  is  fitted  in  the  center  and  a  nega- 
tive plate  at  each  end.  A  further  addition  is  made  by  the  use 
of  what  is  known  as  a   standard   path. 

This  standard  path  is  of  circular  cross  section,  with  three 
plates,  as  the  other  path,  but  it  is  always  submerged  in  the 
water.  It  will  be  appreciated  that,  if  all  electrical  indications 
are  compared  with  the  indications  on  the  standard  path,  some 
true  record  is  obtained.  To  do  this,  and  thus  obtain  an  im- 
mediate indication  of  the  flow  of  water,  an  Instrument  known 
as  the  "ratlometer"  is  used.  As  the  name  implies,  this  in- 
strument gives  the  ratio  between  the  current  passing  in  the 
variable  path  and  the  current  passing  in  the  standard  path, 
and,  by  design,  the  flow  of  water  is  recorded  directly. 

Mr.  Shotter  has  an  actual  model  working,  which  he  used 
recently  in  a  lecture  delivered  before  the  Junior  Institution 
of  Engineers.  It  represents  an  installation  in  a  large  manu- 
facturing firm.  The  robustness  of  design,  and  the  entire  ab- 
sence of  moving  parts  in  the  water,  was  noted  on  this  occa- 
sion, and  it  was  evident  that  the  instrument  is  automatically 
of  the  distance-transmission  type,  which  has  been  so  much 
sought  after  for  many  years.  With  this  Instrument  it  is 
quite  feasible  to  record  the  flow  of  water  any  distance  from 
the  actual  weir  or  notch  by  merely  running  the  necessary 
electrical  cables. 

In  a  power  station,  the  condensed  steam  passing  from  a 
condenser  can  be  read  on  the  switchboard,  obviously  a  much 
more  suitable  place  than  that  which  is  necessary  with  a  float 
or  other  type  of  water  meter.  Moreover,  any  leakage  of 
circulating  water  into  the  condensed  steam  can  be  easily  de- 
tected by  a  change-over  switch  on  this  instrument.  The  ex- 
ample shown  at  the  lecture  gave,  on  test,  an  accuracy  of  0.5 
per  cent.  The  demonstration  proved  the  apparatus  suitable 
for  the  measurement  of  water,  particularly  for  waterworks, 
sewage  disposal  w'orks  and  power  plants,  especially  those 
using  the  "close  circuit"  system  of  condensate. 
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Method  of  Lengthening  a  Tunnel 

on  the  Great  Western  Ry., 

England 

From  The  Engineer.  London. 
The  Parsons  Tunnel,  which  is  situated 'on  the  main  line 
of  the  Great  Western  Ry.  between  Dawlish  and  Teignmouth, 
is  in  course  of  being  extended  for  a  length  of  147  yards,  with 
the  object  of  protecting  the  line  from  the  possibility  that,  as 
continued  weathering  takes  place,  stones  might  fall  from  the 


Fig.    1 — Cross    Section    Through    Thickened    Sea    Wall. 

Cliff,  which  at  this  point  rises  to  a  height  of  200  ft.  above 
rail  level.  The  railway  where  the  tunnel  is  situated  imme- 
diately adjoins  the  coast,  and  the  foundations  of  the  abut- 
ments of  the  new  work  have  been  carried  down  To  beach 
level  and  founded  on  rock.  They  are  constructed  of  con- 
crete below  rail  level,  while  above  that  level  they  consist 
of  concrete  faced  with  brick,  averaging  14  in.  thick,  and 
carry  a  semi-circular  brick  arch  five  rings  thick.  The  rail- 
way near  the  tunnel  is  carried  on  an  embankment  protected 
from  the  sea  by  a  retaining  wall,  and  where  the  new  tunnel 
walls  closely  approach  the  sea  wall,  as  they  do  for  a  length 


A  shield  of  sufficient  height  to  allow  its  underside  to  clear 
the  company's  maximum  load  gauge  is  being  used  for  the 
purpose,  and  it  acts  as  a  center  for  the  building  of  the  arch. 
The  shield  is  20  ft.  6  in.  long  over  all,  and  it  is  made  up  of 
five  ribs  each  weighing  about  35  cwt.,  which  are  placed  at 
5  ft.  centers.  The  ribs  are  constructed  of  second-hand  double 
bull  head  rails,  curved  as  required,  bent  fish-plates  and  %-in. 
bolts  being  used  to  make  up  the  connections.  Where  the 
rails  abut  directly  upon  one  another — as  at  W,  W  in  Fig.  2 — 


J  Laggings 


3"  laggings. 


Fig.   3 — Centre    Post   and    Bracing. 

packages  are  inserted  between  the  webs — as  shown  in  Pig. 
3 — so  as  to  make  what  is  practically  a  solid  and  rigid  bar. 
The  bracing  connecting  the  ribs  consist  of  3%  in.  by  31/2  in. 
by  14  in.  angles  and  3  in.  by  1-2  in.  flat  bars  all  bolted  to  the 
ribs  by  %  in.  bolts.  The  angle  bar  bracing  between  the  main 
posts  is  fixed  diagonally,  the  remaining  angle  bracing  run- 
ning horizontally  the  full  length  of  the  shield,  while  the 
flat  bars  connecting  the  lower  part  of  the  ribs  are  fixed 
diagonally  across  the  shield  from  end  to  end. 


ectionj!    E.levation  on  line  A  B 


Fig.  2 — End  View  and  Sectional   Elevation  of  Shield. 


of  200  ft.,  the  space  between  the  two  has  been  excavated  and 
filled  in  solid  with  concrete,  and  the  sea  wall  has  been  thick- 
ened on  the  front  to  take  the  thrust  of  the  arch.  Fig.  1  is 
a  typical  cross  section  through  the  thickened  sea  wall.  It 
is,  of  course,  requisite  for  the  work  to  be  carried  out  with- 
out serious  interference  with  the  traffic,  and  that  has  been 
accomplished,  except  that  trains  have  to  run  at  a  reduced 
speed. 


The  sill  is  composed  of  one  14-in.  by  6-in.  timber  fixed  to 
the  heels  of  the  ribs  by  %-in.  bolts,  which  are  countersunk 
on  the  underside  of  the  sill,  a  bed-plate  %-in.  thick  between 
the  heel  and  the  timber  sill  completing  the  connection.  To 
ensure  a  solid  bed  for  the  shield  to  rest  on,  concrete  6  in. 
thick,  partly  supported  by  the  footing  of  the  foundation, 
was  put  in  at  each  side  outside  the  outer  rails,  and  it  was 
made  of  sufficient  width  to  take  two  12-in.  by  6-in.  timbers. 
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Thti  latter  htp  bedded  down  and  made  true  so  as  to  ensure 
Bniooth  running  of  the  rollers,  which  are  used  when  moving 
the  shield  forward,  and  also  to  provide  a  solid  bed  for  the 
lifting  jacks  to  rest  on.  Slack  blocks,  which  can  be  easily 
removed  when  required  and  which  render  any  adjustment  of 
the  shield  found  necessary  a  simple  matter,  are  placed  be- 
tween the  bed  timbers  and  the  sill  directly  under  each  rib. 

A  timber  platform  is  llxed  on  the  leading  end  of  the  screen 
as  a  protection  to  the  line  during  building  operations,  as  well 
as  to  permit  of  easy  access  for  the  men  from  one  abutment 
to  the  other.  This  platform  is  carried  by  four  11-in.  by 
4-in.  timbers  which  rest  on  the  main  bracing  of  the  ribs  and 
are  tied  down  to  the  second  rib  from  the  leading  end  by 
plates  and  bolls.  Figs.  2  and  3  show  the  construction  of  the 
shield  in  detail;  the  timber  platform  referred  to  being  shown 
in  Pig.  2. 

Kach  rib  was  delivered  in  three  sections,  the  periphery 
portion  being  in  two  sections,  and  the  bracing  and  center 
post   complete   making   up   the   third   section.     Consequently, 


Jtrt  ] 


Fig.    4 — Arrangement    of    Jacks.    Rollers    and    Winches    for    Moving 

Shield. 

the  only  work  to  be  done  on  the  site  was  the  attachment  of 
the  bracing  to  the  periphery  of  the  rib.  The  shield  was 
erected  on  a  Sunday,  occupation  of  one  line  only  being  neces- 
sary, a  traveling  steam  crane  being  used  to  carry  each  rib 
forward  and  place  it  in  its  allotted  vertical  position.  Ths 
sills  had  previously  been  got  into  place,  and  the  time  taken 
to  erect  the  shield  complete,  exclusive  of  leggings,  was  about 
ten  hours. 

Before  moving  the  shield  forward  it  is  lowered  approxi- 
mately 3  in.  on  to  the  rollers  already  referred  to;  these  are 
iron  pipes  plugged  with  wood,  six  on  either  side,  spaced  as 
near  as  possible  at  equal  distances  over  the  length  of  the 
sill.  Four  lifting  jacks — Haley's  patent — are  used  for  low- 
ering and  raising.  They  are  fixed  in  s\iitable  positions  over 
the  length  of  the  sill  and  screwed  up  just  sufficiently  to  take 
the  weight  and  allow  of  the  removal  of  the  slack  blocks. 
The  shield  is  then  lowered  on  to  the  rollers  and  pulled 
forward  by  hand  winches.  Fig.  4  shows  tlie  position  of  jacks, 
rollers  and  winches,  also  the  fixing  of  the  chain  attachment 
to  the  shield.  The  chains  fixed  as  shown  ensure  that  the 
shield  shall  move  forward  on  an  even  keel;  an  operation 
which  can  be  carried  out  during  the  week  and  without  inter- 
ference with  the  traffic. 

Thf-  work  is  under  the  supervision  of  Mr.  W.  W.  Grierson. 
the  company's  chief  engineer;  the  actual  construction  being 
carried  out  by  Mr.  F.  A.  Brown ;  Mr.  E.  G.  Matheson  being 
resident   engineer. 


Timber  as  Reinforcement  for  Concrete. — A  few  years  ago 
the  idea  of  using  wood  for  the  purpose  of  reinforcing  con- 
crete was  embodied  in  a  patent  granted  to  Mr.  G.  O.  Case, 
who  subsequently  read  a  paper  on  the  subject  before  the 
Society  of  Kngineers.  Quite  lately  Signor  Viscardini,  an 
Italian  engineer,  has  been  considering  the  employment  of 
wood  for  the  same  purpose  in  reinforced  concrete  beams. 
The  reinforcement  proposed  consists  of  longitudinal  strips 
of  timber,  nailed  together  at  the  ends  and  at  intermediate 
points,  and  placed  suitably  for  resistance  to  tension  in  the 
lower  part  of  a  beam.  Stirrups  for  resistance  to  secondary 
stresses  are  formed  of  vertical  strips  of  wood,  sometimes 
nailed  to  upper  longitudinal  strips  serving  the  double  pur- 
pose of  keeping  the  stirrups  in  place  and  of  acting  as  com- 
pression reinforcement.  The  vertical  members  can  be  utilized 
further  by  allowing  some  of  the  lower  ends  to  project  through 
the  under  surface  of  the  concrete,  where  they  act  as  plugs 
for  Uie  attachr  ■  ilings  and  fittings. — From  the  Times 
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Lead  Poisoning  and  Water  Supplies 

By  .JAMtJS  F.  RKADK. 
From  Water  and  Water  KnKinecrin^  I.,ondon.  March  21.  1921. 
There  are  two  distinct  ways  in  which  water  acts  upon 
lead.  The  more  important,  because  more  often  producing 
evil  results,  is  kiiown  as  "plumbo-solvency."  The  second  is 
called  "erosive  ability."  The  uncertainty  frequently  ex- 
perienced when  reading  reports  dealing  with  the  behaviour 
of  water  in  contact  with  lead  would  be  materially  dimin- 
ished if  a  proper  distinction  were  drawn  between  these  two 
reactions,  and  if  it  were  made  clear  whether  the  case  was 
one  of  phimbo-solvency  cr  lead  erosion.  Plumbo-solvency, 
as  the  name  implies,  is  that  power  which  some  waters  pos- 
sess of  dissolving  or  assimilating  metallic  lead. 

The  reagents  mostly  used  for  the  detection  of  lead  in 
water  are  ammonium  sulphide,  calcium  sulphide,  and  sul- 
phuretted hydrogen.  Dr.  Thresh  gives  us  the  following 
as  the  most  satisfactory  method  of  testing;  To  100  cu.  cm. 
of  water  add  a  drop  of  freshly  prepared  calcium  sulphide 
solution  faintly  acidulated  with  hydrochloric  acid.  Lead 
sulphide  is  formed  which  gives  a  color  ranging  from  faint 
brown  to  black  brown;  0.0.5  mg.  of  lead  can  be  detected  in 
this  way. 

The  most  serious  outbreaks  of  lead  poisoning  have  been 
observed  in  connection  with  public  water  supplies  derived 
from  moorland  gathering  grounds  of  ?  peaty  character. 
When  waters  from  such  sources  give  indication  of  plumbo- 
solvent  ability,  they  are  almost  invariably  found  to  be  pos- 
sessed of  a  certain  slight  acidity  as  an  accompanying  con- 
dition. 

Lead  Poisoning  and  Public  Water  Supplies. — The  natural 
features  of  gathering  grounds  vary  so  much,  not  only  as 
between  those  in  different  localities,  but  also  on  one  and 
the  same  watershed,  that  the  impossibility  of  laying  down 
detailed  rules  for  the  guidance  of  engineers  who  may  have 
to  make  inspections  will  be  recognized.  The  object  of  the 
survey  must  be  kept  prominently  in  view — namely,  to  ob- 
tain such  data  as  will  guide  in  the  formation  of  an  opinion 
of  the  probability  of  the  water  from  the  gathering  ground 
giving  rise  to  lead  poisoning.  A  very  important  governing 
factor  in  this  matter  is  the  proportion  of  acid  water  enter- 
ing the  supply.  It  may  therefore  be  helpful  to  mention  a 
few  of  the  features  which  control  acidity,  and  how  they  in- 
fluence it,  and  the  consequent  condition  of  the  water  rela- 
tive to  its  plumho-solvent   ability. 

Features  Which  Control  Acidity.— The  nature  of  the  under- 
lyrng  rocks  and  those  forming  the  beds  must  be  carefully 
studied.  Spring  water  alone  is  rarely  plumho-solvent.  Con- 
tact with  certain  rocks,  as  when  a  stream  runs  over  a  rocky 
bed.  may  be  sufficient  to  cause  a  water  originally  acid  to 
become  neutral,  or  soluble  salts  taken  up  from  the  rocks 
may  confer  and  intensify  acid  neutralizing  power  sufficiently 
to  resist  the  influence  of  a  considerable  influx  of  acid  water 
and  prevent  the  acquisition,  by  the  mixture,  of  lead  solvent 
power.  On  the  other  hand,  a  neutral  spring  w^ater  may  be- 
come endowed  with  solvency  power  by  an  access  of  acid 
water  from  a  peaty  area.     Moist  peat  is  invariably  acid. 

The  relative  proportion  of  peat  bearing  and  nonpeat  bear- 
ing area  in  the  catchment  is  of  great  importance;  the  pres- 
ence of  peat  being  the  chief  factor  in  the  production  of 
acidity,  the  figures  should  be  obtained  with  a  fair  degree 
of  accuracy.  The  whole  drainage  area  may  be  further  sub- 
divided into  bogland.  moorland,  or  land  of  a  peaty  character, 
pasture  land,  tillage  land,  etc.  Not  only  the  surface  area, 
but  the  quantity  of  peat  existin.g.  which  depends  on  the 
depth  as  well  as  on  the  area,  must  be  ascertained.  It  is 
essential  to  obtain  information  as  to  the  length  of  time  the 
rainfall  remains  in  intimate  contact  with  the  peat.  Steep- 
ness or  otherwise,  especially  of  the  peat  area,  is  a  prom- 
inent factor  governing  this,  the  discharge  being  facilitated  or 
retarded  according  to  the  slope.  Prolonged  contact  or  stag- 
nation, as  in  bog  holes  or  marshy  places,  always  produces 
acid  water,  while  rapid  discharge  minimizes  acidity.  Each 
rainfall  displaces  in  succession  water  which  has  been  stag- 
nating perhaps  for  a  considerable  time.  This  leads  up  to 
the  question  of  rainfall,  not  so  much  regarding  quantity 
as  its  Bianner  of  precipitation.  A  steady  rain  giving  a  con- 
tinuous flow  from  a  peaty  area  is  less  likely  to  produce  a 
high  degree  of  acidity  than  the  same  amount  of  rainfall 
precipitated    as    a    heavy    downpour    which,    coming    after    a 
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period  of  dry  weather,  washes  out  stagnant  acid  water.  As 
the  distribution  of  rainfall  varies  with  the  seasons  the 
chances  of  getting  a  highly  dangerous  water  at  one  time  and 
a  perfectly  safe  water  at  another  must  be  duly  weighed;  and 
what  might  be  considered  as  a  normal  state  of  things,  be- 
cause prevailing  without  noticeable  change  during  protracted 
periods,  may  be  altogether  upset  by  weather  and  seasonal 
variations.  The  quantities  of  water  flowing  off  the  respec- 
tive areas  must,  of  course,  be  carefully  estimated  as  well  as 
the  yield  and  variations  of  springs,  which,  as  above  indi- 
cated, have  a  very  direct  bearing  on  the  ultimate  result. 

Land  producing  an  active  growth  of  grass  is  never  more 
than  partially  peaty  in  character.  Water  draining  from  it 
is  either  neutral  or  only  very  feebly  acid,  and  the  more 
free  the  soil  from  peaty  matter  the  less  likelihood  there 
is  of  acidity  in  the  water  yield.  Bare  rocky  ground  seldom 
produces  acid  water. 

Other  Factors  Which  Generate  Acidity. — There  are  other 
factors  besides  peat  which  generate  acidity  in  water,  there- 
by investing  it  with  plumbo-solvent  ability.  The  oxidation  of 
iron  pyrites  is  perhaps  the  most  important  of  these,  al- 
though its  occurrence  is  rare  and  necessarily  limited  to  lo- 
calities where  the  mineral  forms  a  constituent  of  the  rock. 
Acidity  absorbed  by  rain  water  during  its  tall  through  the 
atmosphere  is  another  source  of  lead  solvency.  The  entrance 
of  an  acid  water  from  whatever  source,  even  in  a  com- 
paratively small  quantity,  may  be  the  means  of  supplying 
the  overbalancing  influences  required  to  push  to  danger 
point  water  already  on  the  border  line.  Acid  water  of  any  kind 
must  be  carefully  watched. 

Thus  the  ultimate  state  of  a  water  yielded  by  a  gathering 
gi'ound,  in  respect  of  its  acidity,  may  in  general  terms  be 
said  to  depend  on  the  relative  proportions  of  peaty,  spring. 
and  other  neutral  or  acid  waters  present,  as  well  as  the  mu- 
tual powers  of  implanting  its  own  character  or  the  liability 
to  be  neutralized  with  each  kind  may  become  endowed  witb 
from  time  to  time. 

The  property  known  as  "erosive  ability"  is  probably  in- 
herent in  greater  or  less  degree  in  all  waters.  Its  action 
may  be  compared  to  the  rusting  of  iron.  A  relatively  in- 
soluble compound — oxyhydrate — is  formed  which  scales 
away,  leaving  a  fresh  metallic  surface  open  to  attack.  The 
process  is  therefore  progressive,  the  water  continuously 
manufacturing,  as  it  were,  a  lead  compound  which  dissem- 
inates   throughout    the    liquid. 

Control  of  Plumbo-Solvency. — Under  the  ordinary  working 
conditions  of  a  water  supply  there  are  two  circumstances 
which  inhibit  erosive  action  of  the  lead  pipes  and  fittings. 
The  metal,  before  being  laid  in  the  services,  etc..  mu^t 
necessarily  have  been  exposed  for  a  time  to  the  atmosphere, 
during  which  it  acquires,  naturally,  a  protective  coating. 
Again,  nearly  all  waters,  in  their  passage  through  or  over 
ground,  take  up  substances  which  are  capable  of  forming 
an  insoluble  layer  on  lead  surfaces  which  shields  the  clean 
metal  from  contact  with  the  erosive  water.  Thus  a  water 
very  often  carries  with  it  the  means  tor  its  own  protection. 
The  field  of  action  is  therefore  much  more  limited  than  that 
for   solvency   power. 

The  usual  test  for  erosion  is  made  by  placing  a  small 
strip  of  bright  lead — say,  1  in.  by  '/,  in. — in  a  test  tube  and 
covering  it  with  a  measured  quantity  of  the  water  to  be  ex- 
amined. If  erosive  ability  is  present  a  milkiness  near  the 
surface  of  the  strip  becomes  sooner  or  later  perceptible  an(T 
quickly  diffuses  throughout  the  liquid.  Later  it  will  be  de- 
posited as  a  white  powder  at  the  bottom  of  the  test  tube. 
The  quantity  of  lead  taken  up  in  a  given  time  can  then  be 
estimated  by  the  ordinary  laboratory  methods.  Should  the 
water  contain  substances  which  inhibit  erosive  action,  a. 
bluish-white  insoluble  coating  is  formed  on  the  bright  strip 
and  no  cloudiness  appears.  Pure  distilled  water  is  com- 
monly found  to  erode  lead  vigorously.  But  anaerobic  con- 
ditions, an  excess  of  sodium  carbonate,  chalk,  or  limestone 
have  been  lound  to  counteract  the  erosive  power.  Rain 
water  and  snow  water  are  strongly  erosive.  Waters  (low- 
ing off  open  gathering  grounds,  especially  from  moorland 
and  peaty  areas,  very  often  possess  marked  erosive  ability, 
and,  as  a  general  rule,  are  found  to  possess  "erosive  prox- 
imity," while  hard  waters  from  limestone  are  generally  very 
remote  from  the  ability  to  erode  lead,  due,  no  doubt,  to 
the  substances  acquired  in  their  passage  through  those  rocks 
"which  confer  protective   ability. 

Methods  of  Treating   Water  Supplies  for   Plumbo-Solvency. 


— The  water  supplies  of  several  towns  in  the  North  of  Eng- 
land are  treated  for  plumbo-solvency  by  somewhat  elaborate 
methods,  powdered  chalk,  lime,  or  carbonate  of  soda  being 
added  to  and  mixed  with  the  water  by  machinery.  Such 
processes  have  been  called  "hardening."  probably  by  way 
of  contrast  to  the  well-known  water  softening  measures  car- 
ried on  elsewhere.  The  term  does  not  seem  a  very  ex- 
pressive one;  for  although  the  treatment  does  confer  some 
slight  increase  of  hardness,  the  result  is  only  incidental,  the 
real  object  being  not  to  harden  the  water,  but  to  neutralize 
its  acidity.  In  dealing  with  plumbo-solvency,  the  simplest 
and  perhaps  the  best  system  of  treatment  is  that  by  which 
the  water  is  neutralized  during  filtration  through  ordinary 
sand  filters.  A  thin  layer  of  lime  is  spread  on  the  filter 
surface  and  renewed  as  required,  or  the  coarser  parts  of 
the  body  of  the  filter  may  be  constructed  of  broken  lime- 
stone. 

Remedial  treatment  for  erosive  power  must  be  carried  out 
thoroughly.  It  would  also  appear  that  the  proper  time  for 
definite  treatment  is  after  filtration,  which  always  causes 
a  change  in  water,  especially  by  the  removal  of  suspended 
matter.  This  may  have  a  good  or  ill  influence  on  self-pro- 
tective ability.  So  that  the  beneficial  results  due  to  the 
presence  of  certain  substances  before  filtration  may  be  di- 
minished during  that  process,  or  tendencies  adverse  to  the 
desired  salutary  effects  may  be  developed. 

Failing  the  practicability  of  entire  elimination  as  men- 
tioned in  connection  with  plumbo-solvency,  treatment  with 
carbonate  of  soda  is  the  most  convenient  and  effective 
means  of  providing  the  condition  of  "erosive  remoteness." 
The  proper  way  of  applying  it,  and  that  which  accords  most 
closely  with  what  has  just  been  explained,  is  by  "hardening" 
the  water  first  through  some  form  of  lime  treatment.  Then, 
after  filtration  through  sand  and  limestone,  carbonate  of 
soaa  should  be  added  in  sufficient  quantity  to  leave  a  slight 
e^•cess  above  what  is  required  for  neutralization.  Water  so 
treated  will  be  in  a   safely  remote  state. 


Test  Results  Upon  Reinforced  Concrete 
Slabs 

From    the    Engineerins-    Review.    London. 

In  order  to  obtain  some  definite  data  upon  this  subject  a 
subcommittee  was  formed  by  the  Concrete  Institute  some 
time  ago,  firms  interested  in  the  high-tensile  reinforcements 
being  represented. 

.4  paper  upon  the  results  of  tests  conducted  by  this  Com- 
mittee was  recently  read  by  Mr.  H.  Kempton  Dyson  before 
the  Concrete  Institute,  and  should  be  studied  in  detail  by  all 
interested  in  the  subject. 

The  tests  were  made  at  the  Manchester  College  of  Tech- 
nology; the  following  table  gives  the  summary  of  results  of 
the   slab   tests: 

Working 

-\ctual  moment   oT  Ultimate  Actual  factor 

area  of  resistance.  moment  of  of  safety 

steel  used  In  tension  resistance  in    tension, 
in   square          in    inch             in    inch 

■Slab  mark.         inches.  pounds.  oounds. 

-\.     SlJ-lt                   75. soil                   272.201)  3. S3 

B     S954                  75, SOI)                  27S.700  3.07 

C      7575                 (;4.3IMI                 235.200  3.65 

D     .    7443                  fit. 3(50                  229.400  3.5fi 

K    6057                  65,400                  183.600  2. SI 

F    6057                  6?,, 400                  176,!IOO  2.71 

G  5S92       63.700       251.500  3.95 

H  5892       63.700       247.900  3.SS 

.1  5892       63.700       2*9,500  3.91 

K    5892                  63,700                  260.600  4.119 

L.    589                   63,500                 309,200  4.86 

M     689                    63.50O                 297.200  4.67 

Test  lesults  upon  reinforced  cnnti'i-te  l:)eams  and  alabs. 

Slabs  A  to  D  were  reinforced  with  mild  steel  bars,  calcu- 
lated at  1R,000  lb.  per  square  inch;  slabs  E  and  F  had  shell 
discard  steel  calculated  at  20,000  lb.  per  square  inch;  G  and 
H  had  "spiral  band"  bars  calculated  at  20,000  lb.  per  square 
inch;  .1  and  K  "indented  bars";  and  L  and  M  drawn-steel  wire 
calculated   at   the   same  stress. 


The  Biological  Sterilization  of  Sewage. — Dr.  Calmette,  of 
the  I'asteur  Institute,  has  shown  recently  in  a  lecture  before 
the  Council  Superieur  d'Hygiene  Publique  that  the  septic 
tank's  action  is  not  complete  by  itself,  and  recommends  the 
addition  of  a  special  filter.  In  this  filter  the  overflow  of  the 
septic  tank  will  be  oxidized  by  extended  contact  with  the  air. 
In  this  way  the  "aerobic"  bacteria  complete  the  sterilization 
work  already  started  by  tl)c  "anaerobic"  baoteria  in  the  sep- 
tic tank. — From  Municipal  IJngineering,  London. 
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The  Projection  of  Maps 

Prom  Ihi  Royal  ):nt;lniirs-  .J,,uinal.  London,  March.  1921. 
Reri™-  b.\  S.  v..  Huithord  of  the  book  ".Some  Inve.'^tlfratlons  In 
(h..  Theory  of  Man  IToJ.'rtlonK.-  I,y  A.  E.  Young;  published  by 
tin'  Uoyal  a<'Ographlcal  Society,  1920. 

The  subject  of  map-projections  has  always  been  a  thorny 
one.  mainly  because  the  writers  who  have  Investigated  the 
theory  have  dwelt  in  different  spheres  from  the  map-makers 
who  have  had  to  make  practical  use  of  the  projections.  The 
two  classes  have  possessed  moreover  no  weights  and  meas- 
ures in  common:  the  mathematician  estimates  the  value  of 
a  projection  by  means  of  different  systems  of  errors;  the 
map  maker's  ideas  of  value  are  governed  by  such  considera- 
tions as  simplicity,  economy,  uniformity  with  his  other  pro- 
jections, possibilities  of  future  expansion,  and  the  general 
utility  of  the  finished  map.  It  is  at  times  a  question  whether 
to  subordinate  utility  to  mathematical  accuracy  or  vice  versa. 
The  problem  has  been  deemed  worthy  of  study  by  some  of 
the  most  eminent  mathematicians  of  history,  but  the  survey- 
ors who  work  upon  maps  have  neither  the  power  nor  the 
leisure  to  scrutinize  theories.  The  co-operation  of  two  dif- 
ferent classes  of  men  is  thus  required.  The  projection  of 
maps  may  be  likened  to  the  erection  of  a  column  in  archi- 
tecture; the  mathematical  theory  forms  the  base,  the  map 
forms  the  capital.  The  base  by  itself  is  useless,  the  capital 
is  the  architect's  aim. 

Although  the  subject  of  map-projection  has  been  exhaus- 
tively dealt  with  by  numerous  writers,  there  are  very  few 
books  that  can  be  said  to  have  successfully  bridged  the  gap 
between  the  mathematician  and  the  map-maker,  between  the 
base  and  the  capital.  Authors  harass  students  with  descrip- 
tions of  numerous  projections  that  have  no  practical  use; 
they  do  not  sufficiently  explain  the  particular  employment  for 
which  each  of  their  many  projections  may  be  considered 
suitable;  and  they  close  their  investigations  before  they  have 
crossed  the  border-line  between  theory  and  practice. 

The  author  of  the  book  under  review  was  Deputy  Surveyor 
General  of  the  Malay  States,  and  the  map-maker  would  ex- 
pect to  receive  from  him  a  helpful  exposition.  But  Mr.  Young 
is  a  skilled  mathematician,  and  his  book  leans  more  to  the 
mathematical  side  than  to  the  practical.  As  an  investigatoi 
Mr.  Young  deserves  to  rank  with  the  eminent  authorities  of 
the  past;  his  knowledge  of  theory  is  exceptional,  and  he  is 
one  of  the  few  living  authors  who  can  be  fairly  regarded  as 
experts.  But  his  asborption  in  the  scientific  side  of  the 
problem,  and  his  pleasure  in  grappling  with  mathematicat 
difficulties  have  led  him  to  curtail  the  practical  side  to  such 
an  extent  that  the  professional  map-maker  will  derive  little 
advantage  from  his  book.  This  is  to  be  regretted;  the  map- 
maker  is  in  want  of  a  post-war  exposition  of  useful  and 
employable  projections,  and  it  would  be  difficult  to  find  au 
author  more  qualified  by  experience  to  write  one  than  Mr. 
Young. 

Mr.  Young  has  displayed  much  originality  in  his  new  treat 
rnent  of  the  conical  projections,  but  his  descriptions  of  hi.t 
own  original  steps  are  so  abbreviated  that  he  will  not  receive 
the  credit  he  deserves.  His  plan  of  altering  the  scale  error 
at  the  centre  of  the  map  in  order  to  reduce  the  average  scale 
error  is  the  most  valuable  contribution  that  has  been  madSf 
to  the  subject  for  years. 

Many  surveyors  have  to  work  with  rectangular  co-ordinates 
and  to  consider  the  convergency  of  meridians:  Mr.  Y'onng'a 
references  to  these  points  are  too  brief.  His  new  method  of 
reducing  the  errors  of  the  Cassini  projection  is  useful  and 
shows  a  grasp  of  the  subject,  but  its  novelty  is  not  sufficiently 
emphasized. 

Xi\  illustration  of  the  want  of  unity  between  mathemati- 
cians and  draughtsmen  is  to  be  seen  in  the  conservative  re- 
tention of  Mercator's  projection  in  modern  atlases.  Whilst 
the  mathematician  has  been  discussing  the  <omplexities  of 
obscure  projections,  the  draughtsman  hps  continued  to  em- 
ploy a  projection  which  falsifies  geography  and  which  ought 
never  to  have  been  used  for  educational  purposes. 

The  chief  practical  difficulty  of  the  past  has  been  due  to 
the  great  number  of  projections,  which  have  been  thrust  be- 
fore the  map-maker  for  his  selection.     He  will  therefore  be 
=ton!shed  to  learn  from  Mr.  Young's  book  that  the  very  best 
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projection  of  the  conical  class  was  one  invented  in  1758 
by  the  Rev.  Patrick  Murdoch  and  which  has  been  subse- 
quently forgotten.  Whilst  this  projection  possessing  all  the 
virtues  has  been  allowed  to  sink  into  oblivion,  many  projec- 
tions without  any  virtues  at  all  have  been  continually  brought 
to  notice. 

Another  feauire  of  Mr.  Young's  book  will  come  as  a  sur- 
prise to  map-makers.  The  latter  class  have  always  accepted 
the  results  presented  to  them  by  eminent  mathematicians 
without  question.  But  Mr.  Young  repeatedly  points  out  mis- 
takes in  the  mathematics  of  the  highest  authorities.  Ac 
cording  to  Mr.  Young  (page  2)  Sir  George  Airy  "made  a  slip 
in  his  solution"  and  "Airy's  erroneous  tables  have  unfor- 
tunately been  incorporated  in  later  publications."  Mr.  Young 
also  shows  (page  4)  that  Clarke  made  an  error  in  his  calcu- 
lations, and  (page  72)  that  Jordan's  formula  was  wrong,  and 
(page  75)  that  even  Helmerfs  formulae  for  convergency  were 
incorrect.  Each  of  these  mistakes  may  have  been  individual- 
ly unimportant,  but  their  cumulative  effect  is  disconcerting. 
All  these  mathematicians  were  surrounded  with  computers, 
and  their  work  could  have  been  checked  before  it  was  pub- 
Jished. 

No  discussion  of  map-projections  is  now  complete  unless  it 
refers  to  the  changes  which  the  views  of  geographers  have 
undergone  since  the  end  of  the  nineteenth  century,  when 
the  Paris  conference  issued  its  recommendations  for  an  In- 
ternational Map  of  the  World.  Old-established  mapping  offices 
were  then  led  to  look  into  the  projections  which  they  had 
inherited  and  which  they  had  hitherto  reverenced  as  the 
mystic  symbols  of  ancient  wisdom.  Their  examination 
showed  that  a  want  of  understanding  had  separated  the 
mathematicians  and  map-makers  of  the  past.  The  utility  of 
a  map  had  too  often  been  subordinated  to  mathematical  diffi- 
culties. A  geographer  now  realizes  that  he  only  requires 
three  projections  in  order  to  make  good  maps  of  a  whole 
continent;  he  requires  one  projection  for  his  small-scale 
.s'Pographical  maps,  another  for  his  topographical  maps  on  all 
their  various  scales,  and  a  third  for  his  revenue  surveyors 
who  have  to  work  with  rectangular  co-ordinates. 

The  definite  recommendation  of  the  polyclinic  projection 
by  the  International  Conference  brought  more  light  to  map 
ping  offices  than  the  technical  treatises  had  done.  This  pro- 
jection is  becoming  widely  adopted  for  maps  on  various 
scales.  The  advantages  of  having  maps  on  the  larger  scales 
all  fitting  into  the  smaller  are  great;  projections  are  becom- 
ing unified,  margins  made  coincident,  overlaps  eliminated. 
Co-operation  in  a  map  of  the  world  is  moreover  teaching  a 
surveyor  to  look  beyond  his  own  borders;  he  can  no  longer 
give  to  his  projections  such  final  limits,  as  his  predecessors' 
were  apt  to  do;  he  must  allow  for  possibilities  of  expansion. 

Mr.  Young  discusses  the  "best"  projection  for  a  long  nar- 
row country  like  Italy;  by  "best"  he  means  the  projection 
that  will  show  a  minimum  error.  But  a  question,  that  will 
occur  to  many  map-makers,  is  whether  any  map  of  Italy  will 
be  found  satisfactory  if  it  excludes  the  Alps,  the  Adriatic 
and  Sardinia;  if  these  areas  are  included,  Italy  can  no  longer 
be  regarded  as  a  narrow  strip.  Moreover  the  Italian  Survey 
has  already  adopted  the  polyconic  projection  for  its  maps 
on  the  scale  of  1/million,  and  this  step  may  render  the  same 
projection  convenient  for  other  scales. 

In  discussing  the  "best"  projection  Mr.  Y''oung  does  not 
mention  the  scale  of  the  map,  which  he  is  contemplating. 
The  problem  for  the  best  projection  of  a  given  area  is  de- 
pendent to  a  certain  extent  upon  the  scale  of  the  forthcom- 
ing map.  One  projection  may  suit  a  wall-map  on  a  scale 
of  thirty  milestone  inch,  and  another  projection  may  be 
more  suitable  for  a  large  scale  map  (one  mile=one  inch) 
published  in  numerous  sheets. 

The  conical  projections,  as  they  are  generally  understood 
by  geogj-aphers,  have  their  pole  corresponding  with  the  pole 
of  the  Earth,  so  that  meridians  of  longitude  are  directed 
towards  the  pole  of  the  projection.  Dr.  Hammer  has  sug- 
gested conical  projections,  in  which  the  pole  of  the  projec- 
tion does  not  correspond  with  the  Earth's  pole.  An  artistic 
cartographer  will  dislike  the  mathematical  conception  of  a 
cone  placed  askew  on  one  side  of  a  spheroid,  and  his  ob- 
jections will  have  Mr.  Young's  support.  The  latter  writes 
that  "when  the  pole  has  a  skew  position  the  map  has  an  ugly 
appearance,"  and  that  the  only  "useful"  position  is  when  the 
pole  corresponds  with  the  Earth's  pole.  Hammer's  idea  is 
thus  vetoed  on  practical  grounds. 
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Graphical  Method  for  Determining 

the  Proportions  of  Reinforced 

T-Beanis 

'  By  G.  IVAN  COPE. 
From  Engineering,  IjOndon,  Feb.  25,  1921. 
The  accompanying  diagram  presents  a  rapid  and  accurate 
method  for  determining  the  size  and  quantity  of  steel  neces- 
sary in  a  T-beam,  for  a  given  Ijending  moment.  It  has  Ijeen 
derived  from  tlie  formula  and  fundamental  principles  given 
in  most  text  books,  and  it  will  be  found  that  the  results  cor- 
re.spond  to  those  obtained  by  the  slower  and  more  tedious 
method  otherwise  necessary.  Fur- 
thermore, it  has  the  advantage 
that  the  most  suitable  and  eco- 
nomic results  can  be  selected  by 
observation,  since  by  tracing  the 
•curve  representing  any  variable, 
the  corresponding  dependent 
▼alue  can  be  seen.  Any  error 
which  is  due  to  the  difficulty  in 
reading  the  curve  to  a  finer  de- 
gree of  accuracy  is  inappreciable. 
In  designing  a  T-beam,  the 
thickness  of  flange,  being  the 
superimposed  slab,  is  already 
known.  It  is  then  necessary  to 
find  what  depth  to  make  the  beam 
so  that  the  stress  in  the  concrete 
is  not  too  high.  At  the  same 
time  it  should  be  remembered 
that  the  deeper  the  beam  is  made 
the  less  steel  is  required,  which 
therefore  reduces  the  cost  up  to 
a  certain  point,  depending  upon 
the  relative  cost  of  concrete  and 
steel. 

The  bending  moment  and  thick- 
ness of  slab  being  fixed  the  curve 
■enables  one  to  select  varying 
■depths,  showing  for  each  case,  the 
stress  in  the  concrete  and  the 
percentage  of  steel  required. 

In  order  that  the  use  of  the 
curve  may  be  clearly  followed,  a 
short  description  showing  the 
method  of  procedure  is  given,  and 
examples  worked  out.  The  curve 
is  based  on  the  stress  in  the  steel 
being  16,000  lb.  per  square  inch, 
Es 

and  the  ratio ^15. 

Ec 
When   the   bending   moment   M 
and  depth  of  slab   d  s  are   fixed, 
the  remaining  unknown  variables 
are: 

The  compressive  stress  in  the 
concrete    (c). 

The  depth  of  beam   (d)  and 
The  steel  ratio   (p). 
When  one  of  these  is  fixed  the 
other  two  can  be  fSund. 

Enter  the  curve  on  the  left  at  the  computed  value  for  M. 
Travel  horizontally  until  the  known  value  of  d  s  is  cut,  from 
this   point   travel   in  a   vertical   line    up   or  down,   then   any 

d 
point  on  this  line  gives  three  readings:    c, —  and  p.    Take  a 

d  s 
point,    then    its    relatiye    position   between    the    dotted    lines 
d 

gives    the    value   for    c, is   read   by    taking    the    value   of 

ds 
whichever   line,   radiating  from   the   top   left-hand   corner,   is 
cut,  and   p  is   read   horizontally  on  the  scale  shown  on   the 
right-hand  side. 
Take  an  example: 

A  bending  moment  of  200,000  ft.-lbs.  and 
A  4-in.  slab. 
Prom  the  Junction  of  the  lines  representing  these  two  values, 
travel   vertically   up   until   the   dotted    line   repre^senting   c  = 


GOO    lb.    per   square    inch   is   niet,    then   — ^7.'.d  =  28)    and 

ds 
p  =0.0043    and    A  s  =  p  b  d   .'.  As  =  0.004:5  X  48  X  28  =  5.76. 


Travel    further    up    until    the    line 


representing    =  11 

ds 
and   p  =  0.0017 


is   met    (that   is   d  =  44),   then   read    c  =  370 
(.-.   A  s  =  0.017  X  48  X  44  =  3.59. 

This  curve  is  worked  out  for  cases  in  which  the  breadth 
of  flange  b  equals  12  times  the  thickness  of  the  slab.  If  a 
smaller  breadth  must  be  used,  the  computed  bending  mo- 
ment must  be  Increased  in  the  ratio  of  the  decrease  in 
breadth,   and   the   new   value   for  the   bending   moment   gives 
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Diagram    for    Use    in    Determining     Size     and     Quantity     of     Steel 
the    required    depth,    compression    ii 


Necessary   in   a   T-Beam. 
1    the   concrete,    and    the 


percentage  of  steel. 

Taking  the  foregoing  example,  but  considering  a  breadth 
of  flange  equal  to  36  in.  instead  of  48  in.,  then  M  =  200,000  x 
48 

—  =  266,667  ft.-lb. 
36 

Therefore  for  c  =  600:    d  =  33  and  p  =  0.0036  .'.As  =  4.53 
d 

and  for =11  or  d  =  44;    c  =  460  and  p  =  0.00226  .•.  A  s= 

ds 
3.5S. 

It  will  thus  be  seen  that  results  can  be  obtained  in  a  mini- 
mum space  of  time,  especially  when  one  becomes  familiar 
with  the  different  variables.  In  short,  for  any  given  bend- 
ing moment  various  sections  and  their  other  dependent  val- 
ues can  be  obtained  at  a  glance,  and  from  these  the  most 
sr.itable  can  be  selected. 
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Suggestions  on  Towa  Planning 

I'Yom    Till'   Siirviyiir.    Umilon,    Novpmhcr    12.    1S20. 

An  instructive  address  wa»  delivered  by  Mr.  Henry  E  Stil- 
Koo.  M.  Inst.  C.  E.,  on  the  occasion  of  his  installation  last 
Friday  In  the  presidential  chair  of  the  Town  Planning  Insti- 
tute. 

Many  idealistic  views,  said  Mr.  Stilgoe,  were  put  forward 
liy  town  planners,  and  while  some  of  these  views  would  a 
few  years  ago  have  been  looked  upon  as  extravagant,  fortu- 
nately for  the  country,  people  were  taking  a  wider  view  of 
town  development,  although  there  was  still  much  to  be  de- 
sired  in   this  ri^spect  and   >;roatcr  knowledge  was  necessary. 

Necessity  of  Broader  Consideration. — In  the  preparation  of 
town-planning  schemes  it  was  necessary  to  take  the  widest 
view  of  the  situation.  It  was  worse  than  useless  to  plan 
even  a  small  area  without  first  considering  its  effect  upon 
the  locality  as  a  whole.  Those  of  them  who  had  to  prepare 
schemes  for  the  planning,  replanning  and  development  of 
great  cities,  the  improvement  of  their  traffic  facilities,  the 
transport  of  the  population  between  their  homes  and  their 
work,  housing,  education,  recreation,  etc.,  know  how  very 
necessary  it  was  to  consider  an  area  as  a  whole,  not  only 
ill   relation  to   itself,   bul    regionally. 

Lack  of  Planning  Requires  Changes. — It  was  essential  to 
give  primary  consiileration  to  the  great  arterial  roads,  the 
connecting  roads,  and  the  secondary  roads  with  a  view  of 
affording  the  best  means  of  road  communication  to  the  vari- 
ous districts,  and  thus  relieving  the  lesser  or  estate  roads  of 
much  traffic  which  inconsiderate  layingout  often  imposed 
upon  them.  By  this  means  the  requisite  widths  could  be 
assigned  to  the  various  classes  of  roads,  thereby  enabling 
the  lesser  or  estate  roads  to  be  constructed  more  econom- 
ically. One  saw  day  by  day  the  evil  of  that  reprehensible 
form  of  planning  which  had  left  us  with  narrow  main  streets. 
and  what  was  as  bad,  or  worse,  the  building  forward  even 
to  the  fore-court  lines,  in  front  of  existing  buildings.  The 
method  of  prescribing  frontage  lines  under  the  powers  pos- 
sessed by  tlie  Birmingham  Corporation  was  Ti  very  conve- 
nient one;  it  did  not  necessitate  the  carrying  out  of  the  work 
in  a  scheduled  time,  there  was  no  stipulation  to  purchase 
existing  buildings,  and  the  lines  of  street  laid  down  upon  the 
plan  might  not  be  encroached  upon  by  new  buildings  or  any 
other  erection.  The  work  could,  in  tact,  be  proceeded  with 
as  building  development  or  rebuilding  took  place,  or  when  it 
was   considered   necessary    to   acquire   the   vacant   land. 

Street  Widening  Problems. — In  discussing  the  width  of  ar- 
terial roads,  one  was  often  met  by  the  objection  of  cost. 
There  appeared  to  be  a  common  idea  that  ample  width  and 
cost  were  inseparable. 

Let  it  be  borne  in  mind  that  when  widening  a  street  which 
was  already  built  up.  compensation  i'or  disturbance  would 
have  to  be  met  in  any  case,  and  it  often  happened  that  the 
buildings  fronting  such  a  street  had  served  their  day  and 
were  but  a  poor  veneer  to  even  worse  property  in  the  rear, 
which,  to  provide  for  an  extra  width  of  streets  and  valuable 
frontages  for  resale,  could  be  purchased  at  relatively  little 
extra  cost.  In  the  case  of  widening  an  old  road  in  the  sub- 
urbs or  a  more  rural  district  where  no  buildings  fronted 
upon  it.  the  cost  need  not  be  considered.  The  land  could 
often  be  obtained  for  Is.  or  Is.  6d.  per  square  yard.  The 
actual  works  of  construction  on  the  added  width  of  the 
suburban  arterial  road  could  be  deferred  until  traffic  and 
building  development  demanded  it.  The  essential  point  was 
to  obtain  or  earmark  the  land,  and  to  see  that  new  build- 
ings were  set  back  to  the  line  laid  down  upon  the  plan. 

Subdivision  of  Roadway. — In  the  planning  of  the  arterial 
road  and  the  allocation  of  its  width  to  various  purposes^ 
e.  g.,  tramway  track  set  apart  from  the  carriageways,  the 
carriageways  and  footpaths,  etc. — adequate  width  should  be 
assigned  to  the  footpaths  or  spaces  between  the  carriage- 
ways and  the  forecourts,  in  order  that  the  mains,  and  in 
some  cases  the  sewers  also,  might  be  laid  therein,  and  thus 
avoid  the  expense  of  disturbing  the  carriageways.  If  due 
attention  were  paid  to  this  matter,  very  large  sums  of  money 
could  be  saved  in  the  upkeep  of  the  carriageways,  and  a 
great  deal  of  inconvenience  avoided.  The  same  remark  ap- 
plied to  adequate  provision  for  the  width  of  footpaths  and 
spaces  in  secondary,  and  even  in  estate  streets,  while  as  to 
the  space  reserved  for  an  independent  tramway  track,  this 
would  -well  repay  its  provision  even  if  a  surface  tramway 
was  not  constructed:  the  popular  means  of  conveyance,  what- 


ever it  may  be.  wo\ild  require  width,  the  space  could  be  used 
for  ornamental  purposes,  and  it  might  eventually  become  the 
site  of  a  tramway  subway. 

Economic  Adaptation  of  Areas. — The  skill  and  preception 
of  the  engineer,  proceeded  Mr.  Stilgoe,  were  particularly 
necessary  in  considering  the  adaptation  of  the  area  to  the 
various  requirements  of  a  scheme.  There  were  many  in- 
stances of  land  which,  by  reason  of  its  level  or  location, 
could  not  economically  be  developed  for  building  purposes. 
This,  however,  might  be  suitable  for  playing-fields,  open 
spaces,  river  walks,  or  allotments,  and  should  be  reserved 
for  such  in  the  general  scheme. 

The  most  economical  sites  for  building  estates  were  those 
which  could  be  developed  without  too  great  an  expenditure 
upon  earthworks,  and  wiiich  could  be  sewered  and  supplied 
with  water,  gas  and  electricity  without  undue  cost  in  the  ex- 
tension of  the  trunk  sewers  or  mains.  A  great  deal  of  ex- 
pense in  estate  development  could  be  obviated  by  a  careful 
scheme  of  sewerage,  prepared  in  consultation  and  agree- 
ment with  the  local  authority.  On  more  than  one  large  estate 
in  Birmingham  special  agreements  were  entered  into  by 
which  the  sewers  were  laid  at  the  rear  of  the  houses,  thus 
effecting  a  saving  in  the  length  of  the  house  connections, 
the  corporation's  interests  being  safeguarded  by  clauses  in 
the  agreements  by  which  power  of  entry  for  renewal,  re- 
pairs, maintenance,  etc.,  without  compensation,  was  reserved 
to  the  corporation.  The  same  forms  of  agreement  were  ap- 
plied to  some  of  the  service  mains. 

The  selection  of  factory  sites,  added  the  president,  was  a 
very  important  matter,  and  should  be  exercised  with  due 
regard  to  railway  and  canal  facilities,  to  the  amenities  of 
the  neighborhood,  and  to  the  convenience  or  accessibility  of 
the  workers. 

Improved  House  Design. — A  very  important  and  pleasing 
feature  in  connection  with  town  planning  was  the  greater 
consideration  given  to  the  design  of  houses  for  the  working 
classes.  The  old  "tunnel-back"  house  did  not  find  favor  with 
the  modern  designer,  and  there  was  much  more  regard  for 
convenience,  sanitary  arrangements,  baths,  etc.  More  at- 
tention was  also  being  paid  to  aspect  and  to  obtaining  the 
maximum  of  sunlight  in  the  principal  rooms. 

Speculative  Building  Approved. — Unfortunately,  owing  to 
a  combination  of  circumstances,  the  operations  of  the  specu- 
lating builder  met  with  a  very  serious  check  just  at  the  time 
when  better  designing  was  coming  into  vogue,  and  there  had 
been  very  little  progress  in  cottage  building  during  the  war. 
This  was  much  to  be  deplored,  as  there  was  little  doubt 
that  the  speculating  builder  would  have  adapted  himself  to 
building  the  required  types  of  houses. 

Co-operation  Necessary. — The  present  activity  in  the  prep- 
aration of  housing  schemes  made  it  particularly  necessary  to 
give  the  fullest  consideration  to  their  effect  upon  the  plan- 
ning of  the  district,  and  to  see  that  they  fitted  in  with  and 
were  a  part  of  the  general  scheme.  Many  of  the  London 
housing  schemes  had  come  into  his  hands  in  connection  with 
the  provision  of  water  mains.  These  he  had  examined  witb 
great  interest,  and  he  had  had  conferences  with  some  of  the 
authors  which  had  led  to  mutual  help.  In  some  cases  where 
the  estate  to  be  developed  abutted  upon  an  existing  arterial 
road,  it  was  evident  from  the  lack  of  provision  for  widening 
the  road  that  there  was  no  co-operation  in  this  respect. 
He  knew  well  the  difficulty  of  making  one  town-planning 
scheme  harmonize  with  another  in  the  same  locality,  even 
when  one  had  the  will  to  do  so;  much  more  was  It  the  case 
when  the  preparation  of  a  comparatively  small  scheme  wag 
carried  out  with  regard  only  to  itself  and  without  relation 
to  a  skeleton  plan  of  the  district.  Having  prepared  five  town- 
planning  schemes  covering  over  2,t,00u  acres  in  the  city  of 
Birmingham,  his  experience  had  been  that  one's  views  were 
widened  as  the  work  proceeded,  with  the  result  that  some 
of  the  earlier  work  had  to  be  brought  into  harmony  with 
the  later. 


Sewage  Grease  as  Fuel. — The  Surveyor,  London,  of  May 
27,  1921,  reports  that  an  experiment  is  being  made  with  the 
grease  extracted  from  the  sewage  matter  at  the  Esholt  sew- 
age disposal  works  of  the  Bradford  Corporation,  which  can 
very  easily  have  an  important  bearing  on  the  fuel  question. 
Hitherto  the  extracted  grease  has  been  sold  by  the  corpora- 
tion to  merchants  who  have  used  it  for  the  manufacture  of 
various  commodities,  but  now  a  test  is  being  made  to  ascer- 
tain the  practicability  of  using  it  for  firing  boilers. 
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We  were  fortunate  in  having  a  quantity  of  Witte's  peptone 
Standardization    of    Disinfectants,  wUh  which  to  perform  our  experiments,  but  posslWe  difficulty 

.         .t  in  obtaining  peptone  suitable  tor  the  test  is  a  matter  to  be 

With   Special  KeierenCe    to   tne  taken  mto  consideration,  as  the  use  of  peptones  of  different 

nU^.^,^r^\  C^/^filwo+ir^n    rk-f  characters  is  admitted  to  be  liable  to  vitiate  the  result. 

^^nemiCai  Otenil^dtlOll  Ul  whatever   may    be   the   position   of   the    Rideal-Walker   co- 

W^C\f^T  efficient  in  regard  to  its  suitability  as  a  final  measure  of  the 

VV  dlCl  ^„^,,^,D    AMFv      practical  disinfecting  value  of  a  substance  in  the  presence  of 

By  MAX   S  .R.   CHRISTOPHUS,  DR.   K.  R.  TYExVGAR  AND       ^^^^^^^  matter,  we  consider  that,  in  the  first  instance  at  least, 
LIEUT-COL.  W.  F.  HARVEY,  I.  M.  S.  ^^  .^  necessary  to  compare  the  action  of  disinfectants  simply 

From   the  Inciipr.  Journal  of  Medical   Research,   192fl.  ^^^^    ^^^    bacteria    themselves.      If    the    disturbing    effect    of 

The  standardization  of  disinfectants  is  practically  univer-  extraneous  organic  matter  is  to  be  determined,  it  is  prefer- 
sally  carried  out  by  means  of  the  Rideal-Walker  method  or  ^^^^  ^.^^^^  ^^^  additional  coefficient  in  regard  to  this  point 
one  of  its  modifications.  The  method  is  the  well-known  one  should  "be  separately  arrived  at.  In  the  Rideal-Walker  tech- 
of  bactericidal  effect  in  relation  to  t'ime  of  action,  and  is  njque.  however,  the  action  of  the  disinfectant  is  not  ascer- 
carried  out  under  defined  conditions.  tained    in    the   absence   of   organic   matter,   for    peptone   and 

Many  criticisms  of  the  method  have  been  forthcoming.  other  substances  contained  in  the  broth  are  present.  The 
chiefly  concerned  with  the  relation  of  the  test  to  presence  of  necessity  for  the  presence  of  such  substances  is  evidently 
organic  matter.  It  has  been  suggested,  tor  example,  that  in  jQgrely  dependent  on  the  method  used  for  obtaining  a  stand- 
order  to  obtain  a  result  in  which  presence  of  organic  matter      ^^^  bacterial  suspension. 

was    taken    into   account,    sterilized    pus.    faeces,    urine,    etc.,  ^^^^  Addition  of  a  Fixed  Quantity  of  Culture.— The  culture 

should  be  added.  used   is   a   24-hour   culture   of   B.   typhosus   or  B.    coll  In   the 

It  will  assist  in  making  clear  the  reasons  for  some  sug-  gpe^jai  broth.  The  quantity  commonly  added  to  a  given 
gestions  we  give  In  this  paper  for  modification  of  the  test  amount  of  disinfectant  dilution  is  0.1  c.  c.  Along  with  the 
(with  special  reference  to  water  sterilizing  substances)  if  organisms  there  is  obviously  added  a  certain  quantity  of 
we  very  briefly  note  what  are  the  conditions  now  generally  ^j^^  constituents  of  the  broth,  amounting  as  regards  organic 
used   to  determine   the   coefficient  for   a  disinfectant  by   the      ^j^tter  to  about  0.004  grm. 

Rideal-Walker  method.     It  is  essential  to  any  standard  test  j^.   ^.oyij   geem  evident  that   what  is   required  in   the  test 

that  it  should  be  capable  of  repetition  by  various  workers  ^^  ^  suspension  of  organisms  without  lemco  or  peptone.  This 
under  exactly  the  same  conditions,  and  in  the  Rideal-Walker  ^^^^  easily  be  obtained  in  0.85  per  cent  salt  solution  from  an 
method  this  is  aimed  at  by  the  employment  of  the  following  ^^^^  slope.  The  suspension  is  standardized  by  means  of  an 
standards   (Hewlett,  1914):  opacity  scale  such  as  that  described  by  Brown  and  Brown  and 

The  time  intervals  at  which  the  effect  is  noted  are  2i4,  .5.  Ki,..^van.  This  scale  has  the  advantage,  moreover,  of  ex- 
7%,  10,  121/2,  and  15  minutes.  pressing  opacity  in  terms  of  weight  of  bacterial  substance  in 

The  test  is  usually  made  with  a  broth  culture  of  B  typhosus,  ^^^  desiccated  condition.  By  substituting  such  a  suspension 
but  other  organisms  may  be  employed  (e.  g.  B.  coll  com-  ^^^  ^.^^  broth  culture  it  is  possible  to  avoid  the  presence  of 
munis.)  organic  matter  other  than   bacterial   substance   itself  in  the 

Comparison  with  a  Standard  Disinfectant. — The  disinfect-  ^^^^  j^^  ^^^,  earlier  determinations  suspensions  were  made 
ant  used  is  1-100  carbolic  acid.  The  carbolic  acid  used  in  the  .^  ^^^  us-aa.\  way  by  the  addition  of  salt  solution  to  an  agar 
Rideal-Walker  test,  as  described  in  a  war  office  memorandum.  ^xq^^  culture.  It  w^as  found,  however,  better  to  make  a  sus- 
Is:  ■■Carbolic  acid  prepared  by  distilling  Graesser's  pure  pension  from  growth  scraped  off  and  shaken  up  in  a  separate 
acid  and  rejecting  the  first  distillate  and  residue,  the  inter-  ^^^^  ^j  ^^U  solution.  The  suspension  we  have  used,  except 
mediate  portion  being  reserved  and  tested  by  melting  point  ^^^  special  purposes,  is  one  containing  the  equivalent  of  1.0 
for  purity."  According  to  Hewlett,  the  carbolic  acid  used  n^j,,^  ArieA  bacterial  substance  to  the  cubic  centimeter.  Of 
should  have  a  melting  point  of  not  less  than  40°,  and  should  ^^^^^^  ^^  ^  ^  j^  j^i-j^jgd  to  .■j.O  c.  c.  of  the  disinfectant  dilution. 
be  kept  in  the  form  of  a  5  per  cent  stock  solution,  standard-  ^^^^  scandard   procedure   for  the  carrying   out   of   the   test 

ized    by    the    bromine    method.      In    practice    it    may    not    be       j^^^  ^^^^  employed  by  us  in  all  respects  except  those  noted, 
possible    to     obtain     carbolic     acid     of    these     specifications.  Coefficient   of    Disinfecting    Power   of    Iodine    and    Chlorine. 

Samples  of  carbolic  acid  obtainable  on  the  market  are  __'Y:\ie  only  estimation  of  the  coefficient  of  iodine  we  have 
of  variable  character  and  the  standardization  of  such  differing  ^^^^^  ^^^^  j^  ^^^  is  jiiat  given  by  Martindale  and  Westcott,* 
samples  is  itself  a  matter  of  consideration.  employing  the  Lancet  modification  of  the  Rideal-Walker  test. 

In  considering  whether  there  was  not  some  substance  that  ^j^.^  ^j^^^  ^j^g  effective  limit  of  dilution  of  iodine  as  1/50,000. 
might  be  used,  having  advantages  over  carbolic   acid    (espe-  ^^^  ^^^,^  determinations,  using  the  unmodified  Rideal-Wal- 

cially  as  a  standard  for  comparison  with  substances  employed  ^^^  method,  show,  as  a  result  of  repeated  determinations,  a 
tor  the  sterilization  of  water),  we  thought  that  iodine  might  njaximum  effective  dilution  of  1  5,500.  In  performing  the 
be  such  a  substance.  test  it  was  noted  that  the  tubes  containing  dilutions,  when 

(1)  In  iodine  we  have  an  element  very  easily  obtained  in  tested  at  the  end  of  the  experiment,  gave  a  blue  color  with 
a  pure  form.  starch  solution  up  to,  but  not  beyond,  the  particular  point  at 

(2)  The  making  of  an  accurate  standard  solution  of  iodine  ^xuch  sterilization  had  been  effected  (1  5.500).  Absorption 
is  a  matter  of  direct  weighing,  and  as  iodine  has  no  tendency  ^^  ^^^^  iodine  had  evidently  taken  place  in  all  the  dilution 
to  absorb  water  no  special  precautions  have  to  be  taken,  as  tubes,  and  it  was  only  at  the  point  in  the  series  where  this 
in  the  case  of  carbolic  acid,  in  this  respect.  absorption  Had  failed  to  remove  all  the  iodine  that  steriliza- 

(3)  Since  the  substances  most  commonly  used  for  the  ^^.^^  ^^^^  occurred.  The  amount  of  absorption  was  found  to 
chemical  sterilization  of  water  are  of  the  halogen  group,  a  j^^  approximately  that  which  occurred  from  the  presence  of 
more  homologous  standard  is  likely  to  be  obtained  with  iodine  ^^^^  added  broth  constituents,  so  that  the  determination  of  a 
in  suitable  dilution  than  with  carbolic  acid.  Rideal-Walker  coefficient   by   this   method   appeared   to   mean 

For  determining  the  coefficient  of  disinfectants  used  in  the  nothing  more  than  that  so  much  organic  matter  (peptone  and 

chemical    sterilisation   of   water    (some    of    them    proprietary  jemco)    had    required    a   particular   quantity   of   iodine   to    be 

preparations  of  unstated  composition,  but  mostly   containing  ^dded  before  any   was   left   free   to  act   upon   the   organisms 

chlorine),  we  have  therefore  employed  iodine  as  the  standard  present, 
for  comparison.  -j-lje  determinations   made  with   a  standardized   suspension 

In  addition  to  the  use  of  iodine  in  the  place  of  carbolic  containing  the  equivalent  of  1.0  mgm.  dried  bacterial  sub- 
acid there  are  certain  other  modifications  which,  as  will  be  stance  to  the  cubic  centimeter  gave  as  the  limit  of  dilution 
seen  later,  are  not  merely  obligatory,  but  essential,  if  co-  j^^  effective  sterilization  by  iodine  1  200,000.  On  using  a 
efficients  obtained  for  members  of  th<'  halof^en  group  are  to  s,ispensi<m  of  one-tenth  this  bacterial  content  (0.1  mgm.  per 
have   any   real   significance   whatever                                          ^  ^  j,  I    jhe    limit    of    sterilization    was    raised    to   1/250,000. 

Use  of  a  Broth  of  a  Standard  Composition. — In  order  that  ,^^^^    Rideal-Walker   coefficient    for   ■■available   chlorine"   as 

the  culturs  used  may  be  of  a  standard  organismal  content,  a  ^.^^^^  ^^  Martin  is  146-220,  or  dilutions  of  1-14,600  and  1-22.000. 

broth  is  employed  with  the  following  composition;  ^^^  ^^^."^^  determinations  with  standardized  suspension  of  1.0 

Lcmco    20  «rms.  m^m.  per  cubic  centimeter  of  salt  solution  show  sterilization 

sau'°"^.  .■.'.'. : ;  ■.'.  ■. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. '. '.     to  srm.s;  up  to  1-300,000. 

Water    l.onnc.c  

standardized  to  a  reaction  of    +10  (Eyre's  scale).  'The  Extra  i-harn,aco„e^ia.  Vol.  2.  ir.th  Mit.on.  r.u... 
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Ill  giving  llic  limits  of  sterilizing  effet:t  we  have  purposely 
not  entered  time  in  the  Htatement,  since  in  the  case  of  iodine 
and  chlorine  there  is  no  difference  nhown  at  the  different  In- 
tervals lip  to  the  15  minutes  at  which  the  experiment  termi- 
nates. 

Absorption  of  Iodine  and  Chlorine  by  Bacterial  Substance. 
—The  amount  of  iodine  absorbed  by  given  quanlities  of  bac- 
terial substance  in  a  given  time  was  determined.  The  amount 
of  such  absorption  was  considerable  and  various  estimations 
gave  for  7%  minutes  a  value  of  from  0.08  to  0.11  grm.  of 
Iodine  absorbed  by  1  grm.  of  bacterial  substance,  depending 
upon  the  strength  of  the  dilutions  used  and  concentration 
of  the  suspension.  In  the  dilute  proportions  used  in  the  test 
there  Is  a  difficulty  in  making  precise  estimations  owing  to 
the  fact  that  the  presence  of  a  certain  amount  of  iodine  is 
apparently  required  to  give  the  blue  test  with  starch  in  any 
given  water  and  the  exact  relation  of  this  minute  quantit} 
to  sterilizing  effect  it  has  not  been  possible  to  determine. 

Approximately  the  dilution  at  whieh  sterilization  will  be 
found  etlective  in  the  test  when  using  a  standardized  bacterial 
suspension  in  salt  solution  was  found  to  be  given  by  the 
amount  of  iodine  required  to  satisfy  the  absorbing  power  of 
bacterial  substance  present.  To  make  this  clearer  we  may 
reconstruct  the  conditions  of  the  test  as  follows: 

Amount    of    bacterial    substance    added 0.0001    grm. 

.Vinoiint    of    iodine    required     (talcirg    0.1    mgni.    iodine 

as  absorbed  bv  1  grm.   of  bacterial  substance) 0.00001  grm. 

As  this  quantity  would  be  contained  in  3.0  c.c.  the  required 
ooiiCL-ntration  to  cause  sterilization  will  be  one-third  of  this  quan- 
tit.v  per  CO.,  or  1-300,000  approximately. 

Discussion.— Hewlett  describes  the  Rideal-Walker  method 
as  "an  admirable  one  for  deterftiining  the  relative  efficiencies 
of  disinfectants  on  naked  organisms  in  the  absence  of  organic 
matter."  It  will  be  seen  that,  on  the  contrary,  in  the  method 
as  frequently  employed,  there  is  a  very  important  considera- 
tion, viz.,  the  existence  in  the  experimental  tubes  of  sub- 
stances, peptone,  lemco,  etc.,  having  possible  combining 
powers  with  the  substances  to  be  tested  and  deflecting  the 
action  of  the  disinfectant  from  the  organism  to  such  an  extent, 
in  the  case  of  the  halogen  group,  as  largely  or  completely  to 
vitiate  the  result. 

In  the  modification  we  have  employed  it  appears  to  us 
that  we  have  a  more  satisfactory  coefficient  which  does  actu- 
ally indicate  the  effect  of  the  disinfectant  on  a  definite  quan- 
tity of  naked  organisms  in  the  absence  of  organic  matter. 

But  in  reporting  upon  the  value  of  a  disinfectant  there  are 
quite  a  number  of  considerations  that  ought  to  be  taken  into 
account.  It  does  not  follow  necessarily  that  a  substance 
giving  the  highest  coefficient  in  regard  to  sterilizing  power 
upon  naked  organisms  is  the  best.  Other  considerations  may 
come  in,  such  as  efficacy  of  the  material  in  the  presence  of 
organic  matter,  relative  price  of  the  material  in  effective  dilu- 
tion, stability,  etc.  In  the  war  the  question  of  portability 
naturally  had  great  weight.  Bleaching  powder,  for  example, 
had  the  great  advantage  of  portability  but  the  great  disad- 
vantage of  rapid  deterioration  and  of  a  corrosive  effect  upon 
metal  receptacles.  A  solution  of  bleaching  powder  (hypo- 
chlorite) standardized  by  titration  satisfied  the  condition  of 
sufficient  stability  for  the  purposes  required,  but  was  bniSy 
for  transport  purposes.  Again,  we  have  found  that  a  water 
disinfectant  sent  to  the  Central  Research  Institute  for  test 
contained  a  mercury  salt,  so  that  the  element  of  poisonous 
character  should  also  be  indicated  in  the  case  of  disinfectants 
used  for  such  purposes  as  water  sterilization.  To  sum  up, 
the  best  type  to  report  upon  a  disinfectant  is  one  giving  the 
determination  of  a  number  of  coefficients. 

(1)  CoefBcient  of  eflicacy.  Determined  on  bacterial  sus- 
pension In  salt  solution.  ,  . 

(2)  CoeflScient  of  availability.  Determined  in  relation  to 
organic  matter. 

(3)  Coefficients  of  stability,  price  portability,  poisonous 
character,  etc. 

In  regard  to  the  halogen  group  with  which  we  are  now 
mainly  concerned,  it  is  possible  by  our  method  to  give  quite 
useful  figures  in  regard  to  any  proprietary  substance  claim- 
ing special  value  as  a  water  sterilizing  preparation. 

Conclusions. — (1)     The    suspension   of    organisms   used    in 

testing  disinfectants  should  be  one  of  naked  organisms  in  a 

menstruum  containing  no  organic  matter;  special  coefficients 

should  be  devised  for  the  evaluation  of  the  effect  of  organic 

1  sitter. 

{'2.)  The  quantity  of  organisms  contained  in  unit  volume 
I'l  the  suspension  Is  a  necessary  datum  in  the  evaluation  of 
a  coeff5cient  of  efficacy. 

tS)     Iodine  is  a  better  indicator  »o  use  (at  all  events  for 

(11 


the  testing  of  water  sterilizing  substances)  than  the  com- 
monly used  carbolic  acid;  it  has  several  advantages  over 
carbolic  acid  which  might  render  it  preferable  to  carbolic 
acid   in  other  cases  than  that   mentioned. 

(4)  Coefficients  of  stability,  price,  portability,  poisonous 
character,  etc.,  are  required  to  complete  the  description  of  a 
disinfectant. 


Reinforced   Concrete  for  Ship 
Construction 

By  PROFESSOR  THOMAS  BERTRAND  ABELL. 
From  Engineering,  London. 
The  paper  places  on  record  particulars  of  tests  on  and  the 
general  experience  gained  with  concrete  and  reinforced 
concrete  used  in  the  construction  of  concrete  sea-going  ves- 
sels designed  and  built  under  the  direction,  first  of  the 
Adnrirality  and',  subsequently,  of  the  Controller  General 
of  Merchant  Shipbuilding  during  the  years  1917  and  1918. 
The  concrete  was  of  rich  mixture  varying  from  1  part 
of  cement  with  2.67  parts  of  mixed  aggregate,  to  1  part  of 
cement  with  3.66  parts  of  mixed  aggregate.  The  aggregate 
consisted  of  natural  gravel  or  crushed  stone  passing 
through  %-in.  square  or  Va-in.  round  holes.  The  crushing 
tests  show  a  wide  variation  in  strength.  It  became  clear 
there  was  no  disadvantage  in  using  a  well-rounded,  smooth 
beach  gravel  as  aggregate.  Better  results  were  obtained 
with  such  an  aggregate  than  with  an  angular  aggregate. 
Good  grading  of  the  aggregate,  together  with  extra  fine 
grinding  of  the  cement,  "were  always  found  advantageous. 
Density  of  concrete  is  important  for  ship  construction, 
since  the  weight  of  the  ship  without  cargo  is  an  important 
factor  in  determining  the  dimensions  of  the  ship.  The 
extreme  variation  in  weight  per  cubic  foot  amounted  to 
10  lbs.,  involving  nearly  7  per  cent,  variation  in  the  weight 
of  the   hull   structure. 

Bending  tests  were  conducted  on  reinforced-concrete 
beams  to  determine  (1)  The  value  of  concrete  under  ten- 
sion; (2)  the  comparative  value  of  round  bars  and  different 
types  of  wire  rope  for  reinforcement;  (3)  the  behaviour  of 
concrete  under  alternating  stress:  (a)  At  a  stress  less  than 
that  corresponding  to  rupture  under  tension;  (b)  at  a 
stress  greater  than  that  corresponding  to  rupture  under 
tension. 

The  beams  for  the  alternating  tests  consisted  of  hollow- 
cantilevers  of  rectangular  cross-section  erected  vertically. 
Their  lower  ends  were  fixed  in  the  ground,  and  the  upper 
ends  were  subjected  to  an  alternating  force  having  a  fre- 
quency of  4  to  7  (complete  reversals)  per  minute.  The 
calculated  stresses  in  the  concrete  during  the  experiments 
were  180  lb.  and  360  lb.  per  square  inch.  The  cantilevers 
were  filled  with  water  so  that  evidence  would  be  forth- 
coming directly  the  concrete  on  the  tension  side  was  com- 
pletely fractured  Cracks  were  produced  after  a  time  with 
the  tensile  stress  as  low  as  ISO  lb.  per  square  Inch. 

The  noteworthy  feature  about  the  tests  was  the  eventual 
sealing  of  cracks  through  which  water  had  been  percolat- 
ing. Whether  the  sealing  was  due  to  further  hydration  of 
the  cement  after  grinding  under  the  alternate  opening  and 
closing  of  the  crack  was  not  determined,  but  the  cracks 
remained  tight  and  were  only  reopened  on  increasing  the 
load.  The  total  number  of  reversals  was  200,000  on  one 
beam   and   100,000   on   a   second. 

Further  tests  were  made  to  determine  whether  concrete 
could  be  placed  on  a  practical  scale  in  thin  slabs  so  as 
to  act  as  a  container  for  heavy  oil  fuel  of  high  flash-point, 
and  also  for  petrol.  There  was  no  difficulty  in  regard  to  the 
heavy  oil,  and  though  with  extreme  care  concrete  contain- 
ers might  have  been  made  to  retain  petrol,  it  was  decided 
that  the  risk  would  be  far  too  great  to  enable  petrol  to  be 
carried  in  bulk  in  a  ship. 

The  remaining  tests  relate  to  experiments  carried  out 
to  determine  the  permeability  of  concrete,  the  means  of 
protecting  reinforced  concrete  from  the  corrosive  action  of 
salt  w-ater  and  from  the  disintegrating  effect  of  vegetable 
lubricating  oils  on  the  interiors  of  the  self-propelled  vessels. 
It  was  found  that  without  any  surface  treatment  2-in. 
slabs  of  concrete,  cast  with  their  faces  vertically,  would 
frequently  resist  water  pressure  of  200  ib.  per  square  inch. 
It  was  concluded  that  it  was  unnecessary  to  use  any  water- 
proofing compound,  and  that  the  richness  of  the  concrete, 
together  with  the  grading  cf  the  aggregate,  were  sufficient 
to   guarantee   watertightness. 
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Construction  and  Use  of  Nomo- 
grams 

Prom  The  Times  Engineering  Supplement,   London. 

The  methods  now  known  as  nomographic  began  to  be  de- 
veloped by  d'Ocagne  in  1884,  and  of  late  years  have  been 
increasingly  recognized  and  used  in  engineering  practice. 
Even  now,  however,  they  cannot  be  said  to  be  adopted  gen- 
erally, and  much  labor  could  be  saved  and  insight  gained  if 
they  were. 

The  construction  and  use  of  nomograms,  though  they  are  ' 
not  matters  of  .serious  difficulty,  often  take  a  certain  alert- 


Fig  2. 


ness  to  profit  by  the  circumstances  of  the  formula  or  equation 
to  be  represented,  and  some  readiness  in  the  "low  cun- 
ning" of  algebra.  These  cannot  be  described  or  exhibited 
satisfactorily  without  going  into  a  good  deal  of  detail,  but 
without  insisting  on  the  individual  devices  employed  in 
nomography  a  sketch  of  its  purposes  and  an  indication  of  the 
lines  on  which  it  works  may  be  useful  and  opportune.  The 
locus  classicus  for  further  information  is  d'Ocagne's  "Traite 
de  Nomographie,"  but  those  to  whom  the  subject  is  new 
would  perhaps  be  well  advised  to  begin  with  the  more  concise 
exposition  of  Dr.  S.  Brodetsky  ("A  First  Course  in  Nomog- 
raphy," Bell,  $2.50  net),  from  which  some  of  the  following 
diagrams    have    been   adapted. 

Graphs  and  Nomograms. — Both  the  nature  and  the  purpose 
of  nomograms  are  best  understood  when  they  are  considered 
in  context  with  ordinary  graphs.  A  graph  may,  perhaps, 
be  best  regarded  as  a  sort  of  template  composed  of  points. 
which  traces  the  path  of  a  variable  quantity  with  the  change 
of  other  variables.  The  relation  of  the  variables  to  each 
other  may  be  merely  occasional,  like  curves  of  disease  or 
pauperism,  and  even  though  such  curves  may  sometimes 
be  compared  usefully  with  curves  representing  the  course  of 
other  phenomena,  each  set  of  phenomena  is  expressed  com- 
pletely by  a  single  set  of  figures,  and  therefore  by  a  single 
graph. 

In  engineering,  as  in  other  matters  to  which  mathematical 
treatment  is  applied,  the  most  fundamental  and  important 
sets  of  phenomena  are  not  described  completely  by  a  single 
set  of  figures.  Their  relations  are  defined  by  laws,  which 
are  expressed  in  general  equations  or  formulae,  and  all  that 
can  he  fihown  in  a  graph  is  one  out  of  the  infinite  number 
of  sets  of  values  of  the  variables  in  question.  If  is  desired 
to  exh'IiJt  the  path  of  the  variable  under  consideration  when 
the  variables  have  other  values  than  those  used  in  the  graph, 
as  many  sets  of  graphs  must  be  plotted  as  there  are  com- 
parisons required,  and  if  they  are  too  numerous  other  graphs 
must  be  interpolated  without  being  plotted.  The  process  is 
at  best  laborious,  the  interpolation  difficult  and  not  usually 
very  accurate,  and  through  its  complexity  the  result  often  fails 
to  give  the  compact  view  for  which  graphic  methods  are  most 
sought. 

The  purpose  of  nomograms  is  to  remedy  these  shortcom- 
ings of  graphs,  and,  with  a  saving  of  labor,  fewer  lines,  and  an 
increase  of  accuracy,  to  present  the  desired  view  in  a  more 
legible  diagram  and  to  show  more  clearly  and  immediately 
the  way  in  which  changes  in  some  variables  affect  the  values 
of  another.  The  method  may,  perhaps,  be  described  best  as 
substituting  for  the  template  or  series  of  templates  built  up 
out  of  the  points  that  represent  single  values  of  the  variables 
a  framework  or  scaffolding  on  which  all  the  values  can  be 
arranged,  the  points  representing  one  set  of  values  of  the 
variables  lying  on  straight  lines  along  the  face  of  the  frame- 
work, and  their  values  being  changed  to  another  set  by 
changing  the  position  of  the  lines.  The  essential  structure  of 
the  nomogram  lies  in  the  framework,  and  the  straight  lines 


laid  along  its  face  either  can  be  drawn  in  for  different  values, 
or  can  literally  be  laid  in  the  position  corresponding  to  any 
set  of  values  by  shifting  a  transparent  sheet  having  a  straight 
line  on  its  under  side.  What  characterizes  these  straight 
lines  in  nomograms  as  developed  up  to  now  is  that  they  cut 
the  lines  which  constitute  the  framework  in  points  represent- 
ing simultaneous  values  of  the  variables  in  question,  and 
on  his  framework  the  observer  can  pass  immediately  from 
one  set  of  values  to  another  merely  by  shifting  one  or  a 
very   few    lines   along   its   face. 

The  Commonest  Method.— The  type  of  a  nomogram  may 
thus  he  represented  as  in  Fig.  1,  in  which  the  values  of  varia- 
bles a,  b,  and  x  are  so  graduated  by  scales  on  the  straight 
lines  and  curve  that  within  the  range  of  values  for  which  the 
diagram  is  constructed  corresponding  values  on  each  scale 
lie  on  the  same  straight  line,  and  can  thus  be  read  off  imme- 
diately by  shifting  the  line  a  x  b  about  the  diagram.  It  is 
easy  to  imagine  how  readily,  given  a  diagram  of  which  the 
graduations  had  this  property,  one  could  shift  the  straight 
line  about  and  read  off  all  imaginable  sets  of  collinear,  and 
therefore  simultaneous,  values.  What  is  not  so  easy  is  to 
imagine  how  to  discover  the  framework  and  the  graduations 
on  which  the  movable  straight  line  can  give  the  required 
information.  There  is,  indeed,  no  general  method  of  in- 
variable application:  but  the  kind  of  construction  that  runs 
through  most  nomograms  may  be  seen  in  the  commonest 
class,  which  is  built  up  of  parallel  straight  lines. 

The  majority  of  expressions  that  are  used  in  engineering 
mathematics  can  be  reduced  to  adding,  subtracting,  multiply- 
ing, or  dividing,  including  powers  and  roots  under  the  last 
two  heads:  and  by  the  use  of  logarithmic  scales  processes 
of  multiplication,  division,  involution,  and  evolution  can  be 
derived  from  addition  and  subtraction.  In  substance,  there- 
fore, the  commonest  methods  of  construction  nomograms  are, 
or  are  derived  from,  methods  of  nomographic  addition  and 
subtraction.  The  nomograms  by  which  quantities  can  be 
added  or  subtracted  have  little  or  no  practical  value  in  them- 
selves. They  can  indeed,  be  constructed  so  as  to  serve  for  the 
solution  of  simple  equations  of  one  variable  or  simple  simul- 
taneous equations  of  two  variables,  but  even  for  these  pur- 
poses  they  usually  are  roundabout  contrivances.     Their  im- 
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portance  lies  in  the  fact  that  on  them  are  based  the  con- 
structions for  nomograms  by  which  the  other  operations  can 
be  performed;  and  to  get  a  clear  view  of  these  constructions 
it  is  necessary  to  see  how  nomograms  can  be  made  for  adding 
and  subtracting. 

An  Elementary  Nomogram. — The  frameworks  of  nomo- 
grams for  addition  and  subtraction  can  be  erected  in  various 
ways,  but  all  of  them  depend  on  a  simple  and  familiar  prop- 
erty of  similar  triangles.  The  property  can  be  cited  and  its 
application  illustrated  by  imagining  three  vertical  lines  a  x  b, 
of  which  fixed  points  000  are  in  a  horizontal  line  (Fig.  2). 
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I.ennlhs  measured  from  o  ulonR  a  are  lo  be  proportionate  to 
values  of  one  variable,  along  b  to  values  of  another  variable, 
and  along  the  intermediate  line  x  to  the  sum  of  the  two  varia- 
bles; and  to  enable  these  values  to  be  expressed  in  figures  the 
whole  lengths  of  the  lines,  each  measured  from  its  o.  are  to  be 
graduated  nnifonnly  into  scales  by  units  which  are  to  be  the 
same  for  a  and   b. 

Now  If  these  lines  are  cut  by  any  line  whatever  AXB,  the 
length  OX  will  be  intermediate  between  the  lengths  OA  and 
OH;  and  the  fundamental  property  of  the  elementary  nomo- 
gram under  const  ruction  is  that  which  expresses  the  relation 
between  those  lengths.  If  x  is  midway  between  a  and  b, 
then  20X  OA  +  OB;  if  x  is  twice  as  far  from  a  as  from  b, 
then  .'iOX  OA-f-20B:  and.  generally,  if  the  distances  of  x 
from  a  and  XT  respectively  are  as 
m:  1.  then  (l  +  m)0X=1.0A. 
-fm.OB. 

This  is  the  known  geometry  of 
Fig.  2;  and  from  it  follows  the  con- 
clusion that  if  the  number  of  grad- 
uations in  OX  is  to  be  equal  to 
the  sum  of  the  graduations  in  OA 
and  OB.  the  graduations  on  x  rep- 
resenting given  values  of  the  va- 
riable must  be  smaller  than  the 
graduations  representing  the  same 
values  on  a  or  b  by  a  multiple 
depending  on  the  distance  of  x 
from  a  or  b.  The  examples  given 
show  that  this  multiple  will  be 
smallest  when  x  is  mid-way  be- 
tween a  and  b.  and  the  x  unit 
graduation  is  accordingly  half  the 
length  of  the  a  or  b  unit  gradua- 
tion. Since  the  accuracy  with 
which  the  results  indicated  by 
the  scales  can  be  read  decreases 
as  the  unit  gruCuation  gets  small- 
er, the  nomogram  is  most  service- 
able when  X  is  mid-way  between 
a  and  b  and  its  uiTit  graduations 
are  half  the  length  of  the  unit 
graduatiBlis  on  a  or  b;  and  it  x 
were  so  shifted  in  the  figure,  any 
line  like  AXI3  would  cut  off  inter- 
cepts on  a  X  b  at  such  graduations 
that  x:^a  +  b,  where  the  letter  is 
used  to  denote  the  scale  reading. 

The  sum  of  any  two  values  of  a  and  h  can  therefore  be 
obtained  by  drawing  a  straight  line  to  join  the  graduations 
on  a  and  b  that  are  marked  with  these  values,  and  reading 
off  the  graduation  of  the  point  in  which  that  line  cuts  x. 
Similarly,  if  the  a  divisions,  instead  of  being  twice  as  long  as 
the  X  divisions,  were  made  21  times  as  long,  and  the  b  divi- 
sions, instead  of  being  equal  lo  the  a  divisions,  were  2m  times 
as  long  as  the  x  divisions,  the  x  intercept  would  represent 
the  sum  of  1  limes  the  a  intercept  and  m  times  the  b  inter- 
cept; i.e.,  the  nomogram  would  represent  the  equation  x  = 
la+mb. 

Finally  a  constant  can  be  added  to  the  sum  of  the  two 
variable  terms  merely  by  slipping  the  a  scale  up  along  itself 
till  its  zero  (o)  stands  above  the  horizontal  level  of  the  x 
zero  by  the  length  that  corresponds  to  the  value  of  the 
constant,  or  by  doing  the  same  with  the  b  scale,  or  by 
slipping  both  scales  up  or  down  in  such  a  way  that  the  net 
upward  shift  of  the  a  and  b  zeros  relatively  to  the  x  zero 
corresponds  to  the  value  of  the  constant,  and  therefore  adds 
It  to  the  net  reading  of  a+b  which  is  conveyed  by  any  line 
AB  and  read  off  at  X. 

Addition  and  Subtraction. — In  practice  it  is  obviously  more 
convenient  for  the  unit  oi  the  x  scale  to  be  as  large  as  the 
a  or  the  b  scale.  l'>om  Fig.  2  this  can  evidently  be  done 
by  interchanging  the  positions  and  graduations  of  b  and  x. 
thus  giving  x  the  same  graduation  imit  as  a  and  b  a  unit 
of  half  that  length.  But  with  this  transpoition  b  becomes 
the  sum  of  a  and  x.  and  therefore  x  the  difference  of  a  and 
b.  To  reconvert  x  into  the  sum  of  a  and  b  the  scale  of  a 
must  therefore  be  graduated  in  the  opposite  direction  to  the 
scales  of  b  and  x.  graduations  upwards  from  O  being  reck- 
oned, for  instance,  positive  in  a  and  negative  in  b  and  x. 
Fig.  3  shows  the  nomogram  so  constructed.  By  its  use  any 
pairs  of  values  of  a  and  b  can  be  added  to  or  subtracted 
from   each  other  in  the  manner  indicated  in  the  last   para- 


graph, and  generally  similar  reasoning  to  that  used  in  dis- 
cussing Fig.  2  will  show  that,  subtraction  being  regarded  as 
merely  addition  of  a  negative  quantity,  the  reading  x=a+ 
( — b)  will  be  at  a  point  on  x  collinear  with  points  represent- 
ing  +  a  and   — b. 

Nomograms  for  more  than  two  variables  are  constructed 
by  dealing  first  with  two  and  then  adding  or  subtracting  the 
others  to  the  result  one  at  a.  time,  taking  care  not  to  use 
the  same  process  of  subtraction  twice  in  succession,  as  this 
would  reduce  or  increase  the  size  of  the  final  graduation  in- 
conveniently. Fig.  4  shows  a  nomogram  for  x  a — b-f  c  +  d — 
e — f.,  which  may  be  written  x  a — (b+e-f f)-|-c-|-d.  The 
steps  in  its  construction  are  as  follows: — Lines  are  taken 
for   b   with   positive  graduations  downwards  and   for  e   with 
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positive  graduations  half  the  size  of  those  on  b  but  upwards. 
From  the  preceding  paragraph  it  is  evident  that  a  line  on 
the  other  side  of  e  and  at  the  same  distance  from  it  as  is  b 
will  represent  b-j-e  nomographically  if  it  is  graduated  as  b 
but  in  the  opposite  direction.  As  the  value  of  b-|-e  is  only 
wanted  as  part  of  another  total,  it  is  not  in  fact  graduated, 
but  serves  as  what  is  called  a  reference  or  pivotal  line  on 
which  the  next  part  of  the  diagram  is  constructed.  Another 
tine  in  a  convenient  position  is  taken  to  represent  t.  and  if 
this  line  is  graduated  with  units  half  the  size  of  those  on 
h+e  (or  b).  but  with  positive  graduations  downwards,  a 
second  reference  line  on  the  other  side  of  f  and  at  the  same 
distance  from'  it  as  b-l-e  will  represent  b-|-e-|-f  if  it  is  con- 
ceived as  graduated  with  the  same  units  as  b-|-e  but  with 
positive  graduations  downwards.  A  line  in  a  convenient  posi- 
tion is  now  taken  to  represent  a.  and  a  third  reference  line 
is  drawn  midway  between  it  and  the  second  reference  line; 
if  this  third  reference  line  is  conceived  as  graduated  with 
half-size  units,  positive  readings  upwards,  it  will  represent 
a — (b-(-e-|-f).  If  equidistant  lines  be  taken  each  side  of  the 
third  reference  line  to  represent  e  and  a  fourth  reference  line 
a — (b-l-e-t-f)-fc.  they  will  do  so  if  the  c  line  has  full  size 
graduations  with  positive  readings  downwards  and  the  fourth 
reference  line  is  conceived  as  having  full-size  graduations 
with  positive  readings  upwards.  If.  finally,  a  line  be  taken 
to  represent  d  with  a  half-size  scale  with  positive  graduations 
downwards,  a  line  on  the  further  side  of  d  and  at  the  same 
distance  from  d  as  is  the  fourth  reference  line  will  represent 
X  if  it  is  graduated  with  full  size  divisions,  positive  readings 
downwards.  The  transverse  lines  are  shown  on  the  figure 
to  indicate  how  the  additions  and  subtraction  just  described 
are  carried  out.  The  arrow  feathers  represent  where  these 
operations   start  and   the  head  where  they   finish. 

Multiplication.  Powers,  and  Roots. — The  above  w'ork  is  ap- 
plied  to  multiplication.  divi,<ion.  evolution,  and  involution  by 
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taking  logarithms  of  the  expressions  in  question,  and  plotting 
the  sums  and  differences  so  obtained  on  logarithmic  instead 
of  ordinary  scales.  The  readings  of  these  scales  when  posi- 
tive begin  not  in  the  middle  but  at  the  bottom  of  the  scale, 
and  when  negative  at  the  top:  the  interval  0  to  1  of  an  ordi^ 
nary  scale  becomes  1  to  10  on  the  logarithmic  scale,  and  when 
half-size  units  are  used  the  logarithmic  scale  is  just  repeated, 
so  covering  1  to  100.  as  on  the  scales  of  a  slide  rule.  The 
decimal  point  in  the  result  is  put  in  by  eye  as  on  a  slide  rule, 
the  diagram  giving  merely  the  working  figures. 

If  therefore  in  the  most  beneral  terms  it  is  required  to  find 
the  value  x— k  a'  b'"  c"  .  .  .|f''  g''  .  .  .,  where  the  indices  are 
positive,  though  perhaps  fractional,  k  is  a  constant,  and  the 
other  quantities  are  variables  plotted  on  logarithmic  scales, 
it  will  be  seen  by  taking  logarithms  on  both  sides  that 

log  X  -  1  log  a-fm  log  b  +  n  log  c4-  ...  —  p  log  f — q 
log  g  ,  .  .  -flog  k.  Writing  capital  letters  instead  of  loga- 
rithms, this  expression  becomes 

X=lA+m  B+n  C+  .  .  .  — pF — qG  .  .  .  4-K,  and  a  nomo- 
gram for  finding  X  can  be  constructed  on  the  lines  indicated 
in  the  last  section.  This  nomogram,  regraduated  by  convert- 
ing each  0  to  1  interval  into  a  1  to  10  logarithmic  scale,  be- 
comes the  nomogram  of  the  general  product,  and  the  value  of 
X  can  be  taken  off  it  in  exactly  the  same  way  as  with  addi- 
tions or  subtractions. 

A  large  number  of  the  expressions  used  by  engineers  in 
practice  are  of  this  form.  The  pressure  on  a  plate  against 
which  air  is  moving  normally  (R^  0.0194  WSV,.),  the  break- 
ing load  of  an  ash  beam  (W  =  67.5BD,/L),  the  wing  area  of 
an  aeroplane  (A  —  32W/CDV.),  the  maximum  deflection  of  a 
beam  (M  =  270WU./EBD,)  are  some  examples  of  results  of 
this  sort  can  always  be  immediately  found  for  any  normal 
ranges  if  nomograms  are  once  plotted  for  them.  The  method 
avoids  a  very  large  amount  of  labor  and  risk  of  error,  in  addi- 
tion to  being  workable  without  requiring  skilled  computers. 

Other  Nomograms. — Nomograms  can  be  constructed  in  a 
variety  of  ways  for  calculating  other  expressions.  In  a  much- 
used  type  only  the  a  and  b  scales  are  on  parallel  lines,  and 
the  x  scale  is  on  a  curve.  For  quadratic  equations,  for  in- 
stance, nomograms  can  be  constructed  in  which  the  curve 
may  be  parts  of  a  parabola  or  a  hyperbola,  a  circle  or  a  semi- 
circle. By  reducing  a  cubic  equation  to  Cardan's  form,  in 
which  the  term  involving  the  square  is  eliminated  and  only 
three  terms  are  left,  a  nomogram  can  be  constructed  with 
two  parallel  scales  and  a  plotted  cubic  parabola,  and  equa- 
tions of  higher  order,  when  they  happen  to  be  reducible  to 
three  terms,  can  be  treated  similarly. 

The  scales  again  may  be  not  parallel  but  intersecting.  For 
the  optical  formula  l/f^l,u-f  1/v  connecting  the  focal 
length  of  a  lens  with  the  distances  of  object  and  image  meas- 
ured on  opposite  sides  of  the  lens  two  axes  at  right  angles 
graduated  uniformly  with  the  same  unit  and  the  bisector  o 
the  angle  graduated  with  a  unit  v2  times  as  great  form  a 
nomogram  on  which  any  three  coUinear  graduations  satisfy 
the  above  relation.  If  the  axes  were  at  an  angle  of  120  deg. 
all  three  scales  would  have  the  same  unit.  For  adding  three 
or  more  reciprocals  conveniently  reference  lines  may  be  used 
as  with  parallel  scales. 

Among  other  constructions  one  class  of  nomograms  is  to 
be  noted  as  making  and  graduating  its  own  x  curve  instead 
of  selecting  and  graduating  a  line  or  form  of  curve  from  a 
knowledge  of  the  constitution  of  a  and  b,  as  in  the  examples 
quoted  above.  If  for  instance,  for  two  values  of  a,  say  a„  and 
a„  we  know  the  values  of  b  corresponding  to  a  number  of 
values  of  x,  we  can  draw  two  sets  of  lines  from  the  points  a„ 
and  a  respectively  to  the  points  on  the  b  scale  representing  the 
values  of  b  for  the  several  values  of  x.  and  the  intersections 
of  corresponding  a  and  b  lines  will  be  points  and  graduations 
on  the  x  curve.  This  method  is  often  convenient  when  plot- 
ting results  that  are  obtained  empirically  without  a  definite 
knowledge  of  the  actual  functions  by  which  a,  b.  and  x  are 
connected.  It  has  in  particular  the  advantage  that  by  chang- 
ing the  a  values  it  is  possible  to  chock  the  relation  worked 
out  from  the  first  two  values  of  a,  as  other  values  should  give 
lines  that  pass  through  the  same  poinis  on  the  x  curve.  The 
method  may  also  save  a  considerable  amount  of  labor. 

In  general,  two  facts  must  be  borne  in  mind.  The  order 
of  precision  of  the  results  to  be  obtained  from  nomograms 
is  limited;  and  care  must  be  taken  to  avoid  applying  the 
method  in  place  of  calculations  in  which  a  higher  order  of 
accuracy  is  required.  The  use  of  nomograms,  again,  is  par- 
ticularly easy  even  for  untrained   assistants:    but  their  con- 
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struction  is  often  an  opportunist  business,  demanding   some 
mathematical  facility. 


Experiments  in  Street  Paving  witli  Rubber 

From    Miipicipal    Engineerine   and    Th€    Sanitary    Record,    London, 
May  12,   1921. 

Experiments  in  the  use  of  rubber  as  a  carriageway  pave- 
ment have  been  made  by  the  Rubber  Growers'  Association 
and  Rubber  Roadways,  Ltd.,  in  conjunction  with  the  Borough 
of  Southwark,  extending  over  several  years. 

In  August,  1913,  a  small  section  of  rubber-capped  hardwood 
blocks,  between  2  and  3  yd.  in  area,  was  laid  at  the  junction 
of  Old  Kent  road  and  New  Kent  road.  The  rubber  was  in 
the  form  of  a  capping  about  %-in.  thick,  having  dovetail  pro- 
jections running  longitudinally  fitted  into  dovetailed  grooves 
in  a  hardwood  block.  Shortly  after  these  blocks  were  fixed 
several  of  the  caps  became  detached  and  were  replaced,  but 
in  June,  1915.  it  was  decided  to  take  up  all  the  blocks  for 
examination.  During  the  year  and  nine  months  this  patch 
of  rubber  had  been  under  trial  it  had  carried  a  traffic  averag- 
ing over  190  tons  per  yard  of  street  width  per  hour.  No  case 
of  slip  was  found — a  most  important  fact,  as  there  was  a 
belief  that  the  rubber  would  prove  to  be  slippery  and  not  give 
a  good  foothold  for  horses,  and  that  it  would  facilitate  the 
skidding  of  vehicles.  On  being  examined  for  wear  the  blocks 
placed  side  by' side  with  unused  blocks  did  not  appear  to  have 
lost  anything  through  wear,  although  there  were  several  slight 
scratches  on  the  surface,  but  on  removing  the  rubber  cap 
from  the  wood  block  it  was  found  that  considerable  wear  had 
taken  place  both  on  the  wood  and  underside  of  the  rubber 
cap. 

At  the  latter  end  of  1918  a  new  type  of  block  was  produced 
consisting  of  a  slab  of  rubber  9/16  in.  thick,  9  in.  long  by  3  in. 
wide,  vulcanized  onto  a  steel  plate,  this  plate  being  cut  with 
eight  cuts  about  1  in.  long  so  as  to  produce  four  lugs  for  hold- 
ing down  into  the  concrete. 

A  site  was  selected  in  Borough  High  street  on  the  breast 
of  the  road  on  one  side  of  th*  tramway,  exclusive  of  the 
margins,  and  subject  to  fast,  heavy  traffic  of  about  240  tons 
per  yard  width  per  hour,  about  100  yards  in  length,  varying 
in  width  from  5  to  3  yd.  This  site  had  a  foundation  of  rein- 
forced concrete  recently  constructed  for  paving  with  wood 
blocks  4  in.  deep.  This  depth  of  4  in.  was  made  up  with  fine 
concrete  composed  of  clean  grit  sand  in  the  proportion  of  one 
of  cement  to  four  of  sand,  in  which  the  rubber  blocks  were 
placed  in  such  a  manner  that  the  lugs  were  embedded  in  and 
gripped  by  the  concrete. 

This  work  was  carried  out  in  February  and  opened  to  traf- 
fic on  March  16,  1920.  Shortly  after  the  traffic  had  been  run- 
ning over  it  several  of  the  rubbers  became  detached  from 
the  steel  plate  and  were  replaced  with  new  blocks  having  the 
vulcanite  carried  to  a  greater  temper.  Within  a  few  months 
some  15  per  cent  of  the  blocks  had  been  separated  from  the 
plates,  and  at  this  point  it  seemed  settled  that  the  type  in 
use  which  had  withstood  satisfactory  works  tests  would  not 
succeed  under  the  fast  and  heavy  trafltc.  About  half  the  area 
was  then  taken  up  and  examination  showed  various  weak- 
nesses which  must  be  eliminated,  and  also  gave  some  sur- 
prising results  of  the  behavior  of  rubber  under  the  heavy 
conditions   applied. 

Further  developments  were  made  in  the  light  of  the  expe- 
rience gained,  and  a  new  type  was  produced  in  which  the 
steel  plate  was  substituted  by  a  plate  of  expanded  metal  em- 
bedded in  the  vulcanite,  this  plate  being  provided  with  added 
lugs.  With  this  latest  type  block  the  cleared  area  was  relaid, 
the  remaining  portion  patched,  and  the  road  reopened  to 
traffic  on  Dec.  13th. 

Since  that  date  the  section  paved  with  the  new  rubber 
type  has  behaved  very  satisfactorily,  and  there  can  be  no 
doubt  this  block  is  a  decided  imjirovement  on  the  previous 
types. 


Progress  of  British  Government  Housing  Schemes. — During 
the  week  ending  April  22  last  bids  were  submitted  for  1.045 
houses,  according  to  The  Surveyor,  London.  Bids  for  286 
were  approved  bringing  the  total  number  of  houses  for  which 
bids  have  been  submitted  to  191,175.  Of  this  number  bids 
for  176,793  have  been  approved  and  contracts  slg^ned  for 
159,084  houses. 
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The  Failure  of  Metals  Under  Internal 
and  Prolonged  Uniform  Stress* 

By    1)K.   \V.    KOSKNHAIN, 
From  Thf   ICnglneer,   London.   May  6,   1921. 

The  main  subject  of  the  present  discussion  is  that  phenom- 
enon which  has  long  been  known  by  the  distinctly  in- 
accurate term  "season  cracking."  The  title  has,  however, 
been  generalized  into  the  form  stated  above,  so  as  to  allow 
of  the  inclusion  of  a  number  of  more  or  less  analogous 
occurrences  which  also  call  for  discussion  and  investiga- 
tion. Further,  it  has  come  to  be  recognized  that  failure 
under  internal  stress,  which  is  generally  the  operating 
cause  in  what  is  known  as  season  cracking,  is  strictly 
analogous  in  its  nature  to  failure  under  the  action  of  ex- 
ternally applied  stress  which  has  been  operative  for  a  very 
long  time.  It  should,  however,  be  clearly  realized  at  the 
outset  that  prolonged  stress  in  the  sense  in  which  the  term 
is  used  in  the  present  connection  is  something  entirely  dif- 
ferent from  alternating  stress  or  repetition  stresses  such 
as  are  associated  with  the  phenomena  usually  termed 
"fatigue."  Although  in  the  general  sense  of  this  word  as 
used  in  ordinary  language,  failure  under  a  prolonged  steadily 
applied  stress  might  also  be  described  as  fatigue,  technical 
us;ige  has  limited  the  latter  term  to  failure  under  alternat- 
ing or  repeated  loading,  and  it  is  eminently  desirable  that 
we  should  not  depart  from  that  usage.  The  discussion  of 
what  is  ordinarily  known  as  fatigue,  therefore,  does  not  en- 
ter into  the  present  subject. 

Time  Element  in  Testing  Metals. — It  is  desirable  to  rec- 
ognize at  the  outset  that  in  the  ordinary  testing  of  metals, 
particularly  under  tension,  the  element  of  time  enters  only 
very  slightly  into  the  result.  Numerous  attempts  have  been 
made  to  discover  w-hether  even  wide  variations  in  the  rate 
of  loading  produce  any  appreciable  effect  upon  the  tensile 
test  results  in  ordinary  metals  at  the  ordinary  temperature, 
and  in  every  instance  negative  results  have  been  obtained. 
Apart  from  such  velocities  as  occur  in  the  use  of  certain 
impact  tests  and  the  high  velocities  which  arise  in  the  use 
of  projectiles,  etc.,  it  may  be  said  that  for  the  great  ma- 
jority of  metals  the  results  of  tensile  tests  are  independent 
of  the  rate  at  which  loading  is  carried  out.  It  came  as  a 
surprise  to  discover,  as  has  been  done  in  connection  with 
the  investigation  of  season  cracking,  that  in  certain  mate- 
rials and  in  certain  conditions  of  those  materials  the  ap- 
I)arent  strength  depends  very  largely  upon  the  time  dur- 
ing which  the  load  is  allowed  to  act.  It  will  be  seen  later, 
and  it  is  now  fully  recognized,  that  this  time  effect  is  defi- 
nitely associated  with  a  particular  type  of  fracture.  It  is 
only  in  the  production  of  intercrystalline  fractures  that  such 
a  time  effect  makes  itself  felt,  and  this  is  a  fact  of  funda- 
mental importance  which  must  be  taken  into  full  account 
by  any  theory  by  which  it  is  endeavored  to  explain  the 
phenomena   which   we   are   here   discussing. 

From  the  practical  point  of  view  the  discovery  that  a 
time  effect  in  tensile  loading  may  exist  in  certain  condi- 
tions is  a  matter  of  very  grave  importance.  It  has  been 
said  in  the  course  of  discussion  on  this  subject  "that  it  is 
an  axiom  of  engineering  that  a  piece  of  metal  which  will 
bear  a  static  load  for  a  short  time  will  bear  the  same  load 
Indefinitely,  provided  that  the  metal  does  not  deteriorate 
as  the  result  of  corrosion  or  other  external  influences."  It 
is  further  suggested  that,  since  engineering  structures  as  a 
whole  are  not  frequently  subject  to  serious  failure,  the 
above  axiom  is  borne  out  by  practical  experience.  Two 
considerations,  however,  must  be  borne  in  mind  in  this  con- 
nection. In  the  first  place,  the  material  most  widely  em- 
ployed in  those  engineering  uses  in  which  relatively  im- 
portant stresses  have  to  be  borne  is  steel,  and  it  is  evident 
that  in  this  particular  material  the  rate  at  which  intercrys- 
talline fracture  can  be  produced  by  a  constantly  operative 
stress  of  stifficient  magnitude  is  very  slow  indeed,  particu- 
larly if  certain  accelerating  causes  which  will  be  referred  to 
below  are  absent,  as  appears  to  be  the  case  in  very  many 
structures.  In  the  second  place,  thanks  to  the  large  factor 
of  safety  generally  employed  in  engineering  design,  where 
structures  have  to  bear  important  working  stresses,  it  is 
likely  that  the  actual  stresses  continuously  in  operation  on 
pieoeo  of  steel  in  large  engineering  works  are  below  the 
limit  oi  stress  which  is  capable  of  producing  intercrystalline 
movement    even   in   favorable   conditions.     From   the    prac- 


tical point  of  view,  therefore,  it  appears  unlikely  that  we 
need  fear  in  the  future  any  large  amount  of  failure  of  engi- 
neering structures  from  intercrystalline  fracture  resulting 
from  the  prolonged  action  of  working  stresses.  None  the  less, 
a  few  cases  of  failure  have  occurred,  both  in  roofs,  bridges, 
and  steam  boilers,  after  many  years  of  service,  which  sug- 
gest that  in  certain  cases  stresses  are  operative  which  are 
capable  of  producing  such  a  result.  It  appears  probable, 
however,  that  in  all  these  cases  the  operative  stress  has  not 
been  the  working  stress  of  the  part  in  question,  but  a  sys- 
tem of  internal  stress  resulting  from  some  special  mode  of 
construction,  such  as  very  severe  riveting,  which  may  have 
been  adopted  in  that  particular  case.  Nevertheless,  even 
in  steel  structures  the  possibility  of  fracture  after  a  very 
long  time  from  the  continued  effect  of  constantly  operative 
stresses  is  one  which  should  be  carefully  considered  and 
taken  into  account,  particularly  where  working  stresses 
which  are  constant  in  their  operation  are  calculated  at  re- 
latively high  values. 

Nature  and  Origin  of  Internal  Stress. — The  view  has  al- 
ready been  indicated  in  the  previous  paragraph  that  inter- 
crystalline fractures  of  the  kind  here  under  discussion  are 
most  frequently  the  result  of  internal  stresses.  This  view 
is  based  upon  the  observation  that  such  fractures  are  most 
frequently  met  with  in  cases  where  internal  stresses  are 
known  to  exist,  and  the  amount  of  such  internal  stresses  can 
in  some  instances  be,  at  all  events,  approximately  esti- 
mated. It  has,  however,  recently  been  shown  by  Messrs. 
Moore,  Beckinsale,  and  Mallinson'  that  precisely  similar 
types  of  failure  can  be  produced  by  the  prolonged  action 
of  an  externally  applied  stress,  so  that  it  would  be  er- 
roneous to  ascribe  the  phenomena  exclusively  to  the  effect 
of  internal  stress.  This  is  of  importance,  because  in  cer- 
tain views  to  be  discussed  below  it  has  been  suggested  that 
cracking  of  this  type  can  only  occur  as  the  result  of  un- 
equal cold  working  or  deformation.  From  what  has  just 
been  said  it  would  appear  that  the  effect  of  such  unequal 
deformation  is  an  indirect  one  and  produces  the  result  by 
setting  up  severe  internal  stresses. 

In  view  of  their  importance  in  connection  with  the  present 
subject,  the  nature  and  mode  of  origin  of  internal  stresses 
deserves  some  consideration.  In  the  most  general  terms  it 
may  be  said  that  internal  stresses  are  the  result  of  unequal 
changes  of  dimension  in  different  parts  of  the  same  piece  of 
metal.  Such  unequal  changes  of  dimension  may  result  either 
from  mechanical  or  thermal  causes.  If.  for  instance,  in 
the  cold  drawing  of  a  metal  rod  the  operation  is  conducted 
in  such  a  manner  that  the  external  portions  of  the  rod 
tend  to  undergo  greater  elongation  than  the  internal  por- 
tions, the  extension  of  the  external  portion,  seeking  to  draw 
with  it  the  core,  will  place  the  latter  under  a  tensile  stress 
sufficient  to  bring  about  the  necessary  accommodation  of 
length  by  elastic  elongation.  When  the  pull  on  the  external 
portions  of  the  rod  is  relaxed  the  internal  portion  will  en- 
deavor to  contract  and  will  set  up  a  compression  stress  in 
the  external  parts.  The  result  will  be  a  piece  of  metal  con- 
taining a  system  of  internal  stresses,  tension  in  the  interior, 
compression  in  the  exterior,  such  that  the  sum  of  all  the 
stresses  is  zero,  as  it  necessarily  must  be  in  a  piece  of  metal 
at  rest  and  from  external  constraint.  As  has  been  shown 
by  Heyn=  in  his  May  lecture  to  the  Institute  of  Metals  in 
1914.  the  presence  of  these  internal  stresses  can  be  recog- 
nized by  gradually  cutting  away  the  outer  portion  of  such  a 
rod.  When  this  is  done  the  material  in  compression  being 
cut  away,  the  rod  as  a  whole  will  contract,  the  tensile  stress 
in  the  interior  portion  being  thereby  relieved.  If,  how- 
ever, the  rod  is  not  cut,  the  stresses  are  continuously  opera- 
tive and  in  seme  cases  lead  to  cracking  of  the  rod  by  inter- 
crystalline fracture  after  the  lapse  of  a  longer  or  shorter 
period  of  time. 

Perhaps  a  simpler  way  of  looking  at  the  question  of  in- 
ternal stress  is  to  think  of  a  flat  strip  of  metal  which  ini- 
tially is  free  from  internal  stresses  of  any  kind.  Such  a 
strip  can  be  bent  into  a  T'-shape  and  then,  if  the  opposite 
ends  of  the  TJ  are  clasped  together  by  means  of  a  clip  or  a 
spring,  a  definite  tension  is  produced  in  that  fastening.  If 
instead  of  such  a  fastening  being  employed,  the  strip  of 
metal  is  bent  into  a  circular  shape,  with  the  two  ends  close 
to  one  another,  there  is  still  a  tensile  stress  at  the  point 
of  junction.     A  strip  bent  iri  this  manner,  however,  is  noth- 


'Moore,   Beckinsale.   and   Maliinson. 
Metals.  1321,  1. 


Journal    of   the   Institute   of 


(16) 


Engineering   and   Contracting   for  June   29,   1921. 


643 


ing  more  nor  less  than  a  short  section  of  tube,  and  the 
precise  manner  in  which  it  lias  been  brought  into  that  shape 
has  very  little  effect  upon  the  stresses  present  in  it.  It 
will  be  seen,  therefore,  that  in  any  cold  worked  tube — that 
is  to  say,  in  any  piece  of  metal  which  has  been  brought 
into  a  tube  shape  by  deformation  in  the  cold — there  must 
be  a  circumferential  tensile  stress.  One  can  look  at  the 
production  of  a  cup  or  of  such  a  form  as  a  cartridge  case  in 
much  the  same  manner  by  regarding  it  as  being  made  up 
of  a  number  of  elementary  strips  bent  up  into  the  shape  of 
a  radial  section  of  the  cup  in  question.  Instead  of  being 
kept  in  their  bent  shape  by  an  external  attachment,  these 
are  held  in  the  case  of  a  cup  by  being  attached  one  to  an- 
other all  around  the  circular  rim  of  the  object.  In  this  way 
we  see  that  in  a  cup  of  this  sort  there  must  also  be  a  con- 
siderable circumferential  tension. 

Values  of  Tensions   and   Other   Internal   Stresses. — It  is  of 
considerable   interest   to  ascertain,   if   possible,   what   values 
such    tensions   and    other   internal    stresses    may    attain.      It 
must  be  said  at  once  that  they  cannot  in  any  circumstances 
attain  a  value  higher  than  tJie  elastic  limit  of  the  material 
in  the  conditions  in   which   it  finds   itself   when   the  article 
is   finished.     This  is  obvious,   because   a   stress  higher  than 
the  elastic  limit  operating  in  this   way   would   simply  bring 
about   further   deformation   of  the   material.     On    the    other 
hand,  it  is  not  easy  to  ascertain  precisely  what  is  the  elastic 
limit   of   the   material  in  the  condition   in  which  it  is  pres- 
ent in  the  finished  article  in  any  given  case.     When  a  piece 
of  metal   is   bent   permanently,   it   is   obvioXis   that   not   only 
elastic  deformation  has  taken  place,  but  also  a  considerable 
amount   of    cold    work   or    plastic    deformation.     This    latter 
type  of  deformation,  as  is  well  known,  results  in  a  raising 
of  the   elastic   limit   beyond   the   value   which   it   had   in   the 
unstrained   material,   and  the   extent   to   which   this   limit   is 
raised    must    depend    upon    the    severity    of    the    cold    work 
which  has   been  done.     An   attempt  has  been   made   to   cal- 
culate the  intensity  of  the  stresses  remaining  in  a  finished 
article,   such  as  a  spun  cup   of  brass,   by  cutting  the   mate- 
rial up  in  various  ways  and  measuring  the  extent  to  which 
the   cut   edges   become    separated    when    released.     Unfortu- 
nately, the  calculation  of  stresses  in  this  way  gives  results 
which   cannot  be   regarded  as   particularly   reliable   or  accu- 
rate.     The    actual    stress    distribution    is    always    complex, 
whereas    calculations    require    assumptions    based    upon    a 
simple  stress  distribution.     Further,  even  when  such  a  piece 
has   been   cut   away   from   its   surroundings    and   allowed    to 
spring  back,  it  is  by  no  means  free  from  internal  stresses. 
In  the  case  of  a  strip  which  has  been  bent  and  then  released, 
the  presence  of  residual  internal  stresses  can  be  very  read- 
ily shown.     If  the  bending  of  the  strip  has  been  sufficiently 
severe  in  the  first  instance,  it  does  not   spring  back  to  the 
straight  position  when  released,  but   retains  a  very  marked 
curvature.     Now,  it  is  clear  that  as  the  result  of  bending  in 
this   instance,   portions   of   the   metal   near  the   interior   and 
exterior  surface  have  become  plastically   deformed,  the   for- 
mer in  compression,  the  latter  in  tension.     Up  to  a  certain 
point  in  the  thickness  of  the  section,  however,  the  deforma- 
tion  has    remained    elastic,   and    it    is    this    elastic    deforma- 
tion   which    leads    to    the    springing    back    of    the    specimen 
when  released  from  the  bending  force.     That   the  springing 
back  is  incomplete,   serves  to   show  that   the   elastic  forces 
at  work  in  the  interior  have  not  been  able  to  overcome  the 
resistance  of  the  previously  plastically  deformed  metal  near 
the  two  surfaces,  with  the  result  that  in  the  strip  apparently 
released    from    constraint    we    have    a    system    of    internal 
stresses   balancing  one  another,   leaving  the  exterior   layers 
under  compressive  and  tensile  stress  respectively.     That  this 
is  really  the  case,  can  be  demonstrated  by  removing  the  ex- 
ternal layers  of  such  a  strip  by  some  such  means  as  dissolv- 
ing them   away   in   weak   acid.     The  strip   when   treated   in 
this    manner    definitely   tends   to   straighten    itself   out,    thus 
showing  that  the  elastic  forces  at  work   in  the  interior  are 
then    able   to    bring   about   the    further    straightening   effect, 
owing  to  the  removal   of  the  metal   which   had   formerly  re- 
sisted such  straightening  action.     When,  therefore,  a  previ- 
ously   bent   strip   is   further   bent   by   the   application   of  ex- 
ternal stress,  or,  as  is  the  case  in  a  spinning  or  a  tube,  is 
bent  by  the  further  application  of  deforming  forces,  it  can- 
not be  regarded   as  existing  under   the   same  distribution   of 
stress  as  a  flat  unstressed  strip  of  metal  slightly  bent  within 
the   elastic   range.     The   calculation    of   stresses   on    the   as- 
sumption cf  a  uniform   increase  in   tensile  and   compression 


stress  respectively  from  the  neutral  axis  of  the  section  out- 
wards, is  accordingly  incorrect,  and  this  incorrectness  may 
be  very  considerable  in  amount.  It  is  therefore  not  sur- 
prising to  find  that  materials  whose  tensile  strength  as 
ordinarily  tested  does  not  exceed  30  tons  per  square  inch, 
may  show  internal  stresses,  calculated  on  the  assumption 
named  above,  ranging  up  to  40  tons  per  square  inch  .  It  is 
suggested  that  such  a  result  indicates  merely  that  the  for- 
mula employed  is  not  applicable  to  the  case  under  considera- 
tion. 

Internal  Stresses  Fruitful  Cause  of  Fracture. — While  I  be- 
lieve that  it  must  be  recognized  that  the  calculation  of  in- 
ternal stresses,  except  in  the  simplest  cases,  such  as  that 
of  a  drawn  rod,  is  a  matter  of  much  greater  difficulty  than 
might  at  first  sight  be  supposed,  there  can  be  no  question 
that  internal  stresses  of  very  considerable  magnitude  exist, 
in  a  great  many  pieces  of  metal,  and  that  they  are  the  most 
fruitful  causes  of  fracture  occurring  after  completion  of 
=Heyn.  Journal  of  the  Irstitute  of  Metals.  1914,  1  Otav  Lecture), 
manufacture,  either  after  a  short  or  possibly  after  a  very 
long  time.  The  fuller  study  of  the  whole  question  of  in- 
ternal stresses,  their  magnitude  and  the  manner  in  which 
they  are  produced,  and  the  means  by  which  they  can  be 
avoided  or  subsequently  eliminated,  becomes  a  matter  of 
first-rate  importance,  and  one  which  has  in  the  past  been 
unduly  neglected  by  those  responsible  for  the  working  and 
using  of  metals.  It  has  recently  been  shown  by  Moore  and 
Beckinsale^  that  in  the  case  of  cartridge  brass,  low-tempera- 
ture annealing — at  temperatures  from  200  deg.  to  300  deg. 
Ce. — is  capable  of  either  removing  internal  stresses  in  brass, 
or,  at  all  events,  of  relieving  them  to  such  an  extent  that 
they  become  innocuous.  Some  experiments  recently  made 
at  the  National  Physical  Laboratory  entirely  confirm  this 
view,  although  the  elimination  of  internal  stresses  is  not  as 
complete  as  might  have  been  anticipated.  At  the  same  time, 
it  is  interesting  to  notice  that  even  after  this  low-tempera- 
ture annealing  there  does  not  appear  to  be  any  appreciable 
amount  of  recrystallization  in  the  cold-worked  material. 
This  is  of  some  theoretical  importance  in  connection  with 
one  of  the  explanations  of  season  cracking,  which  is  dealt 
with  below,  but  it  is  also  of  very  considerable  importance 
in  this  respect,  that  it  raises  the  question  as  to  the  mechan- 
ism by  which  the  metal  is  capable  of  adjusting  itself  to  the 
existing  internal  stresses,  without  fracture  and  without  in- 
ternal  rearrangement   of  an  obvious  kind. 

The  Phenomena  of  Cracking. — The  phenomena  of  crack- 
ing resulting  from  prolonged  exposure  to  internal  stress 
have  long  been  known  in  the  case  of  brass,  where  they  are 
unfortimately  somewhat  frequent  in  occurrence.  Apart  pos- 
sibly from  a  few  isolated  observations  in  the  copper-nickel- 
zinc  alloy  now  known  as  nickel  silver,  the  phenomena  of 
season  cracking  in  brass  stood  practically  alone  until  in 
1919  a  paper  on  the  subject  W'as  published  by  Rosenhain  and 
Archbutt,'  in  which  attention  was  called  for  the  first  time 
to  analogous  phenomena  in  other  metals.  These  include  a 
group  of  aluminium  alloys,  lead  and  steel.  Since  that  time, 
analogous  phenomena  in  still  other  metals  have  also  been 
discovered.  This  constitutes  an  important  step,  and  one 
which  must  he  considered  very  carefully  in  connection  with 
any  explanation  put  forward  for  these  phenomena.  It  is 
not  sufficient  now  to  put  forward  an  explanation  applicable 
to  brass  alone,  since  it  is  evident  that  a  group  of  such  simi- 
lar phenomena  in  different  metal  must  have  a  common  ex- 
planation. 

Before  proceeding  to  consider  the  various  explanations 
which  have  been  put  forward,  it  is  desirable  to  state  clearly 
the  outstanding  facts  for  which  explanation  is  needed.  The 
first  typical  feature  of  the  phenomenon  under  discussion  is 
that  fracture  occurs  under  a  stress  lower  than  that  which 
is  required  to  bring  about  fracture  under  an  ordinary  tensile 
test.  That  this  is  the  case  has  been  verified  for  a  variety  of 
materials  subject  to  failure  of  this  kind,  and  must  now  be 
regarded  as  indisputably  determined  tacts.  Moore,  Beck- 
insale  and  Mallinson  have  shown  that  in  the  case  of  70/30 
brass,  cracking  will  occur  when  the  operative  stress  exceeds 
from  6  to  S  tons  per  square  inch  in  a  material  whose  ulti- 
mate s'ren.gth  under  an  ordinary  tensile  test  exceeds  20  tons 
per  square  inch.  In  the  case  of  an  aluminium  alloy  having 
a  tensile  strength  of  24  tons.  Rosenhain  and  Archbutt  have 
shown  that  cracking  will  occur  under  a  prolon.ged  load  of  13 
tons  per  square  inch.  In  a  paper  contributed  to  the  present 
general  discussion,  L.  Archbutt  shows  analogous  facts  with 
regard   to  lead. 
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The  second  typical  feature,  which  is  also  common  to  the 
phenomenon  In  all  the  metals  mentioned,  Is  that  fracture 
occurs  with  little  or  no  plastic  deformation,  and  that  it  is 
essRntinlly  intercrystalllne  in  character.  The  fact  that  nor- 
mal tensile  fractures  in  the  great  majority  of  metals  occur 
by  the  breaking;  across  of  the  crystals  is  also  to  be  regarded 
as  well  established;  the  same  metal,  when  broken  under 
lower  stresses  In  the  manner  typical  of  the  phenomenon 
now   being   discussed,   exhibits  an   entirel   different   fracture. 

Explanations  of  Spontaneous  Cracking. — A  number  of  ex- 
pliinallons  have  been  put  iDrward  to  account  for  the  appar- 
ently spontaneous  cracking  of  brass,  and  more  recently 
attempts  have  been  made  to  offer  explanations  for  the 
phenomena  throughout  the  whole  group  of  metals  in  which 
they  occur.  Any  review  of  these  explanations  can,  of  course, 
be  atti^mpted  at  the  present  time  only  in  the  light  of  such 
knowledge  as  is  now  available.  Probably  none  of  those 
responsible  for  these  various  explanations  would  suggest  that 
they  are  finally  established,  and  that  there  is  no  need  for 
furllier  research.  (In  the  other  hand,  the  elimination  of 
obviously  impossible  explanations  is  a  desirable  clearing  of 
the  ground,  while  it  is  also  necessary  to  remove  certain  mis- 
apprehension.'^ wliich  appear  to  exist.  That  a  sound  theoreti- 
cal explanation  of  these  phenomena  is  eminently  desirable 
will  scarcely  need  urging.  The  permanence  and  durability 
of  all  metals  and  of  the  structures  and  machines  made  of 
them  is  of  such  vital  and  fundamental  importance  that  we 
are  bound  to  seek  for  the  fullest  possible  light  on  all  phe- 
nomena which  affect  this  matter.  Even,  therefore,  if  the 
theoretical  explanations  put  forward  may  at  times  appear  to 
be  somewhat  abstruse,  yet  those  interested  more  immedi- 
ately in  the  practical  side  of  the  question  should  not  regard 
them  as  purely  of  academic  Interest.  It  is  by  the  study  of 
outstanding  and  peculiar  phenomena  which  do  not  appear 
to  be  readily  explained  that  new-  knowledge  is  obtained  as 
regards  the  internal  structure  of  metals  and  the  mechanism 
by  which  they  resist  applied  stresses.  Any  advance  in  our 
knowledge  of  that  mechanism  is  a  step  forward  towards 
presenting  to  the  engineer  materials  of  greater  strength  and 
durability  than  those  at  present  available.  If,  therefore,  the 
whole  of  the  present  general  discussion  were  to  be  devoted 
to  a  consideration  of  theories  explaining  or  purporting  to 
explain  the  causes  of  intercrystalllne  fracture  under  pro- 
longed stress,  the  time  which  may  be  devoted  to  it  must  be 
regarded  as  well  spent. 

Perhaps  the  simplest  explanation  which  has  yet  been  put 
forward  to  account  for  the  failure  of  metals  under  pro- 
longed stress  is  that  which,  although  not  explicitly  given, 
is  contained  in  a  paper  by  Hatfield  and  Thirkell,  published 
in  19i;t.'  This  may  be  called  the  "simple  stress"  theory, 
since  it  implies  that  the  actual  stress  existing  in  brass 
articles  which  subsetjuenly  undergo  "spontaneous"  crackirig, 
is  so  high  as  to  be  practically  eiiual  to  the  normal  breaking 
strength  of  the  metal,  and  that  it  only  requires  a  small 
amount  of  corrosion  or  of  incidental  damage  to  the  surface 
of  the  article  to  bring  about  rupture.  Support  for  this  view  is 
sought  by  attempts  to  determine  the  intensity  of  the  internal 
stress  existing  in  various  spinnings  and  other  objects  known 
to  be  liable  to  undergo  cracking.  It  has  already  been  indi- 
cated above  that  the  methods  of  calculating  stress  employed 
in  these  cases  is  not  really  satisfactory  and  tends  to  give 
figures  much  higher  than  the  real  intensities  of  stress  existing 
in  the  material.  Further,  the  recent  work  of  Moore,  Beckin- 
sale  and  Mallinson  has  shown  that  even  in  brass  stresses  of  a 
very  much  lower  order  than  those  suggested  by  Hatfield 
and  Thirkell  are  sufficient  to  bring  about  fracture  of  the 
kind  typical  of  the  phenomena  under  discussion.  The  "simple 
stress"  theory  must,  therefore,  be  ruled  out  entirely. 

A  second  theory,  of  an  entirely  different  kind,  held  a  con- 
siderable amount  of  ground  for  some  time  past.  This  was 
based  on  the  idea  that  spontaneous  cracking  subsequent  to 
the  completion  of  an  article  occurred  only  under  the  effect 
of  severe  cold  work.  According  to  this  view,  the  cold-worked 
article  contains  a  large  amount  of  metal  in  the  amorphous 
or  hard  condition.  This  is  known  to  be  unstable  at  the  ordi- 
nary temperature,  and  it  is  suggested,  according  to  the  view 
in  question,  that  a  small  amount  of  gradual  re-crystallization 
t3\?s  place  in  this  amorphous  material.  It  is  known  that  a 
change  of  volume  occurs  In  the  transition  from  crvstalline  to 


amorphous  or  vice  versa,  and  it  is  therefore  argued  that  if 
re-crystallization  occurs  there  is  a  local  diminution  of  volume 
with  a  considerable  intensification  of  stress,  leading  to  the 
initiation  of  a  crack.  The  real  difficulty  which  must  be  faced 
by  this  theory  is  that  there  is  no  microscopic  evidence  what- 
ever forthcoming,  even  after  prolonged  and  careful  research 
to  suggest  that  re-crystallization  can  or  does  occur  in  cold- 
worked  brass,  for  example,  at  the  ordinary  temperature. 
Until  such  evidence  can  be  obtained  the  view  that  re-crystal- 
lization plays  any  part  in  the  cracking  phenomena  now  under 
discussion  must  be  regarded  as  an  unsupported  assumption. 
Further,  it  is  difllcult  to  see  how  re-crystallization  of  this 
kind  will  account  for  the  intercrystalllne  character  of  the 
crack,  which  is  so  typical  and  fundamental  a  feature  of  the 
whole  phenomenon.  On  the  latter  ground  alone,  it  would 
seem  that  the  re-crystallization  theory  must  also  be  aban- 
doned. 

A  third  theory,  which  appears  to  have  received  wide 
credence,  particularly  in  America,  may  be  called  a  simple 
corrosion  theory.  This  view  has  been  carried  so  far  that 
the  phenomena,  which  are  more  widely  known  in  England 
as  "season  cracking,"  are  frequently  referred  to  in  America 
as  "corrosion  cracking."  Recently,  Moore,  Beckinsale  and 
Mallinson  have  shown  pretty  definitely  that  general  corrosion 
does  not  facilitate  cracking  of  the  kind  now  under  discussion; 
neither  is  it  possible  to  account  for  the  typical  intercrystalllne 
nature  of  the  fracture  by  any  theory  of  general  corrosion, 
although  it  will  be  seen  below  that  the  theory  of  localized 
chemical  action,  quite  distinct  from  general  corrosion,  put  for- 
ward by  Moore.  Beckinsale  and  Mallinson  is  of  very  consid- 
erable importance. 


Dispersion   of   Load    in    Stone   and    Brick 
Piers  and  Templates 

From    the   Engineering   Review.    London. 

Engineers  who  have  had  to  design  brick  or  stone  piers 
to  carry  steelwork  will  often  have  been  troubled  as  to  how- 
much  may  be  allowed  for  dispersion  of  load.  If.  for  instance, 
we  are  given  that  the  safe  pressure  on  brickwork  is  5 
tons  per  square  inch,  it  is  clear  that  this  figure  can  be  ex- 
ceeded when  the  pressure  is  applied  only  on  a  comparatively 
short   length   of   long  wall. 

This  question  was  investigated  experimentally  many 
years  ago  by  Bauschinger.  but  his  figures  are  not  commonly 
quoted  in  British  books,  so  that  some  designers  may  find  the 
figures   iiseful  if   we  give  them   here. 

The  blocks  were  sandstone  blocks  of  depth  h  and  beradth 
a  and  width  b;  they  were  loaded  centrally  on  the  top  sur- 
face over  a  length  z  parallel  to  the  breadth  b,  and  were 
supported  on  the  bottom  surface.  The  following  results 
were  recorded,  the  dimensions  being  in  cms.  and  kilos,  per 
sq.  cm.  respectively; 

, Ultimate  strength \ 

Measured  on  Measured  on 

ti  a  b  z  large  area,  small  area. 

n.on  i;.4fi  n.f>"        <"  o.-; fiss  fis.t 

' •  "  "1        •>  '^   232  926 

9.S5         10.01         10.01         2.0  188  943 

9.82         10.02         10.03         1.5   156  1.044 

9.81  9.99  9.95         1.0   120  1.193 

.^^  ii.iti        lu.o:;  5  102  j.050 

From  this  we  may  deduce  the  approximate  rule  that  for  a 
loaded  length  equal  to  one-tenth  of  the  total  length  we  may 
take  twice  the  stress  for  the  small  area,  and  for  a  loaded 
length  equal  to  one-twentieth  of  the  total  we  may  take  three 
times    the    stress. 

In  no  case  should  the  base  be  less  than  the  height  if  this 
rule   is   to  be   followed. 


'Mnore  and  Beckinsale.  Journal.  Institute  of  Metals.  1920,  1. 
'Kor^nhaln  and  Archoult,  "Proceedings."  Royal  Society,   A.,  vol. 

•-cJi.  1913. 

-eld  and  Thirkell.  .Tournal.  Institute  of  Metals.   1919.   11. 


A  Test  for  Lead  Poisoning. — The  usual  test  for  erosion  is 
made  by  placing  a  small  strip  of  bright  lead — say.  1  in.  by 
1%  in. — in  a  test  tube  and  covering  it  with  a  measured  quan- 
tity of  the  water  to  be  examined.  If  erosive  ability  is  pres- 
ent a  milkiness  near  the  surface  of  the  strip  becomes  sooner 
or  later  perceptible  and  quickly  diffuses  throughout  the 
liquid.  Later  it  w-ill  be  deposited  as  a  white  powder  at  the 
bottom  of  the  test  tube.  The  quantity  of  lead  taken  up  in 
a  given  time  can  then  be  estimated  by  the  ordinary  labora- 
tory methods.  Should  the  water  contain  substances  which 
Inhibit  erosive  action,  a  bluish-white  insoluble  coating  is 
formed  on  the  bright  strip  ind  no  cloudiness  appears.  Pure 
distilled  water  is  commonly  found  to  erode  lead  vigorously. 
— From  Municipal  Engineering.  London. 
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Laying  Telephone  Cable  Tubes  for 
a  River  Crossing  by  Thrust- 
Boring 

From  The  Engineer.  London.  April  22.  1921. 
In  carrying  out  the  scheme  of  running  the  cables  from  the 
new  Broadway  Telephone  Exchange  on  the  south  side  of 
Jupp  Road,  in  Stratford.  London,  E..  it  was  necessary  to  cross 
the  Channel  Sea  River  In  some  manner,  and  to  form  accom- 
modation for  nine  cables,  each  roughly  consisting  of  800 
pairs  of  wires.     The  Channel   Sea   River  is  a  tidal  tributary 


particularly  in  No.  1,  the  Jupp  Road  shaft,  pumps  had  to  be 
kept  going  night  and  day  during  the  operations.  Beyond  a 
12-in.  sewer  near  the  surface  and  the  rear  face  of  No.  1 
shaft,  no  obstacles  were  met  with  during  the  excavation. 

The  section  of  ground  available  for  boring  the  nine  holes 
and  laying  the  cable  tubes  was  approximately  4  ft.  in  deptW 
by  3  ft.  wide.  Now,  although  it  is  a  comparatively  simple 
operation  to  make  a  single  thrust-boring  in  that  space,  it  is 
a  difficult  task  to  crowd  together  nine  holes  into  so  small 
an  area.  In  thrust  boring,  the  holes  are  made  by  the  dis- 
placement and  compression  of  the  surrounding  earth,  there 
being  no  cutting  action,  and  consequently  no  spoil.  The 
effect  is  that  any  boring  made  closely   adjacent  to  another 


Fig.    1. — Cross   Section    Siiowing    Location   of   Shafts   and   Tubes. 

of  the  Lea.  and  comes  under  the  control  of  the  Lea  Conserv- 
ancy.     The   proposal   was   that,    immediately   on   leaving   the 


Exchange — a  nine-way  duct  should  be  laid  below  the  south 
footpath  in  Jupp  Road  to  the  barrier  at  the  end.  The  cables 
were  then  to  be  taken  over  or  under  the  Channel  Sea  River 
and  under  the  permanent  way  of  the  Great  Eastern  Railway 
at  the  junction  adjacent  to  Stratford  main  station  on  the 
Woolwich  branch,  the  river  at  the  point  of  crossing  being 
38  ft.  wide. 

The  following  alternative  schemes  were  considered  for  the 
river  crossing: 

<1)   A  reinforced  concrete  bridge  carrying  nine  steel  tubes. 

(2)  Damming  the  river  in  sections  and  burying  the  stand- 
ard bitumen  jointed  nine-way  duct  at  a  depth  of  6  ft.  or  7 
ft.  below  the  river  bed. 

(3)  Laying  the  nine  steel  tubes  by  the  Mangnall-Irvlng 
thrust  borer  below  the  river,  between  shafts  sunk  one  in 
Jupp  Road  and  the  other  on  the  narrow  bank  between  the 
river  and   the  railway. 

It  was  dfcided  to  make  the  crossing  by  the  last-mentioned 
method,  and  the  contract  was  undertaken  by  the  Hydraulic 
Engineering  Co.,  Ltd.,  of  Chester  and  London,  the  sole  li- 
censees in  England  for  the  Magnall-Irving  thrust  borer,  and 
the  operations  were  carried  out  under  the  direction  of  Cap- 
tain A.  R.  Mangnall. 

An  early  form  of  the  apparatus  was  fully  described  in  The 
Engineer  of  April  9,  1920  [see  Engineering  and  Contracting, 
June  30,  1920],  and  it  is  not  now  proposed  to  go  into  detail 
of  the  mechanism  employed.  The  shafts  were  sunk  in  the 
position  shown— No.  1  and  No.  2  in  Fig.  1.  It  had  been  antici- 
pated that  blue  London  clay  would  be  encountered  almost 
immediately.  That,  however,  was  found  not  to  be  the  case. 
The  first  14  ft.  6  in.  proved  to  be  made-up  ground  consisting 
of  loam,  sandy  clay  and  stones,  while  the  next  5  ft.  were  run- 
ning sand  and  ballast.  This  seam  of  ballast  was  passed  at 
19  ft.  in  No.  1  shaft  and  17  ft.  in  No.  2.  Below  It  a  blue-gray 
marsh  clay  continued  for  .5  ft.  to  C  ft.,  and  below  the  clay 
there  was  more  wet  yellow  sand.  It  was  originally  intended 
that  the  borings  should  be  made  between  15  and  18  ft.  down, 
but  owing  to  the  ballast  it  was  decided  to  go  deeper;  the 
borings  were  actually  carried  out  b<'lween  the  depths  of  19 
ft.  and  22  ft.  down,  so  that  the  ducts  mi.i;ht  all  be  in  the  seam 
of  marsh  clay  just  mentioned.  It  would,  of  course,  have  been 
possible  to  make  the  borings  in  the  made-up  ground  above 
the  ballast,  but  if  that  had  been  done  there  would  not  have 
been  sufficient  depth  of  overlying  soil  to  give  the  clearance 
below  the  bed  of  the  river  specified  by  the  authorities,  so  as 
to  allow  for  future  dredging  and  deepening.  Both  the  verti- 
cal shafts  were  close  timbered  and  heavily  strutted,  and 
owing  to   the   presence  of  a  considerable   amount  of  water, 


tends  to  pull  over  to  the  boring  previously  completed.  A 
special  device  to  enable  a  number  of  bores — in  this  case 
three — to  be  made  side  by  side  and  parallel  to  one  another 
with  only  2  in.  of  earth  between  each,  was  designed,  and  the 
nine  tubes  were  to  be  laid  in  three  horizontal  tiers  of  three 
tubes  each,  being  spaced  vertically  on  IS-in.  centers.  The 
proposed  sequence  of  operations  were  first  to  make  the  cen- 
ter boring  and  then  to  pass  through  the  ground  the  device 
for  forming  two  further  bores,  one  on  each  side  of  the  first 
bore.     The  first  pilot  boring  was  made  successfully  on  MarcH 


Fig.   2 — Position    of   Tubes. 

22.  The  timbers  were  then  drawn  slightly  to  permit  of  the 
passage  of  the  multiple  hole-boring  device.  The  poor  char- 
af'ter  and  water-logged  state  of  the  marsh  clay  was  then  fnlly 
apparent,  as  both  faces  collapsed  and  continued  to  break 
away  and  fall  out  through  the  aperture  where  the  timbers 
had  boen  raised,  in  a  pwlveri/.ed  form  like  wet  sand.  The 
timbers  were,  accordingly,  quickly  driven  back  into  position 
and  the  damaged  faces  packed  as  much  as  possible  to  pre- 
vent further  collapse  behind  them,  because  the  belt  of  run- 
ning sand  and  ballast  started  to  find  its  way  through,  and 
the  river  was  in  very  close  proximity  at  No.  2  shaft.  In  view 
of  this  failure,  the  idea  of  making  the  holes  in  series  of  three 
v/as   abandoned,    and   each    boring   was   made   Independently 
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through  «in.  holes  drilled  in  the  tiini.':  i  he  work  by  the 
latter  method  wna  not  so  simple  or  si'  r.:piiJ.  bnt  further  col- 
lapse of  the  faces  was  prevented  since  (he  timbers  were  not 
again  disturbed.  The  actual  positions  of  the  bores  as  they 
were  Dnally  made  in  shalt  No.  2  is  shown  in  Fig.  2. 

The  first  two  boring*  were  made  from  the  No.  1  shaft,  the 
operation  in  each  case  being  first  to  make  a  4-in.  diameter 
thrust  boring,  then  to  withdraw  the  boring  tubes,  then  to  in- 
crease by  n  second  operation  the  4-in.  bore  to  5%  in.,  and' 
on  withdr.iv.ing  the  larger  boring  tubes  to  attach  the  first 
cable  tube  to  the  end  of  the  boring  tube  at  No.  2  pit,  so  that 
all  the  cable  tubes  were  pulled  into  the  completed  bore  as 
the  oring  tub*;s  were  withdrawn  to  No.  1  pit.  The  load  re- 
quired to  pull  In  the  cable  tubes  was  found  to  be  very  high 
owing  to  the  collapsed  ground  at  the  faces  being  dragged 
into  the  bore  by  the  tubes  and  causing  excessive  friction,  and 
the  ordinary  maximum  working  pressure  of  1  ton  per  square 
Inch  of  the  plant  was  exceeded.  In  view  of  this,  the  boring 
plant  was  transferred  to  No.  2  shaft,  which,  as  it  was  slightly 
wideV,  permitted  the  cable  tubes  to  be  driven  into  the  ground 
by  a  larger  diameter  boring  cylinder,  and  the  secondary^op- 
eration  of  increasing  the  first  ore  from  4-iu.  to  514-in.  diame- 
ter was  performed  by  driving  the  auxiliary  pilot  ahead  of  the 
cable  tubes  as  the  latter  were  being  driven  forward.  The 
cable  tubes  were  of  3i-^-in.  internal  diameter,  and  were  in  6- 
ft.  lengths  and  screw-coupled,  the  diameter  over  the  coupling 
being  4%  in.  The  nine  tubes  were  laid  at  the  rate  of  one 
per  day.  On  completion  of  the  laying  of  the  tubes  the  two 
shafts  were  to  be  bricked  up  to  form  permanent  manholes, 
having  a  concrete  base  and  roof.  Beyond  the  brickwork  a 
band  of  puddled  clay  was  to  be  formed  as  the  timbers  were 
withdrawn. 

The  successful  carrying  out  of  thi.s  undertaking  forms  a 
di£tlnct  advance  upon  all  existing  methods,  and  as  the  work 
was  done  under  exceptionally  dillicuU  ground  conditions,  it 
suggests  a  very  simple  future  application  to  those  cases 
where  reasonable  groimd  strata  is  encountered.  River  cross- 
ings as  great  as  700  ft,  to  900  ft.  are  being  actively  consid- 
ered. The  operation  of  thrust  boriu;;  is  limited  to  ground 
of  a  clay  nature,  although  not  necessarily  pure  clay;  chalk, 
concrete,   etc.   cannot   be   thrust-bored. 


Sewage  Disposal  from  Main  System  of 
London 

From  Tho  Surveyor.  London.  May  27,  1921. 
The  latest  annual  report  of  the  London  County  Council, 
covering  a  period  of  five  years  from  1915-19,  contains  some 
interesting  figures  with  regard  to  the  disposal  of  sewage  in 
the  area  of  the  London  main  drainage  system.  The  area  in 
question  is  approximately  149  sq.  miles  in  extent,  and  the 
population  in  1911  was  5.334,731.  During  the  year  1919  the 
following  quantities  of  sewage  were  disposed  of: 

Sewage  Treated—  Mill.  gals. 

.Northern     outfall 62,713.7 

Daily  average    'l7l!8 

.Soutliern  outfall  42,833.3 

rally  average    '1I6  g 

Sludge  Sent  to  Sea —  Tons. 

Nortliern    outfall    1,227,0M 

Daily  average    3.362 

Southern    outfall    769,000 

Daily    average    2il01 

Sludge  Vessels — 

Number    of    trips 1,996 

Total    distance    traveled    (miles) 220,012 

The  experimental  treatment  of  sewage  without  chemical 
precipitants,  which  was  commenced  in  the  summer  of  1911 
and  continued  during  the  following  summer,  was  transferred 
to  the  winter  months  of  1913-14  and  1914-15.  In  order  to 
observe  the  effects  the  river  was  examined  at  first  for  the 
months  of  June.  .July,  and  August.  1913,  and  then  in  July. 
1914.  The  examination  has  since  been  carried  out  con- 
tinuously. It  covers  the  whole  waterway  from  Teddington 
to  the  Black  Deep,  where  the  sludge  is  deposited.  The 
experiments  showed  that  during  the  cooler  and  wetter  periods 
of  the  year  chemical  precipitants  might  safe;;-  be  discontinued. 
Owing  to  the  war  there  was  great  difflcuky  In  obtaining 
chemicals,  and  after  October,  1916.  no  chemicals  were  used. 

Wire  Netting  as   Blasting   Mat.— A  corre.nondent  states  in 

°  rpcent  issue  of  the  Quarry  Managers  Jouinal,  that  he  has 

ng  blasting  mats  made  of  wire  netting  at  one  of  his 

A  mat  ici  6  ft.  long  by  2>4  ft.  wide  made  of  netting 

10  by  4  in.  laesh.    Each  piece  weighs  about  28  lb. 
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Measurement  of  Discharge  of  the 

Nile  Through  the  Sluices  of 

the  Assuan  Dam 

By  SIR  MURDOCH  MacDONALD  and  H.  E.  HURST. 

Abstract  of  a   mptr  read   April   L'n     1921.  before  the  Institution  of 
Civil  Engineers. 

After  the  completion  of  the  Assuan  Dam  in  1902,  measure- 
ments made  in  1903-05  of  the  flow  through  the  sluices  showed 
that,  for  the  same  total  area  of  sluice  opening  and  the  same 
head,  the  level  produced  at  low  stage  in  the  river  at  Assuan, 
about  three  miles  below  the  dam,  varied  from  year  to  year, 
and  that  consequently  no  reliance  could  be  placed  on  dis- 
charge curves  based  on  values  obtained  in  previous  years. 

Obviously  the  reason  for  this  discrepancy  was  the  varying 
nature  of  the  bed  level  as  sandbanks  shifted  and  increased  or 
diminished  in  size  from  year  to  year. 

In  1905  a  masonry  tank  with  a  capacity  of  22,000  cu.  m., 
was  built  below  the  dam  to  form  a  water  cushion  for  the 
protection  of  the  rock  surface  downstream.  Advantage  was 
taken  of  this  to  measure  the  volume  discharging  through  one 
sluice  into  this  tank  and,  from  the  information  so  obtained, 
to  deduce  sluice  coeflScients.  which  were  found  to  be  some- 
what greater  than  previously  estimated. 

Questions  having  arisen  as  to  the  accuracy  of  the  new  fig- 
ures by  those  interested  in  the  older  discharge  tables,  the 
senior  author  asked  Mr.  Hurst  to  check  all  the  results  ob- 
tained up  to  date.  He  had  also  had  the  entrance  to  one  of 
the  sluices  remodeled  so  that  a  rectangular  opening  might 
be  obtained,  and  coefllcients  for  such  a  sluice  deduced  from 
the  volumes  of  water  passed  into  the  tank.  This  was  in  the 
expectation  that  a  comparison  between  the  two  sets  of  re- 
sults— those  for  the  particular  bell-mouthed  sluice  adopted 
at  Assuan.  and  those  for  a  rectangular  opening — would  enable 
a  closer  approximation  to  be  made  for  any  given  intermediate 
form  of  opening,  and  thus  make  the  results  obtained  at 
Assuan  of  use  elsewhere. 

This  paper  is  a  r6sum6  of  what  took  place  at  the  dam,  to- 
gether with  the  additional  data  gathered  during  Mr.  Hurst's 
examination  of  the  results.  The  method  of  sluice  measure- 
ment of  discharges  is  now  believed  to  record  the  total  volume 
of  the  summer  Nile — January  to  July  inclusive — correctly  to 
about  1  per  cent. 

After  describing  the  methods  of  measuring  river  discharges 
employed  in  Egypt,  the  authors  point  out  that  the  measure- 
ments described  in  the  paper  are  of  interest  because: 

(a)  They  are  the  first  in  which  the  determination  of  vol- 
ume by  means  of  a  tank  has  been  applied  to  find  the  discharge 
of  a  large  river. 

(b)  They  attain  an  acauracy  greater  than  that  of  any  other 
known  method. 

(c)  They  are  direct,  and  depend  on  no  assumptions  which 
may  lead  to  systematic  errors,  thus  forming  a  standard  of 
comparison  tor  other  methods. 

(d)  They  give  information  about  the  discharge  of  large 
sluices  in  other  works. 

The  three  steps  in  the  method  were: 

(1)  The  direct  measurement  by  means  of  a  masonry  tank 
of  the  quantity  of  water  discharged  by  a  particular  type  of 
sluice  CR.  L.  100,"  i.  e.,  having  their  sills  at  100  m.  above 
sea  level)   under  different  conditions. 

(2)  Experiments  by  which  the  discharges  of  other  types 
of  sluices,  i.  e..  those  at  other  levels,  are  compared  with  the 
discharge  of  an  R.  L.  100  sluice. 

(3)  The  passage  of  the  river  through  sluices  whose  dis- 
charges have  been  determined  as  above. 

The  paper  then  describes  the  carrying  out  of  these  three 
steps,  and  the  necessary  corrections  and  possibilities  of  sys- 
tematic error  are  discussed. 

The  results  from  the  tank  measurements  of  the  discharge 
through  the  R.  L.   100  sluices  showed  that; 

(a)  For  a  given  opening  the  coeflicient  of  discharge  in- 
creases as  the  head  increases,  until  in  the  neighborhood  of 
10  m.  head  it  becomes  constant. 

(b)  For  the  small  openings  1-5  and  2  m..  there  is  not 
much  difference  between  the  coefficients  for  the  same  head, 
and  the  coefficients  for  both  openings  attain  practically  the 
same  maximum  value. 

(c)  For  the  small  heads  tliere  is  a  progressive  decrease 
of  coefficient  as  the  size  of  th(   opening  increases.     For  heads 
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greater  than  3  m.  this  effect  is  reversed,  and  the  coefficient 
increases  with  increase  of  sluice  opening. 

The  next  step  was  to  find  whether  neighboring  sluices  in- 
terfere with  each  other  when  discharging,  i.  e.,  whether  n 
similar  sluices  always  discharge  n  times  as  much  as  one 
sluice.  If  there  is  interference,  the  effect  produced  would 
probably  differ  according  as  the  discharging  sluices  were 
arranged  in  groups  of  adjacent  sluices,  or  were  separated 
by  closed  sluices. 

This  point  has  been  investigated  under  different  conditions 
of  head,  favorable  weather  always  being  chosen,  but  no  effect 
due  to  variation  in  the  arrangement  of  sluices  has  been 
detected. 

Experiments  were  also  made  to  determine  the  coefficients 
of  discharge  of  other  types  of  sluices  of  the  dam,  which 
differ  in  dimensions  and  in  the  levels  of  their  sills.  These 
results  of  these  experiments  are  stated  and  discussed. 

The  discharges  of  four  types  of  sluice  have  now  been  de- 
termined over  the  range  of  heads  occurring  during  the  low 
supply  season.  For  the  last  few  years,  every  day  during  this 
period  the  river  has  flowed  through  sluices  whose  discharges 
are  known.  The  discharge  of  the  river  from  January  to  July 
for  1916  and  onwards  is  therefore  known  directly  from  the 
records  of  sluices  open,  and  levels  of  the  reservoir. 

Curves  constructed  from  float  observations  in  1901  and  1902, 
and  from  the  mean  of  sluice  discharges  from  1910-1919  are 
of  the  same  form,  and  approach  each  other  closely  at  the 
higher  discharges,  the  difference  between  the  two  being  only 
about  2  per  cent  at  a  discharge  of  1.500  cu.  m.  per  second. 

As  already  mentioned,  the  same  level  downstream  of  the 
dam  does  not  always  correspond  to  the  same  discharge;  and 
the  variations  are  considerable. 

Such  differences  of  this  magnitude  can  only  be  produced 
by  changes  of  river  bed.  By  comparison  of  current-meter 
discharges  and  water  levels,  the  same  phenomenon  is  found 
to  exist  in  varying  degree  at  other  places,  being,  for  example, 
fairly  large  at  Sennar  on  the  Blue  Nile,  and  small  at  Malakal 
on  the  White  Nile.  It  is  probably  not  very  important  at  the 
higher  stages  of  the  river. 

It  is  not  to  be  attributed  necessarily  to  changes  near  the 
gauge  itself,  as  no  doubt  changes  over  long  sections  of  the 
bed  contribute  to  the  change  of  level  at  the  gauge  for  a 
given  discharge. 

Some  experiments  were  also  made  with  R.  L.  100  sluices 
in  which  the  bell-mouth  was  removed  in  successive  steps. 
First  of  all  the  rounded  lintel  was  made  flat,  so  that  the  top 
and  bottom  of  the  sluice  were  parallel,  and  only  the  sides 
opened  out  at  the  mouth.  Secondly,  one  side  was  made 
straight,  and  thirdly,  the  remaining  side  was  straightened, 
leaving  the  entrance  rectangular  and  the  sluice  of  the  same 
section  at  the  entrance  and  throughout  the  tunnel. 

Comparisons  of  discharge  measurements  by  sluices  and 
current  meters  show  that  for  moderate  river  velocities  no 
reduction  is  required  on  the  discharges  given  by  current 
meters  when  used  under  proper  conditions.  Uv.  A.  D.  Butcher 
at  the  Delta  Barrage,  has  found  only  slight  differences  of 
the  order  5  per  cent  between  discharges  measured  in  very 
turbulent  water  oust  below  the  head  regulators  in  the  canals 
and  discharges  measured  in  steadily  flowing  water  about  1 
km  downstream  of  the  regulators  at  the  regular  discharge 
sites  Mr.  B.  H.  Wade  repeated  these  experiments  at  the 
Bafrage,   and   found   rather   larger  differences. 

At  Assuan,  near  the  outfall  of  the  sluices,  in  water  so 
turbulent  that  a  boat  was  in  danger  of  being  swamped,  so 
that  the  discharge  measurement  was  carried  out  from  a  plat- 
form suspended  from  a  cable,  discharges  up  to  17  per  cent 
greater  than  the  true  value  as  given  by  the  sluices  were  de- 
termined by  Mr.  Wade  and  Mr.  Herbert  by  means  of  a  cur- 
rent meter.     The  practical  conclusions  arrived  at  up  to  the 

^"^n)"'' American  experience  tends  to  show  that  at  very  low 
velocities,  in  disturbed  waters,  Gurley  current  meters  give 
results  which  are  too  low.  ,      .     j      j. 

(2)  At  moderate  velocities,  such  as  those  obtained  at 
Assuan  with  discharges  at  2,000  cu.  m.  per  second  and  less 
fhere  °s  no  appreciable  turbulence  effect  on  Gurley  current 

"m'^'ln  excessively  turbulent  water  Gurley  current  meters 
record  up  to  17  per  cent  in  excess  of  the  actual  discharge. 

M)     Later    experiments    show    that    in    the    Nile,    curren 
meters     when    properly   used    on    well-chosen    sites,   are    not 
Hablelo   errors  of   any   importance  from   turbulence  at  any 
glage   of  the   river. 


The  Handling  of  Permanent  Way 
Materials 

By  CECIL  J.  ALLEN. 
Frjm  The  Railway  Engineer.  London.  January,  1921. 
No  inconsiderable  proportion  of  the  cost  of  permanent  way 
maintenance  is  attributable  to  the  labor  involved  in  handling 
the  material.  For  example,  a  modern  9a-lb.  or  100-lb.  bull- 
head rail,  of  the  45-ft.  length  standard  on  most  railways 
weighs  approximately  two-thirds  of  a  ton,  so  that,  in  cases 
where  it  must  be  handled  manually,  not  less  than  14  or  16 
men  are  required  to  lift  it.  Some  companies  do  all  their  rait 
handling  by  means  of  cranes,  running  the  rails  out  from  the 
depots  on  to  the  job  by  a  material  train  which  has  a  perma- 
nent crane  equipment.  Other  railways  are  not  so  well  pro- 
vided and  the  present  expense  of  such  equipment  on  a  large 
scale  is  prohibitive.  In  any  event,  there  are  large  numbers 
of  instances,  especially  in  the  smaller  permanent  way  ma- 
terial depots,  where  rails  must  be  handled  manually,  for 
want  of  mechanical  assistance.  The  same  applies  to  made- 
up  switches  and  crossings,  which  are  still  more  awkward  to 
manipulate. 

Rolling    Mill    Methods. — In   the   handling   of   rails   valuable 
lessons  may   be  learned  from   the  methods  obtaining  where 
rails  are  dealt  with  in  the  largest  quantities,  i.  e.,  the  roll- 
ing  mills    where    they    are   produced.    From   the    mill,    after 
straightening  and  drilling,  the  rails  are  run  out  on  live  roll- 
ers   to    the    rail-bank    where    inspection    takes    place,    being 
stacked  en  the  benches  in  a  manner  generally  similar  to  the 
stacking  in  an  ordinary   permanent  way  depot,  although  the 
numbers  of  tiers  per  bench  in  the  latter  case  seldom  exceeds 
two  or  three.   There  is,  however,  this  difference,  that,  whereas 
the  cross-bearers  between  the  tiers  of  rails  in  the  vast  ma- 
jority of  railway  depots  are  formed  by  ordinary  rails,  at  a 
steelworks  they  are  always  thin  strips  of  steel,   of  approxi- 
mately 1%  in.  by  %  in.  section.     There  is  no  compailson  be- 
tween the  relative  ease  of  manipulation  of  the  two  types  of 
bearer;   the  strips  may  be  adjusted  in  position  in  a  moment 
or  two,   but  the  turning  of  the  full-length   rails   to  a   right- 
angle  on  the  bench  manually  is  a  laborious  operation;   the 
strips,  again,  may  be  cut  to  any  length,  whereas  stacks  of 
rails   with,  say,   45-it.   rails   as  cross-bearers   must   be  limited 
in  length  to  45  ft.,  unless  the  cross-bearers  overlap,  in  which 
event   the   Errangement   of  heavy  rails   for  this   purpose  be- 
comes more  laborious  still.     Lastly,  while  a  rail  laid  on  its 
side  as   a   cross-bearer  occupies   2%    in.  of  vertical  space,  a 
strip   occupies  only   %   in.,  and   the   height   above  the  bench 
of  the  top  tier  of  rails  on  a  seven-tier  stack  is  therefore  14% 
in.  more  in  the   former  case  than  in  the   latter,  the  respec- 
tive   aggregate    thicknesses    of   bearers   being    16 V2    and    2% 
in.    This  is  no  small  consideration  from  the  manual  handling 
point  of  view,   when  the  available  space  for  stacking  is  lim- 
ited. 

Loading  Rails  at  the  Rolling  Mill.— The  next  question  is 
that  of  loading  from  the  stacks  into  the  cars.  In  the  most 
modern  rolling  mill  plants  this  is  done  by  means  of  magnet 
cranes  traveling  on  overhead  gantries— a  method  hardly 
possible  of  improvement — but  assistance  of  this  character 
is  obviousb  out  of  the  question  in  a  small  railway  material 
depot.  At  steelworks  where  the  loading  is  still  performed 
manually,  in  order  that  the  rails  shall  in  no  case  be  loaded 
"uphill,"  the  loading-out  roads  are  sunk  sufficiently  to  bring 
the  top  of  the  bolsters  on  the  cars  down  to  a  level  with  the 
rail-benches.  All  the  movement  of  the  rails  in  loading  is 
therefore  carried  out  on  the  level  or  downhill  (from  the 
upper  tiers  of  the  stack),  but  never  against  the  pull  of  grav- 
ity. Consequently  the  maximum  number  of  men  essential  in 
the  loading  up  of,  say,  45-ft.  9.5-lb.  rails  is  six-two  at  each 
end  of  the  rails  on  the  bench  (on  well-greased  slides  one  at 
each  end  is  really  sufiicient,  but  the  movement  of  such  long 
rails  in  bulk  by  two  men  is  rather  heavy  work),  and  one  at 
each  end  of  the  car  or  cars.  Steelworks  loading,  of  course, 
requires  to  he  carried  out  so  rapidly,  in  order  to  keep  the 
benches  clear  and  prevent  a  stoppage  of  the  mill,  that  con- 
siderably larger  gangs  than  this  are  actually  used  in  the 
loading  of  the  rails.  One  minor  essential  in  this  operation  Is 
the  constant  greasing  of  the  slides,  boys  being  employed  for 
this  purpose  exclusively  when  loading  is  being  carried  on. 
For  maximum   ease   of   handling,   the   rail-benches   are   kept. 
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on  the  average,  at  a  minimum  of  2  ft.  above  ground  level, 
rail  level  in  tfie  loading-out  cuttings  being  a  little  over  3 
ft.  below  ground,  to  niaVcc  up  the  average  5  ft.  2  in.  height 
of   I  he    WiiKon   bolsters   iilmvc   rail. 

A  Suggested  Design  of  Rail-bank  for  Depots. — In  the  small- 
er railway  material  depots,  where  there  is  no  mechanical 
aspisfance  available  for  loading  and  unloading,  the  help  of 
gravity  shoiihl  be  Invoked  in  the  greatest  possible  degree.  In 
the  handling  of  rails  this  may  be  done  in  the  simplest  way 
by  the  provision  of  both  ■loading-in"  and  "loading-out"  roads 
to  the  rail-stacks.  The  loadingin  road  should  be  at  ground 
level,  or  slightly  below,  say,  6  in.;  the  rail  level  in  the  load- 
ing-out road  should  be  about  :{  ft.  below  ground  level;  and 
•  he  level  of  the  rail-benches  should  be  some  2  ft.  above 
ground.  On  the  arrival  of  the  rails  from  the  rolling  mill  at 
the  loading-in  road  in  the  depot,  they  are  skidded  down  on 
Id  the  benches,  and  when  about  the  seventh  tier  is  reached 
(the  maxlnum  height  for  convenient  handling)  the  rails 
are  running  on  the  level  from  wagon  to  stack.  When  the 
time  conies  for  loading-out,  the  higher  tiers  are  run  down- 
wards from  the  stack  to  cars  in  the  loading-out  road,  and 
when  the  bottom  tier  is  reached,  it  is  run  on  the  level  from 
the  bench  to  the  wagons.  The  movement  of  the  rails  is. 
therefore,  exclusively  on  the  level  or  downhill,  gravity  being 
almost  always  a  help,  and  never  a  hindrance,  in  the  opera- 
lion.  There  should  be  a  difference  in  level  between  the  load- 
ingin  and  loading-out  roads  equal  to  the  maximum  height  of 
rail-stack    contemplated. 

Handling  Methods  at  Existing  Railway  Depots. — It  is  sur- 
prising, however,  to  notice  in  how  little  degree  this  principle 
is  in  operation  in  railway  permanent  way  material  yards  to- 
day. In  the  gieat  majority  of  instances  the  rails  are  stacked 
practically  on  ground  level,  and  loading-in  and  loading-out 
are  conducted  from  the  same  siding,  also  at  ground  level. 
Loading-in  is  not  a  difficult  operation,  but  loading-out  by 
nand  is  most  laborious,  every  rail,  weighing  in  the  case  of 
'l.S-ft.  rails  some  two-thirds  of  a  ton.  having  to  l)e  run  up  the 
skids  through  a  vertical  height  of  from  1  ft.  or  2  ft.  to  a 
ma:\iinum  ol  as  much  as  ,t  ft.  P'or  this  svork  a  gang  of  fully 
14  to  16  men  is  required,  as  against  a  total  of  six  with  the 
simple  lay-out  of  rail-bank  described  in  the  last  paragraph. 
The  latter  offers  a  saving  of  from  .50  to  In  per  cent  on  the 
cost  of  rail-handling  at  depots  by  the  former  method,  against 
which  has  to  be  set  the  interest  on  the  increased  cost  of 
providing  the  sunk  loading-out  road,  which  is  by  comparison 
a  much  smaller  amount.  If  a  portable  steam  crane  be  em- 
idoyed.  a  gang  of  six  men  will  still  be  required — two  on  cars. 
;wo  at  the  rail-stack  to  open  out  the  rails,  one  to  sling  the 
rails,  and  one  to  drive  the  crane.  The  higher  wage  of  the 
l;ist-mi'ntioned  increases  the  wage  per  hour  of  the  gang  as 
compared  'vith  a  gang  of  six  loaders  without  crane  assist- 
ance. To  this  must  be  added  the  interest  on  capital  cost, 
fuel,  maintenance  and  depreciation  of  the  crane  itself,  as 
against  the  interest  on  the  extra  cost  of  constructing  the 
rail-bank  with  a  sunk  loading-out  road  and  of  inaintaining 
the  latter — again  probably  adverse  to  the  crane,  unless  the 
crane  he  profitably  employed  on  other  duties  when  not  en- 
gaged on  the  rail-bank.  In  the  matter  of  time  occupied  in 
loading,  the  disadvantage  would  probably  lie  with  the  crane. 
as,  if  the  latter  were  using  the  same  siding  as  the  cars, 
shunting  would  be  necessary  every  time  a  "set"  had  been 
loaded.  There  is,  therefore,  a  strong  case  in  favor  of  a 
separate  loading-out  road  to  a  rail-bank,  at  a  lower  level 
than  the  loading-in  road  and  at  the  opposite  end  of  the  rail- 
benches. 

Handling  of  Switches  and  Crossings.  -Still  more  difficult  to 
handle  than  rails  in  perinanent  way  depots  are  made-up 
sv.itches  and  crossings,  the  former  in  particular  being  gen- 
erally most  unwieldy  objects.  Here  again  the  sunk  road  is 
of  the  greatest  value,  in  order  to  avoid  loading  up  from 
ground  level  into  the  cars.  In  this  case  it  is  better  to  load- 
in.  a?  well  as  load-out.  from  sunk  roads,  as  switch  and  cross- 
ing material  is  seldom  stacked  to  any  great  height,  if  stack- 
ing can  be  avoided,  and  it  is  thus  possible  to  run  the  switches 
and  crossings  on  the  level  between  cars  and  storage  benches. 
Similarly  with  chairs,  fishplates,  etc..  labor  in  handling  at 
depots  is  greatly  reduced  when  the  floor  of  the  wagons  used 
in  loading-in  or  loading-out  is  on  the  same  level  as  the  stack- 
ing ground,  as  otherwise  the  force  of  gravity  is  always  work- 
ing against  the  loaders  when  loading  up  material  out  of  the 
depot,  rather  than  In  their  favor. 


British  Experiences  with  the 
Activated  Sludge  Process* 

By  H.  V.  H.  SIIENTO.V. 

FVom    The    Surveyor.    London.    April    IS.    22    and    2«.    1921. 

Methods  of  sewage  disposal  in  the  past  were  developed 
by  trial  and  error.  The  scientist  eventually  worked  on  this 
basis,  but  it  cannot  be  said  tlial  he  invented.  The  septic 
tank  was  developed  from  the  cesspit;  the  various  filters  had 
their  origin  in  the  obvious  method  of  straining  sewage 
through  ashes;  and  the  purifying  qualities  of  the  earth  were 
appreciated  ages  before  the  scientist  came  forward  to  explain 
the  matter.  It  cannot  be  said  that  the  scientist  preceded 
the  practical  worker  in  the  discovery  of  these  methods. 

The  same  cannot  be  said  with  regard  to  the  latest  and 
perhaps  most  important  development  in  sewage  disposal — 
viz..  the  activated  sludge  process.  In  this  case  the  new 
method  is  the  direct  result  of  very  careful  research  work  on 
the  part  of  the  scientist.  The  causes  of  purification  had 
been  carefully  studied;  the  fact  that  it  was  possible  to  breed 
the  micro-organism  required  for  purification  had  been  proved. 
It  was  known  that  the  purification  effected  by  a  filter 
was  due  to  their  presence,  and  it  was  argued  that  if  the 
micro-organisms  were  present  in  suflicient  quantities  in  the 
sewage  they  could  purify  it  without  the  filter.  E.xperiments 
proved  that  if  certain  algal  growths  were  encouraged  these 
would  purify  liquid  sewage  in  the  presence  of  air.  and  finally 
Dr.  Fowler  solved  the  problem  by  discovering  that  the  sludge 
of  sewage  could  be  treated  in  such  a  manner  that  it  would 
become  the  home  of  the  micro-organisms  required  for  purifica- 
tion, and  that,  if  sludge  were  so  prepared,  the  effect  of  mix- 
ing it  with  sewage  in  the  presence  of  air  would  be  exactly  the 
same  as  that  ol  filtration. 

Hence  it  became  possible  to  treat  sewage  and  sludge  at 
one  operation  in  a  tank  and  to  produce  any  required  degree 
of  purification,  without  any  filter,  chemicals  or  other  treat- 
ment. The  work  has  been  done  during  the  last  seven  years, 
and  the  results  are  so  important  that  it  is  desirable  to  give 
the  matter  very  full  consideration.  A  record  of  the  pre- 
liminary work  is  desirable,  and  a  careful  study  of  the  causes 
of  the  results  obtained.  Without  this  knowledge  the  chances 
of  error  are  great.  Owing  to  the  rapid  success  of  Dr.  Fowler's 
method  erroneous  impressions  have  arisen,  such  as  that 
this  is  only  a  partial  treatment  comparable  to  the  Travis 
or  Inihoff  tank  treatment;  that  the  result  is  produced  mainly 
by  the  agitation  of  the  sewage  and  sludge,  that  ai?ration  is  of 
secondary  importance,  and*  so  forth.  The  tact  should  be 
grasped  at  the  outset  that  the  micro-organisms  required  for 
the  purification  of  the  sewage  can  only  be  produced  by 
aeration,  and  that  the  agitation  of  the  sewage  is  only  required 
in  order  that  the  microbes  may  be  thoroughly  mixed  with 
it  in  the  presence  of  air.  For  the  rest,  the  matter  is  one 
of  economical  working  and  good  engineering.  The  better 
the  enginering  work,  the  cheaper  the  process  will  be.  The 
stage  where  the  scientist  required  the  assistance  of  the  en- 
gineer was  for  once  fully  appreciated,  and  the  rapid  evolution 
of  the  system  followed. 

Earlier  Experiments  Leading  Up  to  Activated  Sludge  Proc- 
ess.— It  is  entirely  incorrect  to  imagine  that  the  activated 
sludge  process  is  merely  a  method  of  purifying  sewage  by 
means  of  aeration.  It  may  appear  to  the  casual  observer  at 
the  first  glance  that  he  sees  in  the  activated  sludge  process 
the  perfection  of  a  method  which  has  been  tried  many  times 
for  yenrs  past  of  purifying  sewage  merely  by  blowing  air 
through  it;   but  i*  is  much  more  than  this. 

It  will  be  remembered  that  in  the  year  1892  Adeney  at- 
tempted to  purify  sewage  by  aeration;  Duprez  and  Dibdin 
tried  the  same  experiment  on  the  London  sewage.  A  patent 
was  graned  in  1886  to  Hartland  for  the  same  purpose.  In 
1897  Dr.  Fowler  tried  the  effect  of  aeration  on  the  effluent 
obtained  after  chemical  precipitation.  In  the  same  year 
Dibdin  read  before  the  Institution  of  Civil  Engineers  a  paper 
in  which  he  pointed  out  that  the  purification  of  sewage 
depended  in  micro-organisms,  and  here  probably  we  have 
the  first  example  of  the  correct  understanding  of  the  problem. 
In  1902  Dunbar  showed  that  the  purification  of  sewage  was 
affected  by  slime  which  collected  on  the  filter  bed.  Dr. 
Calvert,  in  a  paper  read  before  the  Association  of  Managers 
of  Sewage  Disposal  Works,  said  that  in  1908  Dr.  Wilson  was 
led  to  suspect  that  perhaps  the  slime  on  the  filtering  mate- 
rial contained  a  clotting  enzyme  which  could  clot  the  colloidal 
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matter  in  fresh  sewage  just  as  rennet  clots  the  casein  in 
milk.  At  that  date  some  of  the  coating  scraped  from  the 
filter  inedium  was  shaken  with  tresh  sewage  and  did  pro- 
duce a  certain  amount  of  purification,  but  air  was  not  blown 
through  the  sewage.  Dr.  Fowler  acknowledges  that  this  idea 
of  a  clotting  enzyme  was  one  of  the  features  contributing 
to  the  elaboration  of  the  new  process.  Black  and  Phelps 
found  that,  under  certain  conditions,  aeration  did  purify 
the  sewage  to  some  e.xtent,  and  were  so  sure  of  their  work 
as  to  recommend  tliat  a  portion  of  the  sewage  which  was 
discharged  into  the  harbor  at  Newport  should  be  purified  in 
this  way.  Clark  and  Gage  found  that,  when  sewage  was 
aerated  for  24  hours,  both  the  free  ammonia  and  the  al- 
buminoid ammonia  were  reduced  to  some  extent,  but  that, 
in  the  presence  of  certain  algfe,  not  only  was  the  albuminoid 
ammonia  still  further  reduced,  but  also  that  nitrification  took 
place. 

The  Lawrence,  Mass.,  Experiments. — Clark,  in  a  paper  pub- 
lished in  1916,  said  that  what  was  now  known  as  treatment 
of  sewage  by  the  activated  sludge  process  had  been  in  opera- 
tion at  the  Lawrence  Experiment  Station  of  the  State  Depart- 
ment of  Health  of  Massachusetts  since  early  in  1912.  During 
a  series  of  experiments  made  at  the  station  in  1911  it  was 
found  that  the  presence  of  certain  algal  growths  in  bottles 
of  weak  sewage  caused  purification  of  this  sewage.  This 
happened  even  in  sealed  bottles  with  the  liberation  of  oxygen. 
It  was  found  also  that  these  growths,  aided  by  forced  aera- 
tion,  effected    remarkable   purification. 

Immediately  following  this  work  in  the  spring  of  1912  ex- 
tensive experiments  were  begun  w  ith  regard  to  what  could  be 
accomplished  in  the  actual  purification  of  sewage  by  aeration 
aided  by  growths.  For  several  months  this  work  was  carried 
on  in  gallon  bottles  or  carboys,  and  it  was  found  that  by 
24  hours'  aeration  of  sewage  containing  growths  of  vari- 
ous kinds  an  eflluent  could  be  obtained  which  was  stable, 
with  nitrates  at  times  equal  to  fifteen  parts  per  million  and 
containing  only  33  per  cent,  as  much  organic  matter  as  the 
untreated  sewage.  A  shorter  period  of  aeration  gave  clarifi- 
cation and  stability,  but  nitrates  were  not  formed.  The 
sewage  was  emptied  from  the  bottles  daily,  only  the  growths 
and  sewage  slime  being  left.  This  work  was  shown  to  Dr. 
Gilbert  Fowler,  of  Manchester,  in  the  autumn  of  1912.  On 
his  return  to  England  he  and  his  colleagues.  Ardern  and 
Lockett.  began  similar  work,  and  when  Ardern  and  Lockett's 
paper  was  published  in  1914  Dr.  Fowler  stated  that  it  was 
only  right  to  admit  that  the  work  was  really  due  to  a  visit  to 
the  experimental  station  at  Lawrence,  where  he  had  seen 
sewage  which  had  been  considerably  purified  by  24  hours' 
aeration. 

Dr.  Gilbert  Fowler's  Studies  at  Manchester.— In  the  paper 
by  Ardern  and  Lockett  the  authors  state  that  after  Dr.  Fow- 
ler's return  from  America  he  described  to  them  a  laboratoy 
experiment  which  he  had  seen  at  Lawrence  on  the  aeration 
of  sewage  in  the  presence  of  green  organisms,  the  bottle  in 
which  the  sewage  was  aerated  being  coated  inside  with 
strands  of  algal  growth.  Dr.  Fowler  suggested  that  new- 
work  might  with  advantage  be  carried  out  on  somewhat 
similar  lines.  The  essential  difference  between  the  Clark. 
Gage  and  Adams'  experiments  and  those  of  Dr.  Fowler  and 
his  colleagues  is  that  the  American  workers  had  fixed  sur- 
faces for  supporting  the  active  bacteria,  whereas  Dr.  Fowler 
retained  the  sludge  to  form  the  nidus  for  the  bacteria.  Thus 
the  agitation  and  diffusion  of  activated  sludge  throughout  the 
whole  of  the  liquid  in  open  tanks,  the  essence  of  the  acti- 
vated sludge  process  as  evolved  by  the  linglish  workei-s,  was 
new. 

The  preliminary  work  at  Manchester  was  carried  out  m 
bottles  each  having  a  capacity  of  80  oz..  and  in  the  case  of 
the  first  experiment  five  weeks'  continual  aeration  was  neces- 
sary to  obtain  complete  nitrification.  At  the  end  of  this 
period  the  clarified  liquid  was  separated  by  decantation  and 
a  further  dose  of  sewage  was  added.  This  process  was 
repeated  a  number  of  times,  the  solids  which  were  deposited 
being  always  retained.  It  was  found  that  when  sewage  was 
aerated  in  the  presence  of  this  activated  sludge,  as  it  has 
been  termed,  the  sludge  being  present  in  proportion  of  about 
20  per  cent.,  a  stable  effluent  which  contains  nitrates  could 
be  produced   by  from  six  to  nine  hours'  aeration. 

These  laboratory  experiments  were  followed  by  others  on 
a  larger  scale,  one  set  being  carried  <uit  on  the  continuous 
system  and  the  other  set  of  experiments  on  the  fill  and  draw 
system.     For  the  fill  and  draw  experiments  casks  holding  r>0 


gals,  were  used  in  the  bottom  of  which  a  porous  tile  was 
fixed  and  through  which  air  was  blown  into  the  sewage. 
This  porous  tile  is  a  patented  article.  The  results  of  these 
experiments  showed  that  with  six  hours'  aeration,  the  four 
hours'  oxygen  figure  was  reduced  from  10.9  to  1.10,  showing 
a  purification  of  90  per  Cent.  In  a  further  paper  Dr.  Ardern 
described  the  results  obtained  with  a  larger  plant  capable 
of  dealing  with  45,000  gals,  a  day,  a  period  of  aeration  being 
from  4  to  6  hours.  Purification  of  85  per  cent,  was  effected 
on  the  oxygen  absorbed  figure  and  nitrification  took  place. 
This  plant  was  operated  on  the  fill  and  draw  principle. 

Messrs.  Kinnicutt.  Winslow  and  Pratt,  the  well  known 
American  authorities,  make  the  following  statement  in  their 
book: — "It  was  the  Manchester  studies,  and  particularly  the 
discovery  of  the  effectiveness  of  previously  aerated  or  acti- 
vated sludge  in  promoting  oxidation,  which  really  gave  us  this 
important   method  of  sewage  purification.     .  .     American 

engineers  should  reciprocate  Dr.  Fowler's  graceful  acknowl- 
edgment by  recognizing  that  none  of  the  investigations  on 
this  side  of  the  water  had  really  brought  sewage  aeration  to 
a  state  of  practical  usefulness.  We  may  therefore  claim 
that  the  activated  sludge  system  is  an  English  invention  and 
is  not.  as  some  have  thought,  an  American  process. 

The  First  Large  Scale  Experiment  in  England. — The  first 
large  scale  experiment  in  this  country  was  carried  out  at 
Saltord,  near  Manchester,  in  1914-1915,  in  existing  tanks 
which  had  been  fitted  with  a  form  of  aeration  apparatus 
designed  for  a  different  purpose,  but  it  was  found  to  be 
capable  of  easy  adaptation  to  the  new  process.  One  of  these 
tanks  was  worked  on  the  fill  and  draw  system,  and  later 
on  a  section  of  the  same  tank  was  worked  as  a  continuous 
flow  tank.  The  results  obtained  were  satisfactory,  and  were 
described  in  papers  written  bv  Melling  and  Duckworth  at 
the  time.  It  was  evident  from  this  experiment  that  sewage 
could  be  highly  purified  on  a  large  scale  by  the  new  method, 
but  trouble  was  experienced  from  choking  of  the  jets  which 
were  not  suitable  for  the  work,  and  this  resulted  in  un- 
economical working.  It  was  at  this  stage  that  a  private  firm, 
who  had  been  carrying  out  experiments  since  1913  in  collabo- 
ration with  Dr.  Fowler,  entered  into  contracts  to  treat  sewage 
on  a  large  scale.  It  will  be  observed  that,  although  Dr. 
Fow-ler  saw  the  activated  sludge  process  was  essentially  ar 
problem  for  the  bio-chemist,  and  that  the  development,  of 
the  process  in  the  experimental  stage  must  be  chiefly  the 
work  of  the  chemist;  he  also  recognized  the  fact  that  the 
application  of  the  process,  the  design  of  the  apparatus,  the 
decision  as  to  methods  of  working,  and  of  the  most  suitable 
forms  of  tanks  were  distinctly  the  work  not  of  the  chemist, 
but  of  the  engineer.  It  was  evident  to  him  that  unless  this 
system  could  be  made  to  work  economically  it  would  be 
practically  useless,  and  it  was  equally  evident  that  this 
economical  working  could  only  be  ensured  by  the  best  en- 
gineering   work. 

Thus  it  came  about  that  Dr.  Fowler  put  the  matter  into  the 
hands  of  engineers,  and  that  the  best  methods  of  aeration 
were  applied.  The  engineers,  seeing  the  great  possibilities  of 
the  method,  were  ready  to  carry  out  and  pay  for  the  further 
research  work  required.  They  entered  into  contracts  in  1916 
to  treat  lai-ge  quantities  of  sewage  at  Stamford  and  at  Wor- 
cester, and  to  produce  a  suitable  eflluent  which  would  not 
carry  more  than  four  parts  of  suspended  matter  per  100,000 
parts,  and  to  do  this  work  economically.  They  gave  a  guar- 
antee that  they  would  do  all  this  work  including  the  rein- 
statement of  the  old  works  in  case  of  failure.  This  was  a  very 
serious  undertaking,  seeing  that  100,000  gals,  of  strong  sew"- 
age  were  treated  per  day  at  Stamford,  and  750,000  gals,  of 
sewage  of  average  strength  were  treated  per  day  at  Worces- 
ter. The  satisfactory  working  of  these  plants  is  a  matter  of 
common  knowledge. 

Activated  Sludge  Process  Installation  in  England  and 
America.— The  process  was  very  quickly  adopted  in  conse- 
quence at  a  lar.ge  number  of  places  in  England  and  America, 
and  during  the  war  plants  were  installed  by  the  Ministry  of 
Munitions,  by  the  United  States  Red  Cross,  by  the  Admiralty 
and  o.hers.  In  this  country  plants  were  installed  at  Baguley, 
Davyhiilme  I  Lancashire).  Worcester.  Stamford.  Aintree. 
Blackjjole  (Worcestershire!.  Withington.  St.  Albans.  Tun- 
stall.  Moreton  (Dorsetshire).  Ilarpenden.  Witney  (Blanket 
Co.).  Oxfordshire,  Birmingham,  also  abroad  by  the  British 
engineers  at  .Tamshedpur  (India).  Holte  ( Denmark  t.  Bnr- 
meisler  (nenmark).  Sibpur  (India),  Kimberley  (South 
.Africa  I.      In    America    various    plants    were   installed    on    the 
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:n:llvul.o(i  sludge  principle,  notably  at  Milwaukee,  at  which 
place  extensive  experiments  were  carried  out  resulting  in  the 
decision  of  the  autlioritles  to  spend  £1,000,000  upon  the  new 
system,  and  at  Houston,  Texas. 

Kxiiprimenlal  tanks  were  also  Installed  at  Sheffield  depend- 
ing upon  mechanical  agitation,  In  which  the  oxygen  is  taken 
into  the  sewage  direct  from  the  atmosphere  at  the  surface 
of  the  l()iuid. 

I'erhaps  the  most  notable  fact  with  regard  to  the  activated 
sludge  system,  and  one  which  will  probably  have  far-reaching 
eflects.  Is  the  approval  given  by  the  Ministry  of  Health,  who 
kianrlionod  a  loan  in  the  case  of  the  Reading  Corporation  for 
works  required  to  treat  the  whole  of  the  sewage  amounting 
to  2,7.^0,1)00  gal.  per  day  by  the  system.  It  is  clear  then  that 
we  have  before  us  a  new  method  of  sewage  disposal  which  is 
of  extreme  importance  and  which  is  deserving  of  the  most 
careful  study. 

Importance  of  Aeration. — It  will  be  understood  that  the 
line  of  invest ittat'ion  suggested  by  Dr.  Fowler  was  really  the 
intensification  of  stream  purification.  It  had  already  been 
grasped  that  a  stream  polluted  with  sewage  will  clarify  itself 
in  the  course  of  its  flow.  Dr.  Fowler  pointed  out  that  the 
agitation  caused  by  the  flow  in  a  stream  keeps  all  the  light 
matters  in  suspension,  and  also  that  the  water  in  the  stream 
is  aerated  by  contact  with  the  air  at  its  surface.  In  order 
to  try  to  produce  these  conditions  in  an  intensified  form — 
viz.,  aeration  and  agitation,  the  first  idea  was  to  have  a  series 
of  air  lifts  which  would  give  very  great  agitation  combined 
with  the  most  intimate  contact  of  air  with  the  sewage.  In 
order  to  obtain  the  greatest  amount  of  surface  in  contact 
between  the  air  and  the  liquid  it  was  decided  to  atomize  the 
air.  A  simple  calculation  will  show  that  in  order  to  obtain 
the  maximum  superficial  area  of  contact  between  air  and 
water  the  air  must  be  split  up  to  fine  bubbles.  For  instance, 
a  cubic  foot  of  air  .split  up  into  %-in.  diameter  bubbles  gives 
\%  million  hubbies,  and  their  aggregate  superficial  area  is 
roughly  600  ft.  This  area  increases  inversely  as  the  diameter 
of  the  bubbles,  so  that  the  aggregate  area  of  1-16-in.  diameter 
bubbles  produced  from  the  same  quantity  of  air  would  be 
1,200  sq.  ft. 

It  was  thus  realized  that  diffusers  arranged  on  the  bottom 
of  the  tanks  without  baffles  or  rising  pipes  would  give  a 
greater  circulation  per  unit  volume  of  air  than  the  ordinary 
air-lift  pump  arrangement.  The  circulation  of  water  in  water 
is  practically  frictionless.  while  the  friction  of  water  in  a  pipe 
is  considerable.  Consequently  the  volume  of  air  required  to 
move  the  water  would  be  very  much  greater  in  the  case  of 
the  air  lift  than  in  the  case  of  the  diffuser  arranged  on  the 
tank  bottom.  The  diffuser  is  in  effect  an  air-lift  pump  with- 
out pipes.  Its  object  Is  to  agitate  and  move  the  water  in 
the  direction  required,  and  to  aerate  it  at  the  same  time. 
Many  calculations  were  made  and  considerable  thought  was 
given  to  the  problem  of  producing  the  required  agitation  and 
aeration  of  the  sewage.  Aeration  by  means  of  mechanical 
agitators  was  tried,  and  motor-driven  paddles  were  used  for 
impelling  the  sewage  in  the  tanks,  but  after  considerable 
trial  it  appeared  that  there  were  so  many  disadvantages  In 
connection  with  the  mechanical  agitation  method  that  it  was 
clearly  uneconomical. 

Comparison  of  Diffused  Air  and  Mechanical  Agitation 
Methods  of  Aeration. — A  comparison  of  the  diffused  air  and 
mecliadictil  agitation  methods  of  aeration  gave  the  following 
results:  — 

(11  The  air  compressor  required  in  the  diffused  air  method 
can  be  driven  direct  by  a  prime  mover,  and  only  one  con- 
version of  energy  is  required,  as  the  compressed  air  creates 
circulation  of  the  sewage  by  direct  displacement.  In  the 
case  of  mechanical  agitation  a  machine  is  required  in  each 
tank  of  the  series,  and  many  agitators  are  required  in  each 
unit.  These  need  electric  or  other  motors,  and  thus  not 
only  is  the  prime  mover  required,  but  also  an  electric 
generator,  sets  of  motors  and  speed-reducing  gear,  and,  lastly, 
sets  of  agitators  in  the  tanks.  Four  conversions  of  energy 
are  needed  as  against  one  for  the  diffused  air  method. 

(2)  With  regard  to  the  number  of  machines  required,  one 
prime  mover  and  one  air  compressor  giving  a  variable  volume 
of  air  will  operate  the  whole  plant,  both  for  aeration  and 
return  of  sludge,  and  thus  only  two  machines  are  needed. 
With  mechanical  agitation  a  much  larger  p'-ime  mover  will 
bviously  he  required  to  generate  electricity  for  several 
lotor-driven  agitators  and  for  motor-driven  pumps  for  return- 
ing the  sludge.     Assuming  a  dry-weather  flow  of  10,000,000 


gal.  a.  day,  the  number  of  moving  mechanisms  required  in 
operation  would  probably  be  about  fifty  in  the  case  of 
mechanical  agitation,  as  against  two  for  the  diffused  air 
method. 

(3)  With  regard  to  the  means  of  transmission  of  the 
energy,  in  the  case  of  diffused  air  large  cast-iron  air  pipes 
are  u.sed.  These  give  storage  and  cause  no  greater  losses 
than  occur  in  the  case  of  electric  transmission,  and  they  will, 
moreover,  last  a  life-time  if  properly  coated.  In  the  case 
of  mechanical  agitation  electric  leads  are  required.  These 
give  no  storage,  the  insulation  is  liable  to  perish,  and  naked 
wires  will  corrode.  Anyone  who  has  used  electric  leads 
in  cormecUon  with  sewage  tanks  will  know  that  serious 
trouble  is  likely  to  occur.  Motors,  however  well  protected, 
are  not  likely  to  have  long  life  when  close  to  sewage  tanks. 
Lead-coated  cables  have  been  reduced  to  powder  through  the 
gases  rising  from  the  sewage. 

(4)  The  comparison  with  regard  to  supervision  and  attend- 
ance is  equally  clear.  In  the  case  of  diffused  air,  a:l  running 
machinery  is  concentrated  in  one  central  building,  and  thus 
superintendence  will  be  reduced  to  a  minimum,  attendants 
will  be  few  in  number,  and  they  will  be  under  shelter  at  all 
times.  In  the  case  of  mechanical  agitation  many  motors 
will  be  required,  each  having  its  own  switcJi  and  fuses, 
making  many  small  buildings  necesssary.  A  considerable 
number  of  attendants  and  constant  supervision  will  be  re- 
quired. The  pumps  and  agitators  work,  either  in  the  open 
air  or  in  sewage,  under  all  weather  conditions.  This  means 
that  the  trouble  is  much  greater,  and  that  there  is  a  greater 
likelihood  of  neglect. 

(.'S)  Diffusers  have  a  long  life.  The  Worcester  and  Withing 
ton  diffusers  have  been  in  operation  for  414  and  3%  years 
respectively,  worked  day  and  night,  and  no  renewals  have 
been  required  as  yet.  On  the  other  hand,  the  average  lite 
of  the  working  parts  of  machinery,  such  as  is  required  for 
mechanical  agitation,  would  be  about  five  years,  and  the 
renewal  of  contacts  of  switches,  fuses  and  brush  gear  of 
motors  and  generators  would  be  a  matter  of  frequent  occur- 
rence. 

(6)  A  still  more  important  matter  Is  the  necessary  dupli- 
cation of  machinery.  In  the  one  case  all  that  is  needed 
is  to  have  a  duplicate  air  compressor.-  There  is  nothing  in 
the  tanks  which  can  break  down  without  warning;  10  per 
cent  or  even  a  greater  proportion  of  the  diffusers  can  be 
replaced  without  stopping  the  flow  and  without  any  consider- 
able effect  on  the  effluent.  On  the  other  hand,  it  would  be 
impossible  to  duplicate  the  mechanical  agitation  machinery 
except  at  enormous  cost  and  with  extraordinary  complication. 

(7)  In  an  agitator  ceases  to  work  owing  to  some  minor 
trouble,  such  as  is  of  frequent  occurrence  in  electrical 
machinery  working  day  and  night,  the  sewage  will  pass 
through  that  tank  of  the  series  untreated.  This  must  affect 
the  whole  effluent  and  the  activated  sludge  in  this  unit, 
even  after  the  unit  is  isolated,  will  become  deactivated  and 
the  sludge  will  have  to  be  retreated  before  the  tank  is  again 
nut  into  use  or  else  the  tank  must  be  cleaned  out.  As  stated 
above,  there  is  no  such  possibility  of  trouble  in  the  case  of 
the  diffused  air  method. 

fS)  The  lubrication  oil  used  in  the  case  of  the  air  com- 
pressor plant  under  cover  must  be  very  small  when  com- 
pared with  that  required  for  lubricating  a  much  larger  quan- 
tity of  machinery  working  under  the  worst  conditions  of 
varying  temperature  in   the  open. 

(9)  In  the  diffused  air  method  the  compressed  air  is  used 
for  the  return  slud?e  lifts,  but  with  the  mechanical  agitation 
plant,  if  centrifugal  pumps  are  used  they  will  tend  to  dis- 
integrate sludge  and  make  it  difficult  to  settle.  Hence 
compressed  air  is  desirable,  requiring  either  a  number  of 
motordriven  compressors  or  a  central  compressor  with  air 
mains.  In  any  case  there  is  a  difficulty  which  has  to  be 
overcome  which  does  not  exist  in  the  case  of  the  diffused 
air  system. 

(10)  The  horse-power  can  be  varied  in  proportion  to  the 
flow.  Experience  in  connection  with  the  chemical  trade  has 
shown  that  mechanical  agitation  requires  a  greater  horse- 
power than  air-lift  action  where  agitation  alone  is  required. 
Where  both  agitation  and  aeration  are  required,  the  horse- 
power for  the  diffused  air  method  will  be  very  much  less 
than  that  required  for  mechanical  agitation  where  complete 
dependence  is  placed  on  the  atmospheric  surface  of  the  liquid 
for  aeration.  Diffused  air  gives  not  only  agitation,  but  an 
enormous  increase   in   the   contact   surface   between   the   air 
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and  liquid.  It  is  most  important  to  note  that,  during  the, 
times  of  greatest  flow  of  sewage,  tlie  aeration  effect  can  be 
doubled  by  worliing  two  air  compressors  instead  of  one.  It 
sliould  be  noted  that  in  such  a  case  the  horse-power  will 
only  be  doubled.  Experience  has  shown  that  the  floor 
velocity  is  increased  50  per  cent  under  such  conditions.  The 
extra  velocity  effected  increases  the  contact  between  the  air 
and  water  o\\  ing  to  the  fact  that  the  bubbles  are  retained  for 
a  longer  time  in  the  tank.  In  the  case  of  mechanical  agitation 
the  velocity  in  the  tanks  must  be  doubled  to  double  the 
aerating  effect,  on  the  assumption  that  the  saturation  of 
oxygen  by  the  liquid  exposed  to  the  atmosphere  is  instan- 
taneous; but  if  this  assumption  is  not  correct,  the  proportion 
will  be  even  greater.  This  must  increase  the  horse-power 
greatly,  because  it  is  necessary  to  cube  the  horse-power  to 
double  the  velocity  of  flow. 

(11)  The  concentration  of  all  running  machinery  at  one 
central  point  under  cover  with  a  complete  stand-by  plant, 
the  easy  adjustment  to  flow  with  a  minimum  of  horse-power, 
the  absence  of  causes  tending  to  produce  bad  effluents  all 
tend  to  lessen  the  cost  of  work  and  to  promote  efl5ciency  in 
the  diffused  air  system.  The  large  number  of  machines 
which  cannot  be  installed  in  duplicate  which  are  exposed  to 
the  weather,  and  which  extend  over  large  areas,  must  be  more 
liable  *o  small  breakdowns,  tending  to  produce  bad  effluents; 
and  the  impossibility  of  adjusting  the  plant  to  varying  flows 
and  the  increased  cost  of  attendance  and  maintenance  must 
make  the  mechanical  agitation  method  more  costly. 

(12)  It  appears  that  the  first  cost  of  installation  must 
necessaiily  be  very  much  greater  in  the  case  of  mechanical 
agitation  than  in  that  of  the  diff used-air  method;  tor  it  is 
obvious  that  where  the  process  depends  upon  aeration  the 
intensification  of  the  aeration  will  mean  that  the  work  can  be 
done  in  a  smaller  tank,  while  reliance  upon  aeration  obtained 
merely  by  contact  of  the  liquid  with  the  atmosphere  on  the 
surface  must  entail  a  tank  or  channel  of  very  much  greater 
length,  and  it  does  not  seem  possible  that  this  can  be 
avoided. 

Undoubtedly  the  case  of  Sheffield  will  be  quoted  against 
these  arguments.  There  is  no  suggestion  that  the  process 
of  mechanical  agitation  will  not  produce  a  good  effluent  under 
special  conditions— e.g.,  where  the  sewage  is  weak  and  con- 
tains iron  salts  which  cause  precipitation  and  clarification. 
The  comparison  is  one  of  relative  economy  under  ordinary 
conditions. 

Continuous  Flow  and  Fill  and  Draw  Systems.— It  is  neces- 
sary to  make  a  further  comparison  of  two  methods  of  work- 
ing—viz., that  in  which  the  sewage  flows  continuously 
through  the  tank  and  is  purified  in  its  course,  and  that  in 
which  a  tank  full  of  sewage  is  purified,  after  which  the 
purified  effluent  is  drawn  off,  one  being  called  the  continuous 
flow  system  and  the  other  the  fill  and  draw  system.  Both 
these  systems  have  been  tried,  and  there  is  no  doubt  that  the 
continuous  flow  system  in  the  diffused  air  method  possesses 
the  chief  advantages.  For  instance,  with  the  fill  and  draw 
system  a  greater  tankage  and  a  larger  power  plant  are  re- 
quired. The  continuous  flow  system  is  automatic  in  action 
during  varying  dry  weather  flows  and  during  storms;  simple 
hand  stops  or  valves  at  the  sewage  inlet  and  a  small  number 
of  valves  on  air  pipes  are  all  that  is  required.  In  the  fill  and 
draw  system  additional  manual  labor  is  required  to  operate 
the  inlet  and  outlet  sewage  valves  and  also  the  air  valves. 
A  fixed  time  table  for  operating  valves  cannot  be  arranged, 
owing  to  the  constant  variations  in  both  volume  and  strength 
of  sewage.  At  least  three  valves  must  be  opened  and  closed, 
in  each  complete  cycle  for  each  unit.  Moreover,  the  tight- 
ness of  these  valves  is  essential  in  the  case  of  the  fill  and 
draw  system  and  is  not  essential  in  the  continuous  flow 
system.  In  the  continuous  flow  system,  either  the  pressure 
or  the  volume  of  the  air  can  be  varied  automatically  with 
the  flow,  but  in  the  fill  and  draw  system  the  supply  of  air  is 
intermittenf,  constant  attention  is  required  to  regulate  the 
air  supplv  during  filling  according  to  the  height  of  the 
liquid  in  the  tank,  or  a  much  greater  volume  of  air  will  pass 
into  the  tank  when  partly  full  than  is  required.  With  the 
continuous  flow  system  the  fresh  sewage  Hows  into  full  tanks 
and  thus  flushes  of  trade  waste  or  other  inhibitory  flows  are 
greatlv  diluted  with  the  partly  treated  sewage;  but  with  the 
fill  and  draw  system  a  flow  of  this  kind  occurring  at  the 
starting  of  the  filling  of  a  tank  would  destroy  the  activity  of 
the  sludge. 

U  is  very  important  to  notice  that,  with  a  constai*  supply 
of  air,  there  is  no  tendency  for  the  pores  of  the  diffusers  to 


choke  or  for  an  increase  in  the  air  pressure  to  be  caused  in 
the  continuour;  flow  system.  On  the  other  hand,  intermittent 
working  causes  choking  and  an  increased  air  pressure.  It 
is  true  that  the  diffusers  can  be  easily  removed  and  cleaned, 
but  the  time  and  cost  of  the  work  must  be  allowed  for  and 
also  the  increase  in  horse  power  due  to  increase  in  pressure 
before  the  diffusers  are  cleaned.  This  is  a  very  great  draw- 
back to  the  fill  and  draw  system.  Activated  sludge  ought  to 
be  continuously  aerated.  In  times  of  small  volumes  of  weak 
sewage  flow,  the  sludge  can  be  concentrated  in  few  units 
in  the  continuous  flow  system,  and  thus  a  great  reduction 
in  the  volume  of  air  and  horse-power  required  can  be  made 
at  night  and  during  the  average  dry  w-eather  flow.  Seeing 
that  activated  sludge  must  be  continuously  aerated  to  prevent 
deactivation,  extra  units  have  to  be  provided  in  the  fill  and 
draw  system  for  storm  flows  which  must  be  kept  in  action, 
and  this  means  that  a  far  greater  horse-power  is  required  in 
the  case  of  the  fill  and  draw  tanks  during  the  average  dry 
weather  flow  and  lesser  flows.  In  the  continuous  flow  system 
the  activated  sludge  is  drawn  ofT  from  the  bottom  of  the  tank 
as  settled  and  the  effluent  is  drawn  off  at  the  surface,  and, 
as  there  is  no  connection  between  the  sludge  and  eflBuent  pipes 
outside  the  tank,  there  is  no  risk  of  mixing  sludge  with  the 
effluent,  but,  with  the  fill  and  draw  system  it  is  extremely 
diflicult  to  prevent  the  activated  sludge  being  drawn  off 
with  the  effluent,  while  instances  have  occurred  of  the  whole 
tank  being  emptied  of  sludge  by  mistake  at  night  owing  to 
the  attendant  keeping  the  means  of  agitation  working  whilst 
emptying  the  tank.  In  this  case  also  efl^iuent  draw  off  valves 
are  below  the  surface  and  thus  any  loss  of  liquid  through 
valves  during  agitation  causes  a  loss. of  sludge  and  a  con- 
tamination of  efiluent:  hence  the  need  of  having  the  valves 
perfectly  tight,  otherwise  a  constant  low  percentage  of  sus- 
pended matter  cannot  be  guaranteed  without  constant  super- 
vision and  attention.  This  diffiiculty  does  not  occur  in  the- 
continuous  flow  system.  The  loss  of  head  in  the  continuous 
flow  system  is  only  a  tew  inches,  and  if  required,  in  the 
case  of  the  diffused  air  system,  the  effluent  can  easily  be 
delivered  at  a  level  above  that  at  the  inlet  sewer  by  means  of 
air  lifts  forming  part  of  the  process.  With  the  fill  and  draw- 
system,  there  is  a  loss  of  head  equal  to  the  depth  of  the 
liquid  drawn  off.  With  the  continuous  flow  system,  when 
the  sewage  is  more  dilute  in  times  of  storm,  it  can  be  al- 
lowed to  pass  through  the  tanks  at  a  quicker  rate,  and  all 
that  was  necessary  is  to  make  the  settlement  tanks  capable 
of  dealing  with  the  maximum  storm  flow.  With  the  fill  and 
draw  system  the  time  of  filling,  of  quiescence,  and  of  draw- 
ing off  is  constant;  consequently  in  storm  times  the  volume 
treated  cannot  be  increased  in  proportion  to  the  extra  dilu- 
tion. Thus  extra  tankage  is  required  as  compared  with  the 
continuous   flow  tanks. 

There  is  one  advantage  in  the  case  of  the  fill  and  draw 
system — viz.,  that  it  is  not  necessary  to  lift  the  sludge — 
whereas  in  the  continuous  flow  system  the  sludge  has  to 
be  passed  back  into  the  tank,  and  this  means  a  certain 
amount  of  work;  but  the  advantage  is  not  very  great,  the 
extra  horse-power  required  to  lift  the  sludge  being  about 
1  b.h.p.  per  million  gallons  of  sewage  treated,  and  the  re- 
aeration  effect  due  to  the  intimate  contact  of  air  with  the 
sludge  in  the  lift  more  than  compensates  tor  the  extra  power 
required  in  the  ease  of  the  continuous  flow  system.  It  will 
be  observed  that  the  bacteria  in  the  continuous  flow  system 
are  kept  constantly  supplied  with  air  during  the  whole 
of  the  twenty-four  hours  in  (he  day,  but  in  the  flll  and  draw 
system  the  bacteria  receive  no  air  during  times  of  draw  off 
and  quiescence,  and  hence  the  conditions  for  keeping  up  the 
activity  of  the  sludge  arc  not  so  good.  The  working  of  the 
continuous  flow  system  is  practically  automatic,  while  the 
working  of  the  fill  and  draw  system  is  dependent  upon  the 
close  and  constant  attention  of  the  men  in  charge,  and  there 
is  thus  great  difficulty  in  preventing  some  of  the  sludge 
from  mixing  with  the  effluent  and  contaminating  it. 

Methods  of  Producing  Aeration. —  It  is  clearly  necessary  to 
ascertain  the  most  effective  and  economical  method  of 
aeration  for  purification,  and  if  the  air  is  to  be  used  also 
for  the  agitation  of  the  sewage  the  discovery  of  the  best 
method  is  still  more  important.  Much  work  has  been  done 
in   this   respect. 

The  induced  air  method  used  by  Mr.  Angus  Smith — viz., 
the  rotating  tube  method-  was  tried,  but  as  this  involved 
moving  machinery  in  the  tank,  it  appeared  to  be  opeii  to 
objection.      Water    jets     inducing    air    wore    tried,    but    this 
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mellioa  pi.idiiocHl  bubbles  so  minute  tlial.  they  were  re- 
tained in  the  tank  by  the  circulation  of  the  liquid  long 
iiftor  Ihe  oxygen  had  been  depleted  below  the  economical 
limit.  The  method  involved  long  pipe  connections  and  water 
friction  in  the  pipes,  which  is,  of  course,  much  greater  than 
air  friction,  and  this  method  also  proved  to  be  uneconomical. 
Air  was  induced  into  the  rotor  of  a  centrifugal  pump;  but 
here,  again,  the  bubbles  were  too  small,  and  the  overall  effi- 
ciency of  this  form  of  circulation  was  found  to  be  far  be- 
low that  of  air  compressed  directly  and  diltused  at  the  bot- 
tom of  the  tank.  Dropping  water  from  a  height  was  also 
tried,  but  the  efficiency  of  the  arrangement  was  found  to  be 
low.  Finally,  diffused  air,  delivered  at  the  bottom  of  the 
tank  was  found  to  give  best  and  most  economical  results. 
Kxperience  proved  that  the  best  results  were  obtained  in 
forcing  air  through  some  porous  material,  and  many  ex- 
periments were  made  with  materials  such  as  sandstone  slabs, 
load  and  leather,  etc..  perforated  by  fine  needles;  small 
glass  tubes  of  .01  in.  diameter  were  tried,  also  filtros  stones. 
These  all  proved  to  be  less  satisfactory  than  the  material 
discovered  and  used  by  Activated  Sludge.  Limited,  which  is 
of  the  nature  of  a  porous  concrete.  The  bubbles  obtained  are 
about  V^  in.  diameter  and  these  do  not  coalesce  to  any  great 
extent  as  they  rise. 

A  great  deal  of  work  has  been  done  in  studying  the  dlf- 
fu.'jer  in  actual  working,  and  also  by  making  experiments  in 
special  tanks.  From  these  experiments  it  seems  clear  that 
if  the  supply  of  air  is  continuous  with  a  volume  of  not  less 
than  14  cu  .ft.  per  minute  per  square  foot  of  dffuser  sur- 
face no  choking  will  occur.  The  choking  only  occurs  where 
dlifusers  are  blown  intermittently,  in  which  case  even  double 
Ihe  volume  of  air  will  be  insutficient  to  prevent  choking. 
Thus  an  allowance  of  from  1  to  2  cu.  ft.  of  air  per  minute 
per  square  foot  of  diffuser  is  required,  the  volume  varying 
with  ihe  porosity  of  the  diffuser.  It  is  found  that  the  oil 
used  in  the  air  compressor  has  Utile  or  no  effect  on  choking 
—in  fact,  it  is  th.night  to  prevent  growths  in  the  pores  of  the 
dlifusers.  Galvanized  steel  pipes  or  coated  cast-iron  pipes 
are  used  for  the  air  mains.  Seeing  that  the  diffusers  show 
some  slight  difference  in  action,  it  is  necessary  to  arrange 
the  air  pipe  with  a  throttle  valve  to  each  diffuser;  but  when 
once  this  valve  has  been  adjusted,  no  further  attention  is  re- 
quired In  order  to  reduce  the  number  of  air  pipes  and 
valves  to  the  minimum,  the  diffusers  are  made  as  long  as 
possible,  and  are  also  made  as  narrow  as  may  be  consistent 
with  producing  the  bubbles  required.  In  America  it  was 
for  some  time  the  practice  to  cement  porous  tiles  into 
grooves  made  on  the  bottom  of  the  concrete  floor.  This 
was  found  to  be  open  to  objection,  because  if  a  flaw  devel- 
oped in  one  of  the  tiles  it  allowed  sludge  to  penetrate,  and 
all  the  tiles  in  that  section  became  sludged  up,  and  the 
whole  tank  thrown  out  of  action.  As  the  result  of  experi- 
ence, the  Americans  have  returned  to  the  English  prac- 
tice. It  is  extremely  important  that  every  diffuser  should  be 
arranged  so  that  it  can  be  easily  removed  and  replaced  with- 
out stopping  the  (low,  and  for  this  reason  the  tiles  should 
be  arranged  in  cast-iron  boxes,  the  thinner  the  tiles  the 
smaller  the  friction  loss  in  passing  the  air  through  it. 
Mence.  long,  narrow  diffusers  in  cast-iron  boxes  have  been 
found   to   be   the   best  arrangement. 

Diffusers  arranged  at  the  bottom  of  the  tank  are  naturally 
liable  to  be  trodden  on,  so  that  it  is  important  that  these 
should  have  cast-iron  frames  to  protect  them  from  damage, 
and  for  the  same  reason  that  they  should  be  as  narrow  as 
possible.  The  ratio  of  diffuser  surface  to  tank  surface  was 
in  the  early  days  taken  as  being  from  %  to  i,-;.,  of  the  tank 
area,  but  this  has  now  been  modified,  and  a  ratio  of  not  ISss 
than   1/18  has  been  adopted. 

With  regard  to  the  most  economical  method  of  aeration. 
it  is  necessary  to  consider  first  the  rate  of  solution  of  the 
oxygen,  and  next  the  best  method  of  circulation  in  order 
to  reduce  the  horse-power  to  the  minimum,  and,  finally,  the 
best  form  of  the  tank  to  give  this  circulation.  The  rale  at 
which  oxygon  is  absorbed  from  the  air  is  given  by  Dr.  Adney 
and  Mr.  Becker  as  S.A.P.;  S.  being  the  avidity  at  which  the 
gas  is  absorbed,  A.  the  total  interface  between  the  air  and 
the  liquid,  and  P.  the  partial  pressure  of  the  gas  absorbed. 
The  Initial  pressure  of  the  gas  in  the  bubble  in  an  o^en 
lank  is,  of  course,  proportional  to  the  depth  of  the  bubble 
In  the  tank.  Thus  the  rate  of  solution  increases  with  the 
depth  of  the  bubble  in  the  tank,  and  therefore  the  air 
should  be  diffv.sed  at  the  bottom  of  the  tank,  and  the  deeper 


the  tank  the  (juicker  will  be  the  rate  of  solution.  The 
diffusers  are  therefore  best  arranged  at  the  bottom  of  the 
tank  with  the  double  purpose  of  giving  the  maximum  agita- 
tion and  the  maximum  rate  of  solution  of  oxygen. 

Methods  of  Obtaining  Circulation  by  Diffused  Air. — There 
are  four  typical  methods  of  obtaining  c'Irculallon  by  dif- 
fused air.  The  first  is  the  rapid  horizontal  circulation  in 
an  endless  tank  by  means  of  airlift  pump  action;  an  ex- 
ample of  this  is  the  arrangement  at  Worcester.  The  Shef- 
field tank  used  by  Mr.-  Haworth  appears  to  be  a  modification 
of  this,  with  this  difference — that  instead  of  air-lift  pumps, 
mechanically  driven  rotary  paddles  are  used,  aeration  being 
effected  by  contact  between  the  surface  of  the  liquid  and 
the  atmosphere,  whereas  in  the  Worcester  tank  aeration  is 
effected  by  the  aggregate  surface  of  the  bubbles  plus  area 
of  the  surface  of  the  liquid  in  contact  with  the  atmosphere. 

The  second  method  of  circulation  is  by  means  of  a  series 
of  vertical  whirlpools  reaching  right  across  channels  through 
which  sewage  passes  slowly,  as  In  the  ease  of  the  tank  In- 
stalled at  Withington  by  the  Manchester  Corporation. 

The  third  method  is  that  of  having  a  series  of  compart- 
ments, in  each  of  which  there  is  a  vertical  circulation  with 
its  axis  at  right  angles  to  the  direction  of  the  flow  of  sew- 
age through  the  tank.  This  arrangement  was  tried  at  Tun- 
stall    with   success. 

The  method  now  generally  adopted  by  Activated  Sludge, 
Limited,  after  experience  with  the  above  three  methods,  is 
that  of  a  spiral  motion  right  through  the  length  of  the  tank, 
as  in  the  million,  gallon  tank  at  Davyhulme.  The  rapid 
horizontal  circulation  method  in  an  endless  channel  by  means 
of  air-lift  pump  action  was  worked  out  in  connection  with  a 
fill  and  draw  tank,  although  the  first  tank  to  be  installed  on 
this  principle  was  a  Worcester  on  continuous  flow  lines. 
The  Worcester  tank  showed  thai  it  was  an  unsatisfactory 
method  for  continuous  flow  because  partly  treated  sewage 
passed  away  with  the  more  fully  treated  sewage,  making  it 
necessary  to  double  the  tank  capacity  as  compared  with  the 
slow  horizontal  method  through  a  series  of  whirlpools.  With 
the  horizontal  circulation  method  and  with  the  vertical  whirl- 
pool method  It  is  necessary  to  have  ridges  in  the  tank  in 
order  to  prevent  the  deposit  of  sludge  between  the  rows  of 
diffusers.  This  reduces  the  capacity  of  the  tanks  and  in- 
creases the  cost  of  construction  and  complicates  the  drain- 
age. 

Best  Form  of  Tank. — If  Dr.  Fowler's  idea  of  applying  the 
principles  cf  stream  purification  is  followed  it  is  clear  that 
the  tank  should  consist  of  a  system  of  channels  of  as  great  a 
length  as  possible.  The  tank  bottom  should  be  flat  in  order 
to  obtain  the  greatest  capacity  with  the  least  cost  and  in 
order  to  obtain  simple  drainage.  The  circulation  must  be 
such  as  to  produce  a  self-cleansing  velocity  across  the  bot- 
tom of  the  tank  in  order  to  prevent  the  deposit  of  the 
heavier  matters  in  suspension.  In  order  to  prevent  short 
circuiting  the  tank  is  divided  up  into  many  compartments 
with  a  small  orlflce  connection  between  adjoining  com- 
partments, with  diffusers  on  each  side  of  the  orifice,  thus 
compelling  the  flow  to  pass  through  a  zone  of  diffusion  on 
both  ?ides  of  the  orifice.  The  wetted  areas  of  tank  walls, 
bottom  and  baffles  must  be  a  minimum,  because  the  horse- 
power required  for  a  given  circulation  is  proportional  to 
the  wetted  area.  The  least  welted  perimeter  of  an  open 
channel  is  where  width  is  twice  the  depth.  A  channel  with 
a  depth  of  -lO  per  cent  greater  than  the  width  has,  however, 
a  wetted  perimeter  only  17  per  cent  greater  than  a  chan- 
nel where  the  width  is  twice  as  great  as  the  depth.  The 
rate  of  solution  of  oxygen  is  proportional  to  the  depth  of  the 
tank  The  horse-power  required  to  compress  air  is  slightly 
less  than  the  direct  proportion  to  pressure.  The  air  lift  effect 
increases  with  the  depth  of  the  tank.  For  these  reasons  the 
depth  of  channel  50  per  cent  greater  than  the  width  has 
been  chosen  as  a  working  rule.  The  circulation  must  be 
regular — that  is,  free  from  conflicting  eddies — if  the  horse- 
power used  is  to  be  the  minimum  for  a  given  floor  velocity. 
It  will  thus  be  seen  that  the  tank  with  a  spiral  motion  is 
thf^  only  one  which  gives  all  the  conditions  necessary  for 
an   ideal  tank. 

The  settlement  of  the  artivated  sludge  from  the  flnal 
effluent  has  presented  some  difficulty,  but  this  difficulty  has 
been  overcome  by  the  adontion  of  an  ingenious  invention, 
the  principle  of  which  is  that  the  energy  of  inflow  Is  de- 
stroyed in  a  part  of  the  tanl;  which  is  as  far  away  as  possi- 
ble from  the  place  in  which  concentration  of  sludge  occurs. 
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From  this  special  inlet  the  liquid  falls  with  a  very  slight 
velocity  by  reason  of  which  matters  in  suspension  fall  at 
a  greater  velocity  to  the  bottom  and  are  not  disturbed  by 
the  upward  current;  the  return  or  upward  velocity  is  fSo 
slight  to  prevent  settlement  of  the  sludge.  This  section  of 
the  tank  has  a  pyramidal  bottom,  the  sides  of  which  slope 
at   an  angle  of  (lO  degrees  with   the   horizontal. 

Effluents    containing    suspended    matters    as    low    as    two 
parts  per  100,000  are  thus  obtained  without  difficulty. 


Modern  Architecture 

By  JOHN  W.   SIMPSON, 

I'l-e.-iirlent   of   the   Royal   Institution   of  Briti.sh   Architects. 

From  The  Surveyor,  London,  Nov.  5,  1920. 
In  determining  the  merit  of  modern  architectural  work 
there  are  certain  actualities  to  be  taken  into  account  if  we 
are  to  arrive  at  a  true  judgment.  "New  needs'  form  per- 
haps the  chief  reason  for  the  change  from  what  was  deemed 
traditional  design.  Educational  and  commercial  requirements, 
for  example,  have  altered  materially  since  our  boyhood,  and 
have  to  be  frankly  recognized  and  provided  for. 

Another  and  most  important  factor  in  contemporary  design 
is  hygiene.  We  are  still  boggling  at  soil,  waste,  and  ventilat- 
ing pipes,  deliberately  omitting  them  from  our  elevations,  and 
letting  the  sanitary  engineer  carry  them  as  he  can,  sprawling 
over  our  piers,  cornices,  and  roofs,  where  they  are  not  shame- 
fully buried  in  the  walls.  But  the  apartments  to  which  they 
pertain  have  perforce  to  be  considered,  and  fenestration  be- 
comes a  difficult  matter;  we  may  no  longer  plan  majestic 
ranges  of  window,  behind  which  bathrooms,  sinks  and  sani- 
tary needs  are  left  to  be  contrived  as  best  they  may.  Health 
authorities  fix  the  area  of  our  windows,  settle  their  height 
with  relation  to  the  ceiling,  and  (very  properly)  take  no  ac- 
count of  a  predilection  for  unbroken  wall-space,  or  of  a  desire 
to  build  according  to  the  tradition  of  our  f orefa.thers ;  ia 
which,  I  may  observe,  external  fire-escape  stairs  found  no 
place.  Inside  the  building  si'milar  questions  arise.  Staircases 
must  be  enclosed,  to  the  destruction  of  delightful  vistas; 
elevators  incongruous  to  renaissance  motives,  are  wanted; 
immense  conglomerations  of  pipes,  tubes,  and  wires  must  be 
laid  out.  and  planned  in  shafts  where  they  can  be  reached 
for  repair;  light  and  ventilation  take  precedence  of  suggestive 
mystery,  and  the  effect  on  plan  and  decoration  is  revolu- 
tionary. 

It  is  useless  to  cry  after  the  traditions  of  past  days;  our 
problems  are  altered,  and  we  have  to  solve  them  in  our  own 
way.  Naturally,  the  change  is  not  yet  complete.  Fragments 
of  old,,  beloved  formulas  still  cling  to  us— not  only  architec- 
tural; railways  have  existed  for  a  century,  yet  there  are  still 
in  use  carriages  which  retain  the  lines  of  a  stage-coach;  the 
motor  car  has  long  been  common,  and,  as  Wells  once  said, 
"Before  each  still  trots  the  ghost  of  a  horse." 

As  for  "national  style,"  whether  it  be  good  or  bad,  it  clearly 
exists.  No  one  could  mistake  a  British  city  for  one  of  any 
other  country;  our  national  signature  is  written  all  over  it. 
It  is,  nevertheless,  possible  that  we  are  on  the  verge  of  such 
a  new  departure  in  our  art  as  has  taken  place  in  the  art  of 
warfare,  where  "fighting,"  in  the  historic  sense,  with  develop- 
ment of  guns  and  swords,  seems  likely  to  give  place  to  mere 
destruction  by  misuse  of  the  products  of  peaceful  industries. 
In  our  case  it  may  well  come  about  by  frank  recognition  of 
the  qualities  of  the  machine,  as  opposed  to  obsolete  methods 
of  hand  work.  There  is  nothing  inherently  uncongenial  in 
the  association  of  machine  work  with  architecture;  the  real 
incongruity  is  in  attempts  to  maintain,  or  revive,  mediaeval 
craftsmanship  in  the  twentieth  century.  Its  charm  lay  in  its 
spontaneity,  its  unaffected  fitness  for  the  surrounding  of  Its 
date;  to  imitate  it  is  to  fabricate  artificial  flowers,  which 
lack  life  and  perfume.  We  live  in  an  age  of  machines,  and 
true  architecture  must  needs  reflect  their  influence.  If  we 
set  ourselves  to  the  planning  and  construction  of  buildings 
supremely  proper  for  their  purpose,  ait  will  take  care  of 
itself.  An  artist  will  always  solve  his  i)roblem  artistically. 
Finding  inspiration  in  stern  utility,  he  transmutes  it  by  his 
touch   into 

"Some  fragment  from   his  dream   of  human   life. 
Shaped     by     himself " 


Tests  on  High  Tension  Steels  in  Re- 
inforced Concrete  Design 

By  H,  KEMPTON   DYSON. 

From  Concrete  and  Constructional  Engineering.  London. 
The  tests  described  in  this  paper  are  the  outcome  of  an 
agitation  that  has  been  proceeding  over  a  period  which  com- 
menced .^ome  years  previous  to  the  war.  Certain  firms  of 
reinforced  concrete  specialists  had  been  selling  special  steels 
which  they  contended  could  be  safely  stressed  to  consider- 
ably more  than  ordinary  mild  steel.  They  had  employed  their 
reinforcements  in  works  which  they  had  designed,  where  they 
had  adopted  such  higher  stresses,  but  the  then  proposed  reg- 
ulations for  reinforced  concrete  which  were  being  formulated 
by  the  London  County  Council  and  submitted  to  the  Local 
Government  Board  did  not  permit  them  to  use  such  higher 
working  stresses.  This  they  considered  to  be  unfair,  and  they 
protested  vigorously  to  the  various  technical  societies  and  in 
the   press. 

The  Joint  Committee  on  Reinforced  Concrete  conducted  by 
the  Royal  Institute  of  British  Architects  took  notice  of  this 
contention  in  their  second  report  and  suggested  that  it 
stronger  steel  were  used  the  allowable  tensile  stress  might 
he  taken  at  half  the  stress  at  the  yield  point  of  the  steel,  but 
in  no  case  should  it  exceed  20,000  lb.  per  square  inch.  This, 
of  course,  should  be  compared  with  the  figure  of  lfi,00'0  lb.  per 
square  inch  which  they  advocated  as  the  working  stress  on 
mild  steel,  having  an  ultimate  tensile  strength  of  28-32  tons 
per  square  inch. 

The  Concrete  Institute  was  one  of  the  chief  bodies  con- 
cerned with  the  criticism  of  the  regulations  of  the  London 
County  Council  when  they  were  in  draft.  They  made  tho 
most  suggestions  for  alteration,  and  their  suggestions  were 
largely  adopted.  They  supported  the  contention  of  the  spe- 
cialist firms  interested,  and  agreed  with  what  had  already 
been  advocated  by  the  British  Joint  Committee,  in  suggesting 
that  for  special  steels,  such  as  medium  carbon  steel  and 
drawn  steel  wire,  a  working  stress  of  20,000  lb.  per  square 
inch  should  be  permitted. 

The  oHlcials  of  the  London  County  Council  and  the  Local 
Government  Board  however,  did  not  agree  with  this  recom- 
mendation; and  the  Regulations,  as  finally  approved,  permit 
only  of  the  steel  being  stressed  to  16,000  lb.  per  square  inch, 
and  moreover  they  provide  that  the  steel  shall  conform  tc 
the  quality  required  by  the  British  Standard  Specification  for 
steel  for  iiridges  and  general  building  construction.  This  the 
firms  interested  considered  to  be  grossly  unfair  by  restricting 
proper  improvement  in  engineering  practice,  and  they  pro- 
tested to  the  Concrete  Institute  very  strongly. 

Eventually,  as  a  result  of  the  agitation,  the  Concrete  Insti- 
tute decided  to  appoint  a  special  sub-committee  which  should 
report  to  the  council  and  upon  which  all  those  commercially 
interested  would  he  represented,  together  with  certain  pro- 
fessional members  considered  to  take  a  somewhat  inde- 
pendent view.  The  writer  of  this  paper  was  appointed  chair- 
man. 

After  considerable  discussion,  it  was  thought  best  to  con- 
duct a  preliminary  series  of  experiments,  which  would  give 
data  that  might  serve  as  sufficient  evidence  to  convince  engi- 
neers generally,  and  the  authorities  in  particular,  or  would 
serve  as  a  basis  to  devise  other  tests,  which  could  be  wit- 
nessed by  official  representatives. 

Tests  on  Slabs  and  Beams. — The  discussion  brought  out  cer- 
tain opinions  which  it  was  desired  to  test,  and  two  sets  of 
experiments  were  considered  necessary. 

The  first  set  consisted  of  a  number  of  slabs  which  were  to 
be  tested  with  a  point  load  at  the  centre.  These  tests  had  for 
their  object  to  show  whether  steels  of  higher  tensile  strength 
than  mild  steel  could  be  employed  to  give  a  greater  moment 
of  resistance  than  mild  steel,  without  undue  cracWng  by 
reason  of  the  extra  extension  resulting  from  the  higher  stress. 
These  tests  were  such  as  not  to  test  the  shearing  resistance 
of  concrete. 

The  second  series  of  tests  were  on  beams  in  which  the 
shearing  resistance  of  the  concrete  was  to  be  tested,  it  being 
thought  by  some  that  if  special  steels  were  used,  which  coulrt 
be  stressed  higher  than  mild  steel,  the  size  would  be  corre- 
spondingly reduced,  and  with  the  diminution  in  the  size  of 
the  reinforcement,  the  ratio  of  circumference  to  area  would 
be  increased,  so  that  the  adhesion  would  be  similarly  greater, 
and  that  this  increased  adhesion  might  reduce  cracking,  and 
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so  onaljlc  thf  concrete  to  resist  greater  diagonal  tensile 
RtresBPB,  1.  e.,  have  a  sreater  shearing  resistance.  In  partic- 
ular It  was  thoiJKlu  that  where  a  nunilicr  of  drawn  steel  wires 
were  employed  the  adhesion  would  hi'  so  much  greater  than 
where  only  a  tew  bars  of  large  diameter  were  used,  that  the 
concrete  would  not  be  cracked  adjoining  the  supports,  be- 
cause the  extra  adhesion  would  enable  the  concrete  to  be 
stretched  without  cracking  (an  argument  originally  put  for- 
ward by  Monsieur  Considere)  so  that  the  shearing  resistance 
might  be  found  to  be  thereby  increased. 

Design  Features  of  Test  Pieces. — Series  of  slabs  and  T- 
beams  were  designed  to  meet  these  theoretical  views.  In  the 
tlrsl  .series  mild  steel  bars  were  disposed  in  the  slabs  to  com- 
pare with  the  special  steel  reinforcement.  In  the  flrst  case  a 
slab  wafi  designed  so  that  when  the  stress  in  the  steel  was 
16.1)00  lb.  per  square  inch  the  stress  in  the  concrete  would 
be  approximately  600  lb. 

In  the  second  case  the  area  of  the  steel  was  such  as  would 
develop  16,000  lb.   per  square   inch,   while  the  stress  in   the 
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concrete  was  only  about  550  lb.  per  square  inch,  that  is  to 
say.  the  area  of  steel  provided  was  approximately  twenty- 
sixteenths  of  the  high  tensile  steels,  the  .stress  in  the  con- 
crete being  kept  below  the  usual  working  stress  of  600  lb. 
per  square  inch. 

The  special  steels  on  the  market  were  found  to  belong  to 
three  types,  namely,  those  of 

(1)  Medium  carbon  steel,  like  "Indented"  bars; 

(2)  Cold  worked  steels,  such  as  twisted  bars; 
and   {.!)     Drawn  steel  wire. 

The  concrete  was  made  in  what  was  supposed  to  be  the 
ordinary  .iverage  manner,  of  the  ordinary  quality  employed 
in  buildings,  for  which  the  working  stress  adopted  would  bf^ 
600  lb.  per  square  inch. 

Table  I,  gives  the  general  data  regarding  the  design  of  the 
test  pieces.     It  shows  working  stresses  under  working  loads. 

It  was  anticipated  that  the  tests  would  show  a  factor  of 
safety  approaching  4,  that  is  to  say,  that  the  breaking  load 
would  be  four  times  the  working  load  given  in  the  table. 
The  loads  stated  in  the  table  include  the  deadweight  of  the 
specimen  itself. 

What  the  Test  Records  Show. — The  detailed  records  of  the 
tests  Indicate  that  the  factor  of  safety  shown  for  the  slabs 
reinforcfid  with  mild  steel  rods  was  approximately  S.6,  that 
Is  to  say.  the  moment  of  resistance  at  rupture  was  3.6  times 
the  moment  of  resistance  for  which  they  were  designed  when 
the  stress  was  16.000  lb.  per  square  inch. 

This  factor  of  safety  of  just  under  4  has  been  evidenced  in 
numerous  te^ts  on  reinforced  concrete  beams,  and  we  must 


therefore  reckon  that  in  practice  we  are  really  cuiilciit  with 
this  factor  of  safety. 

The  test  records  show  that  if  we  are  content  with  the  same 
factor  of  safety  for  high  tensile  steels,  then  it  would  be  right 
to  design  (as  compared  with  the  working  stress  of  16,000  lb. 
for  mild  steel)  for  working  stresses  of  22,000  lb.  per  square 
inch  tor  medium  carbon  steel  and  21,500  lb.  per  square  inch 
for  "I  wisted"  steel  bars,  and  2.'i,000  lb.  per  square  inch  for 
drawn  steel  wire,  of  the  respective  qualities'  employed  in  these 
particular  tests. 

As  regards  the  question  of  the  deflections  being  greater, 
consequently  the  cracks  larger,  the  tests  show  that  the  de- 
flections were  certainly  greater,  because,  of  course,  the  loads 
sustained  by  the  beams  were  bigger;  but  the  tests  bring  out 
quite  clearly,  as  is  shown  by  photographs,  that  in  all  cases 
the  increased  stress  developed  in  the  steel  did  not  result  in 
larger  cracks,  but  only  in  a  greater  number  of  cracks,  there- 
fore the  argument,  that  by  using  a  higher  stress  the  steel 
would  be  exposed  more  to  corrosion  falls  to  the  ground. 

As  regards  the  tests  on  the  T-beans,  the  writer  thinks  that 
these  failed  to  show  any  of  the  supposed  advantage  that 
there  might  be  in  the  smaller  sizes  of  reinforcement.  That 
is  to  say,  the  test  results  do  not  appear  to  show  any  increased 
resistance  to  shear  even  when  drawn  steel  wire  was  em- 
ployed. The  failure  occurred  very  nearly  as  was  originally 
estimated. 

Points  Brought  Out  by  the  Slab  Tests. — The  writer  would 
like  tc  add,  however,  some  personal  observations  of  his  own, 
for  which,  it  must  be  clearly  understood,  the  Committee  ac- 
cept no  responsibility.  He  hopes  that  these  tests  may  be 
accepted  as  sufficient  evidence  by  the  Societies,  London 
County  Council  and  the  Ministry  of  Health,  to  warrant  the 
sanction  of  a  higher  working  stress  for  special  steels  without 
putting  the  firms  and  others  interested  to  further  expense, 
because  these  tests  have  meant  a  considerable  expense,  both 
of  money  and  of  time  and  they  appear  to  be  pretty  conclusive. 

The  tests  on  the  slabs  bring  out  clearly  certain  points 
which  have  been  noticed  in  other  tests  and  serve  to  illustrate 
a  point  which  the  writer  desires  to  emphasize.  It  has  long 
been  argued  by  practical  exponents  of  reinforced  concrete 
design  that  slabs,  as  commonly  designed  and  constructed, 
.are  one  of  the  strongest  parts  of  reinforced  concrete  con- 
struction, and  that  as  regards  their  compressive  resistance, 
they  are  much  stronger  than  theoretical  calculations  would 
indicate,  that  is  to  say  that  a  much  higher  percentage  of 
steel  could  be  employed  without  failure  of  the  concrete. 
Evidently,  'f  this  is  so,  the  determination  of  the  stresses  in 
the  concrete  is  in  error.  The  primary  difference  is  probably 
due  to  the  efforts  of  certain  academic  engineer  professors, 
who  have  studied  the  works  of  elasticians,  and  have  for 
some  decades  advocated  the  design  of  beams  for  working, 
stresses,  such  working  stresses  being  reduced  by  dividing  the 
ultimate  strengths  of  the  materials  by  a  factor  of  safety, 
instead  of  following  the  procedure  of  the  earlier  engineers — 
practical  men  who  did  an  enormous  amount  of  construction 
and  obtained  their  knowledge  from  actual  experience:  such 
older  engineers  experimented  to  find  the  ultimate  resistance 
of  beam.?  and  other  parts  of  structures,  and  then  adopted  as 
the  working  load  for  such  members  a  load  which  was  ob- 
tained by  dividing  the  ultimate  resistance  by  the  factor  of 
safety.  It  is  very  difficult  to  determine  what  are  the  real 
stresses  in  the  material  at  intermediate  stages  in  the  loading 
of  such  tests  as  have  here  been  described,  but  the  conditions, 
at  the  point  of  ultimate  failure  are  more  readily  ascertained. 

The  Modular  Ratio  Factor. — It  will  be  familiar  to  all  stu- 
dents of  reinforced  concrete  that  in  the  formulcB  which  are 
commonly  used  there  is  a  factor  introduced  called  modular 
ratio.  This  is  supposed  to  be  the  ratio  between  the  modulus 
of  elasticity  for  the  steel  and  the  modulus  of  elasticity  for 
the  concrete.  The  tests  on  these  materials  show  that  the 
modulus  of  the  concrete  is  continually  changing,  getting  less" 
as  the  stress  increases,  whilst  the  modulus  tor  the  steel 
drops  very  considerably  when  the  yield  point  is  passed,  and 
with  cold  worked  steels  there  is  no  well-defined  yield  point, 
so  that  there  is  no  well-defined  modulus.  It  is  really  not 
necessary  to  introduce  the  modular  ratio  into  the  formula  at 
all,  and  it  is  suggested  that  it  would  be  far  better  to  abandon 
this  mysteiious  variable  and  calculate  always  for  probable 
ultimate  resistances  of  beams,  and  then  divide  the  resistance 
by  the  factor  of  safety,  in  order  to  obtain  the  working  load. 

All  cur  data  regarding  reinforced  concrete  beams  are  de- 
rived from  tests,  and  we  know  very  little  about  what  happens 
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at  intermediate  stages  of  loading  ns  regards  the  real  stresses 
in  the  beams,  but  we  know  something  definite  about  the  point 
of  failure.  If  we  make  our  calculations  for  the  ultimate  re- 
sistance, we  shall  have  to  abandon  the  triangular  stress 
strain  distribution  for  the  compression  in  the  concrete  and 
adopt  some  such  figure  as  an  ellipse  or  a  parabola.  Per- 
sonally, the  writer  favors  the  ellipse  as  a  nearer  approach  to 
the  truth.  The  fact  that  the  stresses  are  distributed  more 
like  the  ordinary  ellipse  in  the  compression  area  of  the  beam 
accounts  for  the  fact  that  one  can  put  much  more  than  the 
usual  percentage  of  steel  in  slabs  or  rectangular  beams  with- 
out causing  failure  of  the  compression. 

These  tests  illustrate  what  other  tests  have  done,  that  as 
the  load  increased,  the  cracks  at  the  centre  crept  up  higher 
and  higher,  until  the  stress  passed  beyond  the  yield  point  of 
the  steel  and  the  steel  began  to  extend  considerably.  The 
crack  then  extended  so  high  that  the  portion  of  concrete  left 
to  carry  the  compression  was  so  small  that  the  concrete  had 
to  be  ruptured.  In  all  these  tests  the  steel  was  never  broken. 
It  was  the  concrete  which  tailed,  and  yet  by  estimating  an 
approximate  lever  arm,  one  can  calculate  that  the  stress  in 
the  steel  was  so  great  that  it  was  the  steel  that  really  was 
the  primary  cause  of  failure.  There  was  plenty  of  concrete 
to  enable  the  steel  to  be  stressed  well  beyond  its  yield  point. 
The  fact  that  the  bars  were  well  hooked  at  the  ends  probably 
enabled  the  yield  point  to  bo  exceeded  considerably,  though 
it  has  been  contended  by  some  investigators  in  the  past,  who 
did  not  properly  anchor  their  steel,  that  the  yield  point  was 
the  critical  factor  and  that  when  the  yield  point  was  reached 
the  beam  was  bound  to  collapse.  By  their  argument,  the 
factor  of  safety  in  reinforced  concrete  was  about  2  to  2%, 
and  consequently  some  engineers  thought  that  in  order  to 
ensure  a  proper  factor  of  safety  of  4,  a  working  stress  of 
about  1(>,000  lb.  per  square  inch  on  mild  steel  should  be 
adopted. 

Of  course  the  shifting  of  the  neutral  axis  up  towards  the 
top  of  the  beam  Is  indicated  by  the  ordinary  theoretical 
formulae  if  only  we  remember  that  when  the  stress  in  the 
steel  passes  the  yield  point,  the  modulus  in  the  steel  drops 
very  rapidly,  while  if  the  concrete  is  not  failing  the  modulus 
is  dropping  much  less  rapidly,  the  result  therefore  being  that 
the  modular  ratio  decreases:  and  if  in  the  ordinary  formulae 
we  insert  a  lower  value  for  the  modular  ratio,  the  position  of 
the  neutral  axis  is  found  to  be  much  nearer  the  top  of  the 
beam.  It  seems  to  the  writer  a  matter  of  importance  to  get 
a  method  of  calculation  which  is  precise  from  a  mathematical 
point  of  view,  yet  is  at  the  same  time  practical.  It  is  a  sub' 
ject  which  he  hopes  to  deal  with  again  in  a  more  detailed 
manner. 


How  to  Obtain  Records  of  Snow  Fall.— It  is  always  a  dif- 
ficult matter  to  obtain  a  true  record  of  the  quantity  of  snow 
falling  by  means  of  the  ordinary  rain  gauge  owing  to  the 
effect  of  wind  eddies  and  drift,  and  the  result,  when  reduced 
to  the  equivalent  water,  is  generally  less  than  it  should  be. 
A  more  satisfactory  result  is  obtained  by  exposing  a  flat 
snow  board,  consisting  of  a  thin  board  about  12  in.  square 
and  covered  with  a  sheet  of  white  cotton  flannel,  in  some 
convenient  position  on  the  ground  where  the  snow  does  not 
drift.  When  the  snow  ceases  to  fall  the  rain  gauge  should 
be  inverted  on  the  board  and  a  cylinder  of  snow  cut  out  the 
same  diameter  as  the  gauge.  This  can  be  melted  and  meas- 
ured in  the  usual  way.  The  snow  board  should  then  be 
cleaned  and  dried,  and  (Exposed  on  the  top  of  the  newly  fallen 
snow  in  readiness  for  the  next  tall.— From  Municipal  Engi- 
neering, London. 


Reinforced  Concrete  Wheelways.— A  new  use  for  rein- 
forced concrete  is  proposed  by  Mr.  Robert  Drummond,  the 
Surveyor  to  the  Upper  District  of  the  Renfrewshire  County 
Council.  "Horseshoes,"  he  states,  "cut  the  sealing  coat  of 
bituminous  roads,  and  when  the  surface  is  broken  the  rubber- 
shod  wheel  rapidly  causes  disintegration  and  corrugations. 
The  problem  may,  however,"  he  states,  "be  solved  by  the 
introduction  of  'wheelways,'  and  experimental  lengths  of 
reinforced  concrete  tracks  are  to  be  laid  in  the  Paisley  and 
Cowglen  roads,  and  if  the  scheme  coiilinues  successful  it 
may  meet  the  difliculty  of  carrying  mixed  traffic  and  at  the 
same  time  provide  a  foothold  for  horses."— From  Municipal 
Engineering.  London. 


The   Adaptation  of  Road   Widths 

and  Arrangements  to  Modern 

Traffic  Requirements 

By  JOHN  ALEXANDER  BRODIE,  M.  Eng., 

City   Engineer    of   Liverpool.    President    of    the    Institution    of    Civil 
Engineers. 
Condensed  from  Mr.   Brodie's  inaugural  address  as  president  of 
the  Institution;   as  printed   in  The   Surveyor.  London,   Nov.   5,   1920. 

In  this  country  most  of  the  larger  cities  originated  long 
ago  as  villages  or  clusters  of  houses  surrounding  strong 
points,  becoming  in  course  of  time  small  towns  and  gradually 
enlarging  until  they  reached  their  present,  importance.  In 
recent  times  particularly,  the  increase  in  the  area  and  num- 
ber of  inhabitants  of  the  larger  centers  of  population  has 
been  great.  It  is  not  to  be  wondered  at  therefore  that  the 
arrangement  of  their  streets  has  been,  and  is  still  found  in 
many   case.s,   very   ill-suited   for   the    conditions   of  today. 

Danger  of  Hasty  Planning. — The  recent  policy  of  the  hur- 
ried erection  of  large  numbers  of  cottages  for  the  working 
classes,  while  little  or  nothing  is  being  done  in  providing  for 
the  erection  of  larger  houses  or  building  of  a  more  important 
appearance,  is  likely  to  have  the  effect  of  superseding  the 
more  orderly  planning,  and  of  spoiling  the  effect  of  the  wider 
roads,  where  these  have  been  adopted.  The  provision  of  sat- 
isfactory arterial  roads  is  not  in  many  cases  being  sufficiently 
attended  to,  and  unless  greater  care  is  taken  to  safeguard 
main  lines  of  communication,  it  will,  in  some  cases,  be  diffi- 
cult for  residents  to  reach  their  houses  m  outlying  areas 
within  any  reasonable  time. 

Lack  of  Central  Authority. — The  fact  remains  that  neither 
at  the  center  of  government  nor  locally  does  there  exist  in 
this  country  any  individual  or  body  whose  duty  it  is  to  co- 
ordinate the  various  separate  and  completely  independent 
local  authorities  surrounding  important  town  centers,  so  that 
orderly  development  and  continuity  of  policy  in  the  larger 
matters  can  he  insisted  upon,  and  no  effectual  means  appear 
to  exist  (other  than  absorption  of  such  areas  by  the  adjoin- 
ing larger  authority)  of  inducing  them  to  sink  small  local 
differences,  and  to  act  together  in  the  greater  interests  of 
the  tiading  center  of  which  they  in  reality  form  part,  or  even 
to  safeguard  the  greater  national  interests  which  some  of 
them  represent. 

Engineer  Does  the  Hard  Work. — Waves  of  enthusiasm  In 
connection  with  town  planning  and  housing  have  done  a  groat 
deal  of  good  by  directing  the  attention  of  municipal  engineers, 
surveyors,  architects,  builders  and  others,  to  the  various  prob- 
lems connected  with  the  proper  planning  and  development  of 
towns,  and  much  has  been  done  by  conferences  and  lectures 
to  broaden  the  view  of  public  representatives  on  councils  and 
committees. 

The  real  spadework  of  town  development  will  no  doubt  con- 
tinue to  devolve  on  the  municipal  engineer,  whose  duty  it 
genera lly  is  to  advise  from  day  to  day  and  to  deal  with  the 
engineering  problems  which  lie  at  the  root  of  the  satisfactory 
planning  and  replanning  of  town  areas,  and  who  usually  has 
the  intimate  knowledge  of  all  local  matters  likely  to  affect  the 
proper  treatment  of  the  area  coming  under  his  control. 

Street  Car  vs.  Motor  Bus. — The  question  of  improved  means 
of  local  passenger  service  in  the  larger  towns  is  one  of  essen- 
tial importance,  requiring  the  serious  consideration  of  munic- 
ipal engineers  responsible  for  the  provision  of  new  streets  as 
well  as  of  those  responsible  for  operating  the  surface-carrying 
systems  of  our  great  towns.  Though  attempts  to  speed-up 
have  been  made,  the  safety  of  the  other  users  of  our  present 
narrow  roads  has  prevented  much  improvement  in  this  direc- 
tion. 

The  introduction  of  the  motor  omnibus  has  in  some  cases 
resulted  in  a  quicker  service,  but,  unfortunately,  it  has  been 
found  that  in  actual  work  the  cost  per  car-mile  of  operating 
motor  omnibuses,  when  all  cliarges  are  included,  exceeds  the 
similar  cost  on  the  overhead  wire  electric  tramway,  while  the 
cost  per  seat-mile  of  omnibuses,  as  shown  in  published  fig- 
ures, exceeded  the  cost  per  seat-mile  in  tra»icars  by  111  per 
cent.* 

No  doubt  improvements  in  the  carrying  capacity  of  motor 
'buses  may  reduce  the  relative  cost  per  seat-mile.  b''t  the 
inherent  difficulty  of  safely  steering  very  large  motor  "V"".es 


*It  is  not  entirely  e'car  th.nl  interest  on  investment  was  included 
in  the  total  eharees  on  whiih  this  comparison  is  based,  but  it 
appeal's  most   probable  that    Ihey  were  so  included. — Edjtor. 
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at  high  average  speeds  in  narrow  and  crowded  streets  will 
probahly  prevent  the  ordinary  tramcar  figures  being  reached, 
and  It  Is  probable  that  the  tramway  vehicle  itself  is  capable 
of  even  greater  relative  imi)rovement  than  the  motor  'bus. 

Oa  the  whole,  it  appears  likely  that  the  balance  of  advan- 
tage will  remain  with  the  tramway  or  guided  type  of  vehicle, 
wherever  large  numbers  of  passengers  are  to  be  carried  along 
a  route  where  conditions  are  such  as  to  permit  of  improved 
acceleration,  high  average  speeds,  and  the  best  results  being 
obtainable  from  both  types  of  vehicles. 

To  put  road  passenger  services  on  a  proper  footing  munic- 
ipal engineers  and  others  interested  will,  however,  have  to 
provide  roads  suitable  for  high  average  speeds,  while  tramcar 
builders  will  have  to  redesign  their  vehicles  and  adopt  some 
of  tl|ie  good  points  in  motor-'bus  construction,  which  tramcars 
at  present  lack. 

Quieter,  Speedier,  and  Better  Looking  Roadbeds. — Great 
improvements  both  in  speed  and  comfort  can  be  introduced 
on  surface  tramways  in  wide  roads  under  special  conditions. 
I  may  cite  an  instance  where  the  rails  are  laid  on  wooden 
sleepers  on  a  clinker  foundation,  the  upper  surface  within  the 
limits  of  the  track  being  tiiiished  in  grass,  and  a  low  fence  or 
hedge  provided  on  each  side  to  keep  off  stray  animals.  Speeds 
up  to  211  miles  per  hour  have  been  authorised  by  the  Board  of 
Trade,  and  are  being  run  safely,  and  tests  show  much  higher 
maximum  speeds,  while  still  using  the  old-fashioned  top-seat 
Iramcars  with  a  short  wheel-base.  With  cars  specially  de- 
signed for  quick  acceleration  maximum  speed  exceeding  30 
miles  per  hour  could  be  quite  safely  reached  between  stopping 
stations  spaced  approximately  V4  mile  apart,  and  when 
thought  necessary  the  introduction  of  a  third  line  of  track 
would  enable  non-stop  cars  to  be  introduced  at  rush  hours  on 
which  high  average  speeds  could  be  attained.  Should  It  be- 
come necessary,  the  construction  of  express  lines  below  the 
street  surface  is  a  possibility. 

Whether  fences  can  be  maintained  when  the  land  on  each 
side  is  fuly  developed  for  residences  and  shops  remains  to 
be  seen,  but  it  is  probable  that  the  advantages  of  the  quick 
and  safe  transit  which  can  be  so  provided  will  outweigh  the 
disadvantages  of  fencing,  and  in  any  case  the  fence  can  easily 
be  lowered,  or  otherwise  made  to  meet  requirements,  should 
such  a  course  become  necessary.  At  least  double  the  mileage 
can  be  obtained  on  such  a  line  from  the  car,  the  driver  and 
the  conductor,  as  compared  with  the  tramway  laid  on  the 
narrower  street  surface,  and  though  the  current  consumption 
will  be  greater,  the  earning  power  and  costs  per  passenger- 
mile  should,  on  the  whole,  be  in  favor  of  the  quicker  servlce.> 
It  is  also  found  that  the  running  of  the  cars  in  such  a  line  is 
vory  much  quieter  than  on  the  more  rigid  and  paved  track 
usually  laid.  On  the  whole,  the  time  appears  to  be  ripe  for 
the  introduction  of  radical  improvements  in  connection  with 
the  longer-distance  systems  of  tramway  transport. 

Surface  vs.  Subway  or  Elevated. — The  question  how  far  such 
a  method  of  construction  can  be  carried  down  through  the 
already  built-up  portions  of  the  larger  towns  is  one  which 
requires  careful  consideration. 

If  fast  services  are  to  be  given,  it  will  be  necessary  in  any 
case  to  have  special  tracks,  and  experience  leads  me  to  think 
that  In  most  cases  an  improved  and  widened  street  surface,  if 
judiciously  chosen,  w-ill  be  both  cheaper  and  more  advan- 
tageous to  town  residents  and  to  passengers  than  anything 
in  the  nature  of  underground  work,  the  cost  of  which  has  in 
the  past  been  so  heavy  as  to  prohibit  the  paying  of  dividends 
on  capital  expenditure  in  any  but  the  very  large  cities. 

Where  the  total  population  to  be  carried  will  not  warrant 
the  necessary  heavy  expenditure  on  underground  tunnels,  and 
where  overhead  railways  do  not  find  favor,  it  is  likely  that  a 
limited  number  of  fast  surface  lines,  constructed  on  wide 
roads  through  the  more  densely-populated  districts  branching 
out  fan-like  into  the  outer  areas  now  being  developed,  could 
be  made  to  compete  successfully,  both  in  time,  cost  of  working 
and  general  convenience,  with  any  other  system  at  present  in 
sight  for  distances  of  from  3  to  8  miles  from  the  center  of  a 
city. 

History  of  Main  Roads  in  Towns. — The  introduction  of  horse 
tramways  by  companies  as  a  means  of  conveying  local  pas- 
sengers, and  the  construction  in  many  places  of  single-line 
and  passing-places — thus  causing  great  inconvenience  to  the 
peneral  users  of  the  road — directed  public  attention  to  the 
necessity  for  street  widening,  and  the  subsequent  introduction 
of  the  electric  system  of  operation  induced  many  authorities 
to  spend  large  sums  of  money  on  street  widenings.  though 
these  in  most  cases  did  not  exceed  a  total  width  of  60  ft.. 


while  the  great  increase  in  road  traffic  by  motor  vehicles,  com- 
bined with  the  necessity  tor  improved  passenger  communica- 
tion, is  again  causing  a  demand  for  further  improvement  in 
road  facilities. 

The  12(>-foot  Main  Road. — Figures  show  very  clearly  the 
advantage  and  economy  of  foresight,  as  applied  to  the  con- 
struction of  main  approach  roads  in  the  first  instance. 

As  the  result  of  experience,  my  authority  has  adopted  120  ft. 
between  street  fences  as  a  standard  minimum  width  for  main 
arterial  roads  through  the  unbuilt  outskirts,  the  main  building 
line  being  set  back  12  ft.  from  the  fences,  making  a  total 
width  between  buildings  of  144  ft.  One  great  advantage  (if 
providing  ample  width  at  first  when  land  is  cheap  is  that 
provision  can  at  any  time  be  made  for  express  services  either 
on  the  surface  by  additional  lines,  or  just  below  the  surface 
in  cases  where  such  an  extra  cost  would  be  warranted  by  sub- 
sequent traffic  due  to  increase  in  population. 

The  typical  Liverpool  road  of  120  ft.  or  more  in  width  has 
in  the  centre  a  double  line  ot  tramways  finished  with  a  grass 
surface,  the  rails  being  laid  on  wooden  sleepers  with  low- 
privet  side  hedges  separating  this  track  from  the  carriage- 
ways, which  are  in  duplicate,  one  on  each  side  for  traffic 
entering  and  leaving  the  town  respectively,  each  road  having 
a  width  of  24  ft.  between  curbs,  the  balance  ot  width,  beyond 
the  footpath  requirement,  being  left  in  grass  until  additional 
width  of  carriageway  is  required.  Streets  and  avenues  of 
greater  width,  which  allow  of  boulevards  or  exercise  spaces, 
are  at  present  being  constructed  throughout  areas  now  being 
developed  for  housing  schemes,  and  in  other  cases  where  the 
provision  of  width  for  traffic  would  involve  the  destruction  of 
fine  trees. 

That  the  more  enlightened  policy  in  regard  to  wide  main 
roads  is  not  of  isolated  character  is  shown  by  the  case  of 
Birmingham,  where,  after  the  fullest  inquiry,  the  authority 
adopted  the  prescription  of  property  lines  to  a  width  of  120  ft. 
on  all  the  main  appioach  roads  to  the  centre  of  the  city,  and 
there  is  nr,  doubt  that  many  of  the  larger  towns  will  ulti- 
mately follow  this  bold  and  statesmanlike  view  of  the  future 
■requirements  as  affecting  the  best  interests  of  the  inhabitants. 
Leeds,  Manchester,  Dundee,  and  other  towns  have  also  such 
roads  under  consideration,  and  it  can  be  safely  assumed  that 
when  authorities  understand  and  recognize  the  full  benefit  on 
public  health  and  general  grounds  of  the  lead  in  this  matter, 
the  policy  will  be  more  generally  adopted. 

Incidental  Benefits  of  Wide  Roadways. — Some  engineers 
and  other  authorities,  when  discussing  widths  of  roads,  have 
been  accustomed  to  look  upon  them  as  a  means  of  providing 
for  traffic  requirements  only,  and  in  any  view  this  is  a  serious 
error.  As  one  who  has  had  the  opportunity  of  observing 
almost  daily  for  over  thirty  years  the  use  made  of  a  roadway, 
somewhat  exceeding  120  ft.  in  width,  within  the  built-up  por- 
tion ot  the  city.  I  could  not  fail  to  recognize  the  very  great 
value  of  such  a  space  to. the  residents  in  the  closely-housed 
areas  on  each  side  of  it  immediately  behind  the  more  impos- 
ing frontage  residences.  Especially  in  the  evenings  after 
business  hours,  and  during  the  winter  months,  when  parks 
and  recreation  grounds  are  practically  unlit  and  therefore  not 
available,  it  is  largely  used  as  a  promenade  and  exercise 
ground,  and  it  is  not  too  much  to  say  that  no  other  space 
provided  by  the  public  authority  is  more  appreciated  and  used. 

A  Thoroughfare  Every  Half  Mile. — It  is  intended  that  roads 
of  this  character  shall  be  laid  out  through  the  outer  areas  not 
yet  developed  at  distances  of  approximately  ;/  mile  apart,  and 
with  cross  roads  of  the  same  class  at  distances  of  about  1 
mile  apart.  It  has  been  found  by  exi5erience  that  in  built-up 
portions  of  the  town  the  main  roads,  carrying  tramway  traffic, 
are  conveniently  spaced  at  approximately  these  distances 
apart,  and  as  the  number  of  houses  to  the  acre  in  the  new 
outskirts  is  only  one-third  to  one-quarter  of  what  was  the 
custom  twenty-five  years  ago.  while  the  tramway-riding  habits 
of  the  people  have  increased  during  the  same  period  sixfold, 
these  distances  appear  likely  to  meet  requirements. 

Secondary  Streets. — Secondary  roads,  averaging  about  80  ft. 
in  width,  are  intended,  halving  the  distances  between  main 
streets  in  each  direction,  and  in  the  case  of  the  cross  streets 
smaller  secondary  roads  will  again  subdivide  the  areas  at 
about  Vi  mile  apart. 

It  is  intended  to  leave  a  fairly  free  hand  in  the  lay-out  of 
the  internal  streets  in  the  plots  bounded  by  main  and  secon- 
dary roads.  No  nortion  shi  iild  much  exceed  a  walking  dis- 
tance ot  V4  mile  from  the  main  i.oad  with  its  public  passenger 
service,  and,  though  the  teiiilency  of  present-day  authorities 
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seems  to  t'avor  right-angled  turns,  turves,  and  other  features, 
which  look  well  on  plans,  it  is  hoped  that  the  general  direc- 
tion of  pedestrians  travelling  out  of  the  area  will  be  towards 
the  intersections  of  the  main  and  secondary  cross  roads  with 
the  main  radial  road,  at  which  points  stopping-places  for  the 
passenger  vehicles  are  provided.  Through  traffic  of  all  sorts 
will  tind  the  easiest  and  most  direct  lines  of  travel  to  be  by 
means  of  main  and  secondary  roads,  leaving  the  residential 
street  largely  undisturbed,  except  by  the  purely  internal  traffic 
required  by  the  residents  within  the  area. 

Under  these  conditions  additional  width  in  the  main  and 
secondary  roads  where  required  for  through  traffic  can  be  pro- 
vided without  excessive  cost,  and  it  is  intended  to  reduce  the 
amount  of  land  and  street  works  to  a  minimum  for  the  inter- 
nal roads,  and  so  to  reduce  the  average  cost  of  laying-out  the 
whole  area,  while  giving  the  width  required  for  traffic  pur- 
poses where  it  will  be  of  the  greatest  public  advantage- 
Roads  Outside  Town  Areas. — The  improvement  of  existing 
roads  outside  town  areas,  and  the  provision  of  new  roads  to 
meet  the  requirements  of  increased  modern  traffic,  have  re- 
ceived a  great  deal  of  attention  from  responsible  engineers 
who  are  accustomed  to  look  ahead,  but  few  radical  improve- 
ments have  been  carried  out  in  this  country,  and  practically 
no  typical  new  main  roads  have  been  constructed. 

Many  of  our  roads  are  too  narrow  to  permit  of  motor 
vehicles  passing  bulky  loads,  which  are  so  prominent  a  fea- 
ture in  many  country  roads.  Where  the  more  permanent  road 
materials  are  being  laid  it  is  also  a  great  advantage  to  be 
able  to  construct  one  portion  of  the  carriageway  while  the 
remainder  is  used  for  the  passage  of  ordinary  traffic.  It  is 
probable  therefore  that  no  width  of  carriageway  less  than  30 
It.  will  meet  the  requirements  where  any  considerable  amount 
of  traffic  is  to  be  expected,  and  carriageways  36  ft.  in  width, 
with  ample  margins  and  separate  footpaths,  should  in  many 
cases  be  provided. 

The  Set-Back  Line. — The  time  has  probably  arrived  when 
the  erection  of  any  house  or  building  immediately  abutting  on 
the  side  of  any  main  road  should  be  prohibited  by  law.  The 
question  of  how  far  buildings  should  be  kept  back  is  impor- 
tant, but.  bearing  in  mind  dust  and  noise,  and  the  danger  to 
children  and  domestic  animals  from  passing  traffic,  the  adop- 
tion of  a  universal  building  line  for  new  erections  not  less 
than  60  ft.  from  the  center  line  of  main  roads  is  to  be 
strongly  recommended.  The  land  lying  between  the  house  and. 
the  road  need  not.  in  most  cases,  be  added  to  the  road,  but 
when  the  house  is  built  to  the  new  line,  such  land  might  be 
made  use  of  as  gardens;  alternatively,  the  land  could  be 
utilized  for  ordinary  agricultural  purposes  until  required  by 
traffic  for  road  widening. 

Public  Fences. — Another  matter  of  considerable  Importance 
is  the  question  of  the  improvement  and  maintenance  of 
hedges  and  fences.  Where  additional  width  is  necessary  be- 
tween fences,  the  Road  Authority  miglit  be  made  responsible 
for  the  construction  or  planting  of  the  new  fence  and  for  its 
subsequent  maintenance.  In  this  way  suitably  maintained 
road  fences  would  ultimately  become  possible,  to  the  great 
advantage  of  roads  and  road  users,  while  the  owners  of  the 
land  would,  in  most  cases,  be  glad  to  be  relieved  of  this  re- 
sponsibility. Such  a  general  policy,  if  combined  with  the 
power  to  purchase  land  for  widening  at  the  average  value  of 
the  fields  or  other  areas  abutting  on  the  road,  would  probably 
enable  great  improvements  in  the  nature  of  straightening  and 
widening  to  be  carried  out  cheaply  and  quickly. 

Provide  for  Fast  Traffic. — If,  with  these  measures,  all  curves 
were  increased  to  a  minimum  radius  suitable  tor  fast  traffic, 
and  were  reasonably  banked  up  on  the  outer  side,  another 
great  step  would  have  been  taken  towards  genuine  road  im- 
provement. 

At  corners  and  intersections  it  is  very  necessary  that  suffi- 
cient open  spaces,  free  from  oljstacles,  should  be  left,  with  the 
object  of  enabling  fast-moving  vehicles  to  be  safely  manoeu- 
vred. Regulation  is  also  required  at  intersections,  and  signs 
should  be  fixed  clearly  Indicating  which  line  of  traffic  should 
proceed  and  which  should  slow  up. 

Trunk  Roads  for  Heavy  Transport.- When  dealing  with 
roads  outside  built-up  areas  some  consideration  should  be 
given  to  the  necessity  for  the  construction  of  new  trunk  roads 
in  this  country,  and  there  can,  I  think,  be  little  doubt  that  a 
limited  number  of  such  roads  should  lie  laid  out  wherever  the 
amount  of  traffic  is  likely  to  warrant  flieir  construction. 

The   surfaces   should  be   capable  of  taking  all   the   various 


types  of  land  traffic  at  present  in  use,  and  it  would  appear 
that  one  double-track  railway  for  goods,  and  also  a  double 
track  for  an  electric  passenger  and  goods  service  should  be 
provided.  At  least  a  double  track  for  heavy  motor-wagons  in 
each  direction  would  be  required  on  such  a  route,  as  is  shown 
by  the  large  amount  of  traffic  of  this  description  which  is  at 
present  making  use  of  the  main  roads  at  certain  Wmes  of  the 
day.  and  a  double  track  in  each  direction  should  be  provided 
for  light  vehicles.  The  foregoing  provisions  would  necessitate 
a  width  of  at  least  150  ft.,  and,  as  ample  for  future  require- 
ments should  be  provided,  it  is  probable  that  180  ft.  in  width 
between  fences  would  be  looked  upon  as  reasonable.  The 
ordinary  cost  might,  under  existing  conditions,  amount  to 
about   £200,000  per  mile. 

It  appears  to  me  that  a  very  thorough  reconstruction  and 
reorganization  of  the  road  system  is  one  of  the  most  urgent 
problems  of  our  time.  The  lengths  of  roads  requiring  earliest 
attention  are  probably  those  which  are  in  or  near  the  out- 
skirts of  the  larger  towns,  where  the  provision  of  new  houses 
on  a  large  scale  is  at  the  present  time  being  carried  out,  or 
where,  in  the  ordinary  course  of  development,  lengths  of 
improved  road  will  be  necessary,  and  can  still  be  arranged 
for  and  carried  out  at  a  comparatively  small  expenditure  be- 
fore building  takes  place.  Special  attention  should  also  be  given 
to  the  neighborhood  of  the  Smaller  towns  through  which  main 
roads  pass,  where  serious  obstruction  takes  place,  and  where 
there  is  still  the  possibility  of  obtaining  land  for  the  construc- 
tion of  by-pass  roads,  and  thus  avoiding  heavy  expenditure  on 
the  acquisition  and  demolition  of  buildings. 

Work  for  Veterans. — Modifications  on  a  large  scale  usually 
require  time  tor  their  completion,  and  involve  large  expendi- 
ture of  public  money,  but  it  may  be  that  in  the  near  future 
work  will  have  to  be  provided  for  large  numbers  of  the 
younger  and  more  able  demobilized  men  who.  owing  to  war 
conditions,  have  missed  the  opportunity  of  receiving  a  train- 
ing in  any  of  the  usual  branches  of  work  which  have  been, 
during  the  war,  practically  at  a  standstill.  Numbers  of  such  • 
men  have  been  absorbed  in  the  various  works  in  connection 
with  the  provision  of  additional  and  improved  "housing  accom- 
modation so  badly  needed  in  many  places,  but  it  is  difficult  to 
see  any  class  of  work  on  which,  under  present  conditions, 
men  without  training  can  be  employed  which  is  likely  to  be 
of  more  permanent  value  to  the  country  at  large  than  the 
provision  of  improved  roads  such  as  I  have  referred  to.  and 
which,  in  any  case,  would  have  to  be  carried  out  in  the  near 
future. 


Planjt  of  Heltzel  Steel  Form  <£.  Iron  Co.  Running  Day 
and  Night. 
The  plant  of  the  Heltzel  Steel  Form  &  Iron  Co..  Warren,  O., 
which  was  damaged  by  fire  on  June  2.  started  operation  again 
on  June  12  and  since  that  time  has  been  running  day  and 
night  as  in  the  past  three  months.  Plans  have  been  com- 
pleted tor  rebuilding  and  the  plant  will  be  entirely  under  root 
within  the  next  90  days. 


Manganese  in  Water. — The  presence  ot  manganeses  in  pot- 
able water  rarely  causes  direct  trouble,  as  5  milligrammes  ot 
manganese  per  litre,  which  would  make  the  water  distasteful, 
would  be  very  exceptional.  For  paper-makers,  dyers,  laun- 
dries and  the  photographic  and  brewing  industries  man- 
ganese is  very  troublesome,  however,  and  the  accumulation 
ot  manganese  hydrate  deposits  in  water  pipes  is  in  any  case 
objectionable.  Some  bacteria  favor  this  deposition,  whilst 
some  algae  store  the  manganese  without  forming  local  rust 
spots.  In  Dresden,  where  there  was  considerable  trouble 
with  manganese  in  the  water  mains,  the  growth  of  algae  is 
hence  fostered  by  providing  filter  beds  of  a  fine  porous  gravel 
or  sand,  and  since  the  adoption  of  these  beds  seven  years  ago. 
the  formerly  frequent  complaints  that  the  linen  turned  yellow 
have  altogether  ceased.  (Journal  fiir  gas  beleuchtung,  De- 
cember 2.'),  last).  The  gravel  itself  does  not  retain  the  man- 
ganese, nor  could  1.5  milligrammes  ot  manganese  be  removed 
from  Berlin  water  by  the  aid  ot  eight  cellulose-asbestos  filter 
chambers.  Hut  when  a  layer  of  73  cm.  (3  in.)  of  manganese 
dioxide  (pyrolusite)  is  superposed  over  40  cm.  of  gravel,  the 
manganese  is  retained;  the  sand  grains  should  have  diam- 
eters 1.5  mm.,  the  pyrolusite  grains  diameters  of  about  2.5 
mm.  In  this  way  a  Fschovr  beer  brewery  has  been  able  to 
cure  the  water  which  was  believed  to  spoil  the  yeast. — From 
Engineering.  London.  March  IS.  lOCl. 
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The  Rural  Road  Problem  in  England 

riy   KDWAUIJ  JOHN  STKAIJ 

County  Surveyor,  Somerset. 

I'tom   The   Surveyor,   London,   April   29,   1921. 

Riirnl  ^o.^(lH,  both  main  and  district,  are  suffering  severely 
untier  present-day  tralfic;  motor-omnilnis  routes  are  open- 
Ins  lip  ill  every  direction:  heavy  and  fast  commercial  trattic 
is  increasing,  and  the  milk-collecting  motor  vehicle,  hav- 
ing jiislilied  its  introduction,  is  being  put  on  the  country 
roads  and  lanes  in  increasing  numbers.  The  pleasure  traffic 
during  the  summer  months  is  now  very  extensive,  and  seems 
likely  to  go  on  increasing.  It  appears  to  the  author  that 
the  Increase  In  traffic  is  rapidly  assuming  such  proportions 
as  to  he  the  cause  of  very  considerable  anxiety  in  the  search 
for  a  reasonable  course   to  pursue  in  the  immediate  future. 

Road  Widths, — A  very  great  deal  has  been  written  about 
widths  of  roads  for  the  accommodation  of  modern  traffic, 
and  while  admitting  that  a  large  proportion  of  what  has 
been  suggested  is  doubtless  very  desirable.  It  is  submitted 
that  under  prevailing  conditions,  and  notwithstanding  the 
desirability  of  widening  roads  as  a  provision  for  future  traffic 
developments,  the  widening  of  rural  roads  to  40  ft.  or  60  ft. 
is  today  an  Impracticability.  It  Is  hoped  that  the  considera- 
tion of  this  papei  will  result  in  the  evolution  of  a  practicable 
proposition  suitable  for  immediate  adoption.  To  this  ena 
the  author  expresses  the  opinion  that  a  standard  width  of 
18  ft.  is  sufficient  for  rural  roads,  with  the  exception  that 
in  certain  cases  of  considerable  mixed  fast  and  slow  traffic 
27  ft.  should  be  adopted  in  order  that  there  may  be  room 
for  three  vehicles  abreast,  thus  permitting  the  fast  to  over- 
take the  slow.  The  necessities  of  the  times  call  for  the  ex- 
ercise of  great  discrimination  in  the  selection  of  roads  to 
be  given  the  greater  width,  and  it  Is  believed  that  the  pro- 
portion of  27-ft.  roads  would  prove  to  be  relatively  small. 
An  enormous  Improvement  would  be  effected  if  roads  now 
14  ft.  to  17  ft.  wide  could  be  widened  to  IS  ft.  throughout. 

Choice  of  Road  Materials. — Bearing  in  mind  that  a  prac- 
ticable line  of  action  is  being  sought,  the  selection  of  mate- 
rials which  will  wilhstaud  the  traffic  presents  very  consid- 
erable difficulty,  and  It  is  obvious  that  water-bound  macadam 
must  still  be  used  on  many  miles  of  roads  for  some  years  to 
come.  It  is  not  proposed  to  deal  with  concrete  as  a  road 
material,  since  the  author  is  of  opinion  that  the  high  initial 
cost,  the  uncertainty  of  a  sufficiently  long  life  to  justify  such 
initial  cost,  and  the  fatal  bar  of  construction  in  half-widths, 
puts  it  out  of  bounds  for  serious  consideration  as  a  part  of 
the  present  problem. 

The  improvement  of  road  surfaces  will  undoubtedly  be 
provided  hy  the  increased  use  of  asphallic.  bituminous,  and 
tarred  macadam,  using  wherever  practicable  local  materials 
in  order  to  cheapen  the  construction.  Before  such  surfaces 
can  be  laid  many  roads  will  need  strengthening  and  reshap- 
ing, probably  additional  drainage,  and  also  the  provision  of 
some  form  of  side  support  or  kerbing — all  such  necessities. 
of  course,  adding  to  the  cost. 

The  price  of  tar  has  Reached  such  a  ligure  that  a  greatly 
extended  use  of  bitumen  may  be  looked  for,  though  large 
quantities  of  tar  will  still  be  required  for  surface  treatment. 
Bitumen  Is  now  quoted  at  a  lower  price  than  tar.  On  such 
roads  as  traffic  requirements  justify  its  use  two-coat  asphalt 
work  is  probably  the  most  suitable  method,  the  plan  being 
adopted  of  executing  such  a  length  annually  on  each  selected 
road  as  financial  considerations  permit.  On  many  roads 
this  method  would  provide  the  requisite  additional  strength 
as  well  as  supply  a  suitable  surface. 

There  are  differences  of  opinion  as  to  the  most  satisfactory 
method  of  constructing  bituminous  macadam  roads.  It  Is 
submitted  that  the  use  of  a  previously  coated  material  Is 
preferable  to  the  grouting  method,  as  the  latter  is  slower  in 
execution,  being  to  a  certain  extent  dependent  upon  weather 
conditions.  Is  less  certain  In  its  results,  and  permits  more 
voids.  Tarred  macadam  has  the  advantage  that  It  can  be 
laid  some  days  after  tarring,  but  bituminous  mixtures  must 
be  laid  while  still  hot.  The  lack  of  suitable  plant  for  bitu- 
minous work,  and  the  present  expense  of  providing  the  same, 
will  be  a  detriment  to  many  authorities  in  the  use  of  bitu- 
minous work.  It  it  were  practicable  for  the  wealthy  com- 
panies supplying  bitumen  to  provide  .on  loan  stitable  plants, 
vlth  a  corrri'-teiit  man  in  charge  for  portions  of  a  year,  pass- 
ing th°  plant  on  to  various  authorities,  it  is  thought  that  a 
re=!  '^•ant  vonld  be  met  and   a  difficulty  disposed  of.     Even 


if  such  a  course  were  desiralile.  the  contractors  experienced 
in  the  work  will  not  be  able  to  carry  out  all  the  work  of 
thi.^  character  which  will  be  required,  and  necessarily  large 
quantities  of  it  will  have  to  be  done  directly  by  the  road 
authorities.  The  continued  use  and  extension  of  tarred  ma- 
terial will  depend  to  a  large  extent  upon  the  price  of  tar,  ana 
the  extent  to  which  facilities  for  the  increased  use  of  bitu- 
minous macadam  are  provided. 

The  publication  of  the  Ministry  of  Transport's  designs  for         . 
standard  road  signs  should  cause  a  very  great  improvement        fl 
in   the   signposting  of  the   country   roads,   though   there   will         ■ 
doubtless    be    numerous    authorities    who    will    consider   that 
expenditure  on  this  work  is  not  an  urgent  necessity,  and  It 
is  to  be  expected  that  In  many  instances  action  will  be  de- 
ferred until  other  forms  of  road  work  have  assumed  a  less 
pressing  aspect. 

Finance.-  The  financial  aspect  of  the  problem  under  con- 
sideration must  receive  serious  attention,  and  the  question 
of  how  the  moderate  policy  outlined  above  is  to  be  financed 
at  once  obtrudes  itself.  In  many  quarters  it  is  apparent  that 
the  high-water  mark  in  taxing  has  been  reached,  and  a 
strenuous  campaign  of  economy  is  at  present  in  full  swing. 
If  it  is  correct  to  say  that  the  cost  of  road  works  is  now  two 
and  a  half  times  what  it  was  in  1914  and  the  assumption  is 
allowed  that  the  amount  raised  by  rate  is  double  what  it  was 
in  1914,  it  is  clear  that  less  work  would  be  done  now  than 
in  1914  if  it  were  not  for  Government  assistance  in  respect 
of  classified  roads. 

The  highway  authority  on  one  hand  says  it  will  not  raise 
any  more  money  by  tax  for  roads  than  it  is  now  doing;  the 
motorist  on  the  other  hand,  having  paid. the  new  tax  will 
make  an  urgent  and  insistent  demand  for  improved  roads, 
and  mechanical  transport  is  increasing  rapidly  in  all  direc- 
tions; therefore  the  only  money  available  to  meet  increased 
costs  and  Improvements  is  that  provided  by  the  motor  tax. 
Will  this  meet  the  case?  The  Minister  of  Transport  stated 
recently  that  the  estimated  number  of  mechanically-propelled 
vehicles  in  use  was  750,000.  and  that  this  was  increasing 
by  leaps  and  bounds.  The  tax  estimated  to  be  produced  from 
750,000  vehicles  is    £9,000,000. 

An  actual  case  will  illustrate  the  financial  position  in  the 
clearest  manner.  In  1913-14  an  authority  spent  £92,000  on 
the  rural  main  roads.  In  1920-21  the  similar  expenditure  was 
£167.000.  The  estimates  for  1921-22  are  £247,000,  of  which 
£150,000  is  estimated  to  be  provided  by  the  authority,  and 
£07,000  by  classitication  grants.  Taking  two  and  a  half  times 
the  1913-1914  expenditure,  the  result  is  £230,000.  It  is  there- 
fore evident  that  tlie  sum  of  £17,000  is  the  available  provi- 
sion for  improvements,  better  surfacing,  and  to  cope  with 
the  ever-increasing  traffic.  It  is  submitted  that  such  provision 
will  not  suffice.  Apparently  the  only  hope  of  further  financial 
provision  is  to  be  found  in  an  increased  yield  in  the  tax  from 
motor  vehicles,  the  number  of  which  is  "increasing  by  leaps 
and  bounds"!  It  would  be  interesting  to  know  how  the  addi- 
tional £9,000,000  veil!  be  distributed  when  the  number  of 
vehicles  reaches  1,500,000.  "Will  the  existing  percentages  con- 
tributed towards  classiHed  roads  be  increased  to  absorb  it  or 
will  additioiial  roads  be  classiHed? 

The  figures  given  above  relate  to  main  roads  under  a 
county  council,  and  by  the  help  of  gi'ants  towards  classiflea 
roads  It  Is  shown  that  they  can  barely  carry  on.  The  case 
of  the  district  roads  under  rural  district  councils  is  much 
worse.  It  is  probable  that  the  mileage  of  district  roads 
which  will  benefit  by  classification  grants  will  be  small,  but 
the  increased  costs  due  to  char-a-banc  and  milk-lorry  traffic 
will  be  large.  These  increased  costs  if  met  at  all  must  be 
met  by  rating,  but  if  the  limit  in  that  direction  has  been 
reached,  then  the  district  roads  must  perforce  remain  In 
poor  condition  for  some  time  at  least. 

It  Is  thought  that  the  above  brief  statement  of  the  rural 
road  case  will  clearly  indicate  the  necessity  for  forming  a 
correct  estimate  of  the  possibilities  of  great  improvements 
in  that  class  of  roan  in  the  near  future. 

Conclusions. — The  following  conclusions  are  suggested  for 
adoption  as  a  line  of  action  In  the  immediate  future: 

1.  That  the  general  width  of  rural  roads  should  be  Is  ft., 
with  a  few  exceptions,  whi.  h  should  be  27  ft. 

2.  That  concrete  is  not  a  suitable  material  for  rural  roads, 
because  of  high  initial  cost,  uncertainty  of  sufficiently  long 
life,  and  the  great  disadvantages  of  construction  In  half- 
widths.     (This  conclusion  (Ices  not  apply  to  new  roads.) 

3.  That  it  is  desirable  to  '  xtend  the  use  of  bituminous  and 
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tarred  macadam  for  road  surfaces  to  the  utmost  extent  of 
financial  possibilities,  selecting  the  more  important  roads 
for  early  treatment. 

4.  That  the  surface-tarring  of  water-bound  macadam 
should  be  continued,  pending  conversion  to  bituminous  mac- 
adam, and  that  district  roads  subject  to  mechanically-pro- 
pelled traffic  should  be  surface  tarred  wherever  possible. 

5.  That  the  Ministry  of  Transport's  standard  road  signs 
should  be  adopted  forthwith,  and  every  reasonable  endeavor 
made  to  proceed  with  the  scheme. 


Stresses  in  Steel\vork 


By  S.  BYLANDER 
From  The  Surveyor.  London,  April  8,  1921. 
Through  the  introduction  of  the  Steel  Frame  Act  in  Lon- 
don, the  design  for  and  calculations  of  steelwork  for  huildings 
have  become  with  advantage,  more  uniform,  and  I  feel  that 
greater  improvement  still  would  accrue  from  more  standard- 
ized method  of  design  and  calculation  of  details.  It  will  be 
readily  conceded  that  the  structural  elements,  as  comparel! 
with  the  main  members,  must  be  of  at  least  equal  strength, 
so  that  they  may  be  safely  relied  upon  to  withstand  the 
loads  they  and  the  main  member  have  to  carry,  and  I  would 
suggest  that  while  the  factor  of  safety  for  the  main  member 
may  be  cut  down  for  the  sake  of  economy,  it  is  poor  policy 
to  reduce  the  effective  strength  of  the  smaller  parts. 

My  view  is  that  connections  and  elements  of  parts  of  a 
structure  may  be  more  severely  strained  than  the  main  part 
calculated  from  the  assumed  loads,  owing  to  irregular  align- 
ment, contacts,  and  attachments.  A  greater  safety  factor 
must  be  used  for  details  than  for  main  members;  that  is, 
the  details  must  be  made  somewhat  stronger  than  is  the- 
oretically required,  if  a  reliable  structure  is  to  result. 

Basis  Stress. — It  will  be  found  that  in  the  majority  of  cases 
10  kips  (=10,000  lb.)  per  square  inch  is  a  safe  unit  stress 
for  steelwork.  It  has  therefore  occurred  to  me  that  this  unit 
of  10  kips  could  be  adopted  as  a  basis  stress  for  structural 
steelwork,  and  that  tor  varying  conditions  this  basis  stress 
could  be  multiplied  by  tabulated  stress  factors  varying  tor 
pillars,  beams,  girders,  and  elements  of  structural  details. 
The  advantage  of  adopting  the  idea  of  a  standard  basis  stress 
for  a  particular  material  would  tend  towards  simplicity,  as 
the  basis  stress  could  be  varied  at  will,  while  the  stress  fac- 
tors would  remain  unchanged,  and  by  this  means  the  engi- 
neer's requirements  for  the  structure  could  be  modified  to 
suit  the  quality  and  cost  of  work  desired  and  the  safety  fac- 
tor permissible.  Such  variation  in  the  basis  stress  would 
affect  all  the  various  calculations,  without  the  necessity  of 
specifying  in  detail  for  every  one— simply  by  changing  one 
figure   only. 

Tke  stress  factor  will  represent  the  increase  or  decrease 
of  the  basis  stress  due  to — 

1.  Method  of  loading. 

2.  Shape  and  building  up  of  the  cross  section  and  parts  of 
structural  member. 

3.  The  mode  of  riveting  bearings  and  abutting  surfaces  and 
connections. 

4.  Slenderness,  flexure,  and  stresses  from  other  causes 
than   intpntiona!  loading. 

n.  Grade   of  workmanship,   etc.,   and   others. 

The  stress  factor  is  chiefly  defined  by  theory,  and  can  be 
computed  theoretically  under  assumptions  generally  accepted 
in  engineering  practice.  Some  must,  of  course,  be  deter- 
mined rationally  from  engineering  and  mathematical  reason- 
ing. 

The  stress  factor  for  a  definitely  stated  condition,  there- 
fore, is  not  variable,  but  represents  a  mathematical  function, 
while  the  basis  stress  may  be  varied  by  reason  of  judgment 
in  each  case.  The  shear  stress  on  gross  sectioiial  area  of 
webs  for  girders,  and  on  rivets,  could  safely  be  set  at  10 
kips,  as  a  standard  working  stress  for  rough  calculations. 
A  narrow  riveted  compression  flange  under  ordinary  condi- 
tions, riveting  and  slenderness,  could  also  safely  be  stressed 
to  10  kips  per  square  inch  of  the  gross  area.  Let  us  now 
take  the  tensile  stresses,  which,  when  only  the  gross  sec- 
tional area  is  known  for  built-up  spctions,  and  20  per  cent 
reduction  is  made  for  rivet  holes,  the  safe  stress  might  be 
set  at  14  kips  or  1.4  of  10  kips  per  square  inch  on  the  gross 
area  while  the  stress  on  the  net  area  might  be  set  at  17 
kips   (about  71/2  tons).     In  exceptional  cases,  where  no  sec- 
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oudary  stresses  have  to  be  allowed  for,  I  would  even  go  as 
high  as  20  kips  per  square  inch  on  the  net  area.  This  might 
be  considered  the  maximum  allowable  actual  stress  from 
all  causes.  You  have  therefore  the  simple  and  often  admit- 
ted comparison  that  working  compression  stresses  on  the 
gross  area  should  be  calculated  as  only  half  of  the  working 
tensile  stresses  on  the  net  area. 

For  tension  only,  the  maximum  stress  would  be  twice  the 
standard  basis  stress,  or  the  tensile  stress  factor  would  be 
two. 

Latest  Practice. — The  present  practice  is,  I  think,  to  re- 
duce the  compression  stress  so  that  the  stress  at  90  radii 
is  not  more  than  10,  and  at  120  radii,  7  kips,  and  further  the 
stress  factor  for  narrow  flanges  of  girders  to  be — 


d 

20 
30 
40 


Stress  factor. 


.60 
.40 


The  bearing  for  rivets  is  increased,  but  the  bending  stress 
is   retained  at  16  kips. 

1  believe  that  when  flexure  and  other  secondary  stresses 
occur,  there  should  be  two  limiting  stresses  specified,  the 
lower  maximum  for  the  principal  stress  only,  and  the  higher 
maximum  total  stress  being  for  primary  and  secondary 
stresses  added  together. 

Beams. — Engineering  experience  or  judgment  in  each  cas^ 
is  generally  used  at  the  present  time  by  the  designer,  to  de- 
termine the  stress,  and  little  assistance  can  be  found  in  lit- 
erature on  the  lines  I  have  indicated.  The  considered  judg- 
ment of  experienced  engineers  and  designers  must,  of  course, 
be  the  final  authority  as  to  what  conditions  must  be  taken 
into  account.  It  is  obviously  wrong  to  set  out  by  law  hard 
and  fast  rules  for  stresses,  when  conditions  are  not  at  the 
same  time  fully  specified. 

The  stresses  must  be  dependent  on  the  quality  and  uni- 
formity of  the  material,  the  quality  of  workmanship  in  th^ 
manufacture,  and  accuracy  in  fixing  together  the  final  struc- 
ture. The  engineer  should  vary  the  nominal  stresses  ac- 
cordingly. 

The  system  of  basis  stress  and  stress  factors  will  readily 
permit  him  to  do  this  in  a  systematic  way. 

Pillars,  struts,  and  girder  flanges  in  compression  are  simi- 
larly treated,  except  that  the  reduction  in  stress  for  a  girder 
tiange  is  less  than  for  a  pillar  having  the  same  slenderness 
ratio.  This  is  so  because  the  flange  stress  in  a  girder  varies 
from  zero  at  ends,  where  freely  supported,  to  a  maximum 
at  or  near  the  center  of  span,  and  therefore  the  flexure 
should  be  less. 

Beam  Connections.— I  have  analyzed  the  stresses  which 
may  be  expected  to  occur  in  the  rivets  for  the  connection 
angles  or  the  cleats  at  the  end  of  a  beam,  or  what  may  be 
termed  the  "beam-end  connections."  When  one  angle  iron 
or  cleat  is  riveted  to  each  side  of  the  web  of  a  beam  at  the 
end  of  same  for  the  purpose  of  transmitting  the  load  of  the 
beam  by  means  of  rivets  to  another  beam,  then  eccentric 
stresses  are  introduced,  and  must  be  considered  when  decid- 
ing on  the  carrying  capacity  or  strength  of  a  certain  connec- 
tion. The  usual  rough  method  of  ascertaining  the  strength 
of  a  connection  would  be  to  take  the  strength  of  one  rivet 
and  multiply  it  by  the  number  of  rivets,  and  the  product 
V  ould  be  assumed  to  represent  the  total  load  the  connection 
could  carry;  but  this  is  obviously  not  safe  for  all  connec- 
tions, as  the  actual  strength  of  a  standard  beam  connection 
may  be  as  low  as  one-quarter  of  the  above. 

Riveting. — The  remarks  above  given  for  pillar  riveting 
apply  also  to  girders.  The  pitch  near  the  end  should  be 
smaller  than  the  pitch  on  the  center.  In  good  work,  and  for 
conditions  applicable  to  the  usual  calculations,  it  is,  of 
course.  nece.«sary  that  the  proper  pitch  and  distance  between 
rivet  lines  (set)  should  bo  properly  arranged.  The  minimum 
and  maximum  rivet  pitch  tor  certain  size  of  rivets  and  cer- 
tain thickness  of  plates  should  be  specified,  and  the  placing 
of  rivets  in  a  girder  will  also,  of  course,  have  to  be  made 
suitai>lo  to  transmit  the  flange  stress.  Where  local  loads 
are  applied,  the  shear  on  rivet  due  to  such  load  must  be  cal- 
culated when  computing  the  rivet  spacing  for  bending.  The 
iusei  for  rivet  or  the  edge  distance  tor  the  plate  is  of  great 
importance. 

I  would  suggest  the  following  as  suitable  stresses: 

single  .shear —  '■'  ,„  ,  , 

Pavets    (f*op)    -, .- 12  kips 

Rivets   .-ind    turned   boUs    (field) 10  kips 
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lii.iiK'i     li"!!.-.     iMfUi) Skips 

n-'urlnn —  ,.  .  . 

Rivets    (cnclosod)     ^0  j^j^f 

Klv,>ta     (on.     Hide) 24  kips 

Itlv.ls  and  tiirned  bolts   (field) 20  kips 

Rou.jh   iKilts    (ncld) l»  '"PS 

Before  concliidinK,  I  would  again  like  to  refer  to  the  advan- 
tage of  using  pounds  in  the  calculations  for  steelwork  ih' 
pl-tce  of  tons,  cwts..  and  lb.  I  take  It  tho  natural  progress 
will  be  that  now  regulations  will  he  prepared  for  London  for 
steelwork  in  a  similar  manner  as  has  been  done  for  rein- 
forced concrete,  and  that  such  regulations  will  be  co-ordi- 
nated so  that  one  set  of  regulations  will  be  issued  for  differ- 
ent kinds  of  material,  such  as  steelwork,  reinforced  concret«», 
plain  concrete  masonry,  brickwork,  and  wood  etc.  in  which 
the  load  per  square  foot  will  be  given  in  lb.  in  same  manner 
for  whatever  mateiial  may  be  used  in  the  construction.  At 
Iiresent  the  Steel  Frame  Act  apecilies  the  loads  and  stresses 
i'l  tons  and  cwts.  while  the  reinforced  concrete  regulations 
are  more  up-to-date  and  the  unit  of  pound  has  been  use<^ 
The  pound  is  a  better  unit  than  cwt.  for  small  loads,  such  as 
superimposed  loads  on  floors,  the  weight  of  the  floor  itself, 
and  the  small  additions  or  deductions  to  the  total  load  which 
have  to  be  made  on  account  of  difl'erent  construction  of  ma- 
terials used. 


Opposition  to  New  Inventions  as 
Illustrated  by  the  "Tank" 

By  COL.  J.  F.  C.  FULLER. 
From   tho  Koy;il    Kngineer.'!'  .Journal.   .January.    1!12I. 

Opposition  to  the  Coach. — In  1.t6,')  It  is  recorded  that  the 
first  coach  constructed  in  England  wras  built  for  the  Earl  of 
Rutland,  but  on  account  of  the  execrable  condition  of  the 
roads  of  this  period  and  the  dangers  of  the  highways,  it  was 
not  until  l(i(i9  that  systematic  journeys  were  attempted  in 
England  and  then  only  between  Oxford  and  London. 

Coaching  was  a  novelty  and,  like  every  rational  and  protlta- 
lile  novelty,  before  or  since,  its  progress  met  with  strong 
opposition.  Early  in  the  17th  century  a  bill  was  brought 
before  Parliament  in  order  "to  prevent  the  effeminacy  of 
men  riding  in  coaches";  and  in  1671,  Sir  Heni'y  Herbert, 
M.  P.,  stated  that  "if  a  man  were  to  propose  to  convey  us 
regularly  to  Edinburgh  in  coaches  in  seven  days,  and  bring 
us  hack  in  seven  more,  should  we  not  vote  him  to  Bedlam"! 
Nevertheless  the  coach  for  its  period  had  come  to  stay,  and 
on  Oct.  13,  1712,  a  weekly  service  was  instituted  between 
London  and  Edinburgh.  The  journey  was  made  in  13  days 
and  the  fare  was   £4  10s. 

Opposition  to  the  Locomotive. —  In  ICll,  that  is,  28  years 
before  the  first  coaching  service  was  instituted  in  England, 
the  Marquis  of  Worcester,  famou.s  as  the  inventor  of  an 
early  steam  engine,  went  to  see  Solomon  de  Cans  in  the 
Bieetre  at  Paris.  Marion  de  Lorme.  who  was  with  him  when 
he  visited  this  madhouse,  wrote  as  follows: 

"We  were  crossing  the  court,  and  I,  more  dead  than  alive 
with  fright,  kept  close  to  my  companion's  side,  when  a  fright- 
ful face  appeared  behind  some  immense  bars,  and  a  hoarse 
voice  exclaimed:  'I  am  not  mad!  I  am  not  mad  I  I  have 
made  a  discovery  that  would  enrich  the  country  that  adopted 
it.'  "What  has  he  discovered?'  asked  our  guide.  'Oh!'  an- 
swered the  keeper,  shrugging  his  shoulders,  'something 
trifling  enough:  you  would  never  guess  it;  it  is  the  use  of 
the  steam  of  boiling  water.' "  Why  was  Solomon  de  Cans 
there?  To  keep  his  brain  from  mischief;  he  had  actually 
suggested  that  carriages  and  ships  could  be  propelled  by 
steam! 

In  1769.  James  Watt  invented  the  first  practical  steam 
engine.  Ho  also  was  cc<nsidered  mad,  but  fortunately  for 
posterity  he  was  not  locked  up.  In  1804  a  locomotive  guided 
by  rails  attained  the  speed  of  five  miles  an  hour  at  Merthyr 
Tydvil  and  10  years  later  George  Stephenson,  financed  by 
Lord  Ravensworth,  to  whom  was  applied  the  adage.  "A  foot 
and  his  money  are  soon  parted,"  began  work  on  the  Kill- 
ingworth  Railway.  He  met  with  immediate  ohS".  ruction. 
Lord  Eldon  saying,  "I  am  sorry  to  find  the  intelligent  people 
of  She  North  country  gone  mad  on  the  subject  of  railways." 
Stephenson  was  undaunted  and  before  the  Stockton  and  Dar- 
lington line  was  completed,  in  1821,  he  said  to  his  pupils, 
"Now.  lads,  I  venture  to  tell  you  that  I  think  you  will  live 


to  see  the  day  when  r:iilways  will  supersede  almost  all  other 
methods  of  conveyance  in  this  country — when  mail-coaches 
will  go  by  railway  and  railroads  will  become  great  highways 
for  the  king  and  all  his  subjects.  The  time  is  coming  when 
it  will  be  cheaper  for  a  working  man  to  travel  on  a  railroad 
than  to  walk  on  tfiot." 

To  this  the  Quarterly  Review  incredulously  exclaimed: 
"What  can  be  more  palpably  alisurd  and  ridiculous  than  the 
prospect  held  out  of  locomotives  traveling  twice  as  fast 
as  stage  coaches!  We  should  as  soon  expect  the  people 
of  Woolwich  to  suffer  themselves  to  be  fired  off  upon  one  of 
Congreve's  ricochet  rockets  as  trust  themselves  to  the  mercy 
of  such  a  machine  going  at  such  a  rate.  We  will  back  old 
Father  Thames  against  the  Woolwich  Railway  for  any  sum. 
We  trust  that  Parliament  will,  in  all  railways  It  may  sanc- 
tion, limit  the  speed  to  S  or  9  miles  an  hour,  which  we  en- 
tirely agree  with  Mr.  Sylvester  is  as  great  as  can  be  ven- 
tured on  with  safety." 

Once  the  locomotive  began  to  crawl,  the  sluice  gates  of 
abuse  were  opened,  and  its  inventor  met  with  obstruction  at 
every  turn.  A  meeting  of  Manchester  ministers  denounced 
the  railway  as  being  "contrary"  to  the  law  of  God.  Lord 
Derhy  drove  the  railway  surveyors  oft  his  land  and  Stephen- 
son had  to  hire  a  prize-fighter  to  carry  his  theodolite  in  ord^ 
to  prevent  it  being  smashed  to  pieces.  Pamphlets  w-ere  writ- 
ten and  newspapers  hired  to  revile  his  work.  It  was  declare*! 
that  the  railway  would  prevent  cows  grazing,  hens  laying, 
and  would  cause  ladies  to  give  premature  birth  to  children 
at  "sight  of  these  things  going  forward  at  the  rate  of  four 
ant!  a  half  miles  an  hour." 

Parliament  supported  the  reactionaries:  birds  would  be 
killed  by  the  smoke,  foxes  would  become  extinct,  horses 
would  bo  useless  and  oats  and  hay  unsaleable:  country  inns 
would  be  ruined,  boilers  would  burst  and  blow  passengers 
sky  high,  and  finally,  the  weight  of  the  locomotive  would 
prevent  it  moving. 

Nevertheless  Stephenson  persisted  and  '.vas  besought  by 
William  Brougham  not  to  talk  too  much  about  speed  before 
the  parliamentary  committee  which  was  to  inquire  into  the 
question,  or  else  he  would  "inevitably  damn  the  whole  thing 
and  he  himself  regarded  as  a  maniac  fit  for  Bedlam." 

The  Committee  of  the  House  of  Commons  assembled  on 
March  21,  lS2o,  and  the  opposing  counsel  addressed  these 
words  to  the  great  inventor: 

"Suppose,  now,  one  of  these  engines  to  be  going  along  a 
railroad  at  the  rate  of  9  or  even  10  miles  an  hour,  and  that  a 
cow-  was  to  stray  upon  the  line  and  get  in  the  way  of  the 
engine;  would  not  that,  think  you,"  asked  the  barrister,  "be 
a  very  awkward  circumstance?" 

"Yes,"  replied  George  Stephenson,  with  his  face  in  a 
humorous   pucker,   "very   awkward   indeed — tor   the   coo!" 

Opposition  to  the  Tank. — Why  have  I  told  you  all  this? 
Simply  ill  order  to  avoid  relating  to  you  the  studied  opposi- 
tion which  was  meted  out  to  the  tank.  It  is  right  and  neces- 
sa!y  that  you  should  realize  this,  for  on  your  support,  in  fu- 
ture years,  will  depend  the  progress  of  mechanical  warfai'e, 
which  is  the  subject  of  my  lecture. 

In  191 J  was  the  tank  conceived;  in  1915  was  it  built;  in 
1915  was  it  first  made  use  of;  in  1917  did  it  fight  for  its  ex- 
istence, and  in  1918,  I  go  so  far  as  to  say,  that  without  its 
assistance  we  should  not  that  year  have  won  the  war.  In 
1919,  an  experimental  machine  attained  a  speed  of  20  miles 
an  hour:  and  now  in  1920,  is  it  still  struggling  against  dittl- 
culties,  for  prejudice  to  things  new  dies  hard  and  vested  in- 
terest is  a   powerful  adversary. 

Whatever  the  tank  has  accomplished,  it  is  still  far  from 
perfect,  it  is  still  in  the  Puffing  Billy  stage  of  1822;  Puffing 
Billy  which  George  Stephenson  was  wont  to  drive  close  by 
his  brother's  house  and  concerning  which,  when  it  stuck 
fast  at  a  curve,  he  would  shout  out  to  his  wife,  'Hey!  Jean, 
come  cot.  and  gie  us  a  shove  roond  the  turn!  "  Twenty  years' 
later  we  read:  "A  few  years  ?ince  94  coaches  used  to  pass 
through  St.  Aibans  daily.  On  Saturday  last  the  Leeds  Ex- 
press, formerly  called  the  'Sleepy  Leeds,'  which  has  been 
on  the  load  upwards  of  a  hundred  years,  ceased  running,  it 
being  m    longer  a   profitable   speculation." 

The  coach  was  dead,  the  railway  had  come  into  its  own,  a 
new  and  stupendous  world  was  born,  and  through  mechani- 
calizing  civi  movement,  by  'fplacing  the  horse  by  the  steam 
engine,  civilization  has  advanced  more  rapidly  during  th« 
last  SO  years  than  «he  had  advanced  during  the  preceding 
8,000. 
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